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Executive Summary
This is the third report of the ROSE Collaboration. The Collaboration has existed since October 1995 and was formally approved as RD48 by the LHCC in June 1996. Its objectives are:

a) To develop radiation hard detectors that can operate beyond the limits of present devices and that ensure guaranteed operation for the whole lifetime of the LHC experimental programme.

b) To make recommendations to experiments on the optimum silicon for detectors and quality control procedures required to ensure optimal radiation tolerance.


The Collaboration has performed a systematic evaluation of the effect of oxygen and carbon impurities on the radiation tolerance of silicon detectors.  

The key scientific results of the project are:

· The leakage current damage parameter is material independent (no impurity, resistivity or conduction type dependence). It has been linked to defect clusters which are not affected by the material. Annealing of the leakage current is also material independent. The damage parameter and its annealing has been shown to scale ideally with NIEL (non ionising energy loss), i.e. without any remaining particle or energy dependence.

· Effective doping changes can be improved by oxygenation of the material (factor 3) Such improvement is only observed when the radiation environment contains a significant charged particle component. This has been understood in terms of the production of larger numbers of isolated vacancy/interstitial pairs during charged particle irradiation.

· Lower resistivity oxygenated material is beneficial for detectors that operate in a radiation environment dominated by reactor energy neutrons.

· Reverse annealing has been linked to defect clusters. After proton irradiation, this process is found to saturate at high fluence ( (2 1014p.cm-2 ) for oxygenated silicon. This provides a significant safety margin. In addition, the time constant for the process is found to be a factor 4 larger. This would allow detectors to remain at room temperature for longer periods during maintenance periods and thus offers a substantial safety margin.

· Detailed correlations have been found between microscopic defect formation and macroscopic damage parameters. Defect kinetics models and device models can predict macroscopic behaviour well, even for hadron irradiation.

· A macroscopic damage parameter model has been developed which can be used to predict detector parameters in a given radiation environment. This model has been used already in operational projections for major LHC experiments. 

The key technological results of the project are:

· Two methods were found to highly oxygenate silicon. Firstly, at the ingot growing stage. Secondly by diffusion of oxygen into ANY wafer using a high temperature drive-in (a minimum of  16 hours at 1150 OC seems to be sufficient). 

· This technology has been successfully transferred to several silicon detector manufacturers (SINTEF, Micron, ST, CIS) and full-scale microstrip detectors produced.

Results from full scale oxygenated microstrip and pixel detectors are now becoming available. The key results so far are:

· DOFZ (Diffusion Oxygenated Float Zone) wafers produce detectors which prior to irradiation are no different to those produced on standard material.

· Depletion voltage curves derived from signal measurements with LHC speed electronics for irradiated oxygenated strip detectors look to be significantly lower than those on corresponding     detectors processed on standard material. However, more data on detectors from a variety of suppliers is urgently required. The degree of improvement looks consistent with results obtained from signal studies on simple diode test structures. Consistency with CV derived depletion voltages requires further investigation.

The following work needs to be performed in the next few months:

· The minimum diffusion time required to give radiation hardening needs further study. The beneficial effect that oxygen has on the reverse annealing process needs more work. As this effect is crucial to the maximum maintenance period that can be used by the experiments, it needs further investigation. This work is extremely time consuming.

· The physics of bulk damage should be the same in full-scale detectors as in simple diodes. Nevertheless, bulk damage parameters should be extracted from irradiated strip detectors and compared to the well-measured parameters obtained with diodes. 

· The violation of NIEL by charged hadrons  in oxygenated material needs further study. Testing with radiation sources that better represent the environment in the LHC experiments needs to be performed. The neutron spectrum in the LHC experiments extends to much higher energy than for reactor sources. There are good reasons to believe that oxygenated silicon will perform better than standard material in such a neutron environment.  

In conclusion, the Collaboration has achieved its main objectives.  Diffused oxygen technology has been successfully transferred to the LHC experiment detector groups and industry.  Some further work is required to answer the remaining questions. 

1. Introduction

This is the third status report of the RD48 (ROSE) Collaboration. The two earlier ones of 1997 and 1998 are listed as ref. [
] and [
]. Silicon pixel and microstrip detectors have been selected as best choice for most tracking applications in the forthcoming LHC experiments. However the required ten years of safe operability poses an extreme challenge to their radiation hardness, predominantly due to the hadron induced damage in the silicon bulk. The collaboration is concentrating on these problems, performing systematic investigations of all detector relevant effects, including the search for an improved radiation tolerance by special defect engineering methods. The main scientific results are outlined, of which the following two points are of major importance. Oxygen enrichment of the silicon bulk, introduced by RD48 and achieved within the manufacturing process, has resulted in substantial radiation hardening of the devices. Secondly, a model description has been developed allowing reliable predictions of the detector performance for the LHC operational scenario. Based on these results recommendations are outlined concerning the choice of material and detector processing for silicon trackers. This technique has been successfully transferred to several manufacturers and test devices for the large LHC experiments are presently under study in close cooperation with RD48. In addition, considerable progress has been achieved in the understanding of the microscopic processes responsible for the macroscopically observed effects. Finally we will survey the main open questions which still have to be answered regarding several aspects of the macroscopic features pertaining to detector performance. 

It should be noted that the results presented in this report reflect the combined continuous effort of all collaborating groups, working together in the preparation and characterisation of test devices, the irradiation experiments, and other related investigations and analysis. The RD48 groups have carried out numerous studies and a proper presentation of all individual results is not possible within the limited scope of this report. Therefore, the illustrations included in this report are necessarily selected in order to show the different effects in the clearest way. In each case references to the relevant papers, technical notes or workshop talks are given. A complete publication list of the collaboration (numbering about 100 papers) is in preparation and will be available shortly on the ROSE web page [8].

The next RD48 workshop will be held at CERN in the beginning of March 2000, when the results given in this report will be discussed in more detail, together with many other findings that have not been mentioned or only been referenced briefly here. This Workshop will also be a platform for a broader discussion with both the detector manufacturers and the tracker groups of the large LHC experiments. 
2. The ROSE Collaboration – Defect EnginEering. 

The ROSE Collaboration currently consists of 37 international groups working on detectors for particle physics experiments at the LHC. The Collaboration benefits from the very valuable input of solid state physicists and the expertise of silicon manufacturers, who are also members of RD48. In addition the close involvement of Canberra, CNM, Micron and SINTEF is shown through their "Associated Company" status. Inputs are also acknowledged from the European Space Agency, IMEC, Belgium and the MPI Semiconductor Laboratory in Munich all of which are cooperating via an "Observer" status. Work at ITE and ITME (both RD48 members) has been vital for the rapid development, production and processing of various materials. More recently collaboration with ITME has resulted in high quality material characterisation. Finally the RD48 technique for Oxygen enrichment had been successfully transferred to CiS (Germany), Micron (Great Britain), SINTEF (Norway) and ST-Microelectronics (Italy). These manufacturers have produced dedicated ROSE test detectors and full scale detector prototypes for LHC experimental groups on oxygenated silicon.

The Collaboration formed following the First Workshop on Radiation Hardening of Silicon Detectors at CERN in October 1995. The proposal [
] was approved by the LHCC in June 1996. The Second Workshop was held at CERN in February 1997 [
], the third one at DESY in February 1998 [
] and the fourth at CERN in December 1998 [
] followed by a Meeting in June 1999 [
]. As noted above, the Fifth Workshop will be held shortly in March 2000. A World-Wide-Web page also provides useful information [
].

The objectives of the collaboration are:

· The development of radiation hard silicon detectors that can operate beyond the limits of present devices and that ensure guaranteed operation for the whole lifetime of the LHC experimental programme.

· The outline of recommendations to experiments on the optimum silicon for detectors and quality control procedures required to ensure optimal radiation tolerance.

The key idea is that one can improve the radiation tolerance of silicon by defect engineering. Defect engineering involves the deliberate addition of impurities to silicon in order to affect the formation of electrically active defect centres and thus control the macroscopic parameters of devices. According to current models RD48 had relied on oxygen and carbon as the key ingredients for a possible change in the radiation hardness. Oxygen and carbon capture silicon vacancies and interstitials respectively. The carbon is converted from a substitutional to an interstitial position which is mobile at room temperature. It eventually forms stable defects with oxygen and substitutional carbon. Migrating silicon interstitials and vacancies escape from a region of silicon where an intense concentration of Frenkel pairs are produced by a Primary Knock-On Atom (PKA). The PKA is produced by the incident radiation. Vacancies can react with one another to form multivacancy defects. This leads to clustering of intrinsic defects especially at the end of the PKA range. This so-called "cluster" region controls many of the electrical parameters of irradiated silicon. 

[image: image60.wmf]
Fig.1: Oxygen and carbon concentrations in substrates investigated by the ROSE Collaboration.

Various types of silicon have been investigated in the past, covering most of the accessible phase space in Carbon and Oxygen concentration, see Fig.1. The important role of Oxygen was first demonstrated by the use of Czochralski (Cz) silicon, where concentrations of up to 1018 cm-3 are normal due to the growing process in a Quartz crucible. However this material is not available in detector grade quality and the results were hence of limited value. The use of epitaxial silicon was also investigated. In this case O-diffusion from the Oxygen rich Cz substrate leads to an appreciable enhancement of the O-concentration with respect to standard FZ (Float Zone) silicon. The results obtained with such test devices, with a thickness of up to 200 (m, were encouraging but were not pursued further because the cost of production was not suitable for mass application. Gas doping during the FZ growing of the silicon ingot was first applied by Polovodice in Prague but they could not get concentrations higher than about 1016 cm-3. ITME in Warsaw then grew highly oxygenated silicon using a gas jet technique during the FZ process, achieving an O-concentration of up to 3 1017 cm-3. A method which results in the same enrichment but has a substantially higher cost effectiveness was finally initiated by RD48 and carried out by ITE. The technique consists of diffusion of oxygen from a thick oxide layer grown via a prolonged oxidation step. It should be mentioned that this had been invented originally several years ago by BNL but did not lead to any sizeable enhancement of the radiation tolerance [
].

The initial RD48 tests on neutron damage with this material were at first also discouraging. It was only in the second half of 1998 that the CERN group found an appreciable hardening effect both by using jet oxygenation and O-diffusion processed detectors following proton induced damage. Possible reasons for the difference between charged hadron and neutron damage will be discussed later. The success demonstrated in the 1998 workshop [6] then led to the fast transfer of the O-diffusion technique to various manufacturing companies, of which SINTEF was the first one, followed later on in 1999 and likewise successful by CiS and ST-Microelectronics. Micron also used a modified technique, using an O-implanted layer as the supply for the succeeding diffusion throughout the bulk. Because of the success obtained with the O-enriched detectors, other possibilities for radiation hardening were not pursued anymore in the past year. Among those alternatives which would be very interesting is the Sn-enrichment of silicon. Ref. [
] shows that tin highly suppresses divacancy production. Both Topsil and ITME have grown Sn-doped FZ silicon achieving a Sn-concentration of 2 to 3 1017 cm-3. A future investigation of such material could also help in clarifying the role of Oxygen in the hardening process.
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The proper characterisation of the material before exposing the detectors to radiation damage was vital for our investigations. Secondary Ion Mass Spectroscopy (SIMS) has proven to be the most reliable technique for evaluating the O-concentration profiles. In Fig. 2 an example is shown comparing the depth profile of Oxygen after standard oxidation with the result obtained in a high temperature long term diffusion process, performed at BNL [
]. The homogeneity of the [O]-profile is extremely flat and the concentration of 4 1017 cm-3 is by far the highest yet achieved with this technique. In this case a dedicated Quartz tube was used, allowing for continuous tempering at 1200(C but in routine production lines the temperature is limited to 1150(C. This limitation can be overcome by using a SiC tube instead and the results obtained this way have shown to be very comparable to those reached with a standard Quartz oven.
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	Fig.3: Oxygen concentration depth profiles.
	Fig.4: Carbon concentration depth profiles.


[image: image54.wmf]The results shown in Fig.3 have been obtained by a cooperation between SINTEF and CNM. One of the key questions is how much O-enrichment is really necessary and how can that be obtained. A short diffusion of not more than 16 hours at 1150(C ([O] = 1.5 1017 cm-3) may already be enough for the required radiation hardening effect. This point of optimisation is under further study. In contrast to the improvement gained by O-enrichment, an increased Carbon-concentration does have an adverse effect. Hence it is reassuring that diffusion in a SiC tube does not enhance the C-contribution in the silicon bulk. While TCA (a Carbon containing compound) is used in helping the normal oxidation process it must be strictly avoided during the O-diffusion process - see Fig.4 (same source as for Fig.3). The best process now in wide use is a standard oxidation followed by diffusion in a Nitrogen atmosphere. Another point of worry is whether the RD48 oxygenation process changes the resistivity of the bulk material or has any other adverse effect. A resistivity profile before and after oxygenation is shown in Fig.5, contributed by ITE. No appreciable change of the resistivity or its homogeneity throughout the depth of the wafer is detected. Finally detectors produced by this method show a similarly low bulk current as those following standard processes. This has been convincingly demonstrated e.g. by SINTEF where the I/V characteristics have shown suitable high voltage stability and a current at room temperature of about 5 nAcm-3 at 4 times the depletion voltage! 

All materials used for the experiments covered in this report were standard FZ silicon of both <111> as well as <100> orientation and resistivity between 1 and 15 k(cm, supplied by Polovodice, Topsil and Wacker. Different enrichment processes have been used, either during the FZ growing or the detector processing stage. Prior to irradiation the detectors have fully been characterised as to their resistivity and as to the O- and C-concentration. 

3. MACROSCOPIC EFFECTS –BASIC FEATURES

This section provides a brief overview of radiation effects in silicon detectors to make the document self contained and provide a proper reference for the results given in the later sections. 

Three main macroscopic effects are seen in high-resistivity diodes following energetic hadron irradiation, these are: 

· Change of the doping concentration with severe consequences for the operating voltage needed for total depletion.

· Fluence proportional increase in the leakage current, caused by creation of recombination/generation centres

· Deterioration of charge collection efficiency due to charge carrier trapping leading eventually to a reduction in the signal height produced by mip’s. 

The second and third effect have consequences to the S/N ratio for mip's. However trapping has been found to be tolerable and the reverse current can be largely reduced by operating the detectors at a moderately reduced temperature of about -10(C. The first effect is the most severe, as the operating voltage cannot be increased to very high values. This limitation is predominantly set by the diode processing, but note that a large operating voltage together with the increased reverse current leads also to an increase of dissipation power which may affect the cooling system, and if distributed nonhomogenously could also lead to thermal run away effects. Details of these basic damage produced deterioration effects have been described in [2]. However the following important points should be repeated.

NIEL-scaling and irradiation sources

Detectors to be used in the LHC trackers will have a thickness of between 250 and 300 (m and they are processed on 1 to 5 k(cm mostly n-type silicon wafers. The radiation effects to be encountered depend in principal on the particle type and energy. However, macroscopic changes normally scale with the Non Ionising Energy Loss (NIEL). For the leakage current increase this scaling has recently been verified using different kinds of silicon material as will be shown later. Exceptions from this rule have been found when comparing the effect that neutron and charged hadron damage have on the effective doping concentration. However, in order to get a good perception on what could be expected from different particles and energies the folding of a given energy distribution with the relevant NIEL function gives quite reliable results. The differences observed from charged or neutral hadrons are then projected onto the parameters describing the radiation effects, see later. A compilation of recommended NIEL values for different particles in the whole relevant energy range can be found in [
]. It is common practice to represent the intensity of any hadron irradiation by its equivalent fluence of 1 MeV neutrons. All results in this report are given as function of these (eq-values. The different sources are then characterised by a so called hardness factor (, describing the damage efficiency of a particular source. The hardness factor is defined by ( = (eq/(tot with (tot being the total measured particle fluence. For the inner detector tracking regions pions and neutrons are the most relevant hadrons. Consequently RD48 test-experiments have been performed with monoenergetic (PTB Braunschweig) and reactor neutrons (energy ranging to about 10 MeV, TRIGA type reactor at Josef Stefan Institute Ljubljana), 200 MeV pions (PSI Villigen) and 24GeV/c protons (CERN PS). The proton irradiation facility at CERN [
] has been widely used to represent the effects of charged hadrons in comparison to neutrons.

Effective Doping Concentration and Depletion Voltage

Under reverse bias the electric field in a silicon diode extends from the p+n junction through the n-type silicon bulk and the total field depth (depletion depth) increases with increasing voltage. The bias value causing the electric field to finally reach through the total depth of the diode is called the depletion voltage Vdep. This value depends on the diode thickness d and the effective doping concentration Neff in the following way:

(1)  
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This equation holds not only for the original n-type silicon with Neff governed by an abundance of donors but also after severe irradiation when the effective doping concentration changes its sign, due both to a removal of donors and the increasing generation of acceptor like defects. In any case |Neff| = |Nd-Na|, with Nd being the donor-concentration and Na that of the acceptors. Especially for the original material it is useful to remember the relation between the specific resistivity (, the doping concentration Neff  and the depletion voltage Vdep.:

(2) 
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Here (n,p denotes the mobility of electrons and holes in n or p-type material.

[image: image55.wmf]In addition to an instantaneous change in the effective doping concentration (both donor removal and acceptor generation) the silicon bulk exhibits long term annealing effects after irradiation which are beneficial during a short time period but are adverse for very long times. This latter so called reverse annealing has become a point of much concern as it finally limits the operability of the detectors. The long term behaviour depends however, due to the underlying defect kinetics, very strongly on the detector temperature. In fact, the reverse annealing has shown to be efficiently frozen at temperatures below -10(C. Hence the LHC experiments will keep their detectors cold during the beam periods for the sake of a reduced reverse current but also for most of the remaining time without beam, in order to reduce the overall reverse annealing effect. Only very short warm up periods of around 2 weeks are foreseen for maintenance each year. A summary of the complex fluence and time dependence of the effective doping concentration is shown schematically in Fig.6. 

Reverse current

The reverse current increase exhibits far less complexity than that observed for the depletion voltage. It is entirely due to the generation of electron/hole-pairs in the silicon bulk. All detectors have guard ring structures in order to guarantee a defined value of the sensitive volume V (junction area times detector thickness). Provided a guard ring is used, the measured current I is strictly proportional to the volume of the bulk and it is also proportional to the equivalent irradiation fluence that the detector has received. One therefore defines a current related damage rate ( by:

(3) 
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The damage induced bulk current decreases strongly with lower operating temperature according to: 

(4) 
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where T is the operating temperature, Eg the band gap energy of 1.12 eV and kB is the Boltzman constant. Operating the detectors at e.g. -10(C reduces the current with respect to its room temperature value by a factor of 20. Normally the values for the current related damage rate ( are given for 20(C using equation (4). These values can then easily be transferred to any given operating temperature. The damage induced bulk current undergoes also a temperature depending beneficial annealing effect, its universal functional dependence will be shown in section 4.

Charge collection

Bulk damage induces trapping of charge carriers which leads to a deterioration of the charge collection efficiency and thus a reduction in the signal height for mip’s. The prime condition for achieving a reasonable charge collection is to establish a sizeable electric field strength throughout the detector. To only apply a bias voltage necessary for total depletion is certainly not enough. In this situation the electric field decreases from its maximum value at the junction side to practically zero level at the opposite electrode. Therefore charge carriers reach zero velocity at that point and consequently the charge collection does not have a finite duration. The trapping probability of any charge carrier during its drift through the detector is proportional to the ratio of the charge collection time tc and the trapping time constant (. Hence a large value of tc/( must be avoided. For severe damage in the order of 1014 -1015 cm-2 an appreciable overbias may be needed to ensure optimum conditions. Illustrations will be shown in section 4.

4. MACROSCOPIC EFFECTS – LATEST RESULTS

Current related damage rate

As stated in the preceding section, the damage induced increase of the reverse current appears to be of less complexity than those effects responsible for the change in the depletion voltage. In fact, a careful measurement of the current related damage rate ( has shown that its value does not depend on any material property so far studied, no matter whether it is n- or p-type silicon. Likewise it is independent of the resistivity of the silicon and most important of all it is identical for neutron, proton and pion induced damage and shows no variation with fluence in a range between 1011 - 1015 cm-2. This is nicely documented in Fig.7, where the exact fluence proportionality of the volume related current increase at a specific annealing stage is displayed. In fact this behaviour has then led to use of the measured increase of the reverse current for an exact determination of the 1 MeV neutron equivalent fluence to which the detectors have been irradiated [
]. Equally impressive is the existence of a universal annealing function, again not dependent on material properties, particle type and energy as well as the fluence used for irradiation. The curve representing this function is given in Fig.8 in an example for an annealing temperature of 60(C. Using the measured parameters governing the temperature dependence, given in [14], one can easily derive the annealing behaviour at any given temperature. It should be emphasised that in contrast to other damage effects, the functional dependence of ( on the annealing duration is exactly the same in Oxygen-enriched and standard material. The method of deriving the equivalent fluence from the measured current increase is therefore considered to be very reliable. Measurements were normally done after 80 minutes annealing at 60 (C resulting in a value of

(5) 
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Using this method for defining the equivalent fluence for a given particle source and comparing it with the otherwise measured total fluence (e.g. by activation analysis of irradiated Al as in case of a high energetic proton beam or Au as for energetic neutrons) hardness factors have been established, see Table 1. 
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	Fig. 7.: Fluence dependence of leakage current for detectors produced by various process technologies from different silicon materials. The current was measured after a heat treatment for 80 min at 60(C [14].
	Fig.8: Current related damage rate ( as function of cumulated annealing time at 60(C. Comparison between data obtained for oxygen diffused silicon and parameterisation given in Ref. [14].




Table 1.:  Hardness factors ( for various sources as determined by the ( value and expected from NIEL calculations [12,14, 
].

	Irradiation source
	Hardness factor (
from ( value
	Hardness factor (
theoretical expectation (NIEL)

	PTB Be(d,n)  <En> = 5.2 MeV
	(used as reference)
	1.45

	CERN PS 24 GeV/c protons
	0.51 ( 0.01
	( 0.5

	Ljubljana reactor neutrons
	0.90 ( 0.05
	0.91( 0.05

	UKE 3H(d,n)  14.1 MeV n
	( 1.7
	1.80

	60Co-gamma
	1.9(10-6
	6.4(10-3


CERN-scenario measurements for rapid comparisons

As outlined in section 3, the damage induces an instantaneous change of the effective doping concentration as determined from the depletion voltage. The effective doping concentration undergoes a short term beneficial annealing and subsequently a reverse annealing effect on a much longer time scale. Measurements taken immediately after irradiation could be misleading because longer irradiation times would also include some self-annealing and thus the results would depend both on fluence and irradiation time. A much better method consists of consecutive irradiation steps with intermittent short term annealing of 4 minutes at 80(C and measurement thereafter. This scenario, introduced by the CERN group of RD48 [
] has been found to be extremely useful, since at this stage the change in the effective doping concentration reaches a flat minimum and thus the long term reverse annealing affects the results only slightly. In addition such an annealing is approximately equivalent to 2 weeks at room temperature, a storage time which is foreseen as the yearly maintenance period e.g. in the ATLAS-SCT. The method allows measurements of important damage features as function of fluence almost simultaneously with the ongoing irradiation steps and a comparison between many different diodes can thus be obtained rapidly. At low fluences the change in the effective doping concentration is dominated by donor removal thus leading to a decrease in the full depletion voltage. Once the donor concentration is exhausted or compensated by acceptors, Neff reaches a minimum, at which the conduction type of the material changes from n- to p-type. The introduction rate of negative space charge beyond the inversion point, resulting from the generation of deep acceptors, is called the (-value, defined as the slope of a linear line fit to the data. Fig.9 shows the results of such measurements for standard and Oxygen enriched diodes after irradiation with neutrons, pions and protons. It can be clearly seen that the oxygen rich material reveals a much lower (-value for pion and proton irradiation than observed for standard silicon. On the other hand for neutron induced damage such an improvement is not visible. Reasons for this different behaviour will be given later. Fig.10 displays data obtained by the same method but compares standard, Carbon- and Oxygen-rich samples, exposed to proton irradiation. The improvement of the O-rich diodes with respect to standard ones is (st/([O] = 3.5,  while Carbon-rich samples show an appreciable worsening by a factor of 3! It can also be seen from Fig.10, that different diffusion times used in this case for oxygenation do not affect the (-improvement. Two other important features have also been revealed by the CERN-scenario measurements.

Fig.11 and 12 show the results with O-rich diodes using silicon of different resistivity. In Fig.11, displaying the proton damage, one deduces that the effective doping concentration reached at high fluences well above inversion point, is independent of the initial resistivity. In terms of our present understanding this means that the removal effect has exhausted the initial donor concentration completely and hence the space charge at larger fluences is only governed by the generation of acceptors. However for neutron irradiation, as shown in Fig.12, the situation is different. At least part of the difference in the initial doping concentration present before irradiation remains available even at a fluence of 2(1014 cm-2. Thus the increase of the acceptor concentration is partly compensated due to this incomplete donor removal. The consequence for the choice of material is then: while using silicon with different resistivity for detectors does not have any effect on the needed depletion voltage at larger fluences following proton irradiation one gets an appreciable beneficial effect for neutron induced damage by choosing O-rich low resistivity material. As an example, 1 k(cm n-type silicon would result in an initial depletion voltage of  290 V for a 300 (m thick diode, whereas for 15 k(cm one would need only 20 V. For a donor removal of only 30% as to be deduced from Fig.12, 70% of the initial difference in depletion voltage, i.e. 190 V less voltage would be needed for the 1 k(cm Oxygen-enriched diode after high fluence.
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Figure 9: Dependence of Neff on the accumulated 1 MeV neutron equivalent fluence for standard and oxygen enriched FZ silicon irradiated with reactor neutrons (Ljubljana), 23 GeV protons (CERN PS) and 192 MeV pions (PSI).
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Figure 10: Effective space charge density and full depletion voltage versus proton fluence for standard, carbon-enriched and three types of oxygen diffused samples: 24, 48 and 72 hour diffusion at 1150(C [
].
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	Fig. 11.: 24 GeV/c proton irradiation of O-rich diodes with different resistivity.
	Fig.12: Reactor neutron irradiation of O-rich diodes with different resistivity.


Full annealing cycles and complete modelling
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As stated above, the CERN-scenario measurements have proven to be extremely useful for a fast damage evaluation of different material. Only this way was it possible to select the most promising defect engineering process resulting in an appreciable improvement of radiation hardness. However these measurements allow one to measure only one of the relevant parameters, namely the effective doping concentration at or around the minimum of the annealing function. A different approach, introduced by the Hamburg group [
], uses a set of diodes processed from the same material and  individually irradiated by different fluences. Each diode then undergoes a full annealing cycle. This is a time consuming effort but allows the study of all components in the change of the effective doping concentration in the most systematic way. An example of the whole complex behaviour is given in Fig.13. (Neff is the damage induced change in the effective doping concentration with respect to its initial value before irradiation. 
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As function of time and fluence (Neff can be described as:

(7)
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In this equation it has been explicitly denoted that the time dependence is in itself subject to the annealing temperature Ta. As indicated in Fig.13 and obvious from eq.(7) (Neff consists of three components, a short term beneficial annealing NA, a stable damage part NC and the reverse annealing component NY. NC can be described by an incomplete donor removal, depending exponentially on the fluence with a final value NC0 and a fluence proportional introduction of stable acceptors with an introduction rate gC:
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As can be seen from Fig.13, disregarding the still present component from the beneficial annealing and a starting reverse annealing part, NC should obey a very similar dependence on (eq as exhibited in the CERN scenario experiments and hence there is a close relation between ( of those measurements and the introduction rate gC given here. Finally the reverse annealing component appears to be best described by a 2nd order process with amplitude NY = gY (eq and a dependence on the annealing time according to [1- 1/(1 + t/(Y)]. It should be noted that this function is quite identical to a 1st order approach according to [1 – exp(-t/(Y)] for moderately short annealing times but differs appreciably in approaching the saturation value. It has also been shown that the temperature dependence of the time constants involved in the annealing processes are strictly governed by activation energies and having measured these values one can easily transfer the annealing function obtained at high temperature (for the sake of acceleration of the measurement) to any given value. With respect to a room temperature measurement this acceleration factor for the reverse annealing is e.g. 550 for a 60(C and 7400 for an annealing at 80 (C. 

How well this model describes the real data obtained for a large set of different fluences and annealing times spanning 3 orders of magnitude, may be demonstrated in Fig.14. Each full line is the result of a fit employing the functional dependence as described above. Using such evaluations the different damage parameters, i.e. NA, (A, NC, NY and (Y can be derived. 
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Fig. 14: Annealing of oxygen enriched diodes at 60(C after irradiation with 24 GeV/c protons

The results of such analysis for neutron irradiated Oxygen enriched diodes are given in Fig.15 for the beneficial annealing, Fig.16 for the stable damage component and Fig.17 for the reverse annealing. As stated above the introduction rate for stable acceptors gC, analysed this way and found to be 2 10‑2 cm-2  (Fig.16) is indeed very close to the (-value measured in the CERN scenario experiment of Fig.13. The nice fluence proportionality of the amplitudes for the beneficial and reverse annealing and their independence of the annealing temperature as seen in Fig.15 and Fig.17 plus the good fit in Fig.16 according to eq.(8) are certainly a convincing demonstration of the quality of the model description. 
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	Fig.15: Beneficial annealing NA for neutron irradiated oxygen enriched silicon.
	Fig.16: Stable Damage component NC for neutron irradiated oxygen enriched silicon.
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In Figs.18 to 20 the proton damage results for Oxygen enriched diodes are given and compared to those obtained with standard material. Again, as was clear already from the (-values extracted from the CERN scenario measurements (Fig.10), we see a very pronounced improvement in the introduction rate of stable acceptors. With respect to standard material the oxygen enriched silicon is radiation harder by a factor of gC(standard)/gC(oxygen.) = 3.5 (Fig.18). In addition we have observed the really surprising effect, that in contrast to standard silicon, the reverse annealing amplitude is not proportional to the fluence anymore in oxygenated silicon but shows a significant saturation effect, as shown in Fig.19. In fact due to the steep increase of that amplitude for standard material the largest fluence for which the full annealing cycle could be measured was (eq=3.5 1014 cm-2 whereas the Oxygenated silicon measurements could be extended to almost double that value. The observed reduction in NY is at least a factor of 2, and would even increase at larger fluence. It was likewise surprising that in addition to this effect, the time constant for the reverse annealing process is increasing, and depends on the Oxygen concentration. It shows an improvement by a factor of 4 with respect to standard diodes (Fig.20). Both these effects, the reduction of the reverse annealing amplitude and the much longer time period before the final value will be reached are regarded to be extremely important for the LHC applications. As the reverse annealing is mainly encountered during the warm up periods necessary every year, this behaviour offers a much welcome safety margin for operation.
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	Fig.18: Damage parameters NC for oxygenated and standard material as obtained from annealing experiments at 60(C after irradiation with 24 GeV/c protons.
	Fig.19: Damage parameters NY for oxygenated and standard material as obtained from annealing experiments at 60(C after irradiation with 24 GeV/c protons.


[image: image24.wmf]1

0

0

5

1

0

1

5

1

0

2

5

1

0

3

5

1

0

4

a

n

n

e

a

l

i

n

g

 

t

i

m

e

 

a

t

 

8

0

o

C

 

[

m

i

n

]

0

.

0

0

.

2

0

.

4

0

.

6

0

.

8

1

.

0

N

Y

/

N

Y

¥

o

x

y

g

e

n

a

t

e

d

 

F

Z

o

x

y

g

e

n

a

t

e

d

 

F

Z

s

t

a

n

d

a

r

d

 

F

Z

s

t

a

n

d

a

r

d

 

F

Z

2

4

 

G

e

V

/

c

 

p

r

o

t

o

n

 

i

r

r

a

d

i

a

t

i

o

n

2

4

 

G

e

V

/

c

 

p

r

o

t

o

n

 

i

r

r

a

d

i

a

t

i

o

n

n

o

r

m

a

l

i

s

e

d

 

r

e

v

e

r

s

e

 

a

n

n

e

a

l

i

n

g

n

o

r

m

a

l

i

s

e

d

 

r

e

v

e

r

s

e

 

a

n

n

e

a

l

i

n

g

t

Y

 

=

 

5

0

 

m

i

n

t

Y

 

=

 

5

0

 

m

i

n

t

Y

 

=

 

2

2

0

 

m

i

n

t

Y

 

=

 

2

2

0

 

m

i

n


Fig.20: Reverse annealing for standard and oxygen enriched diodes after irradiation with 24 GeV/c protons ((eq = 2 1014cm-2). The time constant is increased for oxygen enriched diodes.

Charge collection measurements

The LHC experiments are naturally less concerned with the depletion voltage measured by normal C/V techniques which gives the effective doping concentration but concentrate on the operating voltage needed to guarantee a good S/N ratio for the detection of mip’s. Hence the prime objective is to assure a given charge collection efficiency. Due to trapping and other effects, the bias voltage needed for this might in fact be appreciably larger than the depletion voltage deduced from C/V measurements or from the model. A proper comparison between results obtained from the C/V method and those extracted directly from charge collection measurements is therefore required. Such experiments can be performed with a beta-source which provides real minimum ionising particles or using a long wavelength IR-laser light with an ultrashort pulse duration. The laser source simulates a mip like ionisation in the diode. Both techniques are extremely time consuming in contrast to the C/V-method. Hence they have so far only been performed on selected samples as a consistency check.  Fig. 21 gives an example for a real ATLAS prototype strip detectors processed by MICRON irradiated with 3 1014 p/cm2 (the standard ATLAS test fluence) and annealed at 80(C for 4 minutes [
].

The following two results are evident: The oxygenated detector shows an improved charge collection as function of bias. 85% of the full charge collection, as measured with the Ru-beta-source is already reached at 150 V whereas 225 V are needed for the non oxygenated one. This is in quite good agreement with expectations from C/V measurements. In addition, the measurements performed with the Ru-source agree very well with those using the pulsed laser, which are much easier to perform. Fig.22a and b show examples for two different test diodes (oxygenated and standard) irradiated with 4  and 8 1014 p/cm2 respectively and annealed at 80(C for 4 minutes. The agreement between the charge collection results and those obtained by C/V measurements are quite satisfactory. As a matter of fact the bias voltage needed for 85% charge collection efficiency is in both examples very close to the depletion voltage, the remaining 15% of the signal height is attributed to trapping. A complementary presentation of these results is shown in Fig.23, where the charge collection inefficiency is plotted versus the inverse bias voltage for values above the depletion voltage. It nicely demonstrates that test diodes and strip detectors behave almost identically while there is a substantial improvement to be seen for oxygenated silicon against the use of standard material. Another example of comparison between the results obtained from C/V measurements and those from charge collection is shown in Fig.24. Here the test diodes have been completely annealed after irradiation. In this case the illumination is made from the p+-side with a short wavelength laser of only 670 nm. The carriers are generated in a very shallow layer of only a few microns due to the very short absorption length of this light. As the material is type inverted at these fluences, the electric field starts to grow from the rear side and reaches the p+-electrode only at full depletion. Hence measuring the charge collection as function of bias provides a very sensitive tool for the measurement of the depletion voltage. The almost complete agreement between the two measurements supports the results for the saturation of the reverse annealing displayed in Fig.19 very nicely. The Neff-values extracted from the data of Fig.24 suggests an even larger saturation effect than that shown in Fig.19.

Finally measurements on charge collection using an oxygenated detector have been performed in a strong magnetic field [
]. Examples of these results are presented in Fig. 25. Also in this case a short wavelength IR-laser (( = 850nm) ensuring a shallow absorption was used and the diode was illuminated from the p+ side for measurement of the electron contribution and from the rear one for the holes. The full depletion voltage after 7 1013 p/cm2 was of the order of 100 V and the material was type inverted. As the holes are thus generated in an area of high electric field and the electrons at low field strength, the difference in their behaviour as function of bias voltage is understandable. It is reassuring that the reduction in signal height observed due to a magnetic field of 4T is not appreciable. This effect is a consequence of the Lorentz angle resulting in larger drift lengths and hence increased trapping.
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Fig. 21 CCE of ATLAS prototype strip detectors processed by MICRON and irradiated with 3 1014 p/cm2 [19].
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Fig.22a: CCE (1060 nm laser) of standard and oxygenated diodes irradiated with 4 1014 p/cm2 [19].
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Fig.22b: CCE (1060 nm laser) of standard and oxygenated diodes irradiated with 8 1014 p/cm2 [19]. 
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Fig.23: Charge collection inefficiency as function of bias voltage above full depletion. Data from Figs. 21 and 22a.
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	Fig.24:  24 GeV/c proton irradiated oxygenated silicon detectors (2, 4 and 6(1014 p/cm2). Comparison of depletion voltages determined by CV (10 kHz) and TCT (front illumination, 670nm, 40ns integration).
	Fig.25: CCE (850 nm laser, 25ns integration) of proton irradiated oxygenated diodes with and without magnetic field [20].


Table 2.: Damage parameters for oxygen enriched and standard silicon.

	
	Standard Silicon
	Oxygen-enriched Silicon

	
	Neutrons
	Protons
	Neutrons
	Protons

	ga
	1.8(10-2 cm-1
	-
	1.4(10-2 cm-1
	-

	(a(20(C)
	55 h
	-
	70 h
	-

	gC
	1.5(10-2 cm-1
	1.9(10-2 cm-1
	2.0(10-2 cm-1
	5.3(10-3 cm-1

	NC0/Neff0
	0.70
	-
	0.45
	1.0

	gY
	5.2(10-2 cm-1
	6.6(10-2 cm-1
	4.8(10-2 cm-1
	2.3(10-2 cm-1  (()

	(Y(20(C)
	480 d
	-
	800 d
	950 d


(() saturation value measured for (eq = 6 1014cm-2
Parameters of the Hamburg model and application to the LHC

Once a set of reliable parameters has been extracted from the various damage test experiments it is then possible to apply the model description outlined above to the operational scenario of the LHC experiments. It should be emphasised here that the conservative values listed in Table 2 are still subject to some uncertainties. In contrast to the behaviour of the current related damage parameter ( , which has been shown to be completely independent of material properties and different processing techniques, variations for the parameters describing the change of the effective impurity concentration are in the order of 50%. They are certainly much smaller than the really outstanding improvements observed with Oxygenated silicon in comparison to standard material. The main results using O-rich material in comparison to standard silicon are:

Proton irradiation

· The introduction rate for stable acceptors gC is a factor of 3.5 lower.

· The reverse annealing effect is considerably reduced both due to a saturation at high fluences (resulting in at least a factor of 2) and the much longer time constant (by a factor of 4).

· There is no effect from the initial resistivity of the material (due to complete donor removal)

· The results obtained with C/V measurements have been nicely reproduced with those obtained from charge collection.

Neutron irradiation

· The introduction rate for stable acceptors appears to be the same as for standard silicon.
· The reverse annealing is not affected by Oxygenation.
· There is an appreciable beneficial effect using O-rich low resistivity silicon

It should be noted that operational projections for the behaviour of the silicon detectors to be incorporated in both the ATLAS, CMS and LHCb have already been carried out on the basis of the Hamburg model. An update using the new parameters obtained for the Oxygenated silicon detectors is shown in Fig. 26a and b. As an example, the two pixel layers of the ATLAS detector are chosen, where the pion irradiation is most severe. The ATLAS B-layer is subject to a total fluence of (eq =3 1015 cm-2 accumulated within 10 years of LHC operation. Simulation results are shown in Fig.26a. Here the pixel-detectors have a thickness of 200(m and will be operated at a maximum bias voltage of 600 V. The depletion voltage will reach this limit already after 4 years of operation, using standard silicon detectors, whilst the application of Oxygen enriched silicon would extend that time to 6 years. However, the ATLAS pixel group envisages to operate the detectors in partially depleted mode, requiring only a signal height of 6000 e/mip. Using this reduced requirement the operational lifetime for standard silicon would be extended to 6 years while Oxygen enriched detectors could be almost operated for the full 10 year period!

In Fig.26b we display the results for the 1st layer at 10 cm again in the ATLAS pixel subdetector. Here the calculations have included the mixed field (approximately 70% pions, 30% neutrons), which account for a total fluence of  (eq = 7 1014 cm-2. In this case the detectors will have a thickness of 250(m and total depletion is required at a maximum voltage of 600V. This limit is reached after 8 years for standard silicon while Oxygen rich silicon is easily operable during the full LHC period. From both examples it is obvious that the use of the radiation hardening process offered by the RD48 results, provides an appreciable improvement for safe operation of  silicon detectors in the inner detectors of the large LHC experiments. It should also be emphasised at this point that the operational scenario for e.g. the ATLAS detector requires a warm up period of only 2 weeks every year. The results of  Fig.26a and b were based on the assumption that this requirement can really be fulfilled during 10 years! As longer warm up periods or accidents would result in a much larger contribution from the reverse annealing effect, the appreciable improvements obtained by Oxygenated silicon in this respect (see above) provide an additional invaluable safety margin. 
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	Fig.26a.: Damage projection for the ATLAS B-layer demonstrating the difference between standard and oxygenated silicon.
	Fig.26b.: Damage projection for the ATLAS 1st-layer demonstrating the difference between standard and oxygenated silicon.


5. EFFECTS AT THE Si/SiO2 INTERFACE

In addition to standard test diodes intended for investigations of bulk damage effects, a set of gate-controlled diodes were included in the ROSE mask layout [
]. These structures are perfectly suited to the analysis of the oxide quality, as both oxide charge and the e-h pair generation process at the interface can be determined independently. Ionising radiation is know to lead to an increasing oxide charge and interface state density, which results in corresponding changes in the depletion depth and the leakage current of strip detectors. The as-processed quality of the interface as well as its sensitivity to radiation are strongly dependent on the details of the device processing. It is therefore very important to doublecheck, how the use of oxygen-enriched and lower resistivity material affect the interface properties.

Fig. 27 displays two measurements of the interface generation current on oxygen-enriched samples processed with different processing parameters. The interface generation current is equal to the height of the current step at the flat-band voltage of about 2.5 V. Comparing the values with non-oxygenated silicon, a similar interface quality is found for the as-processed devices.
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Fig. 27. Measurements of the interface generation current for two differently
processed gate-controlled diodes manufactured on oxygen-enriched material.

The relatively low flat-band voltage indicates a high-quality oxide. After exposing the oxides to electrons from a Scanning Electron Microscope, the density of positive trapped oxide charges increased, which is manifested by the shift of the flat-band voltage, see Fig. 28. The curves differ according to the different oxide thickness, but the oxide charge density is similar for both devices, and as expected its value is about 3(1012 cm-2. The results of the study are summarised in Table 3.

Table 3. Results of the study on the radiation sensitivity
of the oxides grown on oxygen-enriched silicon.
	Device
	Nox [1011/cm2]
	Dit [1010/cm2eV]
	Dose [kGy]

	W19-S-TF-4
	0.6
	0.7
	0

	T31-S-TF-4
	0.6
	0.7
	0

	W19-S-TF-4
	21
	30
	200

	T31-S-TF-4
	35
	30
	200
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Fig. 28. Capacitance-voltage characteristics on the gate electrode of the
gate-controlled diodes before and after exposure to ionising radiation.

6. DEFECT SPECTROSCOPY

Along with the phenomenological studies on the damage-induced deterioration of the detectors, defect spectroscopy has always been carried out within the collaboration. A detailed knowledge about the microscopic origin of the changes in leakage current, effective doping concentration, and carrier trapping is inevitably needed as the groundwork for the defect-engineering approach: Detrimental defects must be structurally and chemically identified before wise choices can be made regarding the optimisation of the impurity content of the silicon in order to suppress the defect’s production following irradiation. In fact, the decision in favour of oxygen-enriched, carbon-lean, lower resistivity material is to a large extent motivated by the known interactions between the primary displacement damage defects (interstitials and vacancies) with the most prominent impurities (Oxygen, Carbon, Phosphorus, Boron), well reported in literature for more than a decade. Using this heuristic approach, more radiation tolerant silicon has been successfully engineered by the collaboration even though there is much still to learn about the microscopic processes leading to the deterioration of silicon detectors. Much time consuming work has been carried out in order to discover previously unreported defects, to account for the peculiarities of heavy-particle damage, and to handle the experimentally difficult high-resistivity material. As will be shown below, many significant new results have been obtained in this field.

The following section is organised into three parts. In the first part the main spectroscopic tools available within the collaboration are briefly introduced, highlighting the kind of information that can be gained with them and indicating experimental requirements for their application. The second part discusses results obtained after irradiation with various particle types and using different materials, and the third part reviews examples where spectroscopic signals could indeed be unambiguously related to a certain macroscopic quantity.

Damage-Induced Defects as Observed with Various Spectroscopic Characterisation Tools

Capacitance-Deep Level Transient Spectroscopy (C-DLTS)

In C-DLTS the capacitance of a reverse-biased diode is used as a probe of the charges in the space charge region. The charges are the doping atoms and defects that were allowed to trap free carriers during a preceding filling pulse. Following the pulse, the capacitance approaches its steady state value exponentially with a time constant characteristic for the emission of carriers from the traps into the band. The DLTS signal is derived from this transient, e.g., using the difference of the capacitance at two different times (box-car). Plotting the DLTS signal versus temperature gives a spectrum with a peak for each level in the band gap of the semiconductor, see Fig. 29.

Good C-DLTS set-ups provide the emission-parameters (activation energy (E and cross section () and the concentrations Nt of all traps within one temperature scan. Traps throughout the entire band gap, except for very shallow levels, can be detected, and majority and minority carrier traps can be distinguished. With some extra effort, the free carrier trapping kinetics (capture coefficients) can be studied. While the trap concentrations derived from DLTS measurements are the most accurate values available compared with all other tools discussed below, C-DLTS is strictly limited to trap concentrations well below the doping concentration. For the high-resistivity material studied here this means that the fluence must be very low, orders of magnitude lower than is anticipated during the operation of the detectors. 

In Fig. 29 we observe all well-known signals from damage-induced defects in silicon and the corresponding isochronal annealing behaviour. Evidently Oxygen and Carbon play an important role as sinks for the primary damage defects (interstitials and vacancies). In fact, the ratio between the CiCs and CiOi signals in conjunction with their annealing rate can be exploited to determine both the O and C concentration. The more relevant observations for today’s discussion concern the less abundant and unidentified peaks (e.g. EV + 0.312 eV), the left and right-hand side broadening of the VV‑/0 transition, and/or the apparent concentration difference between the doubly charged and singly charged divacancy peak observed before the 280°C annealing step. The two latter observations are currently discussed within the framework of the defect cluster strain model and the inter-centre charge transfer model described in refs. [
] and [
], respectively.

Thermally Stimulated Current (TSC)

In order to obtain a TSC spectrum, the defect filling pulse is applied only once at low temperature, and the TSC signal is simply given by the leakage current through the reverse-biased detector during the heating period, see Fig. 30. While TSC was originally used analogous to DLTS, it was realised in this collaboration that a TSC signal can still be measured even if the trap concentrations are higher than the doping concentration, if forward current injection or optical injection of free carriers is used for the trap filling. However, in this case it is not straight-forward to distinguish between majority and minority carrier traps or to determine trap concentrations. Also, measuring (E and ( requires much more experimental effort as compared to DLTS. Traps throughout the entire band gap are observed, including very shallow traps (e.g. the Phosphorus donor level). However, signals from deep traps are often hidden below the steady state leakage current of the device, which constitutes the baseline signal of the method. 
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Fig. 29. Isochronal annealing ((T = 20°C, (t = 20 min) of DLTS spectra after radiation damage with 1011 <5.3 MeV> neutrons per cm2 (3 k(cm n-type epitaxial material) [
].
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Fig. 30. Reverse-bias dependence of TSC spectra [
].

Current-DLTS (I-DLTS) and Photo-Induced Current Transient Spectroscopy (PICTS)

In order to combine the higher sensitivity and faster access to (E and ( provided by C-DLTS with the ability to measure trap-compensated high-resistivity material, the detector leakage current can be used as the signal for the DLTS method. This approach is known as I-DLTS and/or PICTS, where the latter represents an effort to determine trap concentrations from photo-induced current transients exploiting additional experimental information. Also I-DLTS is commonly used in combination with optical excitation. Rather detailed spectra can be obtained, see Fig. 31, but the status of trap assignment is not as advanced as compared to C-DLTS.
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Fig. 31. Experimental I-DLTS spectra of silicon detectors irradiated to a high fluence, and the corresponding simulated spectra. Dashed/dotted lines show the components of the simulated spectra [
].

Optical Charging Spectroscopy (OCS)

OCS is a method related to TSC. Traps are filled at low temperature using illumination with light of various wavelengths to modulate the depth profile. The short-circuit current is measured during warm-up. See Fig. 32 for a comparison between TSC and OCS. This method is sensitive to traps close to the junction of the diode.
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Fig. 32. TSC (Vup = 150 V) and OCS (Vup = 0 V) currents (arb. units), (eq = 1.8(1013 n/cm2 [
].

Transient Current Technique (TCT)

Here free carriers are generated with a short (1 ns) laser pulse below either front or backside of the detector. The signal is given by the current induced by the drifting carriers. At low temperatures the free carriers can also be trapped at defects, which modulates the electric field in the detector and thus affects the pulse shape, compare Fig. 33. Studying the signal as function of temperature gives spectroscopic information about the traps. TCT is applicable for medium radiation fluence (about 1013 cm‑2), where the electric field in the fully depleted detector is so low that the drift time of the carriers is well above the resolution of about 1 ns. TCT is a complementary method as it is very sensitive to traps close to the middle of the band gap. For example, a deep hole trap at EV + 0.5 eV has commonly been observed, which might be very important for the generation of leakage current [
,
].

[image: image39.wmf]
Fig. 33. Measured steady-state electron current pulse shapes at various temperatures for an irradiated  detector R1: 170K; R2: 165K; R3: 160K; R4: 155K (4 k(cm, d = 630 (m, V = 100V, (n = 2.3(1012 cm‑2, 31 months room temperature) [28].

Photo Luminescence (PL)

PL is an optical method, and does not require electrical contacts to the sample. Electron-hole pairs are excited in the material with above band-gap light. At low temperature the electron and hole form a weakly bonded pair, which can diffuse through the crystal as an entity. This so-called exciton can get trapped at a defect, where it eventually will recombine and thus cause the emission of a photon characteristic of the defect. Fig. 34 shows a typical PL spectrum as observe on standard float-zone material after proton irradiation. Note that besides the known CiCs and CiOi signals the mysterious W-line is observed. Recent quantum mechanical modelling indicates that the W-line may be the tri-interstitial. Optical selection rules and oscillator strengths determine whether a deep level defect gives rise to a PL signal and how strong it is. It is therefore not in general possible to obtain concentrations from PL measurements; many defects cannot be detected at all, e.g. VOi. PL is very sensitive (1010 cm‑3) given the number of nonradiative recombination centres is sufficiently small.

[image: image40.wmf]1100

1200

1300

1400

1500

1600

1700

0.00

0.01

0.02

0.03

0.04

0.05

0.06

C

i

C

s

 phonon replica

C

i

O

i

 excited

state, 5meV

C

i

C

s

 local

vib. mode

788 meV

C

i

O

i

969 meV

C

i

C

s

1018 meV

W-line

 

 

     Annealing

     Temperature

   80ºC

 120ºC

 160ºC

PL Signal  [ arb. ]

Wavelength  [ nm ]


Fig. 34. Annealing of Photoluminescence spectra measured on heavy-particle damaged silicon [
].

Results for Different Particle Types and Materials

In the following we will present systematic studies on the influence of the particle type used for irradiation and of the impurity content of the material. In part, these experiments were designed to elucidate the circumstances leading to the improved radiation tolerance of oxygen-enriched silicon only observed for charged-particle irradiation.

Gammas Versus Neutrons

A direct comparison of the radiation defects produced by 60Co-( and 14 MeV neutrons has been carried out on 3 k(cm standard Wacker FZ material, see Fig. 35 [14]. With gammas, only randomly distributed point defects are produced, whereas neutrons give rise to damage cascades and end-of-range damage. The samples were maintained at room temperature for a few months before the measurements. While for the gamma-irradiated sample the ratio [VV(‑/0)]/[VV(=/‑)] between the apparent concentration of the two divacancy-related peaks is found to be 1.0, the neutron-irradiated sample displays a 3.3 times weaker signal from the doubly-to-singly charged transition. This discrepancy was discovered earlier by Svensson et al. and was explained by lattice strain effects, which then also would account for the peak broadening [22]. The strain arises from divacancies being predominantly produced within each others lattice strain field at the end of range of the recoil cascades. Another explanation was put forward by S. Watts et al., realising that such closely spaced defects might as well be able to exchange electrical charges [23]. This is the so-called inter-centre charge transfer model also explains the suppression of the VV(=/-) signal. 

Divacancies are produced in much larger amounts in neutron-damaged samples as compared to gammas. The corresponding ratios between the introduction rates g = Nt/( found in this study are:

gammas: g(VV-/0)/g(VOi) = 0.029, and neutrons: g(E(205))/g(VOi)   = 1.49/0.69 = 2.15.
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Fig. 35. Comparison of DLTS spectra after 60Co-( and neutron irradiation on identical samples (3 k(cm) [14].

In addition to the qualitative differences between the DLTS spectra observed after 60Co-( and neutron-damage, heavy-particle damaged samples also display a unique annealing behaviour, compare Fig. 27. Two annealing steps at 70°C (EC – 0.46 eV) and 170°C (EC –0.40 eV) are now well established. The same annealing steps are observed in the leakage current annealing, proving that the cluster peak at about 205 K is a main contributor to the leakage current generation in heavy-particle damaged silicon.

Oxygen-Content Dependence of DLTS Spectra

Using the materials listed in Table 4, the effect that the Oxygen content has on the formation and annealing of radiation-induced defects has been studied. For this example, the samples were exposed to <5.3 MeV> neutrons at a Be(d,n) neutron generator. They were subsequently annealed at 60°C for 80 min. Fig. 36 shows the corresponding DLTS spectra. The introduction rate and the shape of the cluster peak at 205 K is found to be independent of the Oxygen concentration. This is expected, as it is known that the leakage current scales very nicely with the concentration of the cluster peak, and that the oxygen content does not affect the leakage current-related damage constant. To a first approximation the generation rate of VOi (A-centre) defects does not depend on the oxygen concentration, since under the given irradiation conditions interstitial oxygen is the dominant sink for freely migrating vacancies. That means [VOi] is simply a measure of the total dose. Freely migrating silicon interstitials, on the other hand, are all converted into interstitial Carbon, which then has two reaction partners available to form stable defects: substitutional Carbon and interstitial Oxygen. Therefore the ratio between the two resulting reaction products [CiCs] and [CiOi] is proportional to the ratio between [Cs] and [Oi]. This explains why for the oxygen-lean material a larger CiCs concentration is observed superimposing the VOi peak. Finally we note the existence of Thermal Donors (TD), presumably a conglomerate of four oxygen atoms, in the CZ material. In principal these donors can also be created in oxygen-enriched float-zone material, and thus pose the danger of deteriorating the resistivity of the material. However, recipes to dissolve these donors and to circumvent their detrimental effects are well adopted within the silicon device processing industries.

Table 4. Materials used for the comparative DLTS study.
	Material
	Resistivity
	Oxygen Content

	ITME, FZ, n-type, <111>
	120 (cm
	<5(1016 cm-3

	ITME, FZ, n-type, <111>
	800 (cm
	1.7(1017 cm-3

	Polovodice, Cz, n-type, <111>
	100 (cm
	9(1017 cm-3
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Fig. 36. DLTS spectra (normalised to introduction rate at 200K) obtained after irradiation with neutrons and a subsequent 80 min heat treatment at 60°C for different materials (see legend) [
].

Comparison of DLTS Spectra after Irradiation with Neutrons, Protons, Pions

A gradual transition from spectra characteristic of neutron damage to those characteristic of 60Co-gammas is expected when one considers charged-particle damage with varying energies. At low charged-particle energy the relative importance of Coulomb scattering, imparting only small energies to the PKA, is increasing. The result of such a study is presented in Fig. 37, where <5.3 MeV> neutrons from a Be(d,n) generator, 192 MeV pions, and 27 MeV and 23 GeV protons have been used. The material (ITME FZ n-type, <111>, 800 (cm, jet-oxygenated, [O] = 1.7(1017 cm‑3) was the same in every case. Moreover, all samples were stored at 60°C for 80 min, in order to exclude any artefacts from differences in the annealing history.

Evidently, the cluster-peak at 205 K is introduced at the same rate in every case, reconfirming the intrinsic nature of the comprising defects and their location within the end-of-range region of the damage cascades. The introduction rate of the isolated point defects, represented by VO​i and CiCs, varies for the different particle types, in agreement with the expected enhancement due to Coulomb scattering. Here it is interesting to note that in this respect the very high-energetic (23 GeV) protons behave similarily to the 192 MeV pions.

Another striking observation concerns the peak normally assigned to the doubly-charged divacancy. Its variation with particle type resembles the one observed for the point defects. Also, quite obviously, the shape of the cluster peak at 205 K does not depend on the particle type. The broadening of the VV‑/0 transition and the apparent reduction of the apparent VV--/- concentration with respect to VV-/0 can therefore not have the same origin. These observations need to be understood in terms of the lattice strain and the inter-centre charge transfer models. 

[image: image43.wmf]5

0

1

0

0

1

5

0

2

0

0

2

5

0

T

e

m

p

e

r

a

t

u

r

e

 

[

K

]

0

1

2

3

I

n

t

r

o

d

u

c

t

i

o

n

 

r

a

t

e

 

 

[

 

c

m

-

1

 

]

n

 

 

5

.

3

 

M

e

V

 

n

 

 

5

.

3

 

M

e

V

 

p

 

 

2

3

 

G

e

V

p

 

 

2

3

 

G

e

V

p

+

 

1

9

2

M

e

V

p

+

 

1

9

2

M

e

V

p

 

 

2

7

 

M

e

V

p

 

 

2

7

 

M

e

V

V

O

i

-

/

0

 

+

C

i

C

s

(

A

)

-

/

0

 

(

E

2

)

V

O

i

-

/

0

 

+

C

i

C

s

(

A

)

-

/

0

 

(

E

2

)

V

V

 

=

/

-

 

(

E

3

)

V

V

 

=

/

-

 

(

E

3

)

V

V

-

/

0

+

 

?

 

(

E

4

)

V

V

-

/

0

+

 

?

 

(

E

4

)

F

Z

-

8

0

0

W

c

m

,

 

[

O

]

 

=

 

1

.

7

 

1

0

1

7

c

m

-

3

F

Z

-

8

0

0

W

c

m

,

 

[

O

]

 

=

 

1

.

7

 

1

0

1

7

c

m

-

3


Fig. 37. DLTS spectra obtained on samples from the same wafer obtained after irradiation with different particles (see legend) and a 80 min lasting heat treatment at 60°C. The spectra are normalised to the 1 MeV neutron equivalent introduction rate at 200 K [31].

Correlation with Macroscopic Effects.

Short Term Annealing

It had been noted earlier that the activation energy for the short term annealing of the leakage current and the effective doping concentration are similar. Also it was known that the annealing at 70°C of the right-hand side broadening of the VV-/0 transition, see Fig. 29, correlates with the leakage current annealing. It is therefore tempting to assume that the macroscopic effects have a common cause, namely, the deep level at EC - 0.46 eV, and that this can be reasonably discussed on the grounds of simple Shockley-Read/Hall statistics. In order to substantiate this hypothesis, the deep level in question, labeled E4b in the following, was monitored during an isothermal annealing study at 60°C using DLTS, see Fig. 38. To obtain reliable defect parameters and concentrations for the annealing traps, the difference of two subsequent DLTS spectra was subjected to the standard DLTS evaluation procedure. The results are given in numerical form in Table 5. E4b was noted to be accompanied by a more shallow level at EC – 0.36 eV (E4a), which, in analogy to the divacancy, tentatively can be considered a second ionization state of EC – 0.46 eV (E4b). A very good correlation is observed between the change in leakage current between two annealing steps and the corresponding change in the concentration of E4b, see Fig. 39.

From the DLTS measurement, only the capture cross section for electrons (n is obtained. In order to calculate the leakage current from E4b using the Shockley/Read-Hall formulae, also the capture cross section for holes (p must be known. Vice versa, the measured leakage current can be exploited to obtain (p from such a calculation. Here we obtain a value of about 10‑13 cm2, which is quite conceivable. From forward current injection DLTS spectra it is in fact known that (p > (n. Using these parameters we can also calculate the contribution to the space charge from this trap. The value is however a factor five smaller than what is observed experimentally. Still, adjusting both cross sections (p and (n in order to account for the macroscopically observed effects gives (n = 8.6(10‑15 cm2 and (p = 3.1(10‑13 cm2, demonstrating that a comparatively small uncertainty of the cross section can have a big effect here. It should be noted that the macroscopic measurements were carried out at room temperature whereas the DLTS data was gathered at about 200 K. Systematic studies on the temperature dependence of the cross sections and the trap ionization energy are needed to draw final conclusions. 

Table 5. Defect parameters. The given introduction rates refer to certain annealing states at 60°C: (a) after 5 min and after 82000 min, (b) annealed in the period 5min to 10000 min and (c) after anneal to 82000 min.

	Defect
	(Et [eV]
	(n [cm2]
	Introduction rate [cm-1]

	E3
	0.24
	(10-14
	0.24(0.41 (a)

	E4a
	0.36
	(10-14
	0.26 (b)

	E4b
	0.46
	1(10-14
	0.62 (b)

	E4
	0.41
	1.5(10-15
	1.04 (c)
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	Fig. 38. Evolution of the DLTS spectrum at 60°C for a neutron irradiated sample produced from Cz silicon [31].
	Fig. 39. Correlation between trap E4b and leakage current [31].


Reverse Annealing of the Effective Doping Concentration

So far, only a weak correlation between the W-line observed with PL, compare Fig. 34, and the change in doping concentration during the reverse annealing phase have been reported. A systematic isothermal annealing study at 80°C using TSC on a sample irradiated with 1013 cm‑2 <5.3 MeV> neutrons has provided additional insight, see Fig. 40. The defect concentrations at the given fluence are too high to allow a quantitative analysis of the TSC spectra. Most importantly the spectra will exhibit a memory effect: a change in the peak signal at low temperature implies a change at all higher temperatures because of the variation of the space charge layer width with the concentration of ionised traps. It can still be argued that the signal H(116K) is indeed growing during the annealing sequence.

Fig. 41 demonstrates a good correlation between the integrated peak charge versus the change in space charge during the reverse annealing period. H(116K) had already previously been unambiguously connected with negative space charge by exploiting the bistability of this level. The simplest approach would mean that H(116K) is an acceptor level. This assignment would roughly be in agreement with the lower limit of the concentration derived for this peak from the TSC spectrum. Moreover, for an acceptor level one would expect a fairly large capture cross section, because of the Coulombic attraction between the ionised acceptor and the emitted hole. Previously reported level parameters ((Et = 0.32 eV and (p = 1.7(10‑13 cm2) would also match this criteria and could be reproduced here using C-DLTS, see Fig. 27. However, another set of parameters has been reported in ref. [14], which is surprisingly similar to the Ci+/0 donor transition. Further studies are needed to ascertain the chemical nature of this defect.
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	Fig. 40. Annealing of TSC spectra during
the reverse annealing period [14].
	Fig. 41. Correlation between amount
of reverse annealing and concentration
of the trap H(116K).


7. MODELLING OF DEFECT PRODUCTION AND RADIATION DAMAGE

A key strategy of the ROSE Collaboration has been to understand macroscopic effects by using semiconductor device physics and known microscopic defect concentrations. A further ambitious aim has been to predict defect concentrations using defect kinetics models. This has been discussed in detail in previous status reports [1,2]. Consequently, only a brief summary will be given here together with recent modelling that explains why oxygen is beneficial to the radiation hardness of silicon when irradiated with protons. The defect kinetics model of Davies [
] has been adapted for detector material to predict defect concentrations after irradiation with 60Co photons and fast hadrons. The reactions used in the model [
]  are listed in Table 6. Reaction rates are controlled by the concentrations of impurities and their relative capture radii. Full details may be found in Ref. [33]. The input parameters required by the model are the oxygen and carbon impurity concentrations (determined by SIMS, IR absorption etc.) and the introduction rates of the primary defects. The rates used in the calculation are given in Table 7. 

Table 6. Defect kinetics model reaction scheme.

	Table 6A. Cluster reactions
	
	

	I reactions
	V reactions
	Ci reactions

	I+VSi
	V+VV2
	.....

	Table 6B. Diffusion reactions 
	
	

	I+CsCi
I+CCCCI

I+CCICCII

I+COCOI

I+COICOII

I+VOO

I+V2OVO

I+V2V

I+VPP
	V+VV2
V+V2V3
V+OVO

V+VOV2O

V+PVP
	Ci+CsCC

Ci+OCO




Table 7. Introduction rates used in the modelling (refs. [
] and [
])

	Radiation Source
	V Introduction rate (cm-1)
	V2 Introduction Rate (cm-1)

	60Co gammas
	2.710-4
	7.110-6

	1 MeV neutrons
	0.58 
	0.96

	24 GeV/c protons
	0.61
	0.46 


In order to calculate device characteristics, the theory of Shockley, Read and Hall has been combined with the predicted defect concentrations. The states included in the SRH calculation of the effective doping, Neff, and leakage current density, Jv, are listed in Table 8. It should be noted that there is some uncertainty in the energy level assignment of the divacancy-oxygen (V2O) defect [
].

Table 8. Defect states considered in the SRH calculation.

	Identity
	Energy (eV)
	Type
	Charge

	VO
	Ec-0.17
	Acceptor
	(0/-)

	V2O
	Ec-0.50±.05
	Acceptor
	(0/-)

	V2
	Ev+0.20
	Donor
	(+/0)

	
	Ec-0.41
	Acceptor
	(0/-)

	
	Ec-0.23
	Acceptor
	(-/=)

	VP
	Ec-0.45
	Acceptor
	(0/-)

	CO
	Ev+0.36
	Donor
	(+/0)

	CC
	Ec-0.17
	Acceptor
	(0/-)


Gamma Irradiation

The predictions of the model for the evolution of Neff during gamma irradiation are compared with experimental data from detectors with various oxygen concentrations in Fig. 42. The agreement between the model and data is impressive. The dominant contribution to Neff arises from the V2O state; an energy level of EV2O = Ec-0.54 eV is required to obtain agreement with the data, a value which lies within 1 of the experimental energy measurement. Oxygenated material is more radiation hard to gammas because V2O production is suppressed by the competing reaction V + O  VO. The leakage current in these detectors has also been modelled. The V2O defect dominates on account of its proximity to mid-gap. The model therefore suggests that  is reduced as the oxygen content rises, a prediction which has been borne out by experiment, ref. [
].
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Fig. 42. Model predictions (lines) and experimental data (markers) for 60Co gamma irradiation of samples with various oxygen concentrations and a carbon concentration of ~1016 cm-3.

Hadron irradiation

Using the value of EV2O fixed by the gamma data, the same modelling procedure was applied to the case of hadron irradiation. For 1 MeV neutrons, it was found that the predicted type inversion fluence was an order of magnitude higher than that observed experimentally. The dominant contribution to the doping changes predicted by the model again arose from the V2O defect. The leakage current was underestimated by some 2 orders of magnitude. The potential errors in the model were examined carefully but could not possibly explain these discrepancies.

The presence of defect clusters in hadron-irradiated material, and their absence in gamma-irradiated material, suggests a possible cause. Several defects are strongly produced within the terminal clusters, including the divacancy (V2) and two defects known as E70 and E170. The E70 state is multivalent, giving rise to acceptor levels at Ec-0.45 eV (0/-) and Ec-0.35 eV (-/=), whereas E170 gives rise to a single acceptor at Ec-0.37 eV (0/-) [
]. E70 and E170 are strongly correlated with annealing of the leakage current after irradiation, but neither state is sufficiently close to mid-gap to explain the magnitude of the observed current decrease in the conventional SRH picture [23].

Simple calculations indicate that the local density of V2, E70 and E170 within the terminal clusters is of the order of 1019 cm-3. It is evident, therefore, that some of these defects are close enough to exchange charge directly. There is compelling experimental evidence in the literature for such inter-centre charge transfer (see, for example, Ref. [
]). By writing general expressions for the rates of emission and capture between all levels of the V2, E70 and E170 defects, and assuming equal carrier capture cross-sections throughout, it is possible to calculate the steady-state occupancy of each defect and the carrier generation rate numerically. The predicted value for the damage constant, , which is the sum of the three components, is ~1010-17 A.cm-1 in close agreement with what is actually observed.

The introduction rate of negative space charge is now ~510-3 cm-1. To explain the experimental data, however, an introduction rate of ~2510-3 cm-1 is required. Given that this preliminary calculation assumes equal carrier capture cross-sections, which is known not to be the case, it is not surprising that there is not a perfect agreement with the data. A more complete calculation is now in progress; from work to date it is evident that even small deviations from unity in the capture cross-section ratios can cause further enhancements in the introduction rate of negative space-charge. In order to make a step forward we have assumed that the total contribution of the clustered defects to the space charge is indeed of the order of ~2510-3 cm-1 for 1 MeV neutrons and scales with the cluster defect introduction rates.

The results of combining the standard SRH calculation for point defects and the non-SRH calculation for clustered defects with this assumption are shown in Fig. 43 and Fig. 44. The plots show the predicted evolution of Neff for various detector impurity concentrations for 1 MeV neutrons and 24 GeV protons respectively. The experimental data are described well. There are several points to note. In the case of neutron irradiation, the various detectors display similar radiation tolerance; the only differences observed are due to differences in the initial resistivity of the devices. In the case of proton irradiation, however, the oxygen-enriched detector is more rad-hard and the carbon-enriched detector less rad-hard than the standard device. The reason for this is that, in the case of proton irradiation, the primary introduction rate of the vacancy is proportionally larger than in the case of neutron irradiation. Hence, the role played by V2O in determining Neff is greater for protons. As in the case of gamma irradiation, a high oxygen concentration suppresses V2O production and thus the changes in Neff. Conversely, a high carbon concentration encourages V2O production because substitutional carbon acts as a sink for interstitials and suppresses capture of interstitials at V2O itself and its pre-cursor states (Table 6).
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	Fig. 43. Model predictions (lines) and experimental data (markers) for 1 MeV neutron irradiation. Circles - [O] = 31015 cm-3, [C] = 51015 cm-3; triangles - [O] = 
1.71016 cm-3, [C] < 21016 cm-3; squares - [O] < 51016 cm-3, [C] = 1.81016 cm-3.
	Fig. 44. Model predictions (lines) and experimental data (markers) for 24 GeV proton irradiation. Circles - [O] = 31015 cm-3, [C] = 51015 cm-3; triangles - [O] = 
1.71016 cm-3, [C] < 21016 cm-3; squares - [O] < 51016 cm-3, [C] = 1.81016 cm-3.


It follows that it is misleading to compare the results of radiation damage studies by simply scaling Neff data with the hardness factor of the source. The figures which determine radiation hardness are the actual defect introduction rates themselves, which do not necessarily scale with NIEL.

Summary 

The changes in Neff and dark current during gamma irradiation have been modelled satisfactorily in terms of production of the V2O defect. In the case of hadron irradiation, electrical characteristics are controlled by cluster defects, with a contribution to Neff from the V2O state. The V2O defect is more copiously produced during proton irradiation on account of the proportionally higher vacancy introduction rate, hence the radiation hardness of materials to protons is more sensitive to impurity concentrations than in the case of neutrons. This modelling can be considered to be indirect evidence for the presence of V2O. Direct experimental evidence for V2O has yet to be obtained. There is evidence for a deep level close to mid-gap from TCT data but its precise nature has not been determined.  Quantum mechanical modelling of this defect predicts that it is an acceptor close to mid-gap [
]. 

8. OUTLOOK AND OPEN PROBLEMS 
The RD48-Collaboration has achieved significant results and reached its original goal to develop radiation hard silicon detectors and provide guidelines to the LHC experiments. However, there are still some remaining issues both at a practical and fundamental level that need to be resolved. These are addressed in this section. 

Final optimisation of the radiation hardening effect of oxygen enrichment

To date, experiments have been performed with a variety of different oxygenation processes from a 16h diffusion at 1150(C up to 9 days at 1200(C (see Table 9). The Quartz ovens used at the detector manufacturers do not allow a higher temperature than 1150(C. Even at this temperature the lifetime of the quartz tubes is limited and hence replacement adds to the price of detector production. Furthermore, safety requirements may prohibit continuous operation of the ovens for a 24hr/day basis. For all these reasons, the diffusion process should be minimised without losing the advantages that oxygenation has on the radiation hardness. In the last year, much has been done to systematically study this process. However, there are still some open questions regarding the minimum diffusion process required not only to maintain the hardening for the stable damage effect but to also to control reverse annealing. The fact that reverse annealing can be affected by high oxygen levels was unexpected but very welcome. As this effect has important consequences for the maintenance periods used by the experiments, progress in this area needs urgent further investigation. These measurements take a long time and results will only become available over the next few months. Another open question which can only be tackled together with the detector manufacturers will be the not yet understood variations seen in standard control diodes and their possible relation to different manufacturing techniques. Material characterisation and the measurement of the complete set of damage parameters needs to be performed for each manufacturer. 

Consistency of the RD48 results on diodes with  pixel- and strip detectors

Most of the RD48-results presented in this report have been obtained using special ROSE test detectors, i.e. small pad diodes with usually just one guard ring. The geometry of the real strip and pixel-detectors differs appreciably from this simple structure. They have a much more complex surface geometry with SiO2 between the individual strips or pixels and employ complex guard-ring structures. The few measurements that have been made on full-scale detectors show an acceptable agreement with simple test diodes. We see no reason for considerable deviation between the strip and diode results, nevertheless, the consistency of the RD48 results on diodes should be carefully tested against full-scale detectors. This task has already started and a close direct collaboration between the CERN-MIC-SD group of RD48 and the large LHC experiments has been initiated. Two joint meetings have already been held and RD48 diodes have been used in parallel with LHC detectors during irradiation experiments. For instance, prototype ATLAS strip detectors have been irradiated together with our own diodes. These consistency checks will be pursued further both with ATLAS and CMS. 

Table 9.: Material produced under the auspices of the ROSE-collaboration in 1999. Diode Producers: BNL: Brookhaven National Lab, Upton NY, USA; Sintef:  Sintef, Oslo, Norway;   CIS: CIS, Erfurt, Germany;  ST:  STMicroelectronics, Catania, Italy.

	Producer diode
	Producer
silicon
	Orientation
	Resistivity
[k(cm]
	Treatment

 (Oxygenation)
	SIMS (150 (m)
[O] [cm-3]

	BNL
	Topsil
	<100>
	1.0
	9d in N2 1200(C
	4e17

	CIS
	Topsil
	<100>
	1.0
	9d in N2 1200(C 
(performed at BNL)
	3.4e17

	CIS
	Topsil
	<100>
	1.3
	no diffusion step
	2.2e16

	CIS
	Wacker
	<111>
	3.9
	no diffusion step
	< 1e16

	CIS
	Wacker
	<111>
	4.4
	16h in N2 at 1150(C
	1.4e17

	CIS
	Wacker
	<111>
	4.0
	24h in N2 at 1150(C
	3.0e17

	Sintef
	Wacker
	<111>
	2
	72h in N2 at 1150(C
	1.5-2e17

	Sintef
	Wacker
	<111>
	2
	72h in O2 at 1150(C;
oxide thinning
	1.5-2e17

	Sintef
	Wacker
	<111>
	2
	72h in O2 at 1150(C;
oxide removal + reoxidation
	1.5-2e17

	Sintef
	Topsil
	<111>
	6
	72h in N2 at 1150(C
	1.5-2e17

	Sintef
	Topsil
	<111>
	6
	72h in O2 at 1150(C;
 oxide thinning
	1.5-2e17

	Sintef
	Topsil
	<111>
	2
	72h in O2 at 1150(C;  
oxide removal + reoxidation
	1.5-2e17

	ST
	Wacker
	<111>
	1.0
	30h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<100>
	1.1
	30h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<111>
	1.0
	60h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<100>
	1.0
	60h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<111>
	2.2
	30h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<100>
	2.4
	30h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<111>
	2.0
	60h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<100>
	2.4
	60h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<111>
	16
	30h in N2 at 1200(C;  (SiC-oven)
	-

	ST
	Wacker
	<100>
	15
	30h in N2 at 1200(C;  (SiC-oven)
	-


The charged hadron-neutron puzzle and its consequences for LHC

Many experiments in recent years have shown that to compare bulk damage parameters for radiation sources using different particle types and energy one should scale results using the Non-Ionising Energy Loss (NIEL). This important result enables one to extrapolate results obtained with particular sources to the complex particle and energy spectra that will be encountered in the LHC experiments by appropriate scaling using the NIEL data. It was completely unforeseen that this assumption, which had been proven to be valid for standard material, was incorrect for high energy proton or pion irradiation of oxygen enriched silicon. It has been proposed that the origin of this difference can be understood by a more detailed study of NIEL. Neutrons in the energy range up to several MeV only interact with the silicon by elastic scattering, resulting in high energy recoil Si-atoms. However, charged hadron interactions incorporate a considerable contribution due to Coulomb scattering resulting in low energy recoils. Assuming that recoil atoms below a certain energy (5 keV) cannot produce defect clusters but predominantly point defects, one would expect that for charged hadrons much of the total NIEL contributes to impurity related defects which leads to the hardening effect of oxygen. This is consistent with results from microscopic studies (see Fig. 37 and comments in Section 6), which show that there are more diffusing vacancies and interstitials for protons and pions. Section 7 shows that device modelling is also consistent with this hypothesis. 

Fig. 45 shows results from a detailed study of NIEL versus the silicon atom recoil energy for different particles [
]. Only elastic scattering (both nuclear and Coulomb) has been included. The functional dependence shown in Fig. 45 also supports the above stated assumption. The relative NIEL contribution for recoil energies lower than 5 keV is negligible for 1 MeV neutrons. However, a considerable portion of the NIEL for charged hadrons exists in that energy regime. One can argue that elastic scattering of high energy pions or protons contributes only 30 (200 MeV pions) to 37% (9 GeV protons) of the total NIEL and that therefore according to Fig. 45 the net contribution from recoils below 5 keV is only 6 to 10%. Hence it is hard to believe that this small value could lead to the observed effect. However, for high energy particles there are many higher order nuclear reactions which lead to a variety of secondary reaction products which again interact with the Si-atoms partly by the Coulomb interaction and hence give rise to a significant number of low energy recoils. More detailed investigations using Monte Carlo simulations are necessary. However one result is already apparent: at high energies, nuclear reactions induced by charged hadrons and neutrons are practically the same. Thus, the secondary Coulomb contribution to low energy recoils in the silicon lattice can also be expected following high energy neutron damage.

Fig. 46 shows the main contributions to the energy spectra present in the inner detector of the ATLAS experiment folded with the appropriate damage efficiency for the neutron and pion contribution [
]. While the pion spectrum is centred around 200 MeV, neutrons show an almost homogeneous energy distribution between 0.1 and 100 MeV. From the arguments outlined above, at least the high energy part of the neutron spectrum could therefore also lead to low energy recoils and thus the damage produced by them would partly result in the same behaviour as observed for protons. However, all test experiments with neutrons performed so far would have not shown this effect because the energy spectra extended only to about 10 MeV. In most cases reactor neutrons were used. 

[image: image51.wmf]1

0

-

5

1

0

-

4

1

0

-

3

1

0

-

2

1

0

-

1

1

0

0

1

0

1

E

r

e

c

[

M

e

V

]

1

0

-

3

1

0

-

2

1

0

-

1

1

0

0

R

e

l

a

t

i

v

e

 

D

i

s

p

l

a

c

e

m

e

n

t

 

D

a

m

a

g

e

 

f

o

r

 

S

i

 

r

e

c

o

i

l

s

1

 

M

e

V

 

n

1

 

M

e

V

 

n

2

5

 

M

e

V

 

p

2

5

 

M

e

V

 

p

9

 

G

e

V

 

p

9

 

G

e

V

 

p

1

9

2

 

M

e

V

 

p

1

9

2

 

M

e

V

 

p


Fig. 45. Relative damage efficiency for different particles as function of recoil energy.
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Fig. 46. Neutron and pion energy spectrum folded with NIEL as present in ATLAS-SCT.

An important consequence of these considerations is the necessity for dedicated test experiments employing radiation fields which more closely resemble the LHC environment. The particle sources best suited for this project are the PSI facility for 200 MeV pion irradiation and the neutron shuttle, which was recently installed at the CERN-PS [13]. In fact the spectral distribution, displayed in Fig. 47, reproduces the LHC neutron spectrum in the inner detector very well - compare with Fig. 46.
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Fig. 47. Energy spectra of neutrons, pions, protons and gammas in the beam axis of the IRRAD2 cavity in the CERN PS East Hall [13].
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Fig.6: Changes in the effective space charge, Neff, in the depletion region of diodes irradiated by fast neutrons. BA and RA refer to the beneficial and reverse annealing processes that occur after irradiation. Neff is represented as a point on the axis.
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Fig.5: Resistivity depth profiles of standard and oxygen enriched wafers originating from the same ingot.
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Fig.2: Oxygen-concentration profiles for standard and oxygen enriched FZ silicon wafers as measured by SIMS.
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		0.011619		56.234		56.234		56.234

		0.01284		70.795		70.795		70.795

		0.014191		89.125		89.125		89.125

		0.016158		112.2		112.2		112.2

		0.01852		141.25		141.25		141.25

		0.022435		177.83		177.83		177.83

		0.028818		223.87		223.87		223.87

		0.03629		281.84		281.84		281.84

		0.0457		354.81		354.81		354.81

		0.05755		446.68		446.68		446.68

		0.072473		562.34		562.34		562.34

		0.091265		707.95		707.95		707.95

		0.11493		891.25		891.25		891.25

		0.14473		1122		1122		1122

		0.18226		1412.5		1412.5		1412.5

		0.22952		1778.3		1778.3		1778.3

		0.28904		2238.7		2238.7		2238.7

		0.36398		2818.4		2818.4		2818.4

		0.45836		3548.1		3548.1		3548.1

		0.57722		4466.8		4466.8		4466.8

		0.72689		5623.4		5623.4		5623.4

		0.91537		7079.5		7079.5		7079.5

		1.1527		8912.5		8912.5		8912.5

		1.4516

		1.828

		2.302

		2.899

		3.6507

		4.5973

		5.7894

		7.2906

		9.181

		11.562

		14.56

		18.335

		23.089

		29.076

		36.615

		46.11

		58.066

		73.123

		92.083



n

g

p

p

Neutron

Proton

Pion

Gamma

E(GeV)

Edf/dE (cm2/proton)

Neutron flux at 0 (cm) Vs E(GeV)

0.0000007776

0.0000000085

0

0.0000019843

0.0000338

0.0000000083

0

0

0.00014562

0.0000000094

0

0.000027556

0.000083879

0.0000000108

0

0.0000094721

0.00017816

0.0000000123

0

0.000039227

0.00017875

0.0000000142

0

0.000035813

0.00027482

0.0000000266

0

0.00012749

0.00034958

0.0000000217

0

0.00014146

0.00030674

0.0000000117

0

0.00030772

0.00035448

0.0000000146

0

0.00083964

0.00029525

0.0000000187

0

0.0017371

0.00055996

0.000000056

0

0.0027621

0.00052365

0.0000001204

0

0.0046217

0.00063187

0.0000001699

0

0.0051821

0.00083432

0.0000002449

0

0.0046582

0.00073099

0.0000003569

0

0.005506

0.0007772

0.0000001483

0

0.007021

0.00094357

0.0000002177

0

0.013694

0.0011631

0.0000003203

0.0000016214

0.0089194

0.0012787

0

0.0000024758

0.010457

0.0015608

0

0.0000009799

0.011682

0.001724

0

0

0.011648

0.0018922

0

0

0.012569

0.0019345

0.0000024108

0

0.012172

0.0010247

0.0000041799

0

0.01204

0.0019558

0.0000038084

0

0.009795

0.0023031

0.000011637

0

0.0088115

0.0084765

0.0000034815

0

0.0074606

0.0027726

0

0

0.0062824

0.0058752

0.000006815

0.000004136

0.0051354

0.0062495

0

0.0000007244

0.0042168

0.015032

0.0000095391

0

0.0033376

0.014817

0.000017431

0

0.0027759

0.013489

0.000019241

0.0000088518

0.0019387

0.016609

0.000037277

0.000019534

0.0016062

0.022015

0.00010479

0.0000051757

0.001282

0.019761

0.000069897

0.000026119

0.00086735

0.016605

0.00010809

0.000021998

0.00080395

0.01921

0.00018574

0.000081892

0.00068271

0.021568

0.00016516

0.00010205

0.00048951

0.01206

0.0001449

0.000085713

0.00035581

0.011905

0.0002062

0.00015265

0.00036222

0.013435

0.00018281

0.00022739

0.00027637

0.011526

0.00021217

0.00020986

0.00019026

0.012728

0.00029972

0.00038026

0.00018495

0.010736

0.00026943

0.00046878

0.0001093

0.0088463

0.00031651

0.00070663

0.00015082

0.00917

0.00033521

0.00079653

0.00014514

0.0085451

0.00037674

0.00088122

0.000068256

0.0089122

0.00036826

0.00092833

0.000037577

0.0076889

0.0003811

0.00093785

0.000048587

0.0067672

0.00034248

0.00099663

0.000042095

0.0070511

0.00044597

0.00082261

0.000023362

0.0052316

0.00035712

0.00073552

0.000032476

0.0048468

0.00038622

0.0005986

0.0000061462

0.0036391

0.00031804

0.0005531

0.000022424

0.002964

0.00033553

0.00045277

0

0.0026448

0.00037622

0.00036843

0.0000065187

0.0025452

0.00028136

0.00022701

0

0.0019081

0.00031782

0.00013879

0

0.001867

0.00024583

0.000044297

0

0.0014013

0.00023068

0.000031567

0

0.0014746

0.00015625

0

0

0.0014294

0.0011078

0

0

0.0011778

0

0

0

0.0010903

0

0

0

0.00083627

0

0

0

0.0007955

0

0

0

0.00067338

0

0

0

0.00091299

0

0

0

0.00078277

0

0

0

0.00078596

0

0

0

0.00077642

0

0

0

0.00093313

0

0

0

0.00075525

0

0

0

0.00069789

0

0

0

0.00090414

0

0

0

0.0010256

0

0

0

0.0011158

0

0

0

0.0012394

0

0

0

0.0011939

0

0

0

0.0013158

0

0

0

0.0009434

0

0

0

0.00058028

0

0

0

0.00059422

0

0

0

0.00060648

0

0

0

0.00067708

0

0

0

0.00052805

0

0

0

0.0004755

0

0

0

0.0005948

0

0

0

0.0004369

0.0004783

0.00029373

0.00029574

0.00035301

0.00024321

0.00023257

0.00020858

0.00029604

0.00020801

0.00013887

0.00008773

0.000031051

0

0

0

0

0

0



Inelastic cross section

		

		Inelastic cross section (from FLUKA)

		Utiliser le ra		pport par rap		port au proton

		(ex: 1GeV pi+ = crosssection on proton / 4.81E2 * 4.73E2)

		E (GeV)		proton		neutron		pi+		pi-				Neutron R		pi+ R		pi- R

		1.00E-02		8.87E+02		0.00E+00		3.58E+01		1.93E+02				0.00E+00		4.03E-02		2.17E-01

		1.26E-02		9.21E+02		1.10E+03		5.85E+01		2.24E+02				1.19E+00		6.36E-02		2.44E-01

		1.58E-02		9.05E+02		1.06E+03		8.71E+01		2.64E+02				1.17E+00		9.63E-02		2.91E-01

		2.00E-02		8.53E+02		9.83E+02		1.23E+02		3.13E+02				1.15E+00		1.44E-01		3.67E-01

		2.51E-02		7.80E+02		8.71E+02		1.55E+02		3.30E+02				1.12E+00		1.98E-01		4.23E-01

		3.16E-02		7.02E+02		7.46E+02		1.94E+02		3.50E+02				1.06E+00		2.77E-01		4.99E-01

		3.98E-02		6.31E+02		6.48E+02		2.44E+02		3.75E+02				1.03E+00		3.86E-01		5.94E-01

		5.01E-02		5.75E+02		5.88E+02		3.23E+02		4.42E+02				1.02E+00		5.62E-01		7.68E-01

		6.31E-02		5.30E+02		5.40E+02		4.35E+02		5.34E+02				1.02E+00		8.22E-01		1.01E+00

		7.94E-02		4.83E+02		4.88E+02		6.16E+02		6.78E+02				1.01E+00		1.28E+00		1.40E+00

		1.00E-01		4.43E+02		4.43E+02		7.27E+02		7.69E+02				1.00E+00		1.64E+00		1.74E+00

		1.26E-01		4.18E+02		4.18E+02		7.46E+02		7.80E+02				1.00E+00		1.79E+00		1.87E+00

		1.58E-01		4.04E+02		4.04E+02		7.19E+02		7.49E+02				1.00E+00		1.78E+00		1.85E+00

		2.00E-01		4.01E+02		4.01E+02		6.48E+02		6.76E+02				1.00E+00		1.62E+00		1.68E+00

		2.51E-01		4.00E+02		4.00E+02		5.63E+02		5.84E+02				1.00E+00		1.41E+00		1.46E+00

		3.16E-01		3.90E+02		3.90E+02		5.08E+02		5.23E+02				1.00E+00		1.30E+00		1.34E+00								E (GeV)

		3.98E-01		3.66E+02		3.66E+02		4.68E+02		4.84E+02				1.00E+00		1.28E+00		1.32E+00						1.05E+01		4.00E-01		1.34E+01				E (GeV)

		5.01E-01		3.84E+02		3.85E+02		4.52E+02		4.61E+02				1.00E+00		1.18E+00		1.20E+00						1.08E+01		4.20E-01		1.35E+01		1.10E+01		5.91E-01		1.24E+01

		6.31E-01		4.23E+02		4.24E+02		4.57E+02		4.63E+02				1.00E+00		1.08E+00		1.09E+00						1.10E+01		5.91E-01		1.89E+01		1.05E+01		1.00E+00		1.03E+01

		7.94E-01		4.70E+02		4.70E+02		4.63E+02		4.66E+02				1.00E+00		9.85E-01		9.91E-01						1.08E+01		6.00E-01		1.17E+01		8.70E+00		1.60E+00		8.03E+00

		1.00E+00		4.82E+02		4.82E+02		4.73E+02		4.74E+02				1.00E+00		9.82E-01		9.83E-01						1.05E+01		1.00E+00		1.03E+01		9.50E+00		2.00E+00		8.43E+00

		1.26E+00		4.84E+02		4.84E+02		4.60E+02		4.60E+02				1.00E+00		9.49E-01		9.50E-01						8.70E+00		1.60E+00		8.02E+00		1.05E+01		2.70E+00		9.21E+00

		1.58E+00		4.80E+02		4.80E+02		4.42E+02		4.43E+02				1.00E+00		9.22E-01		9.23E-01						9.50E+00		2.00E+00		8.43E+00		1.00E+01		3.00E+00		8.63E+00

		2.00E+00		4.74E+02		4.74E+02		4.21E+02		4.21E+02				1.00E+00		8.88E-01		8.88E-01						1.05E+01		2.70E+00		9.21E+00		8.70E+00		6.00E+00		7.13E+00

		2.51E+00		4.70E+02		4.70E+02		4.12E+02		4.12E+02				1.00E+00		8.77E-01		8.77E-01						1.00E+01		3.00E+00		8.63E+00		8.60E+00		1.00E+01		6.79E+00

		3.16E+00		4.66E+02		4.66E+02		4.02E+02		4.02E+02				1.00E+00		8.63E-01		8.63E-01						8.70E+00		6.00E+00		7.11E+00		8.84E+00		2.80E+01		6.93E+00

		3.98E+00		4.63E+02		4.63E+02		3.96E+02		3.96E+02				1.00E+00		8.54E-01		8.54E-01						8.60E+00		1.00E+01		6.79E+00

		5.01E+00		4.67E+02		4.67E+02		3.88E+02		3.88E+02				1.00E+00		8.30E-01		8.30E-01						8.84E+00		2.80E+01		6.93E+00

		6.31E+00		4.69E+02		4.69E+02		3.84E+02		3.84E+02				1.00E+00		8.17E-01		8.17E-01

		7.94E+00		4.71E+02		4.71E+02		3.79E+02		3.79E+02				1.00E+00		8.03E-01		8.03E-01

		1.00E+01		4.71E+02		4.71E+02		3.72E+02		3.72E+02				1.00E+00		7.89E-01		7.89E-01

		1.26E+01		4.67E+02		4.67E+02		3.70E+02		3.70E+02				1.00E+00		7.92E-01		7.92E-01

		1.58E+01		4.63E+02		4.63E+02		3.67E+02		3.67E+02				1.00E+00		7.93E-01		7.93E-01												E (GeV)

		2.00E+01		4.57E+02		4.57E+02		3.60E+02		3.60E+02				1.00E+00		7.88E-01		7.88E-01												1.00E-01		1.02E+01

		2.51E+01		4.56E+02		4.56E+02		3.57E+02		3.57E+02				1.00E+00		7.84E-01		7.84E-01												1.00E-01		1.07E+01

		3.16E+01		4.53E+02		4.53E+02		3.54E+02		3.54E+02				1.00E+00		7.80E-01		7.80E-01												1.00E-01		1.05E+01

		3.98E+01		4.51E+02		4.51E+02		3.49E+02		3.49E+02				1.00E+00		7.74E-01		7.74E-01												1.00E-01		1.53E+01

		5.01E+01		4.48E+02		4.48E+02		3.43E+02		3.43E+02				1.00E+00		7.67E-01		7.67E-01												1.01E-01		9.50E+00

		6.31E+01		4.46E+02		4.46E+02		3.43E+02		3.43E+02				1.00E+00		7.69E-01		7.69E-01												1.05E-01		1.51E+01

		7.94E+01		4.45E+02		4.45E+02		3.43E+02		3.43E+02																				1.07E-01		1.08E+01

																														1.10E-01		1.03E+01

																														1.10E-01		1.06E+01

																														1.10E-01		1.09E+01

																														1.10E-01		1.50E+01

																														1.15E-01		1.06E+01

																														1.15E-01		1.40E+01

																														1.18E-01		1.40E+01

																														1.20E-01		1.01E+01

																														1.20E-01		1.03E+01

																														1.24E-01		1.07E+01

																														1.25E-01		1.00E+01

																														1.30E-01		9.80E+00

																														1.32E-01		1.06E+01

																														1.34E-01		1.09E+01

																														1.35E-01		9.70E+00

																														1.40E-01		1.09E+01

																														1.40E-01		1.05E+01

																														1.48E-01		1.03E+01

																														1.50E-01		9.10E+00

																														1.50E-01		9.30E+00

																														1.50E-01		9.60E+00

																														1.50E-01		9.40E+00

																														1.54E-01		9.97E+00

																														1.59E-01		1.04E+01

																														1.61E-01		9.92E+00

																														1.66E-01		9.96E+00

																														1.68E-01		1.01E+01

																														1.72E-01		9.82E+00

																														1.75E-01		8.90E+00

																														1.78E-01		9.73E+00

																														1.84E-01		9.64E+00

																														1.89E-01		9.56E+00

																														1.94E-01		9.58E+00

																														1.96E-01		9.92E+00

																														1.99E-01		9.46E+00

																														2.00E-01		9.30E+00

																														2.00E-01		9.30E+00

																														2.25E-01		1.01E+01

																														2.25E-01		9.30E+00

																														2.50E-01		9.90E+00

																														2.63E-01		1.12E+01

																														2.75E-01		1.04E+01

																														3.00E-01		1.01E+01

																														3.00E-01		1.12E+01

																														3.25E-01		1.13E+01

																														3.30E-01		1.17E+01

																														3.35E-01		1.02E+01

																														3.40E-01		1.15E+01

																														3.50E-01		1.12E+01

																														3.50E-01		1.11E+01

																														4.00E-01		1.05E+01

																														4.20E-01		1.08E+01

																														4.26E-01		1.19E+01

																														5.91E-01		1.10E+01

																														6.00E-01		1.08E+01

																														6.00E-01		1.10E+01

																														1.00E+00		1.05E+01

																														1.00E+00		1.01E+01

																														1.60E+00		8.70E+00

																														2.00E+00		9.50E+00

																														2.00E+00		1.04E+01

																														2.20E+00		9.00E+00

																														2.20E+00		8.80E+00

																														2.70E+00		1.05E+01

																														3.00E+00		1.00E+01

																														3.00E+00		9.10E+00

																														3.00E+00		8.10E+00

																														6.00E+00		8.70E+00

																														1.00E+01		8.60E+00

																														2.80E+01		8.84E+00

																														2.80E+01		8.60E+00

																														3.00E+02		8.04E+00





Pion Niels Factor

		

		Ekin		Ekin		pion

		(MeV)		(GeV)		D/(95MeVmb)				(GeV)		D/(95MeVmb)

		15		1.50E-02		0.5593837				1.41E-02		0.5593837

		25		2.50E-02		0.49516				1.78E-02		0.5593837

		35		3.50E-02		0.4658373				2.24E-02		0.49516

		45		4.50E-02		0.4939439				2.82E-02		0.49516

		55		5.50E-02		0.5278892				3.55E-02		0.4658373

		65		6.50E-02		0.5636347				4.47E-02		0.4939439

		75		7.50E-02		0.6045223				5.62E-02		0.5278892

		85		8.50E-02		0.6408355				7.08E-02		0.6045223

		95		9.50E-02		0.7005656				8.91E-02		0.6408355

		105		1.05E-01		0.7408117				1.12E-01		0.7662699

		115		1.15E-01		0.7662699				1.41E-01		0.8563064

		125		1.25E-01		0.7923371				1.78E-01		0.922339

		135		1.35E-01		0.8242417				2.24E-01		0.9394814

		145		1.45E-01		0.8563064				2.82E-01		0.8481212

		155		1.55E-01		0.8862357				3.55E-01		0.7170948

		165		1.65E-01		0.9081765				4.47E-01		0.5950061

		175		1.75E-01		0.922339				5.62E-01		0.5670659

		185		1.85E-01		0.9345093				7.08E-01		0.4875537

		195		1.95E-01		0.9434626				8.91E-01		0.572067

		205		2.05E-01		0.9461767				1.12E+00		0.5229808

		215		2.15E-01		0.945485				1.41E+00		0.52

		225		2.25E-01		0.9394814				1.78E+00		0.52

		235		2.35E-01		0.9319676				2.24E+00		0.52

		245		2.45E-01		0.9191742				2.82E+00		0.52

		255		2.55E-01		0.9041658				3.55E+00		0.52

		265		2.65E-01		0.8877079				4.47E+00		0.52

		275		2.75E-01		0.8683769				5.62E+00		0.52

		285		2.85E-01		0.8481212				7.08E+00		0.52

		295		2.95E-01		0.8269701				8.91E+00		0.52

		305		3.05E-01		0.8071491				1.12E+01		0.52

		315		3.15E-01		0.789108				1.41E+01		0.52

		325		3.25E-01		0.7709413				1.78E+01		0.52

		335		3.35E-01		0.7527842				2.24E+01		0.52

		345		3.45E-01		0.7344545				2.82E+01		0.52

		355		3.55E-01		0.7170948				3.55E+01		0.52

		365		3.65E-01		0.7008574				4.47E+01		0.52

		375		3.75E-01		0.6856604				5.62E+01		0.52

		385		3.85E-01		0.6706246				7.08E+01		0.52

		395		3.95E-01		0.6555175				8.91E+01		0.52

		405		4.05E-01		0.6422767				1.12E+02		0.52

		415		4.15E-01		0.6299253				1.41E+02		0.52

		425		4.25E-01		0.6179172				1.78E+02		0.52

		435		4.35E-01		0.6059092				2.24E+02		0.52

		445		4.45E-01		0.5950061				2.82E+02		0.52

		455		4.55E-01		0.5851422				3.55E+02		0.52

		465		4.65E-01		0.5764094				4.47E+02		0.52

		475		4.75E-01		0.5679021				5.62E+02		0.52

		485		4.85E-01		0.5606048				7.08E+02		0.52

		495		4.95E-01		0.5553288				8.91E+02		0.52

		505		5.05E-01		0.5536841				1.12E+03		0.52

		515		5.15E-01		0.5525329				1.41E+03		0.52

		525		5.25E-01		0.5535752				1.78E+03		0.52

		535		5.35E-01		0.5548678				2.24E+03		0.52

		545		5.45E-01		0.5598311				2.82E+03		0.52

		555		5.55E-01		0.5651451				3.55E+03		0.52

		565		5.65E-01		0.5670659				4.47E+03		0.52

		575		5.75E-01		0.5689206				5.62E+03		0.52

		585		5.85E-01		0.5645576				7.08E+03		0.52

		595		5.95E-01		0.5595931				8.91E+03		0.52

		605		6.05E-01		0.5520453

		615		6.15E-01		0.5443081

		625		6.25E-01		0.5345098

		635		6.35E-01		0.5253079

		645		6.45E-01		0.5158746

		655		6.55E-01		0.5068228

		665		6.65E-01		0.4990581

		675		6.75E-01		0.4927212

		685		6.85E-01		0.4890574

		695		6.95E-01		0.486401

		705		7.05E-01		0.4875537

		715		7.15E-01		0.4891746

		725		7.25E-01		0.4921587

		735		7.35E-01		0.4963347

		745		7.45E-01		0.5035527

		755		7.55E-01		0.5121771

		765		7.65E-01		0.522062

		775		7.75E-01		0.5323593

		785		7.85E-01		0.5432963

		795		7.95E-01		0.5534686

		805		8.05E-01		0.5620064

		815		8.15E-01		0.5696243

		825		8.25E-01		0.5749233

		835		8.35E-01		0.5796037

		845		8.45E-01		0.5837747

		855		8.55E-01		0.5865398

		865		8.65E-01		0.5873267

		875		8.75E-01		0.584914

		885		8.85E-01		0.578457

		895		8.95E-01		0.572067

		905		9.05E-01		0.5657435

		915		9.15E-01		0.5594859

		925		9.25E-01		0.5534196

		935		9.35E-01		0.5476502

		945		9.45E-01		0.5420955

		955		9.55E-01		0.5365905

		965		9.65E-01		0.531135

		975		9.75E-01		0.5275372

		985		9.85E-01		0.5260285

		995		9.95E-01		0.5245134

		1005		1.01E+00		0.5229808

				2.40E+01		0.52





Proton Niels Factor

		

		Ekin		Ekin		proton

		(MeV)		(GeV)		D/(95MeVmb)				(GeV)		D/(95MeVmb)

		15		1.50E-02		3.3761809				1.41E-02		3.3761809

		25		2.50E-02		2.5578205				1.78E-02		3.3761809

		35		3.50E-02		2.1251082				2.24E-02		3.3761809

		45		4.50E-02		1.8814723				2.82E-02		2.5578205

		55		5.50E-02		1.7147062				3.55E-02		2.1251082

		65		6.50E-02		1.5800275				4.47E-02		1.8814723

		75		7.50E-02		1.4684147				5.62E-02		1.7147062

		85		8.50E-02		1.3792228				7.08E-02		1.4684147

		95		9.50E-02		1.3077758				8.91E-02		1.3792228

		105		1.05E-01		1.2443549				1.12E-01		1.2021771

		115		1.15E-01		1.2021771				1.41E-01		1.0990859

		125		1.25E-01		1.161429				1.78E-01		1.0288119

		135		1.35E-01		1.1241549				2.24E-01		0.9513866

		145		1.45E-01		1.0990859				2.82E-01		0.8970633

		155		1.55E-01		1.074576				3.55E-01		0.8553213

		165		1.65E-01		1.0506126				4.47E-01		0.8060337

		175		1.75E-01		1.0288119				5.62E-01		0.7626139

		185		1.85E-01		1.0126368				7.08E-01		0.7304246

		195		1.95E-01		0.996716				8.91E-01		0.6994648

		205		2.05E-01		0.9810455				1.12E+00		0.6853102

		215		2.15E-01		0.9656214				1.41E+00		0.68

		225		2.25E-01		0.9513866				1.78E+00		0.68

		235		2.35E-01		0.9421095				2.24E+00		0.68

		245		2.45E-01		0.9329228				2.82E+00		0.68

		255		2.55E-01		0.9238257				3.55E+00		0.68

		265		2.65E-01		0.9148174				4.47E+00		0.68

		275		2.75E-01		0.9058968				5.62E+00		0.68

		285		2.85E-01		0.8970633				7.08E+00		0.68

		295		2.95E-01		0.890017				8.91E+00		0.68

		305		3.05E-01		0.8841382				1.12E+01		0.68

		315		3.15E-01		0.8782981				1.41E+01		0.68

		325		3.25E-01		0.8724967				1.78E+01		0.68

		335		3.35E-01		0.8667336				2.24E+01		0.68

		345		3.45E-01		0.8610085				2.82E+01		0.68

		355		3.55E-01		0.8553213				3.55E+01		0.68

		365		3.65E-01		0.8496716				4.47E+01		0.68

		375		3.75E-01		0.8440632				5.62E+01		0.68

		385		3.85E-01		0.8385225				7.08E+01		0.68

		395		3.95E-01		0.8330182				8.91E+01		0.68

		405		4.05E-01		0.82755				1.12E+02		0.68

		415		4.15E-01		0.8221176				1.41E+02		0.68

		425		4.25E-01		0.816721				1.78E+02		0.68

		435		4.35E-01		0.8113597				2.24E+02		0.68

		445		4.45E-01		0.8060337				2.82E+02		0.68

		455		4.55E-01		0.8007426				3.55E+02		0.68

		465		4.65E-01		0.7954863				4.47E+02		0.68

		475		4.75E-01		0.7902644				5.62E+02		0.68

		485		4.85E-01		0.785377				7.08E+02		0.68

		495		4.95E-01		0.7824949				8.91E+02		0.68

		505		5.05E-01		0.7796233				1.12E+03		0.68

		515		5.15E-01		0.7767623				1.41E+03		0.68

		525		5.25E-01		0.7739118				1.78E+03		0.68

		535		5.35E-01		0.7710717				2.24E+03		0.68

		545		5.45E-01		0.7682421				2.82E+03		0.68

		555		5.55E-01		0.7654229				3.55E+03		0.68

		565		5.65E-01		0.7626139				4.47E+03		0.68

		575		5.75E-01		0.7598153				5.62E+03		0.68

		585		5.85E-01		0.757027				7.08E+03		0.68

		595		5.95E-01		0.7542489				8.91E+03		0.68

		605		6.05E-01		0.751481

		615		6.15E-01		0.7487233

		625		6.25E-01		0.7459757

		635		6.35E-01		0.7439604

		645		6.45E-01		0.7420115

		655		6.55E-01		0.7400677

		665		6.65E-01		0.7381289

		675		6.75E-01		0.7361953

		685		6.85E-01		0.7342667

		695		6.95E-01		0.7323431

		705		7.05E-01		0.7304246

		715		7.15E-01		0.7285112

		725		7.25E-01		0.7266027

		735		7.35E-01		0.7246992

		745		7.45E-01		0.7228007

		755		7.55E-01		0.7209072

		765		7.65E-01		0.7190187

		775		7.75E-01		0.7171351

		785		7.85E-01		0.7152564

		795		7.95E-01		0.7133827

		805		8.05E-01		0.7115139

		815		8.15E-01		0.7099423

		825		8.25E-01		0.7086241

		835		8.35E-01		0.7073083

		845		8.45E-01		0.705995

		855		8.55E-01		0.7046841

		865		8.65E-01		0.7033756

		875		8.75E-01		0.7020696

		885		8.85E-01		0.700766

		895		8.95E-01		0.6994648

		905		9.05E-01		0.698166

		915		9.15E-01		0.6968697

		925		9.25E-01		0.6955757

		935		9.35E-01		0.6942842

		945		9.45E-01		0.692995

		955		9.55E-01		0.6917082

		965		9.65E-01		0.6904239

		975		9.75E-01		0.6891419

		985		9.85E-01		0.6878623

		995		9.95E-01		0.6865851

		1005		1.01E+00		0.6853102

				2.40E+01		0.68





Neutron Niels Factor

		

		E_n [MeV]		E_n [GeV]		D/(95MeVmb)				E_n [GeV]		D/(95MeVmb)				E_n [MeV]		D/(95MeVmb)		E_n [MeV]		D/(95MeVmb)

				2.400E+01		4.46E-01				2.53E-11		1.0131E-03				8.995E+03		4.4635E-01		8.00E+02		6.9300E-01

		8.995E+03		8.995E+00		4.4635E-01		Start Huhtinen		5.32E-10		2.1760E-04				8.975E+03		4.4654E-01		7.00E+02		6.8500E-01

		8.975E+03		8.975E+00		4.4654E-01				8.76E-10		1.7184E-04				8.965E+03		4.4663E-01		6.00E+02		6.8100E-01

		8.965E+03		8.965E+00		4.4663E-01				1.36E-09		1.3557E-04				8.945E+03		4.4681E-01		5.00E+02		6.7700E-01

		8.945E+03		8.945E+00		4.4681E-01				1.98E-09		1.1409E-04				8.935E+03		4.4691E-01		4.50E+02		6.7900E-01

		8.935E+03		8.935E+00		4.4691E-01				2.87E-09		9.3605E-05				8.925E+03		4.4700E-01		4.000E+02		6.7200E-01

		8.925E+03		8.925E+00		4.4700E-01				4.18E-09		7.8596E-05				8.915E+03		4.4709E-01		3.500E+02		6.8500E-01

		8.915E+03		8.915E+00		4.4709E-01				6.08E-09		6.4273E-05				8.895E+03		4.4728E-01		3.000E+02		6.9600E-01

		8.895E+03		8.895E+00		4.4728E-01				8.85E-09		5.0866E-05				8.885E+03		4.4737E-01		2.500E+02		7.3300E-01

		8.885E+03		8.885E+00		4.4737E-01				1.29E-08		4.3991E-05				8.875E+03		4.4746E-01		2.000E+02		7.9100E-01

		8.875E+03		8.875E+00		4.4746E-01				1.87E-08		3.7123E-05				8.865E+03		4.4755E-01		1.600E+02		8.6500E-01

		8.865E+03		8.865E+00		4.4755E-01				2.90E-08		2.9590E-05				8.845E+03		4.4774E-01		1.300E+02		9.7400E-01

		8.845E+03		8.845E+00		4.4774E-01				4.79E-08		2.2820E-05				8.835E+03		4.4783E-01		1.000E+02		1.1680E+00

		8.835E+03		8.835E+00		4.4783E-01				7.89E-08		1.8033E-05				8.825E+03		4.4792E-01		9.000E+01		1.2640E+00

		8.825E+03		8.825E+00		4.4792E-01				1.30E-07		1.3933E-05				8.815E+03		4.4802E-01		8.000E+01		1.3780E+00

		8.815E+03		8.815E+00		4.4802E-01				2.14E-07		2.6142E-04				8.795E+03		4.4820E-01		7.000E+01		1.4990E+00

		8.795E+03		8.795E+00		4.4820E-01				3.54E-07		4.1625E-04				8.785E+03		4.4829E-01		6.000E+01		1.6440E+00

		8.785E+03		8.785E+00		4.4829E-01				5.59E-07		6.5432E-04				8.775E+03		4.4839E-01		5.000E+01		1.8050E+00

		8.775E+03		8.775E+00		4.4839E-01				8.48E-07		9.8401E-04				8.765E+03		4.4848E-01		4.000E+01		2.0120E+00

		8.765E+03		8.765E+00		4.4848E-01				1.29E-06		1.4780E-03				8.745E+03		4.4867E-01		3.000E+01		2.0490E+00

		8.745E+03		8.745E+00		4.4867E-01				1.91E-06		2.1623E-03				8.735E+03		4.4876E-01		2.500E+01		2.0710E+00

		8.735E+03		8.735E+00		4.4876E-01				2.78E-06		3.0042E-03				8.725E+03		4.4885E-01		2.000E+01		2.0410E+00

		8.725E+03		8.725E+00		4.4885E-01				4.05E-06		4.4134E-03				8.715E+03		4.4894E-01

		8.715E+03		8.715E+00		4.4894E-01				5.89E-06		6.1508E-03				8.695E+03		4.4913E-01

		8.695E+03		8.695E+00		4.4913E-01				8.57E-06		8.7453E-03				8.685E+03		4.4922E-01

		8.685E+03		8.685E+00		4.4922E-01				1.25E-05		1.2128E-02				8.675E+03		4.4931E-01

		8.675E+03		8.675E+00		4.4931E-01				1.81E-05		1.7101E-02				8.665E+03		4.4941E-01

		8.665E+03		8.665E+00		4.4941E-01				2.64E-05		2.2446E-02				8.645E+03		4.4959E-01

		8.645E+03		8.645E+00		4.4959E-01				4.09E-05		2.7920E-02				8.635E+03		4.4969E-01

		8.635E+03		8.635E+00		4.4969E-01				6.74E-05		6.4546E-02				8.625E+03		4.4978E-01

		8.625E+03		8.625E+00		4.4978E-01				1.03E-04		4.5265E-02				8.615E+03		4.4987E-01

		8.615E+03		8.615E+00		4.4987E-01				1.36E-04		1.1214E-02				8.595E+03		4.5006E-01

		8.595E+03		8.595E+00		4.5006E-01				1.66E-04		2.1731E-01				8.585E+03		4.5015E-01

		8.585E+03		8.585E+00		4.5015E-01				2.02E-04		9.7104E-01				8.575E+03		4.5025E-01

		8.575E+03		8.575E+00		4.5025E-01				2.47E-04		6.1723E-01				8.565E+03		4.5034E-01

		8.565E+03		8.565E+00		4.5034E-01				3.02E-04		5.3933E-01				8.545E+03		4.5052E-01

		8.545E+03		8.545E+00		4.5052E-01				3.69E-04		5.0362E-01				8.535E+03		4.5062E-01

		8.535E+03		8.535E+00		4.5062E-01				4.50E-04		5.5812E-01				8.525E+03		4.5071E-01

		8.525E+03		8.525E+00		4.5071E-01				5.50E-04		1.2802E+00				8.515E+03		4.5080E-01

		8.515E+03		8.515E+00		4.5080E-01				6.72E-04		5.7858E-01				8.495E+03		4.5099E-01

		8.495E+03		8.495E+00		4.5099E-01				7.81E-04		9.2089E-01				8.485E+03		4.5108E-01

		8.485E+03		8.485E+00		4.5108E-01				8.63E-04		8.3178E-01				8.475E+03		4.5118E-01

		8.475E+03		8.475E+00		4.5118E-01				9.54E-04		1.1716E+00				8.465E+03		4.5127E-01

		8.465E+03		8.465E+00		4.5127E-01				1.05E-03		8.0200E-01				8.445E+03		4.5146E-01

		8.445E+03		8.445E+00		4.5146E-01				1.16E-03		6.5777E-01				8.435E+03		4.5155E-01

		8.435E+03		8.435E+00		4.5155E-01				1.29E-03		9.6796E-01				8.425E+03		4.5165E-01

		8.425E+03		8.425E+00		4.5165E-01				1.42E-03		1.0791E+00				8.415E+03		4.5174E-01

		8.415E+03		8.415E+00		4.5174E-01				1.57E-03		1.1278E+00				8.395E+03		4.5193E-01

		8.395E+03		8.395E+00		4.5193E-01				1.74E-03		8.3655E-01				8.385E+03		4.5202E-01

		8.385E+03		8.385E+00		4.5202E-01				1.92E-03		1.3930E+00				8.375E+03		4.5211E-01

		8.375E+03		8.375E+00		4.5211E-01				2.12E-03		1.1592E+00				8.365E+03		4.5221E-01

		8.365E+03		8.365E+00		4.5221E-01				2.35E-03		1.1061E+00				8.345E+03		4.5239E-01

		8.345E+03		8.345E+00		4.5239E-01				2.59E-03		1.3837E+00				8.335E+03		4.5249E-01

		8.335E+03		8.335E+00		4.5249E-01				2.87E-03		1.4372E+00				8.325E+03		4.5258E-01

		8.325E+03		8.325E+00		4.5258E-01				3.17E-03		1.4274E+00				8.315E+03		4.5268E-01

		8.315E+03		8.315E+00		4.5268E-01				3.50E-03		1.2129E+00				8.295E+03		4.5286E-01

		8.295E+03		8.295E+00		4.5286E-01				3.87E-03		1.1867E+00				8.285E+03		4.5296E-01

		8.285E+03		8.285E+00		4.5296E-01				4.27E-03		1.7821E+00				8.275E+03		4.5305E-01

		8.275E+03		8.275E+00		4.5305E-01				4.72E-03		2.0034E+00				8.265E+03		4.5314E-01

		8.265E+03		8.265E+00		4.5314E-01				5.22E-03		1.6049E+00				8.245E+03		4.5333E-01

		8.245E+03		8.245E+00		4.5333E-01				5.77E-03		1.9294E+00				8.235E+03		4.5343E-01

		8.235E+03		8.235E+00		4.5343E-01				6.38E-03		1.6415E+00				8.225E+03		4.5352E-01

		8.225E+03		8.225E+00		4.5352E-01				7.05E-03		1.7704E+00				8.215E+03		4.5361E-01

		8.215E+03		8.215E+00		4.5361E-01				7.79E-03		1.8609E+00				8.195E+03		4.5380E-01

		8.195E+03		8.195E+00		4.5380E-01				8.61E-03		1.7710E+00				8.185E+03		4.5390E-01

		8.185E+03		8.185E+00		4.5390E-01				9.51E-03		1.7669E+00				8.175E+03		4.5399E-01

		8.175E+03		8.175E+00		4.5399E-01				1.05E-02		1.7360E+00				8.165E+03		4.5408E-01

		8.165E+03		8.165E+00		4.5408E-01				1.16E-02		1.7779E+00				8.145E+03		4.5427E-01

		8.145E+03		8.145E+00		4.5427E-01				1.28E-02		1.8497E+00				8.135E+03		4.5437E-01

		8.135E+03		8.135E+00		4.5437E-01				1.42E-02		1.8303E+00				8.125E+03		4.5446E-01

		8.125E+03		8.125E+00		4.5446E-01				1.62E-02		1.8927E+00				8.115E+03		4.5456E-01

		8.115E+03		8.115E+00		4.5456E-01				1.85E-02		2.0410E+00				8.095E+03		4.5474E-01

		8.095E+03		8.095E+00		4.5474E-01				2.24E-02		2.0710E+00				8.085E+03		4.5484E-01

		8.085E+03		8.085E+00		4.5484E-01				2.88E-02		2.0490E+00				8.075E+03		4.5493E-01

		8.075E+03		8.075E+00		4.5493E-01				3.63E-02		2.0120E+00				8.065E+03		4.5503E-01

		8.065E+03		8.065E+00		4.5503E-01				4.57E-02		1.8050E+00				8.045E+03		4.5522E-01

		8.045E+03		8.045E+00		4.5522E-01				5.76E-02		1.6440E+00				8.035E+03		4.5531E-01

		8.035E+03		8.035E+00		4.5531E-01				7.25E-02		1.4990E+00				8.025E+03		4.5540E-01

		8.025E+03		8.025E+00		4.5540E-01				9.13E-02		1.1680E+00				8.015E+03		4.5550E-01

		8.015E+03		8.015E+00		4.5550E-01				1.15E-01		9.7400E-01				7.995E+03		4.5569E-01

		7.995E+03		7.995E+00		4.5569E-01				1.45E-01		8.6500E-01				7.985E+03		4.5578E-01

		7.985E+03		7.985E+00		4.5578E-01				1.82E-01		7.9100E-01				7.975E+03		4.5588E-01

		7.975E+03		7.975E+00		4.5588E-01				2.30E-01		7.3300E-01				7.965E+03		4.5597E-01

		7.965E+03		7.965E+00		4.5597E-01				2.89E-01		6.9600E-01				7.945E+03		4.5616E-01

		7.945E+03		7.945E+00		4.5616E-01				3.64E-01		6.8500E-01				7.935E+03		4.5626E-01

		7.935E+03		7.935E+00		4.5626E-01				4.58E-01		6.7900E-01				7.925E+03		4.5635E-01

		7.925E+03		7.925E+00		4.5635E-01				5.77E-01		6.7700E-01				7.915E+03		4.5644E-01

		7.915E+03		7.915E+00		4.5644E-01				7.27E-01		6.8500E-01				7.895E+03		4.5663E-01

		7.895E+03		7.895E+00		4.5663E-01				9.15E-01		5.8630E-01				7.885E+03		4.5673E-01

		7.885E+03		7.885E+00		4.5673E-01				1.15E+00		5.7042E-01				7.875E+03		4.5682E-01

		7.875E+03		7.875E+00		4.5682E-01				1.45E+00		5.5392E-01				7.865E+03		4.5692E-01

		7.865E+03		7.865E+00		4.5692E-01				1.83E+00		5.3233E-01				7.845E+03		4.5711E-01

		7.845E+03		7.845E+00		4.5711E-01				2.30E+00		5.1362E-01				7.835E+03		4.5720E-01

		7.835E+03		7.835E+00		4.5720E-01				2.90E+00		5.0701E-01				7.825E+03		4.5730E-01

		7.825E+03		7.825E+00		4.5730E-01				3.65E+00		4.9903E-01				7.815E+03		4.5739E-01

		7.815E+03		7.815E+00		4.5739E-01				4.60E+00		4.8914E-01				7.795E+03		4.5758E-01

		7.795E+03		7.795E+00		4.5758E-01				5.79E+00		4.7707E-01				7.785E+03		4.5768E-01

		7.785E+03		7.785E+00		4.5768E-01				7.29E+00		4.6236E-01				7.775E+03		4.5777E-01

		7.775E+03		7.775E+00		4.5777E-01				9.18E+00		4.4654E-01				7.765E+03		4.5787E-01

		7.765E+03		7.765E+00		4.5787E-01				1.16E+01		4.4635E-01				7.745E+03		4.5806E-01

		7.745E+03		7.745E+00		4.5806E-01				1.46E+01		4.4635E-01				7.735E+03		4.5815E-01

		7.735E+03		7.735E+00		4.5815E-01				1.83E+01		4.4635E-01				7.725E+03		4.5825E-01

		7.725E+03		7.725E+00		4.5825E-01				2.31E+01		4.4635E-01				7.715E+03		4.5834E-01

		7.715E+03		7.715E+00		4.5834E-01				2.91E+01		4.4635E-01				7.695E+03		4.5853E-01

		7.695E+03		7.695E+00		4.5853E-01				3.66E+01		4.4635E-01				7.685E+03		4.5863E-01

		7.685E+03		7.685E+00		4.5863E-01				4.61E+01		4.4635E-01				7.675E+03		4.5872E-01

		7.675E+03		7.675E+00		4.5872E-01				5.81E+01		4.4635E-01				7.665E+03		4.5882E-01

		7.665E+03		7.665E+00		4.5882E-01				7.31E+01		4.4635E-01				7.645E+03		4.5901E-01

		7.645E+03		7.645E+00		4.5901E-01				9.21E+01		4.4635E-01				7.635E+03		4.5911E-01

		7.635E+03		7.635E+00		4.5911E-01										7.625E+03		4.5920E-01

		7.625E+03		7.625E+00		4.5920E-01										7.615E+03		4.5930E-01

		7.615E+03		7.615E+00		4.5930E-01										7.595E+03		4.5949E-01

		7.595E+03		7.595E+00		4.5949E-01										7.585E+03		4.5958E-01

		7.585E+03		7.585E+00		4.5958E-01										7.575E+03		4.5968E-01

		7.575E+03		7.575E+00		4.5968E-01										7.565E+03		4.5977E-01

		7.565E+03		7.565E+00		4.5977E-01										7.545E+03		4.5997E-01

		7.545E+03		7.545E+00		4.5997E-01										7.535E+03		4.6006E-01

		7.535E+03		7.535E+00		4.6006E-01										7.525E+03		4.6016E-01

		7.525E+03		7.525E+00		4.6016E-01										7.515E+03		4.6025E-01

		7.515E+03		7.515E+00		4.6025E-01										7.495E+03		4.6044E-01

		7.495E+03		7.495E+00		4.6044E-01										7.485E+03		4.6054E-01

		7.485E+03		7.485E+00		4.6054E-01										7.475E+03		4.6064E-01

		7.475E+03		7.475E+00		4.6064E-01										7.465E+03		4.6073E-01

		7.465E+03		7.465E+00		4.6073E-01										7.445E+03		4.6092E-01

		7.445E+03		7.445E+00		4.6092E-01										7.435E+03		4.6102E-01

		7.435E+03		7.435E+00		4.6102E-01										7.425E+03		4.6111E-01

		7.425E+03		7.425E+00		4.6111E-01										7.415E+03		4.6121E-01

		7.415E+03		7.415E+00		4.6121E-01										7.395E+03		4.6140E-01

		7.395E+03		7.395E+00		4.6140E-01										7.385E+03		4.6150E-01

		7.385E+03		7.385E+00		4.6150E-01										7.375E+03		4.6159E-01

		7.375E+03		7.375E+00		4.6159E-01										7.365E+03		4.6169E-01

		7.365E+03		7.365E+00		4.6169E-01										7.345E+03		4.6188E-01

		7.345E+03		7.345E+00		4.6188E-01										7.335E+03		4.6198E-01

		7.335E+03		7.335E+00		4.6198E-01										7.325E+03		4.6207E-01

		7.325E+03		7.325E+00		4.6207E-01										7.315E+03		4.6217E-01

		7.315E+03		7.315E+00		4.6217E-01										7.295E+03		4.6236E-01

		7.295E+03		7.295E+00		4.6236E-01										7.285E+03		4.6246E-01

		7.285E+03		7.285E+00		4.6246E-01										7.275E+03		4.6256E-01

		7.275E+03		7.275E+00		4.6256E-01										7.255E+03		4.6275E-01

		7.255E+03		7.255E+00		4.6275E-01										7.245E+03		4.6284E-01

		7.245E+03		7.245E+00		4.6284E-01										7.235E+03		4.6294E-01

		7.235E+03		7.235E+00		4.6294E-01										7.225E+03		4.6304E-01

		7.225E+03		7.225E+00		4.6304E-01										7.205E+03		4.6323E-01

		7.205E+03		7.205E+00		4.6323E-01										7.195E+03		4.6333E-01

		7.195E+03		7.195E+00		4.6333E-01										7.185E+03		4.6342E-01

		7.185E+03		7.185E+00		4.6342E-01										7.165E+03		4.6362E-01

		7.165E+03		7.165E+00		4.6362E-01										7.155E+03		4.6371E-01

		7.155E+03		7.155E+00		4.6371E-01										7.145E+03		4.6381E-01

		7.145E+03		7.145E+00		4.6381E-01										7.135E+03		4.6391E-01

		7.135E+03		7.135E+00		4.6391E-01										7.125E+03		4.6400E-01

		7.125E+03		7.125E+00		4.6400E-01										7.115E+03		4.6410E-01

		7.115E+03		7.115E+00		4.6410E-01										7.105E+03		4.6420E-01

		7.105E+03		7.105E+00		4.6420E-01										7.095E+03		4.6429E-01

		7.095E+03		7.095E+00		4.6429E-01										7.085E+03		4.6439E-01

		7.085E+03		7.085E+00		4.6439E-01										7.075E+03		4.6449E-01

		7.075E+03		7.075E+00		4.6449E-01										7.065E+03		4.6458E-01

		7.065E+03		7.065E+00		4.6458E-01										7.055E+03		4.6468E-01

		7.055E+03		7.055E+00		4.6468E-01										7.045E+03		4.6478E-01

		7.045E+03		7.045E+00		4.6478E-01										7.035E+03		4.6487E-01

		7.035E+03		7.035E+00		4.6487E-01										7.025E+03		4.6497E-01

		7.025E+03		7.025E+00		4.6497E-01										7.015E+03		4.6507E-01

		7.015E+03		7.015E+00		4.6507E-01										7.005E+03		4.6516E-01

		7.005E+03		7.005E+00		4.6516E-01										6.995E+03		4.6526E-01

		6.995E+03		6.995E+00		4.6526E-01										6.985E+03		4.6536E-01

		6.985E+03		6.985E+00		4.6536E-01										6.975E+03		4.6545E-01

		6.975E+03		6.975E+00		4.6545E-01										6.965E+03		4.6555E-01

		6.965E+03		6.965E+00		4.6555E-01										6.955E+03		4.6565E-01

		6.955E+03		6.955E+00		4.6565E-01										6.945E+03		4.6575E-01

		6.945E+03		6.945E+00		4.6575E-01										6.935E+03		4.6584E-01

		6.935E+03		6.935E+00		4.6584E-01										6.925E+03		4.6594E-01

		6.925E+03		6.925E+00		4.6594E-01										6.915E+03		4.6604E-01

		6.915E+03		6.915E+00		4.6604E-01										6.905E+03		4.6613E-01

		6.905E+03		6.905E+00		4.6613E-01										6.895E+03		4.6623E-01

		6.895E+03		6.895E+00		4.6623E-01										6.885E+03		4.6633E-01

		6.885E+03		6.885E+00		4.6633E-01										6.875E+03		4.6643E-01

		6.875E+03		6.875E+00		4.6643E-01										6.865E+03		4.6652E-01

		6.865E+03		6.865E+00		4.6652E-01										6.855E+03		4.6662E-01

		6.855E+03		6.855E+00		4.6662E-01										6.845E+03		4.6672E-01

		6.845E+03		6.845E+00		4.6672E-01										6.835E+03		4.6681E-01

		6.835E+03		6.835E+00		4.6681E-01										6.825E+03		4.6691E-01

		6.825E+03		6.825E+00		4.6691E-01										6.815E+03		4.6701E-01

		6.815E+03		6.815E+00		4.6701E-01										6.805E+03		4.6711E-01

		6.805E+03		6.805E+00		4.6711E-01										6.795E+03		4.6720E-01

		6.795E+03		6.795E+00		4.6720E-01										6.785E+03		4.6730E-01

		6.785E+03		6.785E+00		4.6730E-01										6.775E+03		4.6740E-01

		6.775E+03		6.775E+00		4.6740E-01										6.765E+03		4.6750E-01

		6.765E+03		6.765E+00		4.6750E-01										6.755E+03		4.6759E-01

		6.755E+03		6.755E+00		4.6759E-01										6.745E+03		4.6769E-01

		6.745E+03		6.745E+00		4.6769E-01										6.735E+03		4.6779E-01

		6.735E+03		6.735E+00		4.6779E-01										6.725E+03		4.6789E-01

		6.725E+03		6.725E+00		4.6789E-01										6.715E+03		4.6798E-01

		6.715E+03		6.715E+00		4.6798E-01										6.705E+03		4.6808E-01

		6.705E+03		6.705E+00		4.6808E-01										6.695E+03		4.6818E-01

		6.695E+03		6.695E+00		4.6818E-01										6.685E+03		4.6828E-01

		6.685E+03		6.685E+00		4.6828E-01										6.675E+03		4.6837E-01

		6.675E+03		6.675E+00		4.6837E-01										6.665E+03		4.6847E-01

		6.665E+03		6.665E+00		4.6847E-01										6.655E+03		4.6857E-01

		6.655E+03		6.655E+00		4.6857E-01										6.645E+03		4.6867E-01

		6.645E+03		6.645E+00		4.6867E-01										6.635E+03		4.6877E-01

		6.635E+03		6.635E+00		4.6877E-01										6.625E+03		4.6886E-01

		6.625E+03		6.625E+00		4.6886E-01										6.615E+03		4.6896E-01

		6.615E+03		6.615E+00		4.6896E-01										6.605E+03		4.6906E-01

		6.605E+03		6.605E+00		4.6906E-01										6.595E+03		4.6916E-01

		6.595E+03		6.595E+00		4.6916E-01										6.585E+03		4.6926E-01

		6.585E+03		6.585E+00		4.6926E-01										6.575E+03		4.6935E-01

		6.575E+03		6.575E+00		4.6935E-01										6.565E+03		4.6945E-01

		6.565E+03		6.565E+00		4.6945E-01										6.555E+03		4.6955E-01

		6.555E+03		6.555E+00		4.6955E-01										6.545E+03		4.6965E-01

		6.545E+03		6.545E+00		4.6965E-01										6.535E+03		4.6975E-01

		6.535E+03		6.535E+00		4.6975E-01										6.525E+03		4.6984E-01

		6.525E+03		6.525E+00		4.6984E-01										6.515E+03		4.6994E-01

		6.515E+03		6.515E+00		4.6994E-01										6.505E+03		4.7004E-01

		6.505E+03		6.505E+00		4.7004E-01										6.495E+03		4.7014E-01

		6.495E+03		6.495E+00		4.7014E-01										6.485E+03		4.7024E-01

		6.485E+03		6.485E+00		4.7024E-01										6.475E+03		4.7033E-01

		6.475E+03		6.475E+00		4.7033E-01										6.465E+03		4.7043E-01

		6.465E+03		6.465E+00		4.7043E-01										6.455E+03		4.7053E-01

		6.455E+03		6.455E+00		4.7053E-01										6.445E+03		4.7063E-01

		6.445E+03		6.445E+00		4.7063E-01										6.435E+03		4.7073E-01

		6.435E+03		6.435E+00		4.7073E-01										6.425E+03		4.7083E-01

		6.425E+03		6.425E+00		4.7083E-01										6.415E+03		4.7092E-01

		6.415E+03		6.415E+00		4.7092E-01										6.405E+03		4.7102E-01

		6.405E+03		6.405E+00		4.7102E-01										6.395E+03		4.7112E-01

		6.395E+03		6.395E+00		4.7112E-01										6.385E+03		4.7122E-01

		6.385E+03		6.385E+00		4.7122E-01										6.375E+03		4.7132E-01

		6.375E+03		6.375E+00		4.7132E-01										6.365E+03		4.7142E-01

		6.365E+03		6.365E+00		4.7142E-01										6.355E+03		4.7151E-01

		6.355E+03		6.355E+00		4.7151E-01										6.345E+03		4.7161E-01

		6.345E+03		6.345E+00		4.7161E-01										6.335E+03		4.7171E-01

		6.335E+03		6.335E+00		4.7171E-01										6.325E+03		4.7181E-01

		6.325E+03		6.325E+00		4.7181E-01										6.315E+03		4.7191E-01

		6.315E+03		6.315E+00		4.7191E-01										6.305E+03		4.7201E-01

		6.305E+03		6.305E+00		4.7201E-01										6.295E+03		4.7211E-01

		6.295E+03		6.295E+00		4.7211E-01										6.285E+03		4.7220E-01

		6.285E+03		6.285E+00		4.7220E-01										6.275E+03		4.7230E-01

		6.275E+03		6.275E+00		4.7230E-01										6.265E+03		4.7240E-01

		6.265E+03		6.265E+00		4.7240E-01										6.255E+03		4.7250E-01

		6.255E+03		6.255E+00		4.7250E-01										6.245E+03		4.7260E-01

		6.245E+03		6.245E+00		4.7260E-01										6.235E+03		4.7270E-01

		6.235E+03		6.235E+00		4.7270E-01										6.225E+03		4.7280E-01

		6.225E+03		6.225E+00		4.7280E-01										6.215E+03		4.7290E-01

		6.215E+03		6.215E+00		4.7290E-01										6.205E+03		4.7299E-01

		6.205E+03		6.205E+00		4.7299E-01										6.195E+03		4.7309E-01

		6.195E+03		6.195E+00		4.7309E-01										6.185E+03		4.7319E-01

		6.185E+03		6.185E+00		4.7319E-01										6.175E+03		4.7329E-01

		6.175E+03		6.175E+00		4.7329E-01										6.165E+03		4.7339E-01

		6.165E+03		6.165E+00		4.7339E-01										6.155E+03		4.7349E-01

		6.155E+03		6.155E+00		4.7349E-01										6.145E+03		4.7359E-01

		6.145E+03		6.145E+00		4.7359E-01										6.135E+03		4.7369E-01

		6.135E+03		6.135E+00		4.7369E-01										6.125E+03		4.7379E-01

		6.125E+03		6.125E+00		4.7379E-01										6.115E+03		4.7389E-01

		6.115E+03		6.115E+00		4.7389E-01										6.105E+03		4.7398E-01

		6.105E+03		6.105E+00		4.7398E-01										6.095E+03		4.7408E-01

		6.095E+03		6.095E+00		4.7408E-01										6.085E+03		4.7418E-01

		6.085E+03		6.085E+00		4.7418E-01										6.075E+03		4.7428E-01

		6.075E+03		6.075E+00		4.7428E-01										6.065E+03		4.7438E-01

		6.065E+03		6.065E+00		4.7438E-01										6.055E+03		4.7448E-01

		6.055E+03		6.055E+00		4.7448E-01										6.045E+03		4.7458E-01

		6.045E+03		6.045E+00		4.7458E-01										6.035E+03		4.7468E-01

		6.035E+03		6.035E+00		4.7468E-01										6.025E+03		4.7478E-01

		6.025E+03		6.025E+00		4.7478E-01										6.015E+03		4.7488E-01

		6.015E+03		6.015E+00		4.7488E-01										6.005E+03		4.7498E-01

		6.005E+03		6.005E+00		4.7498E-01										5.995E+03		4.7508E-01

		5.995E+03		5.995E+00		4.7508E-01										5.985E+03		4.7518E-01

		5.985E+03		5.985E+00		4.7518E-01										5.975E+03		4.7528E-01

		5.975E+03		5.975E+00		4.7528E-01										5.965E+03		4.7537E-01

		5.965E+03		5.965E+00		4.7537E-01										5.955E+03		4.7547E-01

		5.955E+03		5.955E+00		4.7547E-01										5.945E+03		4.7557E-01

		5.945E+03		5.945E+00		4.7557E-01										5.935E+03		4.7567E-01

		5.935E+03		5.935E+00		4.7567E-01										5.925E+03		4.7577E-01

		5.925E+03		5.925E+00		4.7577E-01										5.915E+03		4.7587E-01

		5.915E+03		5.915E+00		4.7587E-01										5.905E+03		4.7597E-01

		5.905E+03		5.905E+00		4.7597E-01										5.895E+03		4.7607E-01

		5.895E+03		5.895E+00		4.7607E-01										5.885E+03		4.7617E-01

		5.885E+03		5.885E+00		4.7617E-01										5.875E+03		4.7627E-01

		5.875E+03		5.875E+00		4.7627E-01										5.865E+03		4.7637E-01

		5.865E+03		5.865E+00		4.7637E-01										5.855E+03		4.7647E-01

		5.855E+03		5.855E+00		4.7647E-01										5.845E+03		4.7657E-01

		5.845E+03		5.845E+00		4.7657E-01										5.835E+03		4.7667E-01

		5.835E+03		5.835E+00		4.7667E-01										5.825E+03		4.7677E-01

		5.825E+03		5.825E+00		4.7677E-01										5.815E+03		4.7687E-01

		5.815E+03		5.815E+00		4.7687E-01										5.805E+03		4.7697E-01

		5.805E+03		5.805E+00		4.7697E-01										5.795E+03		4.7707E-01

		5.795E+03		5.795E+00		4.7707E-01										5.785E+03		4.7717E-01

		5.785E+03		5.785E+00		4.7717E-01										5.775E+03		4.7727E-01

		5.775E+03		5.775E+00		4.7727E-01										5.765E+03		4.7737E-01

		5.765E+03		5.765E+00		4.7737E-01										5.755E+03		4.7747E-01

		5.755E+03		5.755E+00		4.7747E-01										5.745E+03		4.7757E-01

		5.745E+03		5.745E+00		4.7757E-01										5.735E+03		4.7767E-01

		5.735E+03		5.735E+00		4.7767E-01										5.725E+03		4.7777E-01

		5.725E+03		5.725E+00		4.7777E-01										5.715E+03		4.7787E-01

		5.715E+03		5.715E+00		4.7787E-01										5.705E+03		4.7797E-01

		5.705E+03		5.705E+00		4.7797E-01										5.695E+03		4.7807E-01

		5.695E+03		5.695E+00		4.7807E-01										5.685E+03		4.7817E-01

		5.685E+03		5.685E+00		4.7817E-01										5.675E+03		4.7827E-01

		5.675E+03		5.675E+00		4.7827E-01										5.665E+03		4.7837E-01

		5.665E+03		5.665E+00		4.7837E-01										5.655E+03		4.7847E-01

		5.655E+03		5.655E+00		4.7847E-01										5.645E+03		4.7857E-01

		5.645E+03		5.645E+00		4.7857E-01										5.635E+03		4.7867E-01

		5.635E+03		5.635E+00		4.7867E-01										5.625E+03		4.7877E-01

		5.625E+03		5.625E+00		4.7877E-01										5.615E+03		4.7887E-01

		5.615E+03		5.615E+00		4.7887E-01										5.605E+03		4.7897E-01

		5.605E+03		5.605E+00		4.7897E-01										5.595E+03		4.7907E-01

		5.595E+03		5.595E+00		4.7907E-01										5.585E+03		4.7917E-01

		5.585E+03		5.585E+00		4.7917E-01										5.575E+03		4.7927E-01

		5.575E+03		5.575E+00		4.7927E-01										5.565E+03		4.7937E-01

		5.565E+03		5.565E+00		4.7937E-01										5.555E+03		4.7947E-01

		5.555E+03		5.555E+00		4.7947E-01										5.545E+03		4.7957E-01

		5.545E+03		5.545E+00		4.7957E-01										5.535E+03		4.7968E-01

		5.535E+03		5.535E+00		4.7968E-01										5.525E+03		4.7978E-01

		5.525E+03		5.525E+00		4.7978E-01										5.515E+03		4.7988E-01

		5.515E+03		5.515E+00		4.7988E-01										5.505E+03		4.7998E-01

		5.505E+03		5.505E+00		4.7998E-01										5.495E+03		4.8008E-01

		5.495E+03		5.495E+00		4.8008E-01										5.485E+03		4.8018E-01

		5.485E+03		5.485E+00		4.8018E-01										5.475E+03		4.8028E-01

		5.475E+03		5.475E+00		4.8028E-01										5.465E+03		4.8038E-01

		5.465E+03		5.465E+00		4.8038E-01										5.455E+03		4.8048E-01

		5.455E+03		5.455E+00		4.8048E-01										5.445E+03		4.8058E-01

		5.445E+03		5.445E+00		4.8058E-01										5.435E+03		4.8068E-01

		5.435E+03		5.435E+00		4.8068E-01										5.425E+03		4.8078E-01

		5.425E+03		5.425E+00		4.8078E-01										5.415E+03		4.8088E-01

		5.415E+03		5.415E+00		4.8088E-01										5.405E+03		4.8098E-01

		5.405E+03		5.405E+00		4.8098E-01										5.395E+03		4.8109E-01

		5.395E+03		5.395E+00		4.8109E-01										5.385E+03		4.8119E-01

		5.385E+03		5.385E+00		4.8119E-01										5.375E+03		4.8129E-01

		5.375E+03		5.375E+00		4.8129E-01										5.365E+03		4.8139E-01

		5.365E+03		5.365E+00		4.8139E-01										5.355E+03		4.8149E-01

		5.355E+03		5.355E+00		4.8149E-01										5.345E+03		4.8159E-01

		5.345E+03		5.345E+00		4.8159E-01										5.335E+03		4.8169E-01

		5.335E+03		5.335E+00		4.8169E-01										5.325E+03		4.8179E-01

		5.325E+03		5.325E+00		4.8179E-01										5.315E+03		4.8189E-01

		5.315E+03		5.315E+00		4.8189E-01										5.305E+03		4.8199E-01

		5.305E+03		5.305E+00		4.8199E-01										5.295E+03		4.8210E-01

		5.295E+03		5.295E+00		4.8210E-01										5.285E+03		4.8220E-01

		5.285E+03		5.285E+00		4.8220E-01										5.275E+03		4.8230E-01

		5.275E+03		5.275E+00		4.8230E-01										5.265E+03		4.8240E-01

		5.265E+03		5.265E+00		4.8240E-01										5.255E+03		4.8250E-01

		5.255E+03		5.255E+00		4.8250E-01										5.245E+03		4.8260E-01

		5.245E+03		5.245E+00		4.8260E-01										5.235E+03		4.8270E-01

		5.235E+03		5.235E+00		4.8270E-01										5.225E+03		4.8280E-01

		5.225E+03		5.225E+00		4.8280E-01										5.215E+03		4.8291E-01

		5.215E+03		5.215E+00		4.8291E-01										5.205E+03		4.8301E-01

		5.205E+03		5.205E+00		4.8301E-01										5.195E+03		4.8311E-01

		5.195E+03		5.195E+00		4.8311E-01										5.185E+03		4.8321E-01

		5.185E+03		5.185E+00		4.8321E-01										5.175E+03		4.8331E-01

		5.175E+03		5.175E+00		4.8331E-01										5.165E+03		4.8341E-01

		5.165E+03		5.165E+00		4.8341E-01										5.155E+03		4.8351E-01

		5.155E+03		5.155E+00		4.8351E-01										5.145E+03		4.8362E-01

		5.145E+03		5.145E+00		4.8362E-01										5.135E+03		4.8372E-01

		5.135E+03		5.135E+00		4.8372E-01										5.125E+03		4.8382E-01

		5.125E+03		5.125E+00		4.8382E-01										5.115E+03		4.8392E-01

		5.115E+03		5.115E+00		4.8392E-01										5.105E+03		4.8402E-01

		5.105E+03		5.105E+00		4.8402E-01										5.095E+03		4.8412E-01

		5.095E+03		5.095E+00		4.8412E-01										5.085E+03		4.8423E-01

		5.085E+03		5.085E+00		4.8423E-01										5.075E+03		4.8433E-01

		5.075E+03		5.075E+00		4.8433E-01										5.065E+03		4.8443E-01

		5.065E+03		5.065E+00		4.8443E-01										5.055E+03		4.8453E-01

		5.055E+03		5.055E+00		4.8453E-01										5.045E+03		4.8463E-01

		5.045E+03		5.045E+00		4.8463E-01										5.035E+03		4.8473E-01

		5.035E+03		5.035E+00		4.8473E-01										5.025E+03		4.8484E-01

		5.025E+03		5.025E+00		4.8484E-01										5.015E+03		4.8494E-01

		5.015E+03		5.015E+00		4.8494E-01										5.005E+03		4.8504E-01

		5.005E+03		5.005E+00		4.8504E-01										4.995E+03		4.8514E-01

		4.995E+03		4.995E+00		4.8514E-01										4.985E+03		4.8524E-01

		4.985E+03		4.985E+00		4.8524E-01										4.975E+03		4.8535E-01

		4.975E+03		4.975E+00		4.8535E-01										4.965E+03		4.8545E-01

		4.965E+03		4.965E+00		4.8545E-01										4.955E+03		4.8555E-01

		4.955E+03		4.955E+00		4.8555E-01										4.945E+03		4.8565E-01

		4.945E+03		4.945E+00		4.8565E-01										4.935E+03		4.8575E-01

		4.935E+03		4.935E+00		4.8575E-01										4.925E+03		4.8586E-01

		4.925E+03		4.925E+00		4.8586E-01										4.915E+03		4.8596E-01

		4.915E+03		4.915E+00		4.8596E-01										4.905E+03		4.8606E-01

		4.905E+03		4.905E+00		4.8606E-01										4.895E+03		4.8616E-01

		4.895E+03		4.895E+00		4.8616E-01										4.885E+03		4.8627E-01

		4.885E+03		4.885E+00		4.8627E-01										4.875E+03		4.8637E-01

		4.875E+03		4.875E+00		4.8637E-01										4.865E+03		4.8647E-01

		4.865E+03		4.865E+00		4.8647E-01										4.855E+03		4.8657E-01

		4.855E+03		4.855E+00		4.8657E-01										4.845E+03		4.8667E-01

		4.845E+03		4.845E+00		4.8667E-01										4.835E+03		4.8678E-01

		4.835E+03		4.835E+00		4.8678E-01										4.825E+03		4.8688E-01

		4.825E+03		4.825E+00		4.8688E-01										4.815E+03		4.8698E-01

		4.815E+03		4.815E+00		4.8698E-01										4.805E+03		4.8708E-01

		4.805E+03		4.805E+00		4.8708E-01										4.795E+03		4.8719E-01

		4.795E+03		4.795E+00		4.8719E-01										4.785E+03		4.8729E-01

		4.785E+03		4.785E+00		4.8729E-01										4.775E+03		4.8739E-01

		4.775E+03		4.775E+00		4.8739E-01										4.765E+03		4.8749E-01

		4.765E+03		4.765E+00		4.8749E-01										4.755E+03		4.8760E-01

		4.755E+03		4.755E+00		4.8760E-01										4.745E+03		4.8770E-01

		4.745E+03		4.745E+00		4.8770E-01										4.735E+03		4.8780E-01

		4.735E+03		4.735E+00		4.8780E-01										4.725E+03		4.8790E-01

		4.725E+03		4.725E+00		4.8790E-01										4.715E+03		4.8801E-01

		4.715E+03		4.715E+00		4.8801E-01										4.705E+03		4.8811E-01

		4.705E+03		4.705E+00		4.8811E-01										4.695E+03		4.8821E-01

		4.695E+03		4.695E+00		4.8821E-01										4.685E+03		4.8831E-01

		4.685E+03		4.685E+00		4.8831E-01										4.675E+03		4.8842E-01

		4.675E+03		4.675E+00		4.8842E-01										4.665E+03		4.8852E-01

		4.665E+03		4.665E+00		4.8852E-01										4.655E+03		4.8862E-01

		4.655E+03		4.655E+00		4.8862E-01										4.645E+03		4.8873E-01

		4.645E+03		4.645E+00		4.8873E-01										4.635E+03		4.8883E-01

		4.635E+03		4.635E+00		4.8883E-01										4.625E+03		4.8893E-01

		4.625E+03		4.625E+00		4.8893E-01										4.615E+03		4.8903E-01

		4.615E+03		4.615E+00		4.8903E-01										4.605E+03		4.8914E-01

		4.605E+03		4.605E+00		4.8914E-01										4.595E+03		4.8924E-01

		4.595E+03		4.595E+00		4.8924E-01										4.585E+03		4.8934E-01

		4.585E+03		4.585E+00		4.8934E-01										4.575E+03		4.8945E-01

		4.575E+03		4.575E+00		4.8945E-01										4.565E+03		4.8955E-01

		4.565E+03		4.565E+00		4.8955E-01										4.555E+03		4.8965E-01

		4.555E+03		4.555E+00		4.8965E-01										4.545E+03		4.8976E-01

		4.545E+03		4.545E+00		4.8976E-01										4.535E+03		4.8986E-01

		4.535E+03		4.535E+00		4.8986E-01										4.525E+03		4.8996E-01

		4.525E+03		4.525E+00		4.8996E-01										4.515E+03		4.9006E-01

		4.515E+03		4.515E+00		4.9006E-01										4.505E+03		4.9017E-01

		4.505E+03		4.505E+00		4.9017E-01										4.495E+03		4.9027E-01

		4.495E+03		4.495E+00		4.9027E-01										4.485E+03		4.9037E-01

		4.485E+03		4.485E+00		4.9037E-01										4.475E+03		4.9048E-01

		4.475E+03		4.475E+00		4.9048E-01										4.465E+03		4.9058E-01

		4.465E+03		4.465E+00		4.9058E-01										4.455E+03		4.9068E-01

		4.455E+03		4.455E+00		4.9068E-01										4.445E+03		4.9079E-01

		4.445E+03		4.445E+00		4.9079E-01										4.435E+03		4.9089E-01

		4.435E+03		4.435E+00		4.9089E-01										4.425E+03		4.9099E-01

		4.425E+03		4.425E+00		4.9099E-01										4.415E+03		4.9110E-01

		4.415E+03		4.415E+00		4.9110E-01										4.405E+03		4.9120E-01

		4.405E+03		4.405E+00		4.9120E-01										4.395E+03		4.9130E-01

		4.395E+03		4.395E+00		4.9130E-01										4.385E+03		4.9141E-01

		4.385E+03		4.385E+00		4.9141E-01										4.375E+03		4.9151E-01

		4.375E+03		4.375E+00		4.9151E-01										4.365E+03		4.9162E-01

		4.365E+03		4.365E+00		4.9162E-01										4.355E+03		4.9172E-01

		4.355E+03		4.355E+00		4.9172E-01										4.345E+03		4.9182E-01

		4.345E+03		4.345E+00		4.9182E-01										4.335E+03		4.9193E-01

		4.335E+03		4.335E+00		4.9193E-01										4.325E+03		4.9203E-01

		4.325E+03		4.325E+00		4.9203E-01										4.315E+03		4.9213E-01

		4.315E+03		4.315E+00		4.9213E-01										4.305E+03		4.9224E-01

		4.305E+03		4.305E+00		4.9224E-01										4.295E+03		4.9234E-01

		4.295E+03		4.295E+00		4.9234E-01										4.285E+03		4.9244E-01

		4.285E+03		4.285E+00		4.9244E-01										4.275E+03		4.9255E-01

		4.275E+03		4.275E+00		4.9255E-01										4.265E+03		4.9265E-01

		4.265E+03		4.265E+00		4.9265E-01										4.255E+03		4.9276E-01

		4.255E+03		4.255E+00		4.9276E-01										4.245E+03		4.9286E-01

		4.245E+03		4.245E+00		4.9286E-01										4.235E+03		4.9296E-01

		4.235E+03		4.235E+00		4.9296E-01										4.225E+03		4.9307E-01

		4.225E+03		4.225E+00		4.9307E-01										4.215E+03		4.9317E-01

		4.215E+03		4.215E+00		4.9317E-01										4.205E+03		4.9328E-01

		4.205E+03		4.205E+00		4.9328E-01										4.195E+03		4.9338E-01

		4.195E+03		4.195E+00		4.9338E-01										4.185E+03		4.9348E-01

		4.185E+03		4.185E+00		4.9348E-01										4.175E+03		4.9359E-01

		4.175E+03		4.175E+00		4.9359E-01										4.165E+03		4.9369E-01

		4.165E+03		4.165E+00		4.9369E-01										4.155E+03		4.9380E-01

		4.155E+03		4.155E+00		4.9380E-01										4.145E+03		4.9390E-01

		4.145E+03		4.145E+00		4.9390E-01										4.135E+03		4.9400E-01

		4.135E+03		4.135E+00		4.9400E-01										4.125E+03		4.9411E-01

		4.125E+03		4.125E+00		4.9411E-01										4.115E+03		4.9421E-01

		4.115E+03		4.115E+00		4.9421E-01										4.105E+03		4.9432E-01

		4.105E+03		4.105E+00		4.9432E-01										4.095E+03		4.9442E-01

		4.095E+03		4.095E+00		4.9442E-01										4.085E+03		4.9452E-01

		4.085E+03		4.085E+00		4.9452E-01										4.075E+03		4.9463E-01

		4.075E+03		4.075E+00		4.9463E-01										4.065E+03		4.9473E-01

		4.065E+03		4.065E+00		4.9473E-01										4.055E+03		4.9484E-01

		4.055E+03		4.055E+00		4.9484E-01										4.045E+03		4.9494E-01

		4.045E+03		4.045E+00		4.9494E-01										4.035E+03		4.9505E-01

		4.035E+03		4.035E+00		4.9505E-01										4.025E+03		4.9515E-01

		4.025E+03		4.025E+00		4.9515E-01										4.015E+03		4.9526E-01

		4.015E+03		4.015E+00		4.9526E-01										4.005E+03		4.9536E-01

		4.005E+03		4.005E+00		4.9536E-01										3.995E+03		4.9546E-01

		3.995E+03		3.995E+00		4.9546E-01										3.985E+03		4.9557E-01

		3.985E+03		3.985E+00		4.9557E-01										3.965E+03		4.9578E-01

		3.965E+03		3.965E+00		4.9578E-01										3.955E+03		4.9588E-01

		3.955E+03		3.955E+00		4.9588E-01										3.945E+03		4.9599E-01

		3.945E+03		3.945E+00		4.9599E-01										3.935E+03		4.9609E-01

		3.935E+03		3.935E+00		4.9609E-01										3.915E+03		4.9630E-01

		3.915E+03		3.915E+00		4.9630E-01										3.905E+03		4.9641E-01

		3.905E+03		3.905E+00		4.9641E-01										3.895E+03		4.9651E-01

		3.895E+03		3.895E+00		4.9651E-01										3.885E+03		4.9662E-01

		3.885E+03		3.885E+00		4.9662E-01										3.865E+03		4.9683E-01

		3.865E+03		3.865E+00		4.9683E-01										3.855E+03		4.9693E-01

		3.855E+03		3.855E+00		4.9693E-01										3.845E+03		4.9704E-01

		3.845E+03		3.845E+00		4.9704E-01										3.835E+03		4.9714E-01

		3.835E+03		3.835E+00		4.9714E-01										3.815E+03		4.9735E-01

		3.815E+03		3.815E+00		4.9735E-01										3.805E+03		4.9746E-01

		3.805E+03		3.805E+00		4.9746E-01										3.795E+03		4.9756E-01

		3.795E+03		3.795E+00		4.9756E-01										3.785E+03		4.9767E-01

		3.785E+03		3.785E+00		4.9767E-01										3.765E+03		4.9788E-01

		3.765E+03		3.765E+00		4.9788E-01										3.755E+03		4.9798E-01

		3.755E+03		3.755E+00		4.9798E-01										3.745E+03		4.9809E-01

		3.745E+03		3.745E+00		4.9809E-01										3.735E+03		4.9819E-01

		3.735E+03		3.735E+00		4.9819E-01										3.715E+03		4.9840E-01

		3.715E+03		3.715E+00		4.9840E-01										3.705E+03		4.9851E-01

		3.705E+03		3.705E+00		4.9851E-01										3.695E+03		4.9861E-01

		3.695E+03		3.695E+00		4.9861E-01										3.685E+03		4.9872E-01

		3.685E+03		3.685E+00		4.9872E-01										3.665E+03		4.9893E-01

		3.665E+03		3.665E+00		4.9893E-01										3.655E+03		4.9903E-01

		3.655E+03		3.655E+00		4.9903E-01										3.645E+03		4.9914E-01

		3.645E+03		3.645E+00		4.9914E-01										3.635E+03		4.9924E-01

		3.635E+03		3.635E+00		4.9924E-01										3.615E+03		4.9946E-01

		3.615E+03		3.615E+00		4.9946E-01										3.605E+03		4.9956E-01

		3.605E+03		3.605E+00		4.9956E-01										3.595E+03		4.9967E-01

		3.595E+03		3.595E+00		4.9967E-01										3.585E+03		4.9977E-01

		3.585E+03		3.585E+00		4.9977E-01										3.565E+03		4.9998E-01

		3.565E+03		3.565E+00		4.9998E-01										3.555E+03		5.0009E-01

		3.555E+03		3.555E+00		5.0009E-01										3.545E+03		5.0019E-01

		3.545E+03		3.545E+00		5.0019E-01										3.535E+03		5.0030E-01

		3.535E+03		3.535E+00		5.0030E-01										3.515E+03		5.0051E-01

		3.515E+03		3.515E+00		5.0051E-01										3.505E+03		5.0062E-01

		3.505E+03		3.505E+00		5.0062E-01										3.495E+03		5.0072E-01

		3.495E+03		3.495E+00		5.0072E-01										3.485E+03		5.0083E-01

		3.485E+03		3.485E+00		5.0083E-01										3.465E+03		5.0104E-01

		3.465E+03		3.465E+00		5.0104E-01										3.455E+03		5.0115E-01

		3.455E+03		3.455E+00		5.0115E-01										3.445E+03		5.0125E-01

		3.445E+03		3.445E+00		5.0125E-01										3.435E+03		5.0136E-01

		3.435E+03		3.435E+00		5.0136E-01										3.415E+03		5.0157E-01

		3.415E+03		3.415E+00		5.0157E-01										3.405E+03		5.0168E-01

		3.405E+03		3.405E+00		5.0168E-01										3.395E+03		5.0178E-01

		3.395E+03		3.395E+00		5.0178E-01										3.385E+03		5.0189E-01

		3.385E+03		3.385E+00		5.0189E-01										3.365E+03		5.0210E-01

		3.365E+03		3.365E+00		5.0210E-01										3.355E+03		5.0221E-01

		3.355E+03		3.355E+00		5.0221E-01										3.345E+03		5.0231E-01

		3.345E+03		3.345E+00		5.0231E-01										3.335E+03		5.0242E-01

		3.335E+03		3.335E+00		5.0242E-01										3.315E+03		5.0263E-01

		3.315E+03		3.315E+00		5.0263E-01										3.305E+03		5.0274E-01

		3.305E+03		3.305E+00		5.0274E-01										3.295E+03		5.0285E-01

		3.295E+03		3.295E+00		5.0285E-01										3.285E+03		5.0295E-01

		3.285E+03		3.285E+00		5.0295E-01										3.265E+03		5.0316E-01

		3.265E+03		3.265E+00		5.0316E-01										3.255E+03		5.0327E-01

		3.255E+03		3.255E+00		5.0327E-01										3.245E+03		5.0338E-01

		3.245E+03		3.245E+00		5.0338E-01										3.235E+03		5.0348E-01

		3.235E+03		3.235E+00		5.0348E-01										3.215E+03		5.0370E-01

		3.215E+03		3.215E+00		5.0370E-01										3.205E+03		5.0380E-01

		3.205E+03		3.205E+00		5.0380E-01										3.195E+03		5.0391E-01

		3.195E+03		3.195E+00		5.0391E-01										3.185E+03		5.0402E-01

		3.185E+03		3.185E+00		5.0402E-01										3.165E+03		5.0423E-01

		3.165E+03		3.165E+00		5.0423E-01										3.155E+03		5.0434E-01

		3.155E+03		3.155E+00		5.0434E-01										3.145E+03		5.0444E-01

		3.145E+03		3.145E+00		5.0444E-01										3.135E+03		5.0455E-01

		3.135E+03		3.135E+00		5.0455E-01										3.115E+03		5.0476E-01

		3.115E+03		3.115E+00		5.0476E-01										3.105E+03		5.0487E-01

		3.105E+03		3.105E+00		5.0487E-01										3.095E+03		5.0498E-01

		3.095E+03		3.095E+00		5.0498E-01										3.085E+03		5.0508E-01

		3.085E+03		3.085E+00		5.0508E-01										3.065E+03		5.0530E-01

		3.065E+03		3.065E+00		5.0530E-01										3.055E+03		5.0541E-01

		3.055E+03		3.055E+00		5.0541E-01										3.045E+03		5.0551E-01

		3.045E+03		3.045E+00		5.0551E-01										3.035E+03		5.0562E-01

		3.035E+03		3.035E+00		5.0562E-01										3.015E+03		5.0583E-01

		3.015E+03		3.015E+00		5.0583E-01										3.005E+03		5.0594E-01

		3.005E+03		3.005E+00		5.0594E-01										2.995E+03		5.0605E-01

		2.995E+03		2.995E+00		5.0605E-01										2.985E+03		5.0616E-01

		2.985E+03		2.985E+00		5.0616E-01										2.965E+03		5.0637E-01

		2.965E+03		2.965E+00		5.0637E-01										2.955E+03		5.0648E-01

		2.955E+03		2.955E+00		5.0648E-01										2.945E+03		5.0658E-01

		2.945E+03		2.945E+00		5.0658E-01										2.935E+03		5.0669E-01

		2.935E+03		2.935E+00		5.0669E-01										2.915E+03		5.0691E-01

		2.915E+03		2.915E+00		5.0691E-01										2.905E+03		5.0701E-01

		2.905E+03		2.905E+00		5.0701E-01										2.895E+03		5.0712E-01

		2.895E+03		2.895E+00		5.0712E-01										2.885E+03		5.0723E-01

		2.885E+03		2.885E+00		5.0723E-01										2.865E+03		5.0744E-01

		2.865E+03		2.865E+00		5.0744E-01										2.855E+03		5.0755E-01

		2.855E+03		2.855E+00		5.0755E-01										2.845E+03		5.0766E-01

		2.845E+03		2.845E+00		5.0766E-01										2.835E+03		5.0777E-01

		2.835E+03		2.835E+00		5.0777E-01										2.815E+03		5.0798E-01

		2.815E+03		2.815E+00		5.0798E-01										2.805E+03		5.0809E-01

		2.805E+03		2.805E+00		5.0809E-01										2.795E+03		5.0820E-01

		2.795E+03		2.795E+00		5.0820E-01										2.785E+03		5.0831E-01

		2.785E+03		2.785E+00		5.0831E-01										2.765E+03		5.0852E-01

		2.765E+03		2.765E+00		5.0852E-01										2.755E+03		5.0863E-01

		2.755E+03		2.755E+00		5.0863E-01										2.745E+03		5.0874E-01

		2.745E+03		2.745E+00		5.0874E-01										2.735E+03		5.0884E-01

		2.735E+03		2.735E+00		5.0884E-01										2.715E+03		5.0906E-01

		2.715E+03		2.715E+00		5.0906E-01										2.705E+03		5.0917E-01

		2.705E+03		2.705E+00		5.0917E-01										2.695E+03		5.0928E-01

		2.695E+03		2.695E+00		5.0928E-01										2.685E+03		5.0938E-01

		2.685E+03		2.685E+00		5.0938E-01										2.665E+03		5.0960E-01

		2.665E+03		2.665E+00		5.0960E-01										2.655E+03		5.0971E-01

		2.655E+03		2.655E+00		5.0971E-01										2.645E+03		5.0982E-01

		2.645E+03		2.645E+00		5.0982E-01										2.635E+03		5.0992E-01

		2.635E+03		2.635E+00		5.0992E-01										2.615E+03		5.1014E-01

		2.615E+03		2.615E+00		5.1014E-01										2.605E+03		5.1025E-01

		2.605E+03		2.605E+00		5.1025E-01										2.595E+03		5.1036E-01

		2.595E+03		2.595E+00		5.1036E-01										2.585E+03		5.1047E-01

		2.585E+03		2.585E+00		5.1047E-01										2.565E+03		5.1068E-01

		2.565E+03		2.565E+00		5.1068E-01										2.555E+03		5.1079E-01

		2.555E+03		2.555E+00		5.1079E-01										2.545E+03		5.1090E-01

		2.545E+03		2.545E+00		5.1090E-01										2.535E+03		5.1101E-01

		2.535E+03		2.535E+00		5.1101E-01										2.515E+03		5.1122E-01

		2.515E+03		2.515E+00		5.1122E-01										2.505E+03		5.1133E-01

		2.505E+03		2.505E+00		5.1133E-01										2.495E+03		5.1144E-01

		2.495E+03		2.495E+00		5.1144E-01										2.485E+03		5.1155E-01

		2.485E+03		2.485E+00		5.1155E-01										2.465E+03		5.1177E-01

		2.465E+03		2.465E+00		5.1177E-01										2.455E+03		5.1188E-01

		2.455E+03		2.455E+00		5.1188E-01										2.445E+03		5.1198E-01

		2.445E+03		2.445E+00		5.1198E-01										2.435E+03		5.1209E-01

		2.435E+03		2.435E+00		5.1209E-01										2.415E+03		5.1231E-01

		2.415E+03		2.415E+00		5.1231E-01										2.405E+03		5.1242E-01

		2.405E+03		2.405E+00		5.1242E-01										2.395E+03		5.1253E-01

		2.395E+03		2.395E+00		5.1253E-01										2.385E+03		5.1264E-01

		2.385E+03		2.385E+00		5.1264E-01										2.355E+03		5.1296E-01

		2.355E+03		2.355E+00		5.1296E-01										2.345E+03		5.1307E-01

		2.345E+03		2.345E+00		5.1307E-01										2.335E+03		5.1318E-01

		2.335E+03		2.335E+00		5.1318E-01										2.315E+03		5.1340E-01

		2.315E+03		2.315E+00		5.1340E-01										2.295E+03		5.1362E-01

		2.295E+03		2.295E+00		5.1362E-01										2.285E+03		5.1373E-01

		2.285E+03		2.285E+00		5.1373E-01										2.265E+03		5.1405E-01

		2.265E+03		2.265E+00		5.1405E-01										2.255E+03		5.1446E-01

		2.255E+03		2.255E+00		5.1446E-01										2.235E+03		5.1530E-01

		2.235E+03		2.235E+00		5.1530E-01										2.215E+03		5.1614E-01

		2.215E+03		2.215E+00		5.1614E-01										2.205E+03		5.1656E-01

		2.205E+03		2.205E+00		5.1656E-01										2.195E+03		5.1698E-01

		2.195E+03		2.195E+00		5.1698E-01										2.165E+03		5.1824E-01

		2.165E+03		2.165E+00		5.1824E-01										2.155E+03		5.1866E-01

		2.155E+03		2.155E+00		5.1866E-01										2.145E+03		5.1909E-01

		2.145E+03		2.145E+00		5.1909E-01										2.135E+03		5.1951E-01

		2.135E+03		2.135E+00		5.1951E-01										2.105E+03		5.2078E-01

		2.105E+03		2.105E+00		5.2078E-01										2.095E+03		5.2120E-01

		2.095E+03		2.095E+00		5.2120E-01										2.085E+03		5.2162E-01

		2.085E+03		2.085E+00		5.2162E-01										2.065E+03		5.2247E-01

		2.065E+03		2.065E+00		5.2247E-01										2.045E+03		5.2332E-01

		2.045E+03		2.045E+00		5.2332E-01										2.035E+03		5.2375E-01

		2.035E+03		2.035E+00		5.2375E-01										2.015E+03		5.2460E-01

		2.015E+03		2.015E+00		5.2460E-01										2.005E+03		5.2502E-01

		2.005E+03		2.005E+00		5.2502E-01										1.985E+03		5.2588E-01

		1.985E+03		1.985E+00		5.2588E-01										1.965E+03		5.2673E-01

		1.965E+03		1.965E+00		5.2673E-01										1.955E+03		5.2716E-01

		1.955E+03		1.955E+00		5.2716E-01										1.945E+03		5.2759E-01

		1.945E+03		1.945E+00		5.2759E-01										1.915E+03		5.2888E-01

		1.915E+03		1.915E+00		5.2888E-01										1.905E+03		5.2931E-01

		1.905E+03		1.905E+00		5.2931E-01										1.895E+03		5.2974E-01

		1.895E+03		1.895E+00		5.2974E-01										1.885E+03		5.3017E-01

		1.885E+03		1.885E+00		5.3017E-01										1.855E+03		5.3146E-01

		1.855E+03		1.855E+00		5.3146E-01										1.845E+03		5.3189E-01

		1.845E+03		1.845E+00		5.3189E-01										1.835E+03		5.3233E-01

		1.835E+03		1.835E+00		5.3233E-01										1.815E+03		5.3319E-01

		1.815E+03		1.815E+00		5.3319E-01										1.795E+03		5.3406E-01

		1.795E+03		1.795E+00		5.3406E-01										1.785E+03		5.3449E-01

		1.785E+03		1.785E+00		5.3449E-01										1.765E+03		5.3536E-01

		1.765E+03		1.765E+00		5.3536E-01										1.755E+03		5.3579E-01

		1.755E+03		1.755E+00		5.3579E-01										1.735E+03		5.3692E-01

		1.735E+03		1.735E+00		5.3692E-01										1.715E+03		5.3808E-01

		1.715E+03		1.715E+00		5.3808E-01										1.705E+03		5.3866E-01

		1.705E+03		1.705E+00		5.3866E-01										1.695E+03		5.3924E-01

		1.695E+03		1.695E+00		5.3924E-01										1.665E+03		5.4098E-01

		1.665E+03		1.665E+00		5.4098E-01										1.655E+03		5.4156E-01

		1.655E+03		1.655E+00		5.4156E-01										1.645E+03		5.4215E-01

		1.645E+03		1.645E+00		5.4215E-01										1.635E+03		5.4273E-01

		1.635E+03		1.635E+00		5.4273E-01										1.615E+03		5.4390E-01

		1.615E+03		1.615E+00		5.4390E-01										1.605E+03		5.4448E-01

		1.605E+03		1.605E+00		5.4448E-01										1.595E+03		5.4507E-01

		1.595E+03		1.595E+00		5.4507E-01										1.585E+03		5.4565E-01

		1.585E+03		1.585E+00		5.4565E-01										1.565E+03		5.4683E-01

		1.565E+03		1.565E+00		5.4683E-01										1.555E+03		5.4741E-01

		1.555E+03		1.555E+00		5.4741E-01										1.545E+03		5.4800E-01

		1.545E+03		1.545E+00		5.4800E-01										1.535E+03		5.4859E-01

		1.535E+03		1.535E+00		5.4859E-01										1.515E+03		5.4977E-01

		1.515E+03		1.515E+00		5.4977E-01										1.505E+03		5.5036E-01

		1.505E+03		1.505E+00		5.5036E-01										1.495E+03		5.5095E-01

		1.495E+03		1.495E+00		5.5095E-01										1.485E+03		5.5155E-01

		1.485E+03		1.485E+00		5.5155E-01										1.465E+03		5.5273E-01

		1.465E+03		1.465E+00		5.5273E-01										1.455E+03		5.5333E-01

		1.455E+03		1.455E+00		5.5333E-01										1.445E+03		5.5392E-01

		1.445E+03		1.445E+00		5.5392E-01										1.435E+03		5.5452E-01

		1.435E+03		1.435E+00		5.5452E-01										1.425E+03		5.5511E-01

		1.425E+03		1.425E+00		5.5511E-01										1.415E+03		5.5571E-01

		1.415E+03		1.415E+00		5.5571E-01										1.405E+03		5.5630E-01

		1.405E+03		1.405E+00		5.5630E-01										1.395E+03		5.5690E-01

		1.395E+03		1.395E+00		5.5690E-01										1.385E+03		5.5750E-01

		1.385E+03		1.385E+00		5.5750E-01										1.375E+03		5.5810E-01

		1.375E+03		1.375E+00		5.5810E-01										1.365E+03		5.5870E-01

		1.365E+03		1.365E+00		5.5870E-01										1.355E+03		5.5930E-01

		1.355E+03		1.355E+00		5.5930E-01										1.345E+03		5.6001E-01

		1.345E+03		1.345E+00		5.6001E-01										1.335E+03		5.6071E-01

		1.335E+03		1.335E+00		5.6071E-01										1.325E+03		5.6142E-01

		1.325E+03		1.325E+00		5.6142E-01										1.315E+03		5.6213E-01

		1.315E+03		1.315E+00		5.6213E-01										1.305E+03		5.6284E-01

		1.305E+03		1.305E+00		5.6284E-01										1.295E+03		5.6355E-01

		1.295E+03		1.295E+00		5.6355E-01										1.285E+03		5.6427E-01

		1.285E+03		1.285E+00		5.6427E-01										1.275E+03		5.6498E-01

		1.275E+03		1.275E+00		5.6498E-01										1.265E+03		5.6546E-01

		1.265E+03		1.265E+00		5.6546E-01										1.255E+03		5.6579E-01

		1.255E+03		1.255E+00		5.6579E-01										1.245E+03		5.6612E-01

		1.245E+03		1.245E+00		5.6612E-01										1.235E+03		5.6645E-01

		1.235E+03		1.235E+00		5.6645E-01										1.225E+03		5.6678E-01

		1.225E+03		1.225E+00		5.6678E-01										1.215E+03		5.6711E-01

		1.215E+03		1.215E+00		5.6711E-01										1.205E+03		5.6744E-01

		1.205E+03		1.205E+00		5.6744E-01										1.195E+03		5.6777E-01

		1.195E+03		1.195E+00		5.6777E-01										1.185E+03		5.6811E-01

		1.185E+03		1.185E+00		5.6811E-01										1.175E+03		5.6844E-01

		1.175E+03		1.175E+00		5.6844E-01										1.165E+03		5.6876E-01

		1.165E+03		1.165E+00		5.6876E-01										1.155E+03		5.6909E-01

		1.155E+03		1.155E+00		5.6909E-01										1.145E+03		5.6942E-01

		1.145E+03		1.145E+00		5.6942E-01										1.135E+03		5.6975E-01

		1.135E+03		1.135E+00		5.6975E-01										1.125E+03		5.7009E-01

		1.125E+03		1.125E+00		5.7009E-01										1.115E+03		5.7042E-01

		1.115E+03		1.115E+00		5.7042E-01										1.105E+03		5.7075E-01

		1.105E+03		1.105E+00		5.7075E-01										1.095E+03		5.7109E-01

		1.095E+03		1.095E+00		5.7109E-01										1.085E+03		5.7161E-01

		1.085E+03		1.085E+00		5.7161E-01										1.075E+03		5.7221E-01

		1.075E+03		1.075E+00		5.7221E-01										1.065E+03		5.7282E-01

		1.065E+03		1.065E+00		5.7282E-01										1.055E+03		5.7342E-01

		1.055E+03		1.055E+00		5.7342E-01										1.045E+03		5.7414E-01

		1.045E+03		1.045E+00		5.7414E-01										1.035E+03		5.7520E-01

		1.035E+03		1.035E+00		5.7520E-01										1.025E+03		5.7626E-01

		1.025E+03		1.025E+00		5.7626E-01										1.015E+03		5.7732E-01

		1.015E+03		1.015E+00		5.7732E-01										1.005E+03		5.7838E-01

		1.005E+03		1.005E+00		5.7838E-01										9.950E+02		5.7928E-01

		9.950E+02		9.950E-01		5.7928E-01										9.850E+02		5.8015E-01

		9.850E+02		9.850E-01		5.8015E-01										9.750E+02		5.8102E-01

		9.750E+02		9.750E-01		5.8102E-01										9.650E+02		5.8189E-01

		9.650E+02		9.650E-01		5.8189E-01										9.550E+02		5.8277E-01

		9.550E+02		9.550E-01		5.8277E-01										9.450E+02		5.8364E-01

		9.450E+02		9.450E-01		5.8364E-01										9.350E+02		5.8452E-01

		9.350E+02		9.350E-01		5.8452E-01										9.250E+02		5.8540E-01

		9.250E+02		9.250E-01		5.8540E-01										9.150E+02		5.8630E-01

		9.150E+02		9.150E-01		5.8630E-01										9.050E+02		5.8727E-01

		9.050E+02		9.050E-01		5.8727E-01										8.950E+02		5.8825E-01

		8.950E+02		8.950E-01		5.8825E-01										8.850E+02		5.8923E-01

		8.850E+02		8.850E-01		5.8923E-01										8.750E+02		5.9021E-01

		8.750E+02		8.750E-01		5.9021E-01										8.650E+02		5.9120E-01

		8.650E+02		8.650E-01		5.9120E-01										8.550E+02		5.9218E-01

		8.550E+02		8.550E-01		5.9218E-01										8.450E+02		5.9317E-01

		8.450E+02		8.450E-01		5.9317E-01										8.350E+02		5.9416E-01

		8.350E+02		8.350E-01		5.9416E-01										8.250E+02		5.9586E-01

		8.250E+02		8.250E-01		5.9586E-01										8.150E+02		5.9801E-01

		8.150E+02		8.150E-01		5.9801E-01										8.050E+02		6.0040E-01

		8.050E+02		8.050E-01		6.0040E-01		Stop Huhtinen

		8.00E+02		8.000E-01		6.9300E-01		start Konobe

		7.00E+02		7.000E-01		6.8500E-01

		6.00E+02		6.000E-01		6.8100E-01

		5.00E+02		5.000E-01		6.7700E-01

		4.50E+02		4.500E-01		6.7900E-01

		4.000E+02		4.000E-01		6.7200E-01

		3.500E+02		3.500E-01		6.8500E-01

		3.000E+02		3.000E-01		6.9600E-01

		2.500E+02		2.500E-01		7.3300E-01

		2.000E+02		2.000E-01		7.9100E-01

		1.600E+02		1.600E-01		8.6500E-01

		1.300E+02		1.300E-01		9.7400E-01

		1.000E+02		1.000E-01		1.1680E+00

		9.000E+01		9.000E-02		1.2640E+00

		8.000E+01		8.000E-02		1.3780E+00

		7.000E+01		7.000E-02		1.4990E+00

		6.000E+01		6.000E-02		1.6440E+00

		5.000E+01		5.000E-02		1.8050E+00

		4.000E+01		4.000E-02		2.0120E+00

		3.000E+01		3.000E-02		2.0490E+00

		2.500E+01		2.500E-02		2.0710E+00

		2.000E+01		2.000E-02		2.0410E+00		Stop Konobe

		1.995E+01		1.995E-02		1.9753E+00		Start Griffin

		1.985E+01		1.985E-02		1.9692E+00

		1.975E+01		1.975E-02		1.9631E+00

		1.965E+01		1.965E-02		1.9576E+00

		1.955E+01		1.955E-02		1.9549E+00

		1.945E+01		1.945E-02		1.9527E+00

		1.935E+01		1.935E-02		1.9530E+00

		1.925E+01		1.925E-02		1.9548E+00

		1.915E+01		1.915E-02		1.9601E+00

		1.905E+01		1.905E-02		1.9744E+00

		1.895E+01		1.895E-02		1.9886E+00

		1.885E+01		1.885E-02		1.9990E+00

		1.875E+01		1.875E-02		2.0081E+00

		1.865E+01		1.865E-02		1.9859E+00

		1.855E+01		1.855E-02		1.9453E+00

		1.845E+01		1.845E-02		1.9264E+00

		1.835E+01		1.835E-02		1.9376E+00

		1.825E+01		1.825E-02		1.9499E+00

		1.815E+01		1.815E-02		1.9654E+00

		1.805E+01		1.805E-02		1.9744E+00

		1.795E+01		1.795E-02		1.9512E+00

		1.785E+01		1.785E-02		1.9258E+00

		1.775E+01		1.775E-02		1.9136E+00

		1.765E+01		1.765E-02		1.9059E+00

		1.755E+01		1.755E-02		1.9172E+00

		1.745E+01		1.745E-02		1.9323E+00

		1.735E+01		1.735E-02		1.9351E+00

		1.725E+01		1.725E-02		1.9341E+00

		1.715E+01		1.715E-02		1.9368E+00

		1.705E+01		1.705E-02		1.9400E+00

		1.695E+01		1.695E-02		1.9345E+00

		1.685E+01		1.685E-02		1.9292E+00

		1.675E+01		1.675E-02		1.9521E+00

		1.665E+01		1.665E-02		1.9701E+00

		1.655E+01		1.655E-02		1.9177E+00

		1.645E+01		1.645E-02		1.8693E+00

		1.635E+01		1.635E-02		1.8796E+00

		1.625E+01		1.625E-02		1.8927E+00

		1.615E+01		1.615E-02		1.8994E+00

		1.605E+01		1.605E-02		1.8994E+00

		1.595E+01		1.595E-02		1.8914E+00

		1.585E+01		1.585E-02		1.8580E+00

		1.575E+01		1.575E-02		1.8166E+00

		1.565E+01		1.565E-02		1.8057E+00

		1.555E+01		1.555E-02		1.8079E+00

		1.545E+01		1.545E-02		1.8280E+00

		1.535E+01		1.535E-02		1.8407E+00

		1.525E+01		1.525E-02		1.8424E+00

		1.515E+01		1.515E-02		1.8010E+00

		1.505E+01		1.505E-02		1.7733E+00

		1.495E+01		1.495E-02		1.8133E+00

		1.485E+01		1.485E-02		1.8076E+00

		1.475E+01		1.475E-02		1.7738E+00

		1.465E+01		1.465E-02		1.7653E+00

		1.455E+01		1.455E-02		1.7905E+00

		1.445E+01		1.445E-02		1.8447E+00

		1.435E+01		1.435E-02		1.8431E+00

		1.425E+01		1.425E-02		1.8303E+00

		1.415E+01		1.415E-02		1.8175E+00

		1.405E+01		1.405E-02		1.7869E+00

		1.395E+01		1.395E-02		1.8083E+00

		1.385E+01		1.385E-02		1.8705E+00

		1.375E+01		1.375E-02		1.8043E+00

		1.365E+01		1.365E-02		1.7795E+00

		1.355E+01		1.355E-02		1.8024E+00

		1.345E+01		1.345E-02		1.8392E+00

		1.335E+01		1.335E-02		1.8061E+00

		1.325E+01		1.325E-02		1.7935E+00

		1.315E+01		1.315E-02		1.8279E+00

		1.305E+01		1.305E-02		1.8618E+00

		1.295E+01		1.295E-02		1.8531E+00

		1.285E+01		1.285E-02		1.8497E+00

		1.275E+01		1.275E-02		1.8565E+00

		1.265E+01		1.265E-02		1.8370E+00

		1.255E+01		1.255E-02		1.7574E+00

		1.245E+01		1.245E-02		1.7908E+00

		1.235E+01		1.235E-02		1.8225E+00

		1.225E+01		1.225E-02		1.8156E+00

		1.215E+01		1.215E-02		1.8125E+00

		1.205E+01		1.205E-02		1.7844E+00

		1.195E+01		1.195E-02		1.7673E+00

		1.185E+01		1.185E-02		1.7541E+00

		1.175E+01		1.175E-02		1.7510E+00

		1.165E+01		1.165E-02		1.7670E+00

		1.155E+01		1.155E-02		1.7779E+00

		1.145E+01		1.145E-02		1.7654E+00

		1.135E+01		1.135E-02		1.7350E+00

		1.125E+01		1.125E-02		1.6918E+00

		1.115E+01		1.115E-02		1.6801E+00

		1.105E+01		1.105E-02		1.7360E+00

		1.095E+01		1.095E-02		1.7647E+00

		1.085E+01		1.085E-02		1.7655E+00

		1.075E+01		1.075E-02		1.7255E+00

		1.065E+01		1.065E-02		1.6742E+00

		1.055E+01		1.055E-02		1.6963E+00

		1.045E+01		1.045E-02		1.7088E+00

		1.035E+01		1.035E-02		1.7723E+00

		1.025E+01		1.025E-02		1.7644E+00

		1.015E+01		1.015E-02		1.7819E+00

		1.005E+01		1.005E-02		1.7603E+00

		9.950E+00		9.950E-03		1.7796E+00

		9.850E+00		9.850E-03		1.7545E+00

		9.750E+00		9.750E-03		1.7072E+00

		9.650E+00		9.650E-03		1.6686E+00

		9.550E+00		9.550E-03		1.7669E+00

		9.450E+00		9.450E-03		1.8236E+00

		9.350E+00		9.350E-03		1.7509E+00

		9.250E+00		9.250E-03		1.6188E+00

		9.150E+00		9.150E-03		1.6864E+00

		9.050E+00		9.050E-03		1.8762E+00

		8.950E+00		8.950E-03		1.8706E+00

		8.850E+00		8.850E-03		1.6847E+00

		8.750E+00		8.750E-03		1.5891E+00

		8.650E+00		8.650E-03		1.7691E+00

		8.550E+00		8.550E-03		1.7710E+00

		8.450E+00		8.450E-03		1.7817E+00

		8.350E+00		8.350E-03		1.7683E+00

		8.250E+00		8.250E-03		1.7428E+00

		8.150E+00		8.150E-03		1.6628E+00

		8.050E+00		8.050E-03		1.8065E+00

		7.950E+00		7.950E-03		1.9925E+00

		7.850E+00		7.850E-03		1.8609E+00

		7.750E+00		7.750E-03		1.8662E+00

		7.650E+00		7.650E-03		1.7936E+00

		7.550E+00		7.550E-03		1.7574E+00

		7.450E+00		7.450E-03		1.7934E+00

		7.350E+00		7.350E-03		1.8179E+00

		7.250E+00		7.250E-03		1.8031E+00

		7.150E+00		7.150E-03		1.4698E+00

		7.050E+00		7.050E-03		1.7704E+00

		6.950E+00		6.950E-03		1.5215E+00

		6.850E+00		6.850E-03		1.5766E+00

		6.750E+00		6.750E-03		1.7783E+00

		6.650E+00		6.650E-03		1.6110E+00

		6.550E+00		6.550E-03		1.3144E+00

		6.450E+00		6.450E-03		1.5144E+00

		6.350E+00		6.350E-03		1.6415E+00

		6.250E+00		6.250E-03		1.9000E+00

		6.150E+00		6.150E-03		1.3640E+00

		6.050E+00		6.050E-03		1.6656E+00

		5.950E+00		5.950E-03		1.4680E+00

		5.850E+00		5.850E-03		1.7943E+00

		5.750E+00		5.750E-03		1.9294E+00

		5.650E+00		5.650E-03		1.6157E+00

		5.550E+00		5.550E-03		1.5671E+00

		5.450E+00		5.450E-03		1.2768E+00

		5.350E+00		5.350E-03		1.3357E+00

		5.250E+00		5.250E-03		1.6049E+00

		5.150E+00		5.150E-03		1.8313E+00

		5.050E+00		5.050E-03		1.6116E+00

		4.950E+00		4.950E-03		1.5788E+00

		4.850E+00		4.850E-03		1.7174E+00

		4.750E+00		4.750E-03		2.0034E+00

		4.650E+00		4.650E-03		1.6725E+00

		4.550E+00		4.550E-03		1.4984E+00

		4.450E+00		4.450E-03		1.5088E+00

		4.350E+00		4.350E-03		1.4419E+00

		4.250E+00		4.250E-03		1.7821E+00

		4.150E+00		4.150E-03		1.1465E+00

		4.050E+00		4.050E-03		1.4307E+00

		3.950E+00		3.950E-03		1.4522E+00

		3.850E+00		3.850E-03		1.1867E+00

		3.750E+00		3.750E-03		1.2348E+00

		3.650E+00		3.650E-03		7.5058E-01

		3.550E+00		3.550E-03		1.2129E+00

		3.450E+00		3.450E-03		1.2585E+00

		3.350E+00		3.350E-03		1.2172E+00

		3.250E+00		3.250E-03		1.2811E+00

		3.150E+00		3.150E-03		1.4274E+00

		3.050E+00		3.050E-03		1.2777E+00

		2.950E+00		2.950E-03		1.0609E+00

		2.850E+00		2.850E-03		1.4372E+00

		2.750E+00		2.750E-03		1.1531E+00

		2.650E+00		2.650E-03		1.2380E+00

		2.550E+00		2.550E-03		1.3837E+00

		2.450E+00		2.450E-03		1.2672E+00

		2.350E+00		2.350E-03		1.1061E+00

		2.250E+00		2.250E-03		1.1262E+00

		2.150E+00		2.150E-03		1.1592E+00

		2.050E+00		2.050E-03		1.0222E+00

		1.950E+00		1.950E-03		1.3930E+00

		1.850E+00		1.850E-03		1.4111E+00

		1.750E+00		1.750E-03		8.3655E-01

		1.650E+00		1.650E-03		1.7657E+00

		1.550E+00		1.550E-03		1.1278E+00

		1.450E+00		1.450E-03		1.0791E+00

		1.350E+00		1.350E-03		9.4095E-01

		1.250E+00		1.250E-03		9.6796E-01

		1.150E+00		1.150E-03		6.5777E-01

		1.050E+00		1.050E-03		8.0200E-01

		9.800E-01		9.800E-04		1.1740E+00

		9.400E-01		9.400E-04		1.1716E+00

		9.000E-01		9.000E-04		9.4344E-01

		8.600E-01		8.600E-04		8.3178E-01

		8.200E-01		8.200E-04		1.4585E+00

		7.800E-01		7.800E-04		9.2089E-01

		7.400E-01		7.400E-04		6.7239E-01

		7.050E-01		7.050E-04		6.0191E-01

		6.750E-01		6.750E-04		5.7858E-01

		6.450E-01		6.450E-04		5.5358E-01

		6.150E-01		6.150E-04		5.4250E-01

		5.875E-01		5.875E-04		5.9975E-01

		5.625E-01		5.625E-04		1.2802E+00

		5.375E-01		5.375E-04		7.5543E-01

		5.125E-01		5.125E-04		5.9868E-01

		4.875E-01		4.875E-04		5.7404E-01

		4.625E-01		4.625E-04		5.5812E-01

		4.375E-01		4.375E-04		5.4507E-01

		4.125E-01		4.125E-04		5.4028E-01

		3.900E-01		3.900E-04		5.3199E-01

		3.700E-01		3.700E-04		5.0362E-01

		3.500E-01		3.500E-04		5.0972E-01

		3.300E-01		3.300E-04		5.1976E-01

		3.100E-01		3.100E-04		5.2369E-01

		2.900E-01		2.900E-04		5.3933E-01

		2.750E-01		2.750E-04		5.5473E-01

		2.625E-01		2.625E-04		5.7682E-01

		2.475E-01		2.475E-04		6.1723E-01

		2.350E-01		2.350E-04		6.7086E-01

		2.250E-01		2.250E-04		7.3342E-01

		2.150E-01		2.150E-04		8.2881E-01

		2.050E-01		2.050E-04		9.7104E-01

		1.950E-01		1.950E-04		1.1617E+00

		1.850E-01		1.850E-04		1.1958E+00

		1.750E-01		1.750E-04		6.9872E-01

		1.650E-01		1.650E-04		2.1731E-01

		1.550E-01		1.550E-04		4.8481E-02

		1.463E-01		1.463E-04		1.0895E-02

		1.388E-01		1.388E-04		1.1214E-02

		1.313E-01		1.313E-04		1.8265E-02

		1.238E-01		1.238E-04		2.6454E-02

		1.175E-01		1.175E-04		3.2966E-02

		1.125E-01		1.125E-04		3.7639E-02

		1.075E-01		1.075E-04		4.1623E-02

		1.025E-01		1.025E-04		4.5265E-02

		9.800E-02		9.800E-05		4.7902E-02

		9.400E-02		9.400E-05		4.9924E-02

		9.000E-02		9.000E-05		5.1885E-02

		8.600E-02		8.600E-05		5.3736E-02

		8.200E-02		8.200E-05		5.4940E-02

		7.800E-02		7.800E-05		5.6360E-02

		7.400E-02		7.400E-05		5.7970E-02

		7.050E-02		7.050E-05		5.9878E-02

		6.750E-02		6.750E-05		6.4546E-02

		6.450E-02		6.450E-05		6.7063E-02

		6.150E-02		6.150E-05		7.7933E-02

		5.875E-02		5.875E-05		1.1451E-01

		5.625E-02		5.625E-05		5.0777E-01

		5.375E-02		5.375E-05		1.4852E-02

		5.125E-02		5.125E-05		1.6261E-02

		4.875E-02		4.875E-05		2.2883E-02

		4.625E-02		4.625E-05		2.5977E-02

		4.375E-02		4.375E-05		2.7387E-02

		4.125E-02		4.125E-05		2.7920E-02

		3.900E-02		3.900E-05		3.2469E-02

		3.700E-02		3.700E-05		2.7433E-02

		3.500E-02		3.500E-05		2.6751E-02

		3.300E-02		3.300E-05		2.5989E-02

		3.100E-02		3.100E-05		2.5093E-02

		2.900E-02		2.900E-05		2.4001E-02

		2.750E-02		2.750E-05		2.3166E-02

		2.625E-02		2.625E-05		2.2446E-02

		2.475E-02		2.475E-05		2.1500E-02

		2.350E-02		2.350E-05		2.0690E-02

		2.250E-02		2.250E-05		1.9978E-02

		2.150E-02		2.150E-05		1.9259E-02

		2.050E-02		2.050E-05		1.8541E-02

		1.950E-02		1.950E-05		1.7822E-02

		1.850E-02		1.850E-05		1.7101E-02

		1.750E-02		1.750E-05		1.6336E-02

		1.650E-02		1.650E-05		1.5545E-02

		1.550E-02		1.550E-05		1.5568E-02

		1.463E-02		1.463E-05		1.4028E-02

		1.388E-02		1.388E-05		1.3397E-02

		1.313E-02		1.313E-05		1.2768E-02

		1.238E-02		1.238E-05		1.2128E-02

		1.175E-02		1.175E-05		1.1585E-02

		1.125E-02		1.125E-05		1.1146E-02

		1.075E-02		1.075E-05		1.0695E-02

		1.025E-02		1.025E-05		1.0244E-02

		9.800E-03		9.800E-06		9.8380E-03

		9.400E-03		9.400E-06		9.4766E-03

		9.000E-03		9.000E-06		9.1148E-03

		8.600E-03		8.600E-06		8.7453E-03

		8.200E-03		8.200E-06		8.3721E-03

		7.800E-03		7.800E-06		7.9979E-03

		7.400E-03		7.400E-06		7.6182E-03

		7.050E-03		7.050E-06		7.2853E-03

		6.750E-03		6.750E-06		6.9994E-03

		6.450E-03		6.450E-06		6.7101E-03

		6.150E-03		6.150E-06		6.4182E-03

		5.875E-03		5.875E-06		6.1508E-03

		5.625E-03		5.625E-06		5.9074E-03

		5.375E-03		5.375E-06		5.6622E-03

		5.125E-03		5.125E-06		5.4186E-03

		4.875E-03		4.875E-06		5.4916E-03

		4.625E-03		4.625E-06		4.9168E-03

		4.375E-03		4.375E-06		4.6661E-03

		4.125E-03		4.125E-06		4.4134E-03

		3.900E-03		3.900E-06		4.1862E-03

		3.700E-03		3.700E-06		3.9825E-03

		3.500E-03		3.500E-06		3.7777E-03

		3.300E-03		3.300E-06		3.5727E-03

		3.100E-03		3.100E-06		3.3661E-03

		2.900E-03		2.900E-06		3.1587E-03

		2.750E-03		2.750E-06		3.0042E-03

		2.625E-03		2.625E-06		2.8735E-03

		2.475E-03		2.475E-06		2.7170E-03

		2.350E-03		2.350E-06		2.5893E-03

		2.250E-03		2.250E-06		4.4046E-03

		2.150E-03		2.150E-06		2.3822E-03

		2.050E-03		2.050E-06		2.2692E-03

		1.950E-03		1.950E-06		2.1623E-03

		1.850E-03		1.850E-06		2.0558E-03

		1.750E-03		1.750E-06		1.9487E-03

		1.650E-03		1.650E-06		1.8416E-03

		1.550E-03		1.550E-06		1.7342E-03

		1.463E-03		1.463E-06		1.6400E-03

		1.388E-03		1.388E-06		1.5590E-03

		1.313E-03		1.313E-06		1.4780E-03

		1.238E-03		1.238E-06		1.3966E-03

		1.175E-03		1.175E-06		1.3289E-03

		1.125E-03		1.125E-06		1.2744E-03

		1.075E-03		1.075E-06		1.2198E-03

		1.025E-03		1.025E-06		1.1651E-03

		9.800E-04		9.800E-07		1.1159E-03

		9.400E-04		9.400E-07		1.0720E-03

		9.000E-04		9.000E-07		1.0280E-03

		8.600E-04		8.600E-07		9.8401E-04

		8.200E-04		8.200E-07		9.3986E-04

		7.800E-04		7.800E-07		8.9571E-04

		7.400E-04		7.400E-07		8.5149E-04

		7.050E-04		7.050E-07		8.1276E-04

		6.750E-04		6.750E-07		7.7948E-04

		6.450E-04		6.450E-07		7.4619E-04

		6.150E-04		6.150E-07		7.1284E-04

		5.875E-04		5.875E-07		6.8221E-04

		5.625E-04		5.625E-07		6.5432E-04

		5.375E-04		5.375E-07		6.2643E-04

		5.125E-04		5.125E-07		5.9855E-04

		4.875E-04		4.875E-07		5.7060E-04

		4.625E-04		4.625E-07		5.4258E-04

		4.375E-04		4.375E-07		5.1457E-04

		4.125E-04		4.125E-07		4.8649E-04

		3.900E-04		3.900E-07		4.6126E-04

		3.700E-04		3.700E-07		4.3878E-04

		3.500E-04		3.500E-07		4.1625E-04

		3.300E-04		3.300E-07		3.9373E-04

		3.100E-04		3.100E-07		3.7120E-04

		2.900E-04		2.900E-07		3.4863E-04

		2.750E-04		2.750E-07		3.3181E-04

		2.625E-04		2.625E-07		3.1766E-04

		2.475E-04		2.475E-07		3.0074E-04

		2.350E-04		2.350E-07		2.8669E-04

		2.250E-04		2.250E-07		2.7540E-04

		2.150E-04		2.150E-07		2.6142E-04

		2.050E-04		2.050E-07		2.4326E-04

		1.950E-04		1.950E-07		2.2505E-04

		1.850E-04		1.850E-07		1.9381E-04

		1.750E-04		1.750E-07		1.3154E-04

		1.650E-04		1.650E-07		6.7916E-05

		1.550E-04		1.550E-07		1.7137E-05

		1.463E-04		1.463E-07		1.3213E-05

		1.388E-04		1.388E-07		1.3573E-05

		1.313E-04		1.313E-07		1.3933E-05

		1.238E-04		1.238E-07		1.4319E-05

		1.175E-04		1.175E-07		1.4703E-05

		1.125E-04		1.125E-07		1.5017E-05

		1.075E-04		1.075E-07		1.5361E-05

		1.025E-04		1.025E-07		1.5750E-05

		9.800E-05		9.800E-08		1.6100E-05

		9.400E-05		9.400E-08		1.6421E-05

		9.000E-05		9.000E-08		1.6809E-05

		8.600E-05		8.600E-08		1.7210E-05

		8.200E-05		8.200E-08		1.7611E-05

		7.800E-05		7.800E-08		1.8033E-05

		7.400E-05		7.400E-08		1.8561E-05

		7.050E-05		7.050E-08		1.9036E-05

		6.750E-05		6.750E-08		1.9443E-05

		6.450E-05		6.450E-08		1.9850E-05

		6.150E-05		6.150E-08		2.0303E-05

		5.875E-05		5.875E-08		2.0789E-05

		5.625E-05		5.625E-08		2.1232E-05

		5.375E-05		5.375E-08		2.1718E-05

		5.125E-05		5.125E-08		2.2269E-05

		4.875E-05		4.875E-08		2.2820E-05

		4.625E-05		4.625E-08		2.3419E-05

		4.375E-05		4.375E-08		2.4124E-05

		4.125E-05		4.125E-08		2.4833E-05

		3.900E-05		3.900E-08		2.5500E-05

		3.700E-05		3.700E-08		2.6248E-05

		3.500E-05		3.500E-08		2.7016E-05

		3.300E-05		3.300E-08		2.7783E-05

		3.100E-05		3.100E-08		2.8601E-05

		2.900E-05		2.900E-08		2.9590E-05

		2.750E-05		2.750E-08		3.0346E-05

		2.625E-05		2.625E-08		3.1104E-05

		2.475E-05		2.475E-08		3.2039E-05

		2.350E-05		2.350E-08		3.2836E-05

		2.250E-05		2.250E-08		3.3613E-05

		2.150E-05		2.150E-08		3.4416E-05

		2.050E-05		2.050E-08		3.5218E-05

		1.950E-05		1.950E-08		3.6065E-05

		1.850E-05		1.850E-08		3.7123E-05

		1.750E-05		1.750E-08		3.8208E-05

		1.650E-05		1.650E-08		3.9293E-05

		1.550E-05		1.550E-08		4.0450E-05

		1.463E-05		1.463E-08		4.1667E-05

		1.388E-05		1.388E-08		4.2739E-05

		1.313E-05		1.313E-08		4.3991E-05

		1.238E-05		1.238E-08		4.5313E-05

		1.175E-05		1.175E-08		4.6442E-05

		1.125E-05		1.125E-08		4.7543E-05

		1.075E-05		1.075E-08		4.8677E-05

		1.025E-05		1.025E-08		4.9811E-05

		9.800E-06		9.800E-09		5.0866E-05

		9.400E-06		9.400E-09		5.2049E-05

		9.000E-06		9.000E-09		5.3273E-05

		8.600E-06		8.600E-09		5.4498E-05

		8.200E-06		8.200E-09		5.5723E-05

		7.800E-06		7.800E-09		5.7015E-05

		7.400E-06		7.400E-09		5.8584E-05

		7.050E-06		7.050E-09		5.9980E-05

		6.750E-06		6.750E-09		6.1290E-05

		6.450E-06		6.450E-09		6.2781E-05

		6.150E-06		6.150E-09		6.4273E-05

		5.875E-06		5.875E-09		6.5691E-05

		5.625E-06		5.625E-09		6.7254E-05

		5.375E-06		5.375E-09		6.8853E-05

		5.125E-06		5.125E-09		7.0453E-05

		4.875E-06		4.875E-09		7.2166E-05

		4.625E-06		4.625E-09		7.4284E-05

		4.375E-06		4.375E-09		7.6440E-05

		4.125E-06		4.125E-09		7.8596E-05

		3.900E-06		3.900E-09		8.0648E-05

		3.700E-06		3.700E-09		8.2866E-05

		3.500E-06		3.500E-09		8.5128E-05

		3.300E-06		3.300E-09		8.7761E-05

		3.100E-06		3.100E-09		9.0561E-05

		2.900E-06		2.900E-09		9.3605E-05

		2.750E-06		2.750E-09		9.6269E-05

		2.625E-06		2.625E-09		9.8525E-05

		2.475E-06		2.475E-09		1.0132E-04

		2.350E-06		2.350E-09		1.0419E-04

		2.250E-06		2.250E-09		1.0661E-04

		2.150E-06		2.150E-09		1.0902E-04

		2.050E-06		2.050E-09		1.1145E-04

		1.950E-06		1.950E-09		1.1409E-04

		1.850E-06		1.850E-09		1.1721E-04

		1.750E-06		1.750E-09		1.2040E-04

		1.650E-06		1.650E-09		1.2415E-04

		1.550E-06		1.550E-09		1.2807E-04

		1.463E-06		1.463E-09		1.3181E-04

		1.388E-06		1.388E-09		1.3557E-04

		1.313E-06		1.313E-09		1.3935E-04

		1.238E-06		1.238E-09		1.4336E-04

		1.175E-06		1.175E-09		1.4745E-04

		1.125E-06		1.125E-09		1.5081E-04

		1.075E-06		1.075E-09		1.5417E-04

		1.025E-06		1.025E-09		1.5752E-04

		9.800E-07		9.800E-10		1.6098E-04

		9.400E-07		9.400E-10		1.6446E-04

		9.000E-07		9.000E-10		1.6794E-04

		8.600E-07		8.600E-10		1.7184E-04

		8.200E-07		8.200E-10		1.7617E-04

		7.800E-07		7.800E-10		1.8051E-04

		7.400E-07		7.400E-10		1.8524E-04

		7.050E-07		7.050E-10		1.8981E-04

		6.750E-07		6.750E-10		1.9406E-04

		6.450E-07		6.450E-10		1.9847E-04

		6.150E-07		6.150E-10		2.0341E-04

		5.875E-07		5.875E-10		2.0817E-04

		5.625E-07		5.625E-10		2.1276E-04

		5.375E-07		5.375E-10		2.1760E-04

		5.125E-07		5.125E-10		2.2260E-04

		4.875E-07		4.875E-10		2.2838E-04

		4.625E-07		4.625E-10		2.3427E-04

		4.375E-07		4.375E-10		2.4103E-04

		4.125E-07		4.125E-10		2.4835E-04

		3.900E-07		3.900E-10		2.5511E-04

		3.700E-07		3.700E-10		2.6198E-04

		3.500E-07		3.500E-10		2.6945E-04

		3.300E-07		3.300E-10		2.7752E-04

		3.100E-07		3.100E-10		2.8649E-04

		2.900E-07		2.900E-10		2.9621E-04

		2.750E-07		2.750E-10		3.0393E-04

		2.625E-07		2.625E-10		3.1112E-04

		2.475E-07		2.475E-10		3.2037E-04

		2.350E-07		2.350E-10		3.2861E-04

		2.250E-07		2.250E-10		3.3617E-04

		2.150E-07		2.150E-10		3.4375E-04

		2.050E-07		2.050E-10		3.5180E-04

		1.950E-07		1.950E-10		3.6074E-04

		1.850E-07		1.850E-10		3.7052E-04

		1.750E-07		1.750E-10		3.8097E-04

		1.650E-07		1.650E-10		3.9236E-04

		1.550E-07		1.550E-10		4.0492E-04

		1.463E-07		1.463E-10		4.1659E-04

		1.388E-07		1.388E-10		4.2786E-04

		1.313E-07		1.313E-10		4.3966E-04

		1.238E-07		1.238E-10		4.5312E-04

		1.175E-07		1.175E-10		4.6458E-04

		1.125E-07		1.125E-10		4.7529E-04

		1.075E-07		1.075E-10		4.8640E-04

		1.025E-07		1.025E-10		4.9761E-04

		9.800E-08		9.800E-11		5.0900E-04

		9.400E-08		9.400E-11		5.1965E-04

		9.000E-08		9.000E-11		5.3130E-04

		8.600E-08		8.600E-11		5.4341E-04

		8.200E-08		8.200E-11		5.5673E-04

		7.800E-08		7.800E-11		5.7067E-04

		7.400E-08		7.400E-11		5.8607E-04

		7.050E-08		7.050E-11		6.0007E-04

		6.750E-08		6.750E-11		6.1364E-04

		6.450E-08		6.450E-11		6.2734E-04

		6.150E-08		6.150E-11		6.4278E-04

		5.875E-08		5.875E-11		6.5781E-04

		5.625E-08		5.625E-11		6.7162E-04

		5.375E-08		5.375E-11		6.8706E-04

		5.125E-08		5.125E-11		7.0363E-04

		4.875E-08		4.875E-11		7.2150E-04

		4.625E-08		4.625E-11		7.4100E-04

		4.375E-08		4.375E-11		7.6186E-04

		4.125E-08		4.125E-11		7.8470E-04

		3.900E-08		3.900E-11		8.0726E-04

		3.700E-08		3.700E-11		8.2850E-04

		3.500E-08		3.500E-11		8.5231E-04

		3.300E-08		3.300E-11		8.7731E-04

		3.100E-08		3.100E-11		9.0579E-04

		2.900E-08		2.900E-11		9.3592E-04

		2.750E-08		2.750E-11		9.6192E-04

		2.625E-08		2.625E-11		9.8413E-04

		2.475E-08		2.475E-11		1.0131E-03

		2.350E-08		2.350E-11		1.0404E-03

		2.250E-08		2.250E-11		1.0622E-03

		2.150E-08		2.150E-11		1.0865E-03

		2.050E-08		2.050E-11		1.1125E-03

		1.950E-08		1.950E-11		1.1410E-03

		1.850E-08		1.850E-11		1.1715E-03

		1.750E-08		1.750E-11		1.2044E-03

		1.650E-08		1.650E-11		1.2409E-03

		1.550E-08		1.550E-11		1.2802E-03

		1.463E-08		1.463E-11		1.3181E-03

		1.388E-08		1.388E-11		1.3535E-03

		1.313E-08		1.313E-11		1.3918E-03

		1.238E-08		1.238E-11		1.4333E-03

		1.175E-08		1.175E-11		1.4719E-03

		1.125E-08		1.125E-11		1.5029E-03

		1.075E-08		1.075E-11		1.5371E-03

		1.025E-08		1.025E-11		1.5739E-03

		9.800E-09		9.800E-12		1.6100E-03

		9.400E-09		9.400E-12		1.6436E-03

		9.000E-09		9.000E-12		1.6802E-03

		8.600E-09		8.600E-12		1.7184E-03

		8.200E-09		8.200E-12		1.7604E-03

		7.800E-09		7.800E-12		1.8046E-03

		7.400E-09		7.400E-12		1.8534E-03

		7.050E-09		7.050E-12		1.8981E-03

		6.750E-09		6.750E-12		1.9413E-03

		6.450E-09		6.450E-12		1.9848E-03

		6.150E-09		6.150E-12		2.0335E-03

		5.875E-09		5.875E-12		2.0816E-03

		5.625E-09		5.625E-12		2.1254E-03

		5.375E-09		5.375E-12		2.1738E-03

		5.125E-09		5.125E-12		2.2260E-03

		4.875E-09		4.875E-12		2.2826E-03

		4.625E-09		4.625E-12		2.3438E-03

		4.375E-09		4.375E-12		2.4095E-03

		4.125E-09		4.125E-12		2.4822E-03

		3.900E-09		3.900E-12		2.5524E-03

		3.700E-09		3.700E-12		2.6212E-03

		3.500E-09		3.500E-12		2.6946E-03

		3.300E-09		3.300E-12		2.7761E-03

		3.100E-09		3.100E-12		2.8637E-03

		2.900E-09		2.900E-12		2.9619E-03

		2.750E-09		2.750E-12		3.0385E-03

		2.625E-09		2.625E-12		3.1101E-03

		2.475E-09		2.475E-12		3.2034E-03

		2.350E-09		2.350E-12		3.2870E-03

		2.250E-09		2.250E-12		3.3600E-03

		2.150E-09		2.150E-12		3.4367E-03

		2.050E-09		2.050E-12		3.5202E-03

		1.950E-09		1.950E-12		3.6090E-03

		1.850E-09		1.850E-12		3.7061E-03

		1.750E-09		1.750E-12		3.8101E-03

		1.650E-09		1.650E-12		3.9250E-03

		1.550E-09		1.550E-12		4.0495E-03

		1.463E-09		1.463E-12		4.1710E-03

		1.388E-09		1.388E-12		4.2777E-03

		1.313E-09		1.313E-12		4.3980E-03

		1.238E-09		1.238E-12		4.5300E-03

		1.175E-09		1.175E-12		4.6488E-03

		1.125E-09		1.125E-12		4.7515E-03

		1.075E-09		1.075E-12		4.8607E-03

		1.025E-09		1.025E-12		4.9783E-03

		9.800E-10		9.800E-13		5.0911E-03

		9.400E-10		9.400E-13		5.2003E-03

		9.000E-10		9.000E-13		5.3118E-03

		8.600E-10		8.600E-13		5.4379E-03

		8.200E-10		8.200E-13		5.5668E-03

		7.800E-10		7.800E-13		5.7089E-03

		7.400E-10		7.400E-13		5.8641E-03

		7.050E-10		7.050E-13		6.0016E-03

		6.750E-10		6.750E-13		6.1337E-03

		6.450E-10		6.450E-13		6.2738E-03

		6.150E-10		6.150E-13		6.4253E-03

		5.875E-10		5.875E-13		6.5749E-03

		5.625E-10		5.625E-13		6.7184E-03

		5.375E-10		5.375E-13		6.8746E-03

		5.125E-10		5.125E-13		7.0388E-03

		4.875E-10		4.875E-13		7.2194E-03

		4.625E-10		4.625E-13		7.4098E-03

		4.375E-10		4.375E-13		7.6221E-03

		4.125E-10		4.125E-13		7.8467E-03

		3.900E-10		3.900E-13		8.0748E-03

		3.700E-10		3.700E-13		8.2897E-03

		3.500E-10		3.500E-13		8.5156E-03

		3.300E-10		3.300E-13		8.7696E-03

		3.100E-10		3.100E-13		9.0483E-03

		2.900E-10		2.900E-13		9.3560E-03

		2.750E-10		2.750E-13		9.6091E-03

		2.625E-10		2.625E-13		9.8341E-03

		2.475E-10		2.475E-13		1.0131E-02

		2.350E-10		2.350E-13		1.0393E-02

		2.250E-10		2.250E-13		1.0627E-02

		2.150E-10		2.150E-13		1.0871E-02

		2.050E-10		2.050E-13		1.1129E-02

		1.950E-10		1.950E-13		1.1420E-02

		1.850E-10		1.850E-13		1.1716E-02

		1.750E-10		1.750E-13		1.2058E-02

		1.650E-10		1.650E-13		1.2416E-02

		1.550E-10		1.550E-13		1.2797E-02

		1.463E-10		1.463E-13		1.3173E-02

		1.388E-10		1.388E-13		1.3529E-02

		1.313E-10		1.313E-13		1.3908E-02

		1.238E-10		1.238E-13		1.4324E-02

		1.175E-10		1.175E-13		1.4705E-02

		1.125E-10		1.125E-13		1.5029E-02

		1.075E-10		1.075E-13		1.5369E-02

		1.025E-10		1.025E-13		1.5751E-02		Stop Griffin
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E (GeV)

D/(95MeVmb)

Neutrons damage in silicon
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Cross Section neutron

		

		E (MeV)		E (GeV)

										E (eV)		E (GeV)								E (GeV)

		3.25E+00		3.25E-03		0.00E+00				3.25E+06		3.25E-03		0.00E+00		2.53E-11

		3.74E+00		3.74E-03		1.00E-17				5.50E+06		5.50E-03		1.19E-02		5.32E-10

		3.83E+00		3.83E-03		2.75E-10				6.00E+06		6.00E-03		2.30E-01		8.76E-10

		4.25E+00		4.25E-03		5.31E-10				6.50E+06		6.50E-03		1.01E+00		1.36E-09

		4.50E+00		4.50E-03		2.80E-05				7.00E+06		7.00E-03		4.11E+00		1.98E-09

		4.64E+00		4.64E-03		1.44E-03				7.50E+06		7.50E-03		1.14E+01		2.87E-09

		4.64E+00		4.64E-03		1.49E-03				8.00E+06		8.00E-03		2.21E+01		4.18E-09

		4.64E+00		4.64E-03		1.53E-03				8.50E+06		8.50E-03		3.47E+01		6.08E-09

		4.75E+00		4.75E-03		3.73E-03				9.00E+06		9.00E-03		4.75E+01		8.85E-09

		4.82E+00		4.82E-03		5.72E-03				9.50E+06		9.50E-03		5.45E+01		1.29E-08

		5.00E+00		5.00E-03		1.34E-02				1.00E+07		1.00E-02		6.84E+01		1.87E-08

		5.16E+00		5.16E-03		5.23E-02				1.05E+07		1.05E-02		7.81E+01		2.90E-08

		5.20E+00		5.20E-03		6.51E-02				1.10E+07		1.10E-02		8.63E+01		4.79E-08

		5.25E+00		5.25E-03		8.11E-02				1.15E+07		1.15E-02		9.31E+01		7.89E-08

		5.50E+00		5.50E-03		1.51E-01				1.20E+07		1.20E-02		9.55E+01		1.30E-07

		5.75E+00		5.75E-03		7.65E-01				1.25E+07		1.25E-02		9.79E+01		2.14E-07

		5.85E+00		5.85E-03		1.07E+00				1.30E+07		1.30E-02		1.06E+02		3.54E-07

		5.91E+00		5.91E-03		1.20E+00				1.35E+07		1.35E-02		1.08E+02		5.59E-07

		6.00E+00		6.00E-03		1.39E+00				1.40E+07		1.40E-02		1.09E+02		8.48E-07

		6.25E+00		6.25E-03		3.09E+00				1.45E+07		1.45E-02		1.08E+02		1.29E-06

		6.26E+00		6.26E-03		3.20E+00				1.50E+07		1.50E-02		1.00E+02		1.91E-06

		6.34E+00		6.34E-03		4.09E+00				1.60E+07		1.60E-02		9.03E+01		2.78E-06

		6.50E+00		6.50E-03		6.13E+00				1.70E+07		1.70E-02		7.08E+01		4.05E-06

		6.58E+00		6.58E-03		7.65E+00				1.80E+07		1.80E-02		5.73E+01		5.89E-06

		6.75E+00		6.75E-03		1.06E+01				1.90E+07		1.90E-02		3.87E+01		8.57E-06

		6.75E+00		6.75E-03		1.07E+01				2.00E+07		2.00E-02		2.94E+01		1.25E-05

		6.79E+00		6.79E-03		1.17E+01				2.10E+07		2.10E-02		2.20E+01		1.81E-05

		6.97E+00		6.97E-03		1.64E+01				2.20E+07		2.20E-02		1.73E+01		2.64E-05

		7.00E+00		7.00E-03		1.72E+01				2.30E+07		2.30E-02		1.45E+01		4.09E-05

		7.01E+00		7.01E-03		1.75E+01				2.40E+07		2.40E-02		1.13E+01		6.74E-05

		7.04E+00		7.04E-03		1.82E+01				2.50E+07		2.50E-02		8.24E+00		1.03E-04

		7.07E+00		7.07E-03		1.88E+01				2.60E+07		2.60E-02		6.77E+00		1.36E-04

		7.25E+00		7.25E-03		2.22E+01				2.70E+07		2.70E-02		5.60E+00		1.66E-04

		7.50E+00		7.50E-03		2.75E+01				2.80E+07		2.80E-02		4.90E+00		2.02E-04

		7.75E+00		7.75E-03		3.52E+01				2.90E+07		2.90E-02		4.46E+00		2.47E-04

		8.00E+00		8.00E-03		4.10E+01				3.00E+07		3.00E-02		3.84E+00		3.02E-04

		8.25E+00		8.25E-03		4.67E+01				3.10E+07		3.10E-02		3.15E+00		3.69E-04

		8.50E+00		8.50E-03		5.55E+01				3.20E+07		3.20E-02		2.78E+00		4.50E-04

		9.00E+00		9.00E-03		7.14E+01				3.30E+07		3.30E-02		2.56E+00		5.50E-04

		9.50E+00		9.50E-03		8.25E+01				3.40E+07		3.40E-02		2.27E+00		6.72E-04

		1.00E+01		1.00E-02		8.92E+01				3.50E+07		3.50E-02		2.18E+00		7.81E-04

		1.05E+01		1.05E-02		9.75E+01				3.60E+07		3.60E-02		1.92E+00		8.63E-04

		1.10E+01		1.10E-02		1.07E+02				3.70E+07		3.70E-02		1.86E+00		9.54E-04

		1.15E+01		1.15E-02		1.14E+02				3.80E+07		3.80E-02		1.97E+00		1.05E-03

		1.20E+01		1.20E-02		1.18E+02				3.90E+07		3.90E-02		2.34E+00		1.16E-03

		1.30E+01		1.30E-02		1.25E+02				4.00E+07		4.00E-02		2.97E+00		1.29E-03

		1.40E+01		1.40E-02		1.23E+02				4.10E+07		4.10E-02		3.86E+00		1.42E-03

		1.50E+01		1.50E-02		1.09E+02				4.20E+07		4.20E-02		4.67E+00		1.57E-03

		1.60E+01		1.60E-02		9.46E+01				4.30E+07		4.30E-02		5.49E+00		1.74E-03

		1.70E+01		1.70E-02		7.67E+01				4.40E+07		4.40E-02		6.84E+00		1.92E-03

		1.80E+01		1.80E-02		6.20E+01				4.50E+07		4.50E-02		8.18E+00		2.12E-03

		1.90E+01		1.90E-02		5.00E+01				4.60E+07		4.60E-02		9.53E+00		2.35E-03

		2.00E+01		2.00E-02		3.85E+01				4.70E+07		4.70E-02		1.09E+01		2.59E-03

		2.20E+01		2.20E-02		2.11E+01				4.80E+07		4.80E-02		1.22E+01		2.87E-03

		2.40E+01		2.40E-02		1.18E+01				4.90E+07		4.90E-02		1.36E+01		3.17E-03

		2.60E+01		2.60E-02		6.96E+00				5.00E+07		5.00E-02		1.49E+01		3.50E-03

		2.80E+01		2.80E-02		4.25E+00				5.20E+07		5.20E-02		1.76E+01		3.87E-03

		3.00E+01		3.00E-02		2.80E+00				5.40E+07		5.40E-02		1.92E+01		4.27E-03

		3.20E+01		3.20E-02		2.02E+00				5.60E+07		5.60E-02		2.08E+01		4.72E-03

		3.40E+01		3.40E-02		1.47E+00				5.80E+07		5.80E-02		2.32E+01		5.22E-03		1.19E-02		5.50E-03

		3.60E+01		3.60E-02		1.13E+00				6.00E+07		6.00E-02		2.47E+01		5.77E-03		2.30E-01		6.00E-03

		3.80E+01		3.80E-02		9.08E-01				6.20E+07		6.20E-02		2.62E+01		6.38E-03		1.01E+00		6.50E-03

		4.00E+01		4.00E-02		7.69E-01				6.40E+07		6.40E-02		2.77E+01		7.05E-03		4.11E+00		7.00E-03

										6.60E+07		6.60E-02		2.92E+01		7.79E-03		1.14E+01		7.50E-03

										6.80E+07		6.80E-02		3.12E+01		8.61E-03		3.47E+01		8.50E-03

										7.00E+07		7.00E-02		3.33E+01		9.51E-03		5.45E+01		9.50E-03

										7.20E+07		7.20E-02		3.40E+01		1.05E-02		7.81E+01		1.05E-02

										7.40E+07		7.40E-02		3.22E+01		1.16E-02		9.31E+01		1.15E-02

										7.60E+07		7.60E-02		3.31E+01		1.28E-02		9.79E+01		1.25E-02

										7.80E+07		7.80E-02		3.26E+01		1.42E-02		1.08E+02		1.45E-02

										8.00E+07		8.00E-02		3.16E+01		1.62E-02		9.03E+01		1.60E-02

										8.20E+07		8.20E-02		3.07E+01		1.85E-02		5.73E+01		1.80E-02

										8.40E+07		8.40E-02		3.00E+01		2.24E-02		1.73E+01		2.20E-02

										8.60E+07		8.60E-02		2.93E+01		2.88E-02		4.46E+00		2.90E-02

										8.80E+07		8.80E-02		2.86E+01		3.63E-02		1.92E+00		3.60E-02

										9.00E+07		9.00E-02		2.80E+01		4.57E-02		9.53E+00		4.60E-02

										9.20E+07		9.20E-02		2.74E+01		5.76E-02		2.32E+01		5.80E-02

										9.40E+07		9.40E-02		2.64E+01		7.25E-02		3.40E+01		7.20E-02

										9.60E+07		9.60E-02		2.53E+01		9.13E-02		2.80E+01		9.00E-02

										9.80E+07		9.80E-02		2.67E+01		1.15E-01		1.06E+01		1.15E-01

										1.00E+08		1.00E-01		2.59E+01		1.45E-01		1.03E+01		1.48E-01

												1.00E-01		1.02E+01		1.82E-01		9.64E+00		1.84E-01

												1.00E-01		1.07E+01		2.30E-01		1.01E+01		2.25E-01

												1.00E-01		1.05E+01		2.89E-01		1.04E+01		2.75E-01

												1.00E-01		1.53E+01		3.64E-01		1.11E+01		3.50E-01

												1.01E-01		9.50E+00		4.58E-01		1.19E+01		4.26E-01

												1.05E-01		1.51E+01		5.77E-01		1.10E+01		5.91E-01

												1.07E-01		1.08E+01		7.27E-01		1.10E+01		6.00E-01

												1.10E-01		1.03E+01		9.15E-01		1.05E+01		1.00E+00

												1.10E-01		1.06E+01		1.15E+00		1.01E+01		1.00E+00

												1.10E-01		1.09E+01		1.45E+00		8.70E+00		1.60E+00

												1.10E-01		1.50E+01		1.83E+00		9.50E+00		2.00E+00

												1.15E-01		1.06E+01		2.30E+00		9.00E+00		2.20E+00

												1.15E-01		1.40E+01		2.90E+00		1.00E+01		3.00E+00

												1.18E-01		1.40E+01		3.65E+00		9.10E+00		3.00E+00

												1.20E-01		1.01E+01		4.60E+00		8.10E+00		3.00E+00

												1.20E-01		1.03E+01		5.79E+00		8.70E+00		6.00E+00

												1.24E-01		1.07E+01		7.29E+00		8.65E+00		7.00E+00

												1.25E-01		1.00E+01		9.18E+00		8.60E+00		1.00E+01

												1.30E-01		9.80E+00		1.16E+01		8.60E+00

												1.32E-01		1.06E+01		1.46E+01		8.60E+00

												1.34E-01		1.09E+01		1.83E+01		8.60E+00

												1.35E-01		9.70E+00		2.31E+01		8.60E+00

												1.40E-01		1.09E+01		2.91E+01		8.84E+00		2.80E+01

												1.40E-01		1.05E+01		3.66E+01		8.84E+00

												1.48E-01		1.03E+01		4.61E+01		8.84E+00

												1.50E-01		9.10E+00		5.81E+01		8.84E+00

												1.50E-01		9.30E+00		7.31E+01		8.84E+00

												1.50E-01		9.60E+00		9.21E+01		8.84E+00

												1.50E-01		9.40E+00

												1.54E-01		9.97E+00

												1.59E-01		1.04E+01

												1.61E-01		9.92E+00

												1.66E-01		9.96E+00

												1.68E-01		1.01E+01

												1.72E-01		9.82E+00

												1.75E-01		8.90E+00

												1.78E-01		9.73E+00

												1.84E-01		9.64E+00

												1.89E-01		9.56E+00

												1.94E-01		9.58E+00

												1.96E-01		9.92E+00

												1.99E-01		9.46E+00

												2.00E-01		9.30E+00

												2.00E-01		9.30E+00

												2.25E-01		1.01E+01

												2.25E-01		9.30E+00

												2.50E-01		9.90E+00

												2.63E-01		1.12E+01

												2.75E-01		1.04E+01

												3.00E-01		1.01E+01

												3.00E-01		1.12E+01

												3.25E-01		1.13E+01

												3.30E-01		1.17E+01

												3.35E-01		1.02E+01

												3.40E-01		1.15E+01

												3.50E-01		1.12E+01

												3.50E-01		1.11E+01

												4.00E-01		1.05E+01

												4.20E-01		1.08E+01

												4.26E-01		1.19E+01

												5.91E-01		1.10E+01

												6.00E-01		1.08E+01

												6.00E-01		1.10E+01

												1.00E+00		1.05E+01

												1.00E+00		1.01E+01

												1.60E+00		8.70E+00

												2.00E+00		9.50E+00

												2.00E+00		1.04E+01

												2.20E+00		9.00E+00

												2.20E+00		8.80E+00

												2.70E+00		1.05E+01

												3.00E+00		1.00E+01

												3.00E+00		9.10E+00

												3.00E+00		8.10E+00

												6.00E+00		8.70E+00

												1.00E+01		8.60E+00

												2.80E+01		8.84E+00

												2.80E+01		8.60E+00

												3.00E+02		8.04E+00
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E (GeV)

Cross Section (mb)

s Neutron [Reaction 13Al->2411,Na]
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Cross Section pion neg.

		

		E (MeV)		E (GeV)

		50		5.00E-02		19.6				1.12E-05

		60		6.00E-02		20.2				1.41E-05

		70		7.00E-02		23.4				1.78E-05

		80		8.00E-02		22.5				2.24E-05

		100		1.00E-01		26				2.82E-05

		100		1.00E-01		22				3.55E-05

		110		1.10E-01		25.4				4.47E-05

		120		1.20E-01		25.8				5.62E-05

		140		1.40E-01		26				7.08E-05

		150		1.50E-01		26.4				8.91E-05

		160		1.60E-01		25				1.12E-04

		180		1.80E-01		23.8				1.41E-04

		180		1.80E-01		24				1.78E-04

		190		1.90E-01		24.3				2.24E-04

		200		2.00E-01		22.9				2.82E-04

		220		2.20E-01		20.7				3.55E-04

		240		2.40E-01		18.3				4.47E-04

		250		2.50E-01		17.2				5.62E-04

		300		3.00E-01		15.3				7.08E-04

		300		3.00E-01		15.9				8.91E-04

		350		3.50E-01		12.9				1.12E-03

		400		4.00E-01		11.7				1.41E-03

		450		4.50E-01		11				1.78E-03

		500		5.00E-01		11.4				2.24E-03

				5.91E-01		12.43				2.82E-03

				1.00E+00		10.32				3.55E-03

				1.60E+00		8.03				4.47E-03

				2.00E+00		8.43				5.62E-03

				2.70E+00		9.21				7.08E-03

				3.00E+00		8.63				8.91E-03

				6.00E+00		7.13				1.12E-02

				1.00E+01		6.79				1.41E-02

				2.80E+01		6.93				1.78E-02

										2.24E-02

										2.82E-02

										3.55E-02

										4.47E-02		5.00E-02		19.6

										5.62E-02		6.00E-02		20.2

										7.08E-02		7.00E-02		23.4

										8.91E-02		8.00E-02		22.5

										1.12E-01		1.10E-01		25.4

										1.41E-01		1.40E-01		26

										1.78E-01		1.80E-01		23.8

										2.24E-01		2.20E-01		20.7

										2.82E-01		2.50E-01		17.2

										3.55E-01		3.50E-01		12.9

										4.47E-01		4.50E-01		11

										5.62E-01		5.00E-01		11.4

										7.08E-01		5.91E-01		12.43

										8.91E-01		1.00E+00		10.3230599056

										1.12E+00				9.5

										1.41E+00				8.8

										1.78E+00		1.60E+00		8.025968228

										2.24E+00		2.00E+00		8.432965496

										2.82E+00		2.70E+00		9.2126303975

										3.55E+00		3.00E+00		8.6337845984

										4.47E+00				8

										5.62E+00		6.00E+00		7.134

										7.08E+00				7

										8.91E+00				6.9

										1.12E+01		1.00E+01		6.7865576309

										1.41E+01		2.80E+01		6.9347347629

										1.78E+01				6.9347347629

										2.24E+01				6.9347347629

										2.82E+01

										3.55E+01

										4.47E+01

										5.62E+01

										7.08E+01

										8.91E+01

										1.12E+02

										1.41E+02

										1.78E+02

										2.24E+02

										2.82E+02

										3.55E+02

										4.47E+02

										5.62E+02

										7.08E+02

										8.91E+02

										1.12E+03

										1.41E+03

										1.78E+03

										2.24E+03

										2.82E+03

										3.55E+03

										4.47E+03

										5.62E+03

										7.08E+03

										8.91E+03





Cross Section pion neg.
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Cross Section pion pos.

		

		E (MeV)		E (GeV)

		50		0.05		5.7

		60		0.06		6

		79		0.079		8.4

		99		0.099		12.7

		100		0.1		12.3

		129		0.129		17.2

		140		0.14		18.5

		149		0.149		18.8

		164		0.164		19.5

		180		0.18		20

		180		0.18		21.2

		197		0.197		19.6

		240		0.24		18.3

		245		0.245		17.6

		296		0.296		13

		300		0.3		14.3

		342		0.342		11.6

		389		0.389		9.8

				0.4		13.443978893		From inelastic cross section (from FLUKA)

				0.42		13.5		From inelastic cross section (from FLUKA)

				0.591		18.8759534614		From inelastic cross section (from FLUKA)

				0.6		11.6586028057		From inelastic cross section (from FLUKA)

				1		10.3110968377		From inelastic cross section (from FLUKA)

				1.6		8.0218520865		From inelastic cross section (from FLUKA)

				2		8.4329254143		From inelastic cross section (from FLUKA)

				2.7		9.2126303975		From inelastic cross section (from FLUKA)

				3		8.6337845984		From inelastic cross section (from FLUKA)

				6		7.1109190481		From inelastic cross section (from FLUKA)

				10		6.7865576309		From inelastic cross section (from FLUKA)

				28		6.9347347629		From inelastic cross section (from FLUKA)
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Cross Section proton

		

		E (MeV)		E (GeV)

		10.2		1.02E-02		2.00E-01				1.12E-05

		15.8		1.58E-02		2.00E-01				1.41E-05

		20.3		2.03E-02		3.00E-01				1.78E-05

		24.3		2.43E-02		4.00E-01				2.24E-05

		27.9		2.79E-02		4.00E-01				2.82E-05

		31		3.10E-02		3.00E-01				3.55E-05

		31.1		3.11E-02		5.00E-01				4.47E-05

		32		3.20E-02		5.00E-03				5.62E-05

		34		3.40E-02		7.00E-01				7.08E-05

		34		3.40E-02		7.00E-01				8.91E-05

		34		3.40E-02		4.50E-01				1.12E-04

		34.3		3.43E-02		3.20E-01				1.41E-04

		34.4		3.44E-02		3.30E-01				1.78E-04

		34.7		3.47E-02		4.30E-01				2.24E-04

		35.3		3.53E-02		8.00E-03				2.82E-04

		36		3.60E-02		1.00E+00				3.55E-04

		36.5		3.65E-02		6.50E-01				4.47E-04

		36.8		3.68E-02		9.00E-01				5.62E-04

		37		3.70E-02		9.00E-01				7.08E-04

		37.4		3.74E-02		8.00E-01				8.91E-04

		38		3.80E-02		1.30E+00				1.12E-03

		38.9		3.89E-02		1.11E+00				1.41E-03

		39.5		3.95E-02		1.60E+00				1.78E-03

		40		4.00E-02		2.00E+00				2.24E-03

		40		4.00E-02		1.30E+00				2.82E-03

		40		4.00E-02		1.82E+00				3.55E-03

		40		4.00E-02		1.40E+00				4.47E-03

		40.3		4.03E-02		6.90E-02				5.62E-03

		40.5		4.05E-02		1.43E+00				7.08E-03

		42		4.20E-02		2.70E+00				8.91E-03

		42.1		4.21E-02		2.20E+00				1.12E-02		1.02E-02		2.00E-01

		43.8		4.38E-02		2.45E+00				1.41E-02		1.58E-02		2.00E-01

		43.8		4.38E-02		2.53E+00				1.78E-02		2.03E-02		3.00E-01

		44.1		4.41E-02		2.80E+00				2.24E-02		2.43E-02		4.00E-01

		44.3		4.43E-02		2.71E+00				2.82E-02		2.79E-02		4.00E-01

		44.3		4.43E-02		2.67E+00				3.55E-02		3.53E-02		8.00E-03

		44.5		4.45E-02		2.70E+00				4.47E-02		4.45E-02		2.70E+00

		45.1		4.51E-02		8.60E-01				5.62E-02		5.60E-02		9.10E+00

		46		4.60E-02		3.40E+00				7.08E-02		7.10E-02		1.60E+01

		46.58		4.66E-02		6.10E+00				8.91E-02		8.90E-02		1.14E+01

		46.8		4.68E-02		3.70E+00				1.12E-01		1.10E-01		1.50E+01

		47		4.70E-02		5.00E+00				1.41E-01		1.40E-01		1.09E+01

		47.4		4.74E-02		4.17E+00				1.78E-01		1.75E-01		8.90E+00

		47.4		4.74E-02		4.23E+00				2.24E-01		2.25E-01		1.01E+01

		48		4.80E-02		5.00E+00				2.82E-01		2.75E-01		1.04E+01

		48.9		4.89E-02		4.60E+00				3.55E-01		3.50E-01		1.12E+01

		50		5.00E-02		1.52E+00				4.47E-01		4.26E-01		1.19E+01

		50		5.00E-02		5.00E+00				5.62E-01		5.91E-01		1.10E+01

		50		5.00E-02		6.30E+00				7.08E-01		6.00E-01		1.08E+01

		50		5.00E-02		6.20E+00				8.91E-01		6.00E-01		1.10E+01

		50		5.00E-02		6.20E+00				1.12E+00		1.00E+00		1.05E+01

		50		5.00E-02		5.30E+00				1.41E+00		1.00E+00		1.01E+01

		50.1		5.01E-02		6.10E+00				1.78E+00		1.60E+00		8.70E+00

		50.4		5.04E-02		8.60E+00				2.24E+00		2.20E+00		9.00E+00

		50.6		5.06E-02		6.50E+00				2.82E+00		2.70E+00		1.05E+01

		50.8		5.08E-02		6.10E+00				3.55E+00		3.00E+00		1.00E+01

		51		5.10E-02		5.60E+00				4.47E+00		3.00E+00		9.10E+00

		52		5.20E-02		7.00E+00				5.62E+00		3.00E+00		8.10E+00

		52.2		5.22E-02		4.10E+00				7.08E+00		6.00E+00		8.70E+00

		53.2		5.32E-02		6.70E+00				8.91E+00		1.00E+01		8.60E+00

		54		5.40E-02		7.80E+00				1.12E+01				8.70E+00

		54		5.40E-02		7.70E+00				1.41E+01				8.70E+00

		54.6		5.46E-02		1.04E+01				1.78E+01				8.70E+00

		55		5.50E-02		3.90E+00				2.24E+01				8.70E+00

		55		5.50E-02		9.20E+00				2.82E+01		2.80E+01		8.84E+00

		55.2		5.52E-02		7.40E+00				3.55E+01		2.80E+01		8.60E+00				35.48

		55.4		5.54E-02		5.30E+00				4.47E+01		3.00E+02		8.04E+00

		56		5.60E-02		9.10E+00				5.62E+01				8.04E+00

		57		5.70E-02		1.00E+01				7.08E+01				8.04E+00

		57.2		5.72E-02		7.80E+00				8.91E+01				8.04E+00

		58		5.80E-02		1.30E+01				1.12E+02				8.04E+00

		59.2		5.92E-02		8.20E+00				1.41E+02				8.04E+00

		60		6.00E-02		8.70E+00				1.78E+02				8.04E+00

		60		6.00E-02		9.90E+00				2.24E+02				8.04E+00

		60		6.00E-02		5.40E+00				2.82E+02				8.04E+00

		60		6.00E-02		1.00E+01				3.55E+02				8.04E+00

		60		6.00E-02		7.00E+00				4.47E+02				8.04E+00

		60		6.00E-02		9.50E+00				5.62E+02				8.04E+00

		60.1		6.01E-02		1.12E+01				7.08E+02				8.04E+00

		62		6.20E-02		8.70E+00				8.91E+02				8.04E+00

		61.1		6.11E-02		8.50E+00				1.12E+03				8.04E+00

		62		6.20E-02		1.40E+01				1.41E+03				8.04E+00

		63		6.30E-02		8.30E+00				1.78E+03				8.04E+00

		63.7		6.37E-02		9.90E+00				2.24E+03				8.04E+00

		63.7		6.37E-02		1.00E+01				2.82E+03				8.04E+00

		64.8		6.48E-02		8.90E+00				3.55E+03				8.04E+00

		65		6.50E-02		1.80E+01				4.47E+03				8.04E+00

		65		6.50E-02		6.80E+00				5.62E+03				8.04E+00

		65.3		6.53E-02		1.10E+01				7.08E+03				8.04E+00

		66.6		6.66E-02		9.30E+00				8.91E+03				8.04E+00

		68		6.80E-02		1.54E+01

		68.5		6.85E-02		9.90E+00

		68.9		6.89E-02		9.90E+00

		69.9		6.99E-02		9.80E+00

		70		7.00E-02		1.20E+01

		70		7.00E-02		1.10E+01

		70		7.00E-02		9.00E+00

		70		7.00E-02		8.20E+00

		70.3		7.03E-02		1.11E+01

		71		7.10E-02		1.60E+01

		75		7.50E-02		1.60E+01

		75		7.50E-02		1.40E+01

		75		7.50E-02		1.09E+01

		78		7.80E-02		1.60E+01

		79		7.90E-02		1.21E+01

		80		8.00E-02		1.03E+01

		80		8.00E-02		1.00E+01

		80		8.00E-02		1.20E+01

		80		8.00E-02		1.00E+01

		80.4		8.04E-02		1.01E+01

		81		8.10E-02		1.30E+01

		82		8.20E-02		1.17E+01

		85		8.50E-02		1.58E+01

		85		8.50E-02		1.05E+01

		85		8.50E-02		1.30E+01

		85		8.50E-02		1.02E+01

		85		8.50E-02		1.09E+01

		89		8.90E-02		1.57E+01

		89		8.90E-02		1.14E+01

		90		9.00E-02		1.05E+01

		90		9.00E-02		1.12E+01

		90		9.00E-02		1.07E+01

		90.3		9.03E-02		9.90E+00

		95		9.50E-02		1.55E+01

		97		9.70E-02		1.10E+01

		98		9.80E-02		1.54E+01

		100		1.00E-01		1.02E+01

		100		1.00E-01		1.07E+01

		100		1.00E-01		1.05E+01

		100		1.00E-01		1.53E+01

		100.5		1.01E-01		9.50E+00

		105		1.05E-01		1.51E+01

		107		1.07E-01		1.08E+01

		110		1.10E-01		1.03E+01

		110		1.10E-01		1.06E+01

		110		1.10E-01		1.09E+01

		110		1.10E-01		1.50E+01

		115		1.15E-01		1.06E+01

		115		1.15E-01		1.40E+01

		118		1.18E-01		1.40E+01

		120		1.20E-01		1.01E+01

		120		1.20E-01		1.03E+01

		124		1.24E-01		1.07E+01

		125		1.25E-01		1.00E+01

		130		1.30E-01		9.80E+00

		132		1.32E-01		1.06E+01

		134		1.34E-01		1.09E+01

		135		1.35E-01		9.70E+00

		140		1.40E-01		1.09E+01

		140		1.40E-01		1.05E+01

		148		1.48E-01		1.03E+01

		150		1.50E-01		9.10E+00

		150		1.50E-01		9.30E+00

		150		1.50E-01		9.60E+00

		150		1.50E-01		9.40E+00

		154		1.54E-01		9.97E+00

		159		1.59E-01		1.04E+01

		161		1.61E-01		9.92E+00

		166		1.66E-01		9.96E+00

		168		1.68E-01		1.01E+01

		172		1.72E-01		9.82E+00

		175		1.75E-01		8.90E+00

		178		1.78E-01		9.73E+00

		184		1.84E-01		9.64E+00

		189		1.89E-01		9.56E+00

		194		1.94E-01		9.58E+00

		196		1.96E-01		9.92E+00

		199		1.99E-01		9.46E+00

		200		2.00E-01		9.30E+00

		200		2.00E-01		9.30E+00

		225		2.25E-01		1.01E+01

		225		2.25E-01		9.30E+00

		250		2.50E-01		9.90E+00

		263		2.63E-01		1.12E+01

		275		2.75E-01		1.04E+01

		300		3.00E-01		1.01E+01

		300		3.00E-01		1.12E+01

		325		3.25E-01		1.13E+01

		330		3.30E-01		1.17E+01

		335		3.35E-01		1.02E+01

		340		3.40E-01		1.15E+01

		350		3.50E-01		1.12E+01

		350		3.50E-01		1.11E+01

		400		4.00E-01		1.05E+01

		420		4.20E-01		1.08E+01

		426		4.26E-01		1.19E+01

		591		5.91E-01		1.10E+01

		600		6.00E-01		1.08E+01

		600		6.00E-01		1.10E+01

		1000		1.00E+00		1.05E+01

		1000		1.00E+00		1.01E+01

		1600		1.60E+00		8.70E+00

		2000		2.00E+00		9.50E+00

		2000		2.00E+00		1.04E+01

		2200		2.20E+00		9.00E+00

		2200		2.20E+00		8.80E+00

		2700		2.70E+00		1.05E+01

		3000		3.00E+00		1.00E+01

		3000		3.00E+00		9.10E+00

		3000		3.00E+00		8.10E+00

		6000		6.00E+00		8.70E+00

		10000		1.00E+01		8.60E+00

		28000		2.80E+01		8.84E+00

		28000		2.80E+01		8.60E+00

		300000		3.00E+02		8.04E+00





Cross Section proton
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IRRAD2 Simulation

		IRRAD2, Neutron facilities at CERN PS, Geneva Switzerland

		Date : 23 july 1999																				Maurice Glaser				Email: maurice.glaser@cern.ch
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Simulation with Cross Section
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Neutron z=  0 cm

Neutron z= -20 cm

Neutron z= - 50 cm

Neutron z=  -85 cm

Neutron z=-115 cm

Neutron z=-145 cm

Neutron z=-180 cm

Neutron damage in silicium

E(GeV)

Edf/dE

D/(95MeVmb)

Neutron flux  Vs E(GeV)

0.446

0.4463532632

0.4465376842

0.44663

0.4468145263

0.4469067368

0.4469990526

0.4470914737

0.4472762105

0.4473687368

0.4474610526

0.4475535789

0.4477385263

0.4478310526

0.4479236842

0.4480163158

0.4482014737

0.4482941053

0.4483868421

0.4484794737

0.4486650526

0.4487577895

0.4488505263

0.4489434737

0.4491291579

0.449222

0.4493148421

0.4494077895

0.4495936842

0.4496867368

0.4497797895

0.4498727368

0.4500590526

0.4501521053

0.4502451579

0.4503384211

0.4505248421

0.4506181053

0.4507112632

0.4508046316

0.4509911579

0.4510846316

0.451178

0.4512714737

0.4514582105

0.4515516842

0.4516451579

0.4517387368

0.4519257895

0.4520193684

0.4521130526

0.4522067368

0.452394

0.4524876842

0.4525814737

0.4526751579

0.4528627368

0.4529566316

0.4530505263

0.4531444211

0.4533322105

0.4534261053

0.4535201053

0.4536141053

0.4538021053

0.4538962105

0.4539903158

0.4540844211

0.4542727368

0.4543669474

0.4544610526

0.4545552632

0.4547437895

0.4548381053

0.4549324211

0.4550268421

0.4552155789

0.45531

0.4554044211

0.4554988421

0.4556878947

0.4557824211

0.4558770526

0.4559715789

0.4561608421

0.4562554737

0.4563502105

0.4564449474

0.4566343158
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Pion z =   0 cm
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Pion z = 50 cm

Pion damage in silicium

E(GeV)

Edf/dE (cm2/proton)
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Pion flux  Vs E(GeV)
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		1.58E-05		6.83E-10		1.78E-05		6.39E-11				0.00E+00				8.76E-10		1.62E-05				1.72E-04		2.79E-09						0.00E+00				0.00E+00		1.78E-05		8.61E-10				0.00E+00				8.76E-10		1.59E-05				1.72E-04		2.74E-09				0.00E+00				0.00E+00		1.78E-05		7.46E-10				0.00E+00				8.76E-10		3.24E-05				1.72E-04		5.57E-09				0.00E+00				0.00E+00		1.78E-05		0.00E+00				0.00E+00				8.76E-10		6.79E-05				1.72E-04		1.17E-08				0.00E+00				0.00E+00		1.78E-05		2.18E-09				0.00E+00				8.76E-10		7.36E-05				1.72E-04		1.26E-08				0.00E+00				0.00E+00		1.78E-05		8.32E-10				0.00E+00				8.76E-10		2.55E-05				1.72E-04		4.38E-09				0.00E+00				0.00E+00		1.78E-05		1.16E-09				0.00E+00				8.76E-10		4.77E-05				1.72E-04		8.19E-09				0.00E+00				0.00E+00		4.53E-10		1.94E-10				0.00E+00				4.35E-05		2.54E-05				1.72E-04		4.36E-09				0.00E+00				0.00E+00		1.78E-05		3.80E-10				0.00E+00				8.76E-10		2.15E-05				1.72E-04		3.70E-09				0.00E+00				0.00E+00		1.78E-05		0.00E+00				0.00E+00				8.76E-10		1.29E-05				1.72E-04		2.22E-09				0.00E+00				0.00E+00		1.78E-05		4.60E-11				0.00E+00				8.76E-10		8.78E-06				1.72E-04		1.51E-09				0.00E+00				0.00E+00

		2.00E-05		1.13E-09		2.24E-05		7.28E-11				0.00E+00				1.36E-09		6.46E-05				1.36E-04		8.76E-09						0.00E+00				0.00E+00		2.24E-05		9.82E-10				0.00E+00				1.36E-09		1.04E-04				1.36E-04		1.42E-08				0.00E+00				0.00E+00		2.24E-05		8.51E-10				0.00E+00				1.36E-09		4.25E-05				1.36E-04		5.77E-09				0.00E+00				0.00E+00		2.24E-05		0.00E+00				0.00E+00				1.36E-09		4.15E-05				1.36E-04		5.63E-09				0.00E+00				0.00E+00		2.24E-05		2.48E-09				0.00E+00				1.36E-09		3.16E-05				1.36E-04		4.29E-09				0.00E+00				0.00E+00		2.24E-05		9.46E-10				0.00E+00				1.36E-09		4.89E-05				1.36E-04		6.63E-09				0.00E+00				0.00E+00		2.24E-05		1.18E-09				0.00E+00				1.36E-09		4.33E-05				1.36E-04		5.87E-09				0.00E+00				0.00E+00		5.84E-10		2.21E-10				0.00E+00				7.00E-05		2.23E-05				1.36E-04		3.02E-09				0.00E+00				0.00E+00		2.24E-05		4.65E-10				0.00E+00				1.36E-09		2.83E-05				1.36E-04		3.84E-09				0.00E+00				0.00E+00		2.24E-05		0.00E+00				0.00E+00				1.36E-09		1.93E-05				1.36E-04		2.61E-09				0.00E+00				0.00E+00		2.24E-05		9.71E-11				0.00E+00				1.36E-09		2.24E-05				1.36E-04		3.03E-09				0.00E+00				0.00E+00

		2.51E-05		1.64E-09		2.82E-05		8.35E-11				0.00E+00				1.98E-09		2.03E-05				1.14E-04		2.31E-09						0.00E+00				0.00E+00		2.82E-05		1.13E-09				0.00E+00				1.98E-09		4.68E-05				1.14E-04		5.34E-09				0.00E+00				0.00E+00		2.82E-05		9.76E-10				0.00E+00				1.98E-09		6.36E-05				1.14E-04		7.26E-09				0.00E+00				0.00E+00		2.82E-05		0.00E+00				0.00E+00				1.98E-09		6.94E-05				1.14E-04		7.92E-09				0.00E+00				0.00E+00		2.82E-05		2.84E-09				0.00E+00				1.98E-09		6.72E-05				1.14E-04		7.67E-09				0.00E+00				0.00E+00		2.82E-05		2.33E-09				0.00E+00				1.98E-09		8.53E-05				1.14E-04		9.73E-09				0.00E+00				0.00E+00		2.82E-05		1.17E-09				0.00E+00				1.98E-09		4.21E-05				1.14E-04		4.80E-09				0.00E+00				0.00E+00		5.91E-10		2.54E-10				0.00E+00				9.94E-05		2.24E-05				1.14E-04		2.56E-09				0.00E+00				0.00E+00		2.82E-05		3.66E-11				0.00E+00				1.98E-09		3.07E-05				1.14E-04		3.50E-09				0.00E+00				0.00E+00		2.82E-05		0.00E+00				0.00E+00				1.98E-09		1.96E-05				1.14E-04		2.23E-09				0.00E+00				0.00E+00		2.82E-05		6.66E-11				0.00E+00				1.98E-09		3.38E-05				1.14E-04		3.86E-09				0.00E+00				0.00E+00

		3.16E-05		2.38E-09		3.55E-05		9.65E-11				0.00E+00				2.87E-09		4.46E-05				9.36E-05		4.18E-09						0.00E+00				0.00E+00		3.55E-05		8.88E-10				0.00E+00				2.87E-09		4.31E-05				9.36E-05		4.03E-09				0.00E+00				0.00E+00		3.55E-05		1.13E-09				0.00E+00				2.87E-09		6.17E-05				9.36E-05		5.77E-09				0.00E+00				0.00E+00		3.55E-05		0.00E+00				0.00E+00				2.87E-09		5.95E-05				9.36E-05		5.57E-09				0.00E+00				0.00E+00		3.55E-05		3.28E-09				0.00E+00				2.87E-09		6.74E-05				9.36E-05		6.31E-09				0.00E+00				0.00E+00		3.55E-05		1.45E-09				0.00E+00				2.87E-09		8.96E-05				9.36E-05		8.39E-09				0.00E+00				0.00E+00		3.55E-05		2.11E-09				0.00E+00				2.87E-09		7.11E-05				9.36E-05		6.65E-09				0.00E+00				0.00E+00		6.83E-10		2.94E-10				0.00E+00				1.66E-04		6.01E-05				9.36E-05		5.62E-09				0.00E+00				0.00E+00		3.55E-05		4.25E-11				0.00E+00				2.87E-09		2.09E-05				9.36E-05		1.96E-09				0.00E+00				0.00E+00		3.55E-05		0.00E+00				0.00E+00				2.87E-09		2.13E-05				9.36E-05		1.99E-09				0.00E+00				0.00E+00		3.55E-05		7.73E-11				0.00E+00				2.87E-09		1.96E-05				9.36E-05		1.84E-09				0.00E+00				0.00E+00

		3.98E-05		3.47E-09		4.47E-05		1.13E-10				0.00E+00				4.18E-09		7.31E-05				7.86E-05		5.75E-09						0.00E+00				0.00E+00		4.47E-05		1.04E-09				0.00E+00				4.18E-09		8.68E-05				7.86E-05		6.83E-09				0.00E+00				0.00E+00		4.47E-05		1.32E-09				0.00E+00				4.18E-09		8.58E-05				7.86E-05		6.74E-09				0.00E+00				0.00E+00		4.47E-05		0.00E+00				0.00E+00				4.18E-09		8.14E-05				7.86E-05		6.40E-09				0.00E+00				0.00E+00		4.47E-05		6.15E-09				0.00E+00				4.18E-09		1.04E-04				7.86E-05		8.15E-09				0.00E+00				0.00E+00		4.47E-05		1.70E-09				0.00E+00				4.18E-09		4.41E-05				7.86E-05		3.47E-09				0.00E+00				0.00E+00		4.47E-05		1.72E-09				0.00E+00				4.18E-09		7.02E-05				7.86E-05		5.52E-09				0.00E+00				0.00E+00		4.29E-10		3.45E-10				0.00E+00				1.83E-04		6.14E-05				7.86E-05		4.82E-09				0.00E+00				0.00E+00		4.47E-05		5.01E-11				0.00E+00				4.18E-09		3.49E-05				7.86E-05		2.75E-09				0.00E+00				0.00E+00		4.47E-05		0.00E+00				0.00E+00				4.18E-09		4.56E-05				7.86E-05		3.58E-09				0.00E+00				0.00E+00		4.47E-05		9.09E-11				0.00E+00				4.18E-09		2.89E-05				7.86E-05		2.27E-09				0.00E+00				0.00E+00

		5.01E-05		5.04E-09		5.62E-05		1.34E-10				0.00E+00				6.08E-09		6.89E-05				6.43E-05		4.43E-09						0.00E+00				0.00E+00		5.62E-05		1.23E-09				0.00E+00				6.08E-09		6.15E-05				6.43E-05		3.95E-09				0.00E+00				0.00E+00		5.62E-05		7.32E-10				0.00E+00				6.08E-09		1.27E-04				6.43E-05		8.14E-09				0.00E+00				0.00E+00		5.62E-05		0.00E+00				0.00E+00				6.08E-09		1.21E-04				6.43E-05		7.80E-09				0.00E+00				0.00E+00		5.62E-05		5.01E-09				0.00E+00				6.08E-09		1.32E-04				6.43E-05		8.47E-09				0.00E+00				0.00E+00		5.62E-05		2.05E-09				0.00E+00				6.08E-09		1.64E-04				6.43E-05		1.05E-08				0.00E+00				0.00E+00		5.62E-05		2.06E-09				0.00E+00				6.08E-09		8.12E-05				6.43E-05		5.22E-09				0.00E+00				0.00E+00		5.10E-10		4.12E-10				0.00E+00				1.78E-04		5.82E-05				6.43E-05		3.74E-09				0.00E+00				0.00E+00		5.62E-05		6.00E-11				0.00E+00				6.08E-09		5.10E-05				6.43E-05		3.28E-09				0.00E+00				0.00E+00		5.62E-05		0.00E+00				0.00E+00				6.08E-09		3.97E-05				6.43E-05		2.55E-09				0.00E+00				0.00E+00		5.62E-05		1.09E-10				0.00E+00				6.08E-09		3.67E-05				6.43E-05		2.36E-09				0.00E+00				0.00E+00

		6.31E-05		7.34E-09		7.08E-05		1.63E-10				0.00E+00				8.85E-09		7.59E-05				5.09E-05		3.86E-09						0.00E+00				0.00E+00		7.08E-05		1.50E-09				0.00E+00				8.85E-09		5.78E-05				5.09E-05		2.94E-09				0.00E+00				0.00E+00		7.08E-05		8.90E-10				0.00E+00				8.85E-09		1.11E-04				5.09E-05		5.64E-09				0.00E+00				0.00E+00		7.08E-05		0.00E+00				0.00E+00				8.85E-09		1.01E-04				5.09E-05		5.16E-09				0.00E+00				0.00E+00		7.08E-05		2.70E-09				0.00E+00				8.85E-09		1.16E-04				5.09E-05		5.89E-09				0.00E+00				0.00E+00		7.08E-05		2.52E-09				0.00E+00				8.85E-09		1.42E-04				5.09E-05		7.20E-09				0.00E+00				0.00E+00		7.08E-05		2.52E-09				0.00E+00				8.85E-09		9.01E-05				5.09E-05		4.58E-09				0.00E+00				0.00E+00		8.12E-10		5.02E-10				0.00E+00				2.15E-04		1.13E-04				5.09E-05		5.73E-09				0.00E+00				0.00E+00		7.08E-05		7.36E-11				0.00E+00				8.85E-09		6.90E-05				5.09E-05		3.51E-09				0.00E+00				0.00E+00		7.08E-05		0.00E+00				0.00E+00				8.85E-09		4.90E-05				5.09E-05		2.49E-09				0.00E+00				0.00E+00		7.08E-05		1.33E-10				0.00E+00				8.85E-09		3.82E-05				5.09E-05		1.94E-09				0.00E+00				0.00E+00

		7.94E-05		1.07E-08		8.91E-05		2.02E-10				0.00E+00				1.29E-08		9.98E-05				4.40E-05		4.39E-09						0.00E+00				0.00E+00		8.91E-05		1.86E-09				0.00E+00				1.29E-08		1.70E-04				4.40E-05		7.46E-09				0.00E+00				0.00E+00		8.91E-05		1.11E-09				0.00E+00				1.29E-08		1.40E-04				4.40E-05		6.17E-09				0.00E+00				0.00E+00		8.91E-05		0.00E+00				0.00E+00				1.29E-08		1.61E-04				4.40E-05		7.10E-09				0.00E+00				0.00E+00		8.91E-05		3.36E-09				0.00E+00				1.29E-08		1.34E-04				4.40E-05		5.88E-09				0.00E+00				0.00E+00		8.91E-05		3.18E-09				0.00E+00				1.29E-08		9.61E-05				4.40E-05		4.23E-09				0.00E+00				0.00E+00		8.91E-05		3.17E-09				0.00E+00				1.29E-08		1.15E-04				4.40E-05		5.06E-09				0.00E+00				0.00E+00		6.25E-10		6.28E-10				0.00E+00				2.46E-04		7.19E-05				4.40E-05		3.16E-09				0.00E+00				0.00E+00		8.91E-05		0.00E+00				0.00E+00				1.29E-08		6.45E-05				4.40E-05		2.84E-09				0.00E+00				0.00E+00		8.91E-05		0.00E+00				0.00E+00				1.29E-08		6.75E-05				4.40E-05		2.97E-09				0.00E+00				0.00E+00		8.91E-05		1.67E-10				0.00E+00				1.29E-08		3.95E-05				4.40E-05		1.74E-09				0.00E+00				0.00E+00

		1.00E-04		1.55E-08		1.12E-04		2.59E-10				0.00E+00				1.87E-08		8.15E-05				3.71E-05		3.03E-09						0.00E+00				0.00E+00		1.12E-04		2.38E-09				0.00E+00				1.87E-08		1.24E-04				3.71E-05		4.61E-09				0.00E+00				0.00E+00		1.12E-04		1.03E-09				0.00E+00				1.87E-08		1.42E-04				3.71E-05		5.25E-09				0.00E+00				0.00E+00		1.12E-04		0.00E+00				0.00E+00				1.87E-08		1.56E-04				3.71E-05		5.81E-09				0.00E+00				0.00E+00		1.12E-04		4.31E-09				0.00E+00				1.87E-08		1.11E-04				3.71E-05		4.13E-09				0.00E+00				0.00E+00		1.12E-04		4.15E-09				0.00E+00				1.87E-08		1.22E-04				3.71E-05		4.52E-09				0.00E+00				0.00E+00		1.12E-04		4.11E-09				0.00E+00				1.87E-08		1.51E-04				3.71E-05		5.62E-09				0.00E+00				0.00E+00		5.12E-10		3.19E-10				0.00E+00				3.18E-04		1.09E-04				3.71E-05		4.04E-09				0.00E+00				0.00E+00		1.12E-04		0.00E+00				0.00E+00				1.87E-08		8.40E-05				3.71E-05		3.12E-09				0.00E+00				0.00E+00		1.12E-04		0.00E+00				0.00E+00				1.87E-08		5.15E-05				3.71E-05		1.91E-09				0.00E+00				0.00E+00		1.12E-04		2.17E-10				0.00E+00				1.87E-08		4.44E-05				3.71E-05		1.65E-09				0.00E+00				0.00E+00

		1.26E-04		2.26E-08		1.41E-04		3.44E-10				0.00E+00				2.90E-08		1.21E-04				2.96E-05		3.57E-09						0.00E+00				0.00E+00		1.41E-04		3.16E-09				0.00E+00				2.90E-08		1.56E-04				2.96E-05		4.62E-09				0.00E+00				0.00E+00		1.41E-04		1.38E-09				0.00E+00				2.90E-08		1.93E-04				2.96E-05		5.71E-09				0.00E+00				0.00E+00		1.41E-04		0.00E+00				0.00E+00				2.90E-08		2.58E-04				2.96E-05		7.64E-09				0.00E+00				0.00E+00		1.41E-04		1.29E-08				0.00E+00				2.90E-08		2.83E-04				2.96E-05		8.37E-09				0.00E+00				0.00E+00		1.41E-04		5.61E-09				0.00E+00				2.90E-08		2.12E-04				2.96E-05		6.28E-09				0.00E+00				0.00E+00		1.41E-04		5.53E-09				0.00E+00				2.90E-08		2.65E-04				2.96E-05		7.83E-09				0.00E+00				0.00E+00		0.00E+00		4.23E-10				0.00E+00				2.95E-04		1.96E-04				2.96E-05		5.80E-09				0.00E+00				0.00E+00		1.41E-04		0.00E+00				0.00E+00				2.90E-08		1.22E-04				2.96E-05		3.60E-09				0.00E+00				0.00E+00		1.41E-04		0.00E+00				0.00E+00				2.90E-08		7.34E-05				2.96E-05		2.17E-09				0.00E+00				0.00E+00		1.41E-04		2.92E-10				0.00E+00				2.90E-08		7.04E-05				2.96E-05		2.08E-09				0.00E+00				0.00E+00
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				4.11E+01												4.61E+01		0.00E+00				4.46E-01		0.00E+00																						4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				0.00E+00		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00																				4.61E+01		0.00E+00				4.46E-01		0.00E+00

				5.17E+01												5.81E+01		0.00E+00				4.46E-01		0.00E+00																						5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				0.00E+00		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00																				5.81E+01		0.00E+00				4.46E-01		0.00E+00

				6.52E+01												7.31E+01		0.00E+00				4.46E-01		0.00E+00																						7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				0.00E+00		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00																				7.31E+01		0.00E+00				4.46E-01		0.00E+00

				8.21E+01												9.21E+01		0.00E+00				4.46E-01		0.00E+00																						9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				0.00E+00		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00																				9.21E+01		0.00E+00				4.46E-01		0.00E+00

						Data for -130:30   (low limit(cm):increment(cm))																														Data for -100:30   (low limit(cm):increment(cm))																												Data for -70:40    (low limit(cm):increment(cm))																												Data for -30:20    (low limit(cm):increment(cm))																												Data for -10:20    (low limit(cm):increment(cm))																												Data for 10:20     (low limit(cm):increment(cm))																												Data for 30:40     (low limit(cm):increment(cm))																																																								Data for 100:30    (low limit(cm):increment(cm))																												Data for 130:30    (low limit(cm):increment(cm))																												Data for 160:40    (low limit(cm):increment(cm))

																								3.18E-03						0.00E+00				0.00E+00																				5.71E-03				4.49E-06				8.97E-06																				1.37E-02				3.26E-05				2.69E-05																				3.04E-02				2.87E-04				2.88E-04																				4.30E-02				1.67E-03				1.46E-03																				3.26E-02				2.76E-04				2.81E-04																				1.46E-02				3.28E-05				2.10E-05																				5.82E-03				7.01E-06				3.50E-06																				2.88E-03				1.40E-06				1.64E-06																				1.58E-03				0.00E+00				1.40E-06																				8.82E-04				3.24E-07				1.16E-06

		D proton																				> 28MeV		5.40E-05																														1.11E-04																												4.50E-04																												2.11E-03																												4.00E-03																												1.93E-03																												4.73E-04																								> 28MeV		> 28MeV		1.20E-04																												5.69E-05																												2.81E-05																												1.38E-05

		D pion

				Z [cm]														Constants

		-130 : 30		115.00		5.40E-05		3.18E-03		0.00E+00		0.00E+00		3.18E-03		5.40E-05						5.87E+14																0.00E+00		1.74E-18

		-100 : 30		75.00		1.11E-04		5.71E-03		4.49E-06		8.97E-06		5.72E-03		1.24E-04						9.62E+06				1.00														1.25E-18

		-70 : 40		50.00		4.50E-04		1.37E-02		3.26E-05		2.69E-05		1.37E-02		5.09E-04						6.10E+07		ERRproton		1.00												5.00E+01		5.54E-19		3.14E+00

		-30 : 20		20.00		2.11E-03		3.04E-02		2.87E-04		2.88E-04		3.10E-02		2.68E-03						2.23E+22		ERRpion		1.00														2.20E-19

		-10 : 20		0.00		4.00E-03		4.30E-02		1.67E-03		1.46E-03		4.61E-02		7.12E-03						0.535510922																		1.09E-19

		+10 : 20		-20.00		1.93E-03		3.26E-02		2.76E-04		2.81E-04		3.31E-02		2.49E-03						59580																		5.95E-20

		+30 : 40		-50.00		4.73E-04		1.46E-02		3.28E-05		2.10E-05		1.47E-02		5.27E-04

		+70 : 30		-85.00		1.20E-04		5.82E-03		7.01E-06		3.50E-06		5.83E-03		1.31E-04

		+100 : 30		-115.00		5.69E-05		2.88E-03		1.40E-06		1.64E-06		2.88E-03		6.00E-05

		+130 : 30		-145.00		2.81E-05		1.58E-03		0.00E+00		1.40E-06		1.58E-03		2.95E-05

		+160 : 40		-180.00		1.38E-05		8.82E-04		3.24E-07		1.16E-06		8.84E-04		1.53E-05

																FLUKA Simulation 
Z [cm]												3.40E-17

																-50.00				3.29E-02		2.49E-05		3.32E-05				5.25E-17

		From SI det., meas on 24/7/99								F =		1				0.00				7.14E-02		2.01E-03		2.67E-03				2.56E-17

												2630000

		Pos du 
centre
[mm]		Ti		Pos reel 
du centre
[cm]								Lot nb.		Det. Nb.		Al. Nb.		Det. Name		Al. Flux								Error Fluka / Det.								Alpha  det. Si		Alpha  Fluka & Ljulb.		Det.Ratio		Al.Ratio

		0		3660		-1.4		34.19		2.96E-05		5.7E+03		1		28		1		W5-I-A3-3				7.59E+04		4.63E+12		1.21E-05		0.41		3.30614E+11		1.E+10		9.E+09		6.38E-18		1.74E-18		Wrong Det		Wrong Det

		-500		113484		-51.4		37.58		9.77E-06		6.3E+03		2		29		2		W5-I-A3-4		1.3E+11		1.13E+05		6.93E+12		7.77E-06		0.79		2.27916E+11		2.E+08		2.E+08		1.41E-18		5.55E-19		Wrong Det		Wrong Det

		0		222000		-1.4		5.95		2.84E-03		1.0E+03		4		33		4				2.3E+13		9.33E+06		5.70E+14		1.49E-03		0.52		4.06412E+13		2.E+12		1.E+12		4.99E-18		1.74E-18		0.35		0.03		10.44

		-500		235980		-51.4		74.80		3.99E-04		1.3E+04		5		30		5				2.9E+12		9.62E+06		5.87E+14		6.59E-04		1.65		1.9328E+13		2.E+10		1.E+10		6.80E-19		5.55E-19		0.82		0.06		14.35

														7.12E+00





		



D0 neutron

D proton

D pion

D n+p+pion

Z [cm]

D/(95MeVmb) * Edf/dE

Neutron, Proton and pion damage in silicium



		0		0

		0		0



Det. Ifd [A]

Fluka Ifd[p,n,p] [A]

Z[cm]

Ifd [A]

Proton flux = 5.8E14

0

0

0

0



		

												Foil		Nuclear reaction		Treshold 
E (MeV)		Position
z (cm)								PIN silicon diode
DN 156 Harshaw

												Al				25		0		3.0E-03		4.0E-03

												Al				5.8		0		6.0E-03		5.6E-03

												Co				1.3		0		2.0E-02		1.1E-02

												Co				1.3		-50		1.6E-03		1.7E-03

																										PIN silicon diode DN 156 Harshaw

																										Position
z (cm)

																										0		7.6E-02		7.2E-02

																										-50		2.1E-02		3.4E-02

										Treshold Energy [MeV]						Nuclear reaction		n type

										10 a inf		n/p		Foil				rapid

										6 a10		0.00E+00		Co				rapid

										2a 6		0.00E+00		Al				rapid

										0.34 a 2		0.00E+00		Ni				rapid

										0.5eV a 0.1 MeV		0.00E+00		In				epi-th.

										0eV a 0.5 eV		0.00E+00		Au				thermal

														Au*





		

		IRRAD2, Neutron facilities at CERN PS, Geneva Switzerland

		Date : 23 july 1999																		Maurice Glaser

		Data from : Mika Huhtinen (Cern EP/CMI) (Sim :  FLUKA)																		Cern Div. EP-MIC

																				1211 Geneve 23

		Data for -130:30   (low limit(cm):increment(cm))																		Data for -100:30   (low limit(cm):increment(cm))																		Data for -70:40    (low limit(cm):increment(cm))																		Data for -30:20    (low limit(cm):increment(cm))																		Data for -10:20    (low limit(cm):increment(cm))																		Data for 10:20     (low limit(cm):increment(cm))																		Data for 30:40     (low limit(cm):increment(cm))																		Data for 70:30     (low limit(cm):increment(cm))																		Data for 100:30    (low limit(cm):increment(cm))																		Data for 130:30    (low limit(cm):increment(cm))																		Data for 160:40    (low limit(cm):increment(cm))

																				Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)																		Data for protons and pions (e,pflux,rms,piflux,rms)

		6.42E-11		0.00E+00		2.73E-06				0.00E+00				0.00E+00				0.00E+00		9.03E-10		0.00E+00		4.95E-05				0.00E+00				0.00E+00				0.00E+00		8.22E-10		0.00E+00		5.11E-06				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		2.39E-06				0.00E+00				0.00E+00				0.00E+00		1.96E-09		0.00E+00		1.27E-05				0.00E+00				0.00E+00				0.00E+00		5.61E-10		0.00E+00		6.61E-06				0.00E+00				0.00E+00				0.00E+00		7.19E-10		0.00E+00		4.06E-05				0.00E+00				0.00E+00				0.00E+00		1.32E-10		0.00E+00		1.08E-05				0.00E+00				0.00E+00				0.00E+00		1.71E-10		0.00E+00		6.76E-06				0.00E+00				0.00E+00				0.00E+00		8.60E-12		0.00E+00		1.93E-06				0.00E+00				0.00E+00				0.00E+00		3.35E-11		0.00E+00		2.09E-06				0.00E+00				0.00E+00				0.00E+00

		5.63E-11		0.00E+00		6.93E-06				0.00E+00				0.00E+00				0.00E+00		7.59E-10		0.00E+00		2.28E-05				0.00E+00				0.00E+00				0.00E+00		6.57E-10		0.00E+00		1.56E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		9.51E-06				0.00E+00				0.00E+00				0.00E+00		1.92E-09		0.00E+00		1.71E-05				0.00E+00				0.00E+00				0.00E+00		7.34E-10		0.00E+00		2.75E-05				0.00E+00				0.00E+00				0.00E+00		1.16E-09		0.00E+00		1.35E-05				0.00E+00				0.00E+00				0.00E+00		2.61E-10		0.00E+00		7.50E-06				0.00E+00				0.00E+00				0.00E+00		6.03E-10		0.00E+00		8.36E-06				0.00E+00				0.00E+00				0.00E+00		7.71E-12		0.00E+00		1.29E-05				0.00E+00				0.00E+00				0.00E+00		4.06E-11		0.00E+00		1.98E-05				0.00E+00				0.00E+00				0.00E+00

		6.39E-11		0.00E+00		1.62E-05				0.00E+00				0.00E+00				0.00E+00		8.61E-10		0.00E+00		1.59E-05				0.00E+00				0.00E+00				0.00E+00		7.46E-10		0.00E+00		3.24E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		6.79E-05				0.00E+00				0.00E+00				0.00E+00		2.18E-09		0.00E+00		7.36E-05				0.00E+00				0.00E+00				0.00E+00		8.32E-10		0.00E+00		2.55E-05				0.00E+00				0.00E+00				0.00E+00		1.16E-09		0.00E+00		4.77E-05				0.00E+00				0.00E+00				0.00E+00		1.94E-10		0.00E+00		2.54E-05				0.00E+00				0.00E+00				0.00E+00		3.80E-10		0.00E+00		2.15E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		1.29E-05				0.00E+00				0.00E+00				0.00E+00		4.60E-11		0.00E+00		8.78E-06				0.00E+00				0.00E+00				0.00E+00

		7.28E-11		0.00E+00		6.46E-05				0.00E+00				0.00E+00				0.00E+00		9.82E-10		0.00E+00		1.04E-04				0.00E+00				0.00E+00				0.00E+00		8.51E-10		0.00E+00		4.25E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		4.15E-05				0.00E+00				0.00E+00				0.00E+00		2.48E-09		0.00E+00		3.16E-05				0.00E+00				0.00E+00				0.00E+00		9.46E-10		0.00E+00		4.89E-05				0.00E+00				0.00E+00				0.00E+00		1.18E-09		0.00E+00		4.33E-05				0.00E+00				0.00E+00				0.00E+00		2.21E-10		0.00E+00		2.23E-05				0.00E+00				0.00E+00				0.00E+00		4.65E-10		0.00E+00		2.83E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		1.93E-05				0.00E+00				0.00E+00				0.00E+00		9.71E-11		0.00E+00		2.24E-05				0.00E+00				0.00E+00				0.00E+00

		8.35E-11		0.00E+00		2.03E-05				0.00E+00				0.00E+00				0.00E+00		1.13E-09		0.00E+00		4.68E-05				0.00E+00				0.00E+00				0.00E+00		9.76E-10		0.00E+00		6.36E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		6.94E-05				0.00E+00				0.00E+00				0.00E+00		2.84E-09		0.00E+00		6.72E-05				0.00E+00				0.00E+00				0.00E+00		2.33E-09		0.00E+00		8.53E-05				0.00E+00				0.00E+00				0.00E+00		1.17E-09		0.00E+00		4.21E-05				0.00E+00				0.00E+00				0.00E+00		2.54E-10		0.00E+00		2.24E-05				0.00E+00				0.00E+00				0.00E+00		3.66E-11		0.00E+00		3.07E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		1.96E-05				0.00E+00				0.00E+00				0.00E+00		6.66E-11		0.00E+00		3.38E-05				0.00E+00				0.00E+00				0.00E+00

		9.65E-11		0.00E+00		4.46E-05				0.00E+00				0.00E+00				0.00E+00		8.88E-10		0.00E+00		4.31E-05				0.00E+00				0.00E+00				0.00E+00		1.13E-09		0.00E+00		6.17E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		5.95E-05				0.00E+00				0.00E+00				0.00E+00		3.28E-09		0.00E+00		6.74E-05				0.00E+00				0.00E+00				0.00E+00		1.45E-09		0.00E+00		8.96E-05				0.00E+00				0.00E+00				0.00E+00		2.11E-09		0.00E+00		7.11E-05				0.00E+00				0.00E+00				0.00E+00		2.94E-10		0.00E+00		6.01E-05				0.00E+00				0.00E+00				0.00E+00		4.25E-11		0.00E+00		2.09E-05				0.00E+00				0.00E+00				0.00E+00		0.00E+00		0.00E+00		2.13E-05				0.00E+00				0.00E+00				0.00E+00		7.73E-11		0.00E+00		1.96E-05				0.00E+00				0.00E+00				0.00E+00
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								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00								1.00E+01		0.00E+00				0.00E+00				0.00E+00

								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00								9.10E+00		0.00E+00				0.00E+00				0.00E+00

								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00								8.10E+00		0.00E+00				0.00E+00				0.00E+00

								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00								8.70E+00		0.00E+00				0.00E+00				0.00E+00

								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00								8.65E+00		0.00E+00				0.00E+00				0.00E+00

								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00

								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00

								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00

								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00

								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00								8.60E+00		0.00E+00				0.00E+00				0.00E+00

								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00

								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00

								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00

								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00

								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00

								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00								8.84E+00		0.00E+00				0.00E+00				0.00E+00

		Data for -130:30   (low limit(cm):increment(cm))																		Data for -100:30   (low limit(cm):increment(cm))																		Data for -70:40    (low limit(cm):increment(cm))																		Data for -30:20    (low limit(cm):increment(cm))																		Data for -10:20    (low limit(cm):increment(cm))																		Data for 10:20     (low limit(cm):increment(cm))																		Data for 30:40     (low limit(cm):increment(cm))																		Data for 70:30     (low limit(cm):increment(cm))																		Data for 100:30    (low limit(cm):increment(cm))																		Data for 130:30    (low limit(cm):increment(cm))																		Data for 160:40    (low limit(cm):increment(cm))

										4.29E+01				0.00E+00				0.00E+00										9.05E+01				8.03E-01				4.86E+00										2.92E+02				3.65E+00				1.27E+01										1.22E+03				5.31E+01				1.17E+02										2.00E+03				3.63E+02				5.23E+02										1.18E+03				4.78E+01				1.17E+02										3.08E+02				4.88E+00				9.35E+00										8.33E+01				1.31E+00				1.40E+00										2.99E+01				2.54E-01				1.82E-01										2.43E+01				0.00E+00				1.04E+00										8.73E+00				7.17E-04				8.62E-01

										9.09E+00																		2.07E+01																		9.42E+01																		4.64E+02																		8.26E+02																		4.15E+02																		9.68E+01																		2.80E+01																		1.42E+01																		7.38E+00																		3.67E+00

																																																																																																																						Ratio p/n		0.00		Ratio pion/n		0.00						0.00

																						> 28MeV

																												1.53E+14

																																1

				Z [cm]														Constants										Nb neutron		* fact 2		per H

		-130 : 30		115.00		9.09E+00		4.29E+01		0.00E+00		0.00E+00		4.29E+01		9.09E+00						9.32E+13						1.85E+07		3.70E+07		1.85E+07		0.0118168772

		-100 : 30		75.00		2.07E+01		9.05E+01		8.03E-01		4.86E+00		9.62E+01		2.63E+01						1.53E+06				1.00		2.79E+07		5.57E+07		2.79E+07		0.0178083214

		-70 : 40		50.00		9.42E+01		2.92E+02		3.65E+00		1.27E+01		3.09E+02		1.11E+02						6.10E+07		ERRproton		1.00		5.23E+07		1.05E+08		5.23E+07		3.35E-02

		-30 : 20		20.00		4.64E+02		1.22E+03		5.31E+01		1.17E+02		1.39E+03		6.35E+02						2.23E+22		ERRpion		1.00		8.91E+07		1.78E+08		8.91E+07		5.70E-02

		-10 : 20		0.00		8.26E+02		2.00E+03		3.63E+02		5.23E+02		2.89E+03		1.71E+03						0.535510922						1.12E+08		2.24E+08		1.12E+08		0.0716112772

		+10 : 20		-20.00		4.15E+02		1.18E+03		4.78E+01		1.17E+02		1.34E+03		5.80E+02						59580						9.33E+07		1.87E+08		9.33E+07		0.0596204538

		+30 : 40		-50.00		9.68E+01		3.08E+02		4.88E+00		9.35E+00		3.22E+02		1.11E+02												5.33E+07		1.07E+08		5.33E+07		0.0340708479

		+70 : 30		-85.00		2.80E+01		8.33E+01		1.31E+00		1.40E+00		8.60E+01		3.07E+01												2.75E+07		5.50E+07		2.75E+07		0.0175924158

		+100 : 30		-115.00		1.42E+01		2.99E+01		2.54E-01		1.82E-01		3.04E+01		1.46E+01						5.63E+12						1.60E+07		3.19E+07		1.60E+07		0.0102063318

		+130 : 30		-145.00		7.38E+00		2.43E+01		0.00E+00		1.04E+00		2.54E+01		8.42E+00						1.6397515528		1.80E+00				9.78E+06		1.96E+07		9.78E+06		0.0062513993

		+160 : 40		-180.00		3.67E+00		8.73E+00		7.17E-04		8.62E-01		9.59E+00		4.54E+00												6.11E+06		1.22E+07		6.11E+06		0.0039051382

		From Al foils, meas on 4/8/99						F =		1

										1526860

		Pos du 
centre
[mm]				Pos du 
centre
[cm]						Ration between 
Al and Fluka

		36		7.59E+03		3.6		7.59E+03		0.00		0.28

		-14		1.04E+04		-1.4		1.04E+04		-20.00		0.56

		-64		6.26E+03		-6.4		6.26E+03		-50.00		0.61

		-114		4.69E+03		-11.4		4.69E+03

		-164		3.41E+03		-16.4		3.41E+03

		-214		2.41E+03		-21.4		2.41E+03

		-264		1.72E+03		-26.4		1.72E+03

		-314		1.27E+03		-31.4		1.27E+03

		-364		1.04E+03		-36.4		1.04E+03

		-414		7.89E+02		-41.4		7.89E+02

		-464		6.76E+02		-46.4		6.76E+02

		-514		5.28E+02		-51.4		5.28E+02

		From Al foils, meas on 24/7/99						F =

										1

		Pos du 
centre
[mm]				Pos reel 
du centre
[cm]				2630000

		160		7031.0857142857		15.3		7.03E+03

		120		8822.629969419		11.3		8.82E+03		4.08E+03

		80		11629.9019607843		7.3		1.16E+04		5.12E+03

		40		14643.2642487047		3.3		1.46E+04		6.75E+03

		0		16994.5586457074		-0.7		1.70E+04		8.50E+03

		-40		13740.7412587413		-4.7		1.37E+04		9.87E+03

		-80		10278.4767277856		-8.7		1.03E+04		7.98E+03

		-120		8426.1226993865		-12.7		8.43E+03		5.97E+03

		-160		6348.7333333333		-16.7		6.35E+03		4.89E+03

										3.69E+03

		From SI det., meas on 24/7/99						F =																		2.50E-17

										1

		Pos du 
centre
[mm]		Ti		Pos reel 
du centre
[cm]				2630000				Lot number		Det. Number		Al. Number		Al. Number		Al. Flux

		0		3660		-1.4		3.42E+01						1		28		1		W5-I-A3-3				75911		4.63E+12		1.18E+12

		-500		113484		-51.4		3.76E+01		2.96E-05		5.74E+03		2		29		2		W5-I-A3-4		1.26E+11		113484		6.93E+12		3.91E+11

		0		222000		-1.4		5.95E+00		9.77E-06		6.31E+03		4		33		4				2.30E+13		9331466		5.70E+14		1.37E+14

		-500		235980		-51.4		74.8		3.43E-03		9.99E+02		5		30		5				2.91E+12		9623806		5.87E+14		1.60E+13

										3.99E-04		1.26E+04
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Elements


			s


						Detecteur												Seuil


						Isotope cible						Abond.						MeV						Reaction			Isotope prdt						Isotope			Remarque


			Z						A			%						Data			Graph												detecte.


			28			Ni			58			67.8			0


																		0						n,g			Ni 59			5E4y


																		0			0.64			n,p			Co58			70.8d


																		0			1.44			n,a			Fe55			2.9y


																		5.968			9.28			n,d			Co57			271.8d


																		6.52			11.5			n,na			Fe54			stable


																		6.589			17			n,He3			Fe56			stable


																		6.671			11			n,2p			Fe57			stable


																		8.32			9.28			n,np			Co57			271.8d


																		11.25			14.6			n,t			Co56			77d


																		12.46			12.5			n,2n			Ni57			36h


			28			Ni			60			26.2			stable


																		0						n,g			Ni 61			stable


																		0			7.81			n,a			26-Fe-57			stable


																		2.075			3.7			n,p			27-Co-60			5.24y


																		6.401			11.4			n,na			26-Fe-56			stable


																		7.349			7.81			n,d			Co59			stable


																		9.329						n,He3			26-Fe-58			stable


																		9.693			11.2			n,np			Co59			stable


																		10.49			17.5			n,2p			26-Fe-59			45d


																		11.58			11.7			n,2n			28-Ni-59			8E4y


																		11.69			15			n,t			27-Co-58			71d


			28			Ni			61			1.2			stable


																		0						n,g			Ni62			stable


																		0			2.61			n,a			Fe58			stable


																		0.549			1.3			n,p			Co61			1.65h


																		6.569			12.2			n,na			26-Fe-57			stable


																		7.681			11.1			n,d			Co60			5.24y


																		7.955			8.2			n,2n			28-Ni-60			stable


																		9.014			14.1			n,t			27-Co-59			stable


																		9.447			17.44			n,2p			26-Fe-60			3E5y


																		10.03			12.2			n,np			Co60			5.24y


																		10.59			19.4			n,He3			26-Fe-59			45d


			28			Ni			62			3.7			stable


																		0						n,g			Ni63			120y						emetteur beta 100%


																		0.437			6			n,a			Fe59			45d


																		4.53			7			n,p			27-Co-62			1.6min


																		7.13			12.8			n,na			Fe58			stable


																		8.976			13.5			n,d			Co61			1.65h


																		10.78			11			n,2n			Ni61			stable


																		11.32			13.5			n,np			Co61			1.65h


																		12.17			16.5			n,t			27-Co-60			5.2y


																		12.36						n,He3			26-Fe-60			3E5y


																		14.48						n,2p			Fe61			6min


			28			Ni			64			1.1			stable


																		0						n,g			Ni65			2.56h


																		2.472			6.2			n,a			Fe61			6min


																		6.627			9.6			n,p			Co64			8min						Co64m:2min


																		8.21			14.5			n,na			Fe60			3E5y


																		9.814			10			n,2n			Ni63			120y


																		10.39			16.3			n,d			Co63			1.4h


																		12.67			17.3			n,t			Co62			13.9min


																		12.74			15.5			n,np			Co63			1.4h


																		16.77			17.1			n,3n			Ni62			stable


			27			Co			59			100			stable


																		0						n,a			25-Mn-56			2.6h


																		0						n,g			27-Co-60			5.24y


																		0.796						n,p			26-Fe-59			45d


																		5.233						n,d			26-Fe-58?			stable


																		7.069						n,na			25-Mn-55			stable


																		7.496						n,np			26-Fe-58			stable


																		10.63						n,2n			27-Co-58			70.8d


			49			In			113			4.16			stable


																		3.099						n,na			47-Ag-109			39s


																		6.142						n,np			48-Cd-112			stable


																		9.533						n,2n			In112			14min						gamma 0.61MeV 7%


																		12.32						n,d			48-Cd-112			stable


																		13.3						n,nd			48-Cd-111			stable


																		15						n,t			48-Cd-111			stable


																		17.27						n,3n			49-In-111			2.81d


																		0?						n,p			Cd113			stable


																		0?						n,a			47-Ag-110			24s


																		th						n,g			49-In-114			50d


									115			95.84			6 E14a


																		0						n,g			49-In-116m			54min						s			155barns [1]


																		0.34						n,n'			49-In-115m			4.5h


																		9.12						n,2n			49-In-114m			49.51d


																		6.875						n,p			48-Cd-115			2.3d


																		0						n,a			47-Ag-112			3.12h


																		6.875						n,np			48-Cd-114			stable


																		13.67						n,d			48-Cd-114			stable


																		3.77						n,na			47-Ag-111			7.5d


																		16.46						n,3n			49-In-113			stable


																		13.67						n,nd			48-Cd-113			stable


																		14.04						n,nt			48-Cd-113			stable


																		7.43						n,t			48-Cd-113			stable


			13			Al			27			100			stable


																					0			n,g			13-Al-28			2.3min						s			0.21barns [1]


																					1.896			n,p			12-Mg-27			9.5min


																					3.249			n,a			11-Na-24			15h


																					8.581			n,np			12-Mg-26			stable


																					10.47			n,na			11-Na-23			stable


																					13.55			n,2n			Al26			7E5y


			79			Au			197			100			0


																					5.00E-07			n,g			79-Au-198			2.7d


																					7.45			n,2n			79-Au-196			6.2d


																					23			n,4n			79-Au-194			39h


			Reference:


			[1]			Vade mecum


			[2]			Handbook on Nuclear Data Activation (TRS No273)





Glaser neutron&RPage &P





sigma


			Calculation of neutron fluence from activation detectors																														(do not edit the cases in bold or where ther are formulas)


			Target			Produced						thresh.			s			T 1/2						l			weight			A mes						elapse			A o			irrad.			A sat			P1			P2			flux			time			f			Position


			elemt			elem.			A			(MeV)			(mbarn)						unit						(g)			(Bq)			(Bq/g)			time			(Bq/g)			time			(Bq/g)			(x 100%)						(n.cm-2.s-1)			factor			(n.cm-2)						date


																																	=j5/i5						=K5*EXP(H5*L5)						=m5/(1-exp(-h5*n5))									=O5*C5/((E5*
.0006)*P5*Q5)						=R5*N5*S5


			Au			Au			198			0.0			3.60E+03			2.7			d			0.26			3.49			2.73E+05			7.81E+04			0.0097			7.83E+04			0.0486			6.30E+06			1			1			5.77E+08			86400			2.42E+12


			Au			Au			198			0.0			3.60E+02			2.7			d			0.26			3.49			2.73E+05			7.81E+04			0.0097			7.83E+04			0.0486			6.30E+06			1			1			5.77E+09			86400			2.42E+13


			Au			Au			196			8.1			2.00E+03			6.2			d			0.11			3.49			1.38E+04			3.96E+03			0.0097			3.97E+03			0.0486			7.30E+05			1			1			1.19E+08


			Co			Co			60			0.0			?			5.3			a			0.13			1.87			7.80E+00			4.16E+00			6.20E-03			4.17E+00			1.28E-03			2.50E+04			1			1			0.00E+00			3.2E+07			0.00E+00


			Co			Co			58			10.6			600			70.8			d			0.01			1.87			2.47E+02			1.32E+02			2.26E+00			1.35E+02			4.65E-01			2.96E+04			1			1			4.78E+06			86400


			Co			Mn			56			5.2			?			2.6			h			0.27			1.87			8.19E+01			4.37E+01			5.43E+01			9.65E+07			1.12E+01			1.02E+08												86400


			Co			Co			57			>10			?			271.8			d			0.00			1.87			1.03E+02			5.47E+01			2.26E+00			5.50E+01			4.65E-01			4.64E+04												86400


			In			In*			116			?			260			54.2			min			0.01			3.73			1.13E+06			3.02E+05			192			3.52E+06			70			5.96E+06			1			1			4.43E+09			3600			1.12E+15


			In			In*			115			0.5			260			4.486			h			0.15			3.73			5.69E+03			1.53E+03			3.2			2.50E+03			1.17			1.51E+04			1			1			1.12E+07			3600			4.70E+10


			Ni			Co			58			2.0			500			70.8			d			0.01			1.89			2.58E+02			1.37E+02			2.174			1.39E+02			0.465			3.07E+04			1			1			5.94E+06						0.00E+00


			Ni			Ni			57			12.3			?			36.1			h			0.02			1.89			5.17E+02			2.73E+02			52.176			7.44E+02			11.17			3.86E+03			1			1			0.00E+00						0.00E+00


			Ni			Co			57			~9.25			?			271.8			d			0.003			1.89			2.58E+02			1.37E+02			2.174			1.37E+02			0.465			1.16E+05			1			1			0.00E+00						0.00E+00


			Ni			Co			56			17.0			?			77.1			d			0.009			1.89			5.07E+01			2.68E+01			2.174			2.73E+01			0.465			6.55E+03			1			1			0.00E+00						0.00E+00


			Al			Na			24			6.0			90			15.0			h			0.05			0.46			1.04E+03			2.24E+03			16.25			4.75E+03			11.17			1.18E+04			1			1			5.23E+06			3600			2.10E+11			PSAIF
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			3.42E-02			1.06E-28


			3.62E-02			1.03E-28


			3.82E-02			1.00E-28


			4.02E-02			9.74E-29


			4.22E-02			9.46E-29


			4.42E-02			9.17E-29


			4.62E-02			8.89E-29


			4.82E-02			8.60E-29


			5.02E-02			8.32E-29


			5.22E-02			8.04E-29


			5.42E-02			7.75E-29


			5.62E-02			7.47E-29


			5.82E-02			7.18E-29


			6.02E-02			6.90E-29


			6.22E-02			6.62E-29


			6.42E-02			6.33E-29


			6.62E-02			6.05E-29


			6.82E-02			5.76E-29


			7.02E-02			5.48E-29


			7.22E-02			5.20E-29


			7.42E-02			4.91E-29


			7.62E-02			4.63E-29


			7.82E-02			4.34E-29


			8.02E-02			4.06E-29


			8.22E-02			3.78E-29


			8.42E-02			3.49E-29


			8.62E-02			3.21E-29


			8.82E-02			2.92E-29


			9.02E-02			2.64E-29


			9.22E-02			2.36E-29


			9.42E-02			2.07E-29


			9.62E-02			1.79E-29


			9.82E-02			1.50E-29


			1.00E-01			1.22E-29


			1.02E-01			9.36E-30


			1.68E-02			8.12E-28			1.40E-25			8.12E-28			6E-26








Resume


			Energie															p/cm2 s						1.11E+10


			MeV			n/cm2 s			n/cm2 s per [En]			%			Treshold Energy [MeV]			n/p			Foil			Nuclear reaction			n type			Threshold


			25.000												25			NB			Al						rapid									30.000


			10.300			4.78E+06			4.78E+06			0.81			10.3			4.31E-04			Co						rapid			10			4.78E+06			10.000


			5.800			5.23E+06			4.52E+05			0.08			5.8			4.07E-05			Al						rapid			6			5.23E+06			8.000


			1.300			5.94E+06			7.08E+05			0.12			1.3			6.39E-05			Ni						rapid			1.3			9.57E+06			4.000


			0.500			1.12E+07			5.23E+06			0.89			0.5			4.71E-04			In						rapid			0.5			1.12E+07			1.000


			0.050			5.77E+08			5.77E+08			98.10			0.5eV a 0.1 MeV			5.21E-02			Au						epi-th.


			0.000												0eV a 0.5 eV						Au*						thermal


						Total			5.89E+08						Total			5.31E-02


																								* under 1mm of Cd


																																	Foil			Nuclear reaction			Treshold Energy
 [MeV]			n / p


																																	Al						25			NB


																																	Co						10.3			4.3E-04


																																	Al						5.8			4.1E-05


																																	Ni						1.3			6.4E-05


																																	In						0.5			4.7E-04


																																	Au						0.5eV a 0.1 MeV			5.2E-02


																																	Au*						0eV a 0.5 eV			NB


																																	* under 1mm of Cd


			Result : we have 20 times less protons halo when ATLAS box is down !


																																	Foil			Nuclear reaction			Treshold Energy
 [MeV]			n / p


																																	Al						25			NB


																																	Co						10.3			4.3E-04


																																	Al						5.8			4.1E-05


																																	Ni						1.3			6.4E-05


																																	In						0.5			4.7E-04


																																	Au						0.5eV			5.2E-02


																																	Au*						Thermal			NB


																																	* under 1mm of Cd
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Energy [MeV]


n * cm-2 * s-1





Sheet3


			28-Ni- 60


			---------------------------------------------------------------------------


			REACTION        2200-m/s    Maxw.Avg.   Res.Integ     14-MeV    Fiss.Avg.


			(barns)     (barns)     (barns)      (barns)    (barns)


			---------------------------------------------------------------------------


			total             4.316       3.988                   2.763       3.525


			elastic           1.416       1.416                   1.481       3.065


			nonelastic        2.900       2.571       4.394       1.279      460.3 -3


			inelastic                    (E-thr =  1.355 MeV)    657.0 -3    450.9 -3


			(n,2n)                       (E-thr = 11.580 MeV)    346.8 -3    53.54 -6


			(n,na)                       (E-thr =  6.401 MeV)    13.40 -3    2.917 -6


			(n,np)                       (E-thr =  9.693 MeV)    78.00 -3    13.43 -6


			capture           2.900       2.571       1.462      69.65 -6    6.359 -3


			(n,p)                        (E-thr =  2.075 MeV)    123.0 -3    2.620 -3


			(n,d)                        (E-thr =  7.349 MeV)    7.310 -3    4.200 -6


			(n,t)                        (E-thr = 11.690 MeV)     0.000      53.70 -9


			(n,He-3)                     (E-thr =  9.329 MeV)    28.94 -9   49.47 -12


			(n,a)             0.000       0.000      43.18 -3    53.50 -3    732.0 -6


			(n,2p)                       (E-thr = 10.490 MeV)     0.000     933.6 -12


			---------------------------------------------------------------------------
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