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Titis is a report on tile results of the Proton/Electron Telescope (PET) electron calibrations and 
on a preliminary analysis of flight electron data. lt is intended to provide a sWting point for more 
detailed studies by summarizing tile PET eler..'tron response characteli~tics. illustrating rhei.r application 
to data analysis. describing various difficulties and anomalies encountered to date. and suggesting some 
possible furore refinements. 

Memoranda by myself (10/31/91) and Dick Mewalt (11/17/91}, describing the calibration 
procedures and experimental setups used at the SRL j>.spectromet:er and at tile the EG&G linear 
electron accclerator in Santa Barbara respectively, are included in tbe PET user's document. The two 
facilities were required to cover most of PET' s useful energy range. They also provided a cross check 
because the energy ranges of each calibration, --0.3 to 3 MeV for me t,-spearometer and ~1.5 to 27 
MeV for the acceler11tor, had some overlap., Allgles of incidence of the electron beam relative to the 
telescope axis varied from 9° IO 90• for the 13-spectrometer and 0° ·to 80° for the accel.erator. All of 
tile detectors and guards were imtrumem:ed to record pulse heigl:11:s at the accelerator. while only the 
front Ill.rec plus guard (Pl, P2, P3, A3) were i.nsttUmenred at the !3-spectrometer due to the lower 
energy range. The SRL Macsys data collection system was used for both calibrations and various 
char:aaeristics of tlle flight electronic~. such as energy thresholds a!ld coincidence equations. were 
added later by software. Thls provides for a fairly simple re-analysis of the calibmtion data ln case the 
electronic characteristics are revised. 

Botb calibration and flight data from PET consist of the lll!mber of counts N;; recorded each 
channel i of each event type k. The PET event types (defined in the user's dcx.-ument) correspond to 
me rate oounmi:s: ELO, mn, PLO, PHI. RNG, EWG, and PEN. Those of primary interest for 
electrons are ELO and EHI, with tlle possible inclusion of RNG and. EWG for lligher e:ne:rgies. The 
clw:mels for each event type may correspond directly to the ADC clwmels or ro some linear 
combi:ru!lio11 of them. In tile analysis to date I have used a linear oombination that leads to channel 
numbers that are approximately proportional. to the total electron energy, as described below. Th.e data 
are recorded over a cenam real time iirterval l!J, but the instrument Iivetime •t during lhls interval is 
generally shorter due to deadtime and to tile event buffering scheme, and m.ay vru:y with event type k. 
For flight data 

NP'HA P'' m,: 
k Jt..JV~(6 ) 

= Nf4TE 734.15 s 
(1) 

where Pf.JVE is the total oomber recorded by tile livetime. n1re counter during flt (which should be a 
multiple the 6 s rate accumulation period), NfHA is the total oomber of pulse height :analyzed events 
satisfying evem type k. and NfATE is the m.unbel" of counts ftom the type k rate counter. Note t!w: the 
fraction of analyzed events, NfHAtNf'1TE. should always be less than or equal !O I, but for rare cases in 
Ure flight data it is actually greater than L This is oot cm:rently Wlderstood and I have chosen to set it 
equal to l in these cases. I11 the calibrations :all events were recorded and the .livetime is also recorded 
directly by Macsys. 

The relationship between N1t ax1d the electron interis!cy, j, defines the response functions Rit: 
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N;k = 1'.t J ff R;,(E ,8) j(E ,aJJ),4')) dE sin8 d0 dtp 
Cl O 0 

(2) 

where e and 1/1 are spherical angles relative to the telescope axis. For flight data j may depend on the 
tJectron pitch-angle a. relative to die magnetic field as well as the incident kinetic energy In these • 
cases a. must be related to 8 and 4,, as in eq, (2), by • 

sin2cr .. sin28[sin2$ + (cos~s88 - cotesin68 }2] (3) 

where 08 is the angle between the magnetic field and the !clescope axis. However, the analysis is 
greatly simplified for an isotropic distribution (J depends only on E) and I assume this for the analysis 
of flight data. For calibration data j depends directly on E, a and <j,: 

. 15(8-6.) 
1 =J.o(E-E.> sme 15(H,,> (4) 

where J, is the beam flux density (e!.ectrons/cm2-s) and the subscript n refei:s to beam parameters for 
the n lb calibration .run. The sin6 is required so that f jd n = '•. Sill06 we assume that R1, is 
independent of$, the beam azimuthal direction ¢,, is not significant. 

Different methods were :requm-..d ro determine J. for the 13-spectromerer and accelerator due to 
the differeut set11ps. At me f3-spectrometer a single 4.5 cm2 detector was placed in the beam to 
measure J. directly for each En, The detector was also moved horizontally a, a Jiired E, to determine 
the spatial ullifonn.iry of the beam and the best location for PET. A contour map 1illld 3--d 
representation of the measured beam profile are shown in Figure I. Details of tile method for 
derermining the map are given in SRL imemal report /HOO. SJ.nee position measurements of individual 
clectrollS were not made it is .oot possible to correct for the 0011-w:riformi.ty of the beam, which 
therefore introduces small sysrematic errors into the re'Slllts. Toe values of Jn measured with tile 4.5 
cm2 detector centered m 100 location shown in Figure 1 were used, providing an average beam flux 
over thls area. It would perhaps have been somewhat more accurate to use tile beam map to find the 
average flux over the 8 cm2 area of the Pl detector. At tbe accelerator position measurements were 
made by the multi-wire proportional counter (MWPC). This turned out to IJe essential because the 
beam was highly no1M1lllform at high energies, For data analysis the MWPC area was divided irn:o a 
grid the number of events from eacl! grid square were then separately oormalized by tile flu 
through thllt square. A 20x20 grid WIIS foWld to provide aCC!ll'ate results. Details of this method are 
given SRL imernal report 179. 

The calibration ma!ysis conslstS of determining R1,(E ,fl) "jp.ven N1t and j, while the flight data 
analysis consists of d=mimng j (E) given N,k and R1, . Since R1, and j are both inside the integral 
in eq. (2). similar methods can be used. (Alternatively, the calibration and flight data could Ire used to 
simultaneously determine R1k and j from Howe·ver. j eq, (4) me lm:egr.ils in eq. 
(2) cm be done easily and 

The results of this ca!cw.alion are shown in Figure 2 for Pl singles events (i.e., a Pl trigger is the olll.y 
.requirement). There are 112 mns from the 13-speClil'Ometer and 143 il1.illS from the accel.erato.r included 
a, various angles and energies. These data are summed over all cllaruJ.els, k , so that tlley are 
appropriate to the Pl counting rate. While the !3-spectt0.mei:er results appear faii:ly regular, there is 
some scatter in the a=Ieraror data that is not accounted for by the sr.atls:tical error bars. In addition 
there is a discrepancy between the two calibrations in the region of energy overlap. Titls is probably a 
results of some diverg= in the electron beam due to scattering in me beam pipe exit window and in 
the intervening material between it and PET (including some air, a helium bag, and tire MWPC}. By 
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estimating the mean scattering angle and modifying eq. (4) accordingly (e.g. by replacing the 
directional &-functions with Gaussians), the scattering could be taken into account, but currently I have 
nor attempted this. Instead. I have renormlllized the accelerat0r data by multiplying each point by the 
ratio af the 13-spectrometer and accelerator results at 0° (acrually the t>,spectromerer data were only 
available at 9° so tllese were divided by !'.OS6 "" 0.988). At energies above those available from the f3· 
spectrometer the accelerator data were multiplied by tile ratio of 8 cm2• the actual area of Pl, a.ild tb.e 
acce.terator results at 0°. There is therefore a set of correction facrors, eaci:l of which applies to all of 
!he runs at differem angles for a given acceleratm beam energy. These corrections factors vary :from 
0.84 10 1.21. The results are shown in Figure 3. The same set of correction factors (i.e., those derived 
from the P 1 singles events) were applied to all event types and the results are shown for ELO and EID 
in Figures 4 and 5 respectively, again su.mrned over all channels. 

Toe results in Figures 3, 4, and 5 still are clearly effected by some remaining systematic errors 
as well as statistical errors. In addition, they are only available at the beam energies and angles. It is 
therefore useful to do some smootlling and interpolation. There are many possible ways to do !his, all 
of which are difficult ro justify llecoose they involve some more or less arbitrary assiunptions. 
However, we have to choose one because !he integrals in eq. (1) require R1t to be known for all E alld 
6. For simplicity, I have chosen to use the same technique I use later on to calculate j. I have found 
th.is tecb.ruque to be useful in minimizing the number of assm:nptions required and in specifying 
precisely tl:tose that are made. It is a matrix inverse teclutique tllat is described in detail by Tarantola 
and V alette (Reviews of Geophysics and Space Physics, 20, 219-232, 1982). Essentially it provides a 
least squates solution of eqs. (2) and (4) for R1,. The resulting smoothed response function is 

• -! 
R(x) = !'.Co(x,,x,,,)(S )rrmRUtn) (6) 

m.n 

where 

(7) 

Here the notation is simplified by dropping the sul:lscripcs on R alld replacing the pair of variables 
(lnE, 6) by x (E was replaced by its logarithm ro give more equal spacing: of tlie data poinis}. R (x,) 
is the value obtained from eq. (:5) with a standard deviation of crn, and S is a NxN matrix given by 
eq. (7) with N equal to the munber of data points (calibration IU!lS), All of the smoothing information 
is contain!".d in the function C 0(,, ,;( ), wl!icll is the expected (,prior) covariance between the points x 
and x' .. I w:ed a Gaussian 

) = d2exp[--(lne-lllE')' _ (6--6')2] 
2t.1.i zAi 

(8) 

where o"' l!km2
, !..\e :-: 0.4 (E in MeV), and Ae"' !5° are constants determined by the expected 

magnitude of R (cr), and tile expeaed smoothness of R in E (Ae) and O (A;), Using (6) R CM 

evaluated at any £ and 8 with i1s stani:lard deviation given by C 11\x ,x ), where C (x ,;() is the 
final covariance function (as constrained by the data), 

(9) 
m,n 

Although eq. (6) could be used directly I found it more useful to first replace R (x,,) by its 
logarithm in order to elimillllre the possibility of negative values of R (the square root of R would be 
anomer way m do this). Results in a similar format to Fl.gu.res 3, 4, and 5 are shown ln Figures 6, 7, 
and 8. Figure 9 shows the same results integrated over solid-angle to give we geometry factors at each 
energy for an isotropic distribution. The integration was done by the trapezoidal rule, Tables of the 
response functions and geometry factors are available for input to data analysis programs. Tile tables 
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for Pl, m.o, and Em are shown in Figure 10. Similar tables contain the statistical uo.cenainties for 
each response fun1:,1icm from eq. (9), but these sbouJ.d be used with caution because sy~-tematic errors 
are not included. 

To calclllare energy spectra. new event-type channel.s were defuied as follows. First the energy 
deposit in each detector as meas!II\".d by Macsys was convened to the oor.responding. PET ADC channel 
number using the equatiO!lll defined in SRL inl:erna1 report #105 (also in the PET user's document). 
Only evems with energies above the required ADC thresholds were included. The ADC channels for 
zero energy (given by tlli: integer ratio •B/A of the linear cb.all.ue1-to-eno:gy parameters defined in 
internal. report #105) where then subtracted and the resulting lll!mbers summed according to Pl+P2 for 
ELO evems, Pl+P2+2·P3 for Em events, and Pl+P2+2·(P3+P47) for range events. Since the P3 and 
P47 ADC channels are approximately twice as wide as Pl 1111d P2, the resulting new channel numbers 
are approximately proportional to total energy (-0.15 MeV/cl!anncl). To improve statistics, some of 
these channels were combined to form wider energy inte:rvals. Events that fell into each imerval were 
collected to form response furu::tions that were again calculated with eq. ( 6), The l'l'.sults are srored as 
tables in files with the same format as Figure 10. The integrated geometry factors for the useful 
channels (those with a :rubsta.ntial electron response) are shown in Figures 11, 12, and 13. Response 
functions for RNG and EWG events have not been calculared in delllil because the statistics available 
from the calibrations a, high energies are probably insufficient. In these cases it may be possible to 
supplement the calibration data with Monte Carlo simulation_~ such as those done by Mark Looper with 
the EGS program. 

The response functions from the calibration data cm be used in eq. (2) to calO!la!e j(E) from 
flight electron data. However, there are several problems in organizing tile flight data tllll1 must be 
overcome first: 
l. Proton contamination must be eliminated. Although protons are supposed to be eliminated by the 
PlA discriminator, !lley can oontaminare the electron data by chance coincidences, edge effects. etc. I 
found that this is mlnimized hy excluding data inside L = 3 and by mllldn,g additional cuts on the 
pulse heights. The cuts I have use.dare Pl+P2 < 50 for ELO evems and P2+P3 < 100 for Em events. 
These criteria coold be improved, but they are not critical in low COll!lting rate periods. 
2. Pileup and chance coincidences. These are significant in high counting rate periods (> a few 
thoosand s-1). So far I have only looked at data with low counting rates. 
3. Averaging period. Toe livetime equation ( 4) depends on having a signiflcanl number of events and 
rate cOU!l!:S in me lime imei-vlll. If one or both are small tllen there can be large errors in the calculated 
livetime. II is natural ro use the six second inwrval associated wilh me me readout and then add up 
all those in the period or region of interest. However. if tile counting rates are small it may be better 
to use a longer interval. is further compllCllred by the SAMPEX orbit that moves rapidly through 
different spatial regions where the spectra may differ, and also by possible time variations during any 
averaging period. The choice of strmegy Cllll also depend 011 tile PET command srare. was 
recently changed ro accept all evems in me ELO ooumer mat trigger PI only (i.e. P2 a!ld P3 are not 
considered). Coincidence equlltions can still be implemented by software, lm1 there will be few of 
lhese events compared with the total tlw: ttigge; Pl. 

P3 and P47 anomalies. have been described elsewhere. 
Once the event data have been selected they are collected into the channels for which 

corresponding response f\.lilcrlom Me available. using the methoo described above for the calibrru:ion 
data. For each averaging imerval they are divided by the liveti111e nsillg eq. ( 1). As II first example, r 
have chosen ro select events from the L shell range 6 to. 7 and used an averaging interval of 6 s. The 
resulting data from ail such il:ttervllls during one day lll'e then summed and divided by me number of 
intervals in the SWlJ. to give average, livetime com:cred coW1ting rates for each channel. The entire 6 s 
Interval must be within the L shell range to be included in the sum. These final 11Verages can then be 
compared with the .ratr.s predicted by dividing eq. (2) by 't;, given a sample spectrum j (E ). 
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The simplest way to find j (E) is to pru:ameterize it and fit the predictions of eq. (2) r.o the data. 
I have done this using a power law in energy, j(E) = AE-r. and an o;ponential. in energy, 
j (E) = Ae .-ere._ I chose two data sets as described above, one from 1992 day 190 when PET was in 
its original command stare, and one from 1993 day 271 which was after the command stare was 
changed to accept Pl events. In dle 1992 data Pl events are not available, but the Pl rate can be used 
as a single data point to consrrain. tile low energy part of the spectrum. This day was also cllooen as a 
time when the P3 and P47 AOCs appeared to be working, although I am not using the P47 data since 
they only contribute 10 RNG evenrs. The 1993 diua does include Pl events at the expense of much 
lower statistics on the ELO events (for the origirutl definition of ELO). The EHI event statistics are 
also lower but tile EHI rate is affected less because P3 is still required to trigger an EH.I rate count, 
although P2 and the guards are not. The origilllll ELO and EHI logic equations are reinstated by 
software so that the original respome functions can also be used. 

The data from 1992 day 190 were best flt using an exponenrial. spectrum with 
A = 1800 (cm2 s .sr Mevr1 and £ 0 "'0.40 MeV. The parameters are from an unweighted non-linear 
least-squares flt to the logarithm of the counting rate in eacll c!umne.l. Fitting !he logarithm is 
equivalent to giving !he data points equal relative oocertalnties. The statistical errors were not used 
because systematic errors in the response functions ll!'e probably more .imponam. Data from the ELO 
and EHI charu:icls used in the fit, along with the simulation due to the exponential spectrum, are shown 
in Figure 14. The average Pl counting rate of 2400 s-1 was also included and the fit predicted 2438 
S-l. 

A power law fit to me Pl evem data from 1993 day 271 ls shown in Figure 15. ELO and mn 
data were not iru:luded !n !.bis fit be-,eause of poor statistics, but the predictions of the power law mod.cl 
are shown in tire figure. Also, the P3 ADC was probably malfunctioning ar this time, which would 
invalidate the EID data. The best lit parameters were A == 19 (cm2 s sr Mevr1 and y = 5.2 These 
apply to the limited energy range of Pl. 

The electron spectrum j (E) can also be fOU!ld by directly solving eq. (2). This cllll be done by 
treating j as a continuous function of E as was done for R in eq. (6), However, it .ls simpler to 
assume that j is defined at only a discrete set of energies so that eq. (2} becomes a matrix equation 

d = Rj (IO) 

where d is a vecUll' ('..Ontaining Ille counting rates (N;kl'k) for eacli cbrumel. R is a matrix containing 
the response functions for each c.l:tannel evaJ.uated at the spectrnl energies, and j is the vector forming 
the discrete spectrum. With notation similar to eq. (6) a solution is 

where 

7 , A RT c-I (d n • ) J "')o+V • d. -nJo (H) 

(12) 

is the co,,;;r:ian,:e matrix the solution, is tire covariance matrh; of the data,. whicll is diagomil 
since the errors in tl!e data ru-e uncorrelated, and C0 is the piior covariance matrix. 'The vector j1> is an 
initial guess at the spectrum and represents the degree of coofidence in this guess. It is still useful 
to include some smoothing, since fluctuations in the data tend to be amplified by the ma!l'ix inverse, so 
I have agaiu used a Gaussian ln energy similar to eq. (8). I found that the best power law fit to the 
data was a good choice for The spectrum resulting from the 1992 day 190 data is shown in Figure 
!6, along witll Jo for comparison. The EHI data were ·not included ill the fit. To compensate for 
systematic effects the error bars on the data. which go into Ca, were assumed to be 10% instead of the 
statistical ecrors. The error bars on J result from eq. (12) and in regions where they m small the da!ll 
is constraining me mode!, Note that the Pl rate provides a constraint near i1s tl'!rei;hold energy of 
-0.5-0.6 M:eV, but then there is a gap uru:il the ELO event dara become important from -1.5 w ~3.5 



07/27/2006 THU 08:01 FAX 310 336 1636 AEROSPACE 
~ 006/02 

6 

MeV. The fit to the ELO data resulting from the model spectmm in Figure 16 is shown in Figure 17. 
The Pl rate predicted by me model was 2388 s-1• compared to 2400 s-1 from the data. 

Some aspec,s of the data analysis that should be improved or further oonsidered are: the effects 
of pileup and chance coincidences in high oom:u:ing rate regions; the validity of the deadtime 
corrections and averaging periods; the importance of anisotropic electron distributions for which tl:!e 
full angular response functions and spacecraft pointing infonnatlon would need to be incorporated; rulli 
the error analysis of the response functions, event dJ.lta, and energy spectra 
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Figme Captions 

L Beam profile and contour map from the 13,-spect:rometer calibration. The location of PET is shown 
by rhe X. The contours are spaced every 0.5 (cm2s)-t and range from 0.5 to 6.0 (cm2s)-1. Note tltat 
the beam was uot fully mapped around the edges. 

2. Response function {effective area} for Pl singles events from eq. (.5). Toe 13-specrrometer data are 
on the left and the accelerator data on the right. The points for each ru-igle are connected. Satistical 
error bars are included. 

3. Similar to Figure 2 but corrected for accelerat.or beam divergence. The !)-spectrometer data are 
unchanged. 

4. Similar to Flgme 3 but for ELO events. 

5. Similar to Figme 3 bm for Em events. 

6. Smootl:wd Pl singles response function from eq. (6). TI1e points are at approximately twice the 
energy resolution of tlle calibration runs and every 10° in e. 

7. Similar to Figure 6 but for ELO events. 

8. Simi111r to Figure 6 but for EHI events. 

9. P J, ELO, and El:II geomeu-y factors versus energy for isotropic electron distributions. 

10. Tables of the Pl (a), ELO (b), and EID (c) response functions. The first column on the left 
column is the energy in MeV, the second colmno. is the geometry factor shown in figure 9, the 
remaining ooluruns are th.e .response function values shown in Figure 7 with the angle degrees at the 
top. 

l L P 1 geometry factors versus energy for the individual channels described in the tl".xt. When two or 
more chanuels are summed to form a single respolllle function !he following oonve.ntion is used for the 
labels on each plot and for the file names ooutaini.ng tlle response functions: t.l!.e channel l'll.lmbers 
before the decimal point to the lowest channel included, the number after the decimal point is the 
number of chamle.ls includeid in the sum. For example, 006.2 in.dudes ch\lllrulls 6 !llld 7. 

12. (a),(b} Similar to Figure 11 but for ELO. 

13. Similar to Figure l l bu! for EHI. 

14. ELO and EHI event dara day 190 (l:!istogr.ru.ns), lli1d the mooel simulation based on the 
exponential fit described in !he text (dam points with error bars based on tile calibration s1atisrics). TIie 
e-fol.ding energy i.s £ 0 = 0.40 MeV. 

15. event data with a power-law fit from 1993 day 27!, ill a si.mililr format to Figure 14. ELO and 
Ell data were not iucludt>.d in the fit. The spectral index .is y "" 5.2. 

!6. Electron energy spectra for 1992 day 190 derived from a power-law fit (dashed line, y = 3) and eq. 
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(11) (histogram with error bars), as described in the ten 

17. Simlllated ELO data from the specttUm. in Figure 16, in tile same format as Figure 14. Tiw Pl 
0011nti11g rare was included in the fit but not the mil data. 
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5.800 26.053 8.109 7.895 7.814 7.248 6.310 4. 981 3. 743 2.554 2.298 0.630 
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3.800 26 .198 8.018 7.751 7. 416 7 .148 6.180 4.558 3. 707 3.019 2.633 0.659 

1. 000 26.833 8.000 7.684 7.530 7.364 6.379 • 4. 983 3. 921 3.041 2 .457 0.574 ~ 

5. 700 2 6. 197 7,915 7.452 7.355 6,894 6.099 5.345 4.109 2.875 2 .148 0.483 0 
f-" 
0, 

' 0 

"' 



0 .... 
/home/skrymir2/sampex/rss/petcal/smrespL.elo Wed Oct 13 09:43:24 1993 l ' "' .... 

' o.ooc ll\.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000 90.000 "' 0 
0 

"' 
0.350 0.006 0. 001 0.003 0.002 0.001 0.001 0.001 (LOOI 0.000 0.000 0.000 "' 
0.410 0.004 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.000 0.000 0.000 = e 

0.470 0.004 0.001 0.002 0.002 0.001 0.000 0.001 0.001 ().000 ().000 0.000 0 

0.520 0.003 0.000 0.001 0.002 0.001 0.000 0,000 0.001 0.000 0.000 0. 000 
0, .. 

0.570 0.003 0.000 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0 .... 
0.630 0.002 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 

0. 69() 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 "' > 
0.740 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 >< 

0.800 0.()03 0.000 0. 000 0.000 0.000 0.000 0.001 1).001 0.001 0.000 0.000 "" e" 

0.850 0 .004 0.000 0.000 0,000 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0 

0.910 0.005 0.001 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.000 "' "' 
0.960 0.008 0.002 0.001 0.001 0,001 0.001 0.002 0.002 0.002 0. 001 0.000 "' 
1.100 0.025 0.024 0.007 0.006 (). 004 0.005 0.005 0.004 0.003 0.003 0.001 e" 

"' 
1.300 0.136 0.173 0.087 0.064 0.042 0. 036 0.021 0.011 0.008 0.009 0.004 ,. "' 

\ "' 
1.500 0. 408 0.343 0.26'/ 0.228 0.156 0.115 0.058 0. 024 o. 011 0.016 0.009 > 
1. 750 0.805 0.497 0.481 0 .443 0. 315 0.238 0.139 0.045 0.0]3 0.023 0.017 . "' C'-,. ~ l "' 
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l l. 300 0.322 0, 093 0.101 0.092 0.080 0.067 0.063 0.056 0.049 0.019 0 .OOJ 
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2.800 0.637 0.690 0.698 0.382 0.175 0.126 0.109 0.047 o. 026 0.011 0.001 
.3.300 0.559 0. 630 o. 620 0.328 0.151 0.107 0.096 0.043 ().025 0.011 0.001 
5.800 0 .292 0.440 0.321 0.149 0.069 0.048 0.052 0.031 0.020 0.009 o. 001 

7.800 0.198 0.334 0.196 0.093 0.044 0. 029 0.037 0.027 0.017 0.007 0.001 
9.800 0 .162 0.262 0.146 0.076 0.036 0.022 0.030 0.025 0 .014 0.005 0.001 
4,000 0 .159 0.212 0.141 0,084 0.041 0.025 0.032 0.023 0,009 0.003 0.000 IE,] 

6.700 0 .154 0. 205 0. 138 0.072 0.041 0.030 0.035 0.020 0.006 0.002 0.000 0 
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' 0 
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