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Geometric calibration Csl (TI) scintillation program for low level
radioactivity measurement
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Abstract

The high energy conversion efficiency, long luminescence time and its

relative low cost are properties known to be

beneficially remarkable for CsI(TI) radioactivity measurement of biological materials. While the CsI(TI) scintillation counters
are not usually utilized for low-level radioactivity counting, there remains a need to calculate the three-dimensional counting

efficiency, the influence of self-absorbance of samples and mechanical efficiency of scintillation-detection in order to obtain

measurement accuracy. A geometrically-correcting computer program was developed to estimate the three-dimensional counting

efficiency and the influence of self-absorbance of samples for a Csl(TI) scintillation Becquerel monitor (TB800). Additionally,

mechanical efficiency of scintillation-detection was estimated using IAEA standard substance. Results presented predicted

radioactivities of 1.0 to 1.3 times the value of measured radioactivities from Germanium semiconductor gamma ray spectrometer.

These outcomes suggest the usefulness of calibration with geometrically-correcting program and IAEA standard as valuable tool

in measuring low level radioactivity.
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Table 1. Gamma-ray counts determined with CsI(TI) scintillator for the IAEA-372 reference
sample spreading on disc.

WEBEREDS | e 2l 3E A" T4 FE e
O FREfE(cm)

0.00 4451 4466 3661 4192.67 460.50
0.26 3852 3753 3872 3825.67 63.72
0.52 3151 3001 3045 3065.67 77.11
0.78 2777 2831 2673 2760.33 80.31
1.10 2398 2366 2191 2318.33 111.43
1.49 2207 2052 2242 2167.00 101.12
1.88 1732 1669 1721 1707.33 33.65
2.27 1465 1523 1579 1522.33 57.00
3.05 1171 1135 1226 1177.33 45.83
3.70 979 881 946 935.33 49.86
4.34 795 818 803 805.33 11.68
5.00 769 663 640 690.67 68.81
5.65 675 706 641 674.00 3251
6.30 562 561 766 629.67 118.07

* FHHNE TCB00B (1 kv 90 7] 5k L 7=



Table2 Counting efficiency of radioactivity measurement predicted by geometric modeling

T4 A
7 ko

TR T YRR D Hi i

7 Lo | Al | YT | BAFEHS | BRBIUY Y

FuHg by | V=2 | R IOE | FL—2EE EIOESiON

LAlgE | vF L | EFToO | fkEMKL | BENOHEMY o BEESENON
illapasing BT | —FF | AR | o, EER | Shiz 90 & g To
JEIE 22 S | CsITDRRM | 2 ¥ | TON | K58 | Bry by | dlcvors M sh R4
DR HE | OO0 | MAT | WM | BR% | v TFLr—F | FL—F~0 FHAIER OFE | ek L 7=
(cm) HifE(cm) >7r) | (em) (cm™) F)pEEL Y NSy RD | EREFE D | Ko Y HopheR
0.00 0.30 0.30 0.70 083 | 0.25 39015 4192.67 0.090 0.0269
0.26 0.56 0.30 1.10 0.81 0.24 37454 3825.67 0.088 0.0245
0.52 0.82 0.29 1.45 0.78 | 0.22 34333 3065.67 0.075 0.0196
0.78 1.08 0.27 1.76 0.76 | 0.21 32773 2760.33 0.072 0.0177
1.10 1.40 0.26 2.13 0.74 | 0.19 29651 2318.33 0.066 0.0149
1.49 1.79 0.25 2.54 0.71 0.18 28091 2167.00 0.068 0.0139
1.88 2.18 0.23 2.94 0.69 0.16 24970 1707.33 0.059 0.0109
2.27 2.57 0.22 3.33 0.66 | 0.14 21848 1522.33 0.057 0.0098
3.05 3.35 0.19 4.08 0.62 0.12 18727 1177.33 0.053 0.0075
3.70 4.00 0.18 4,70 0.59 0.10 15606 935.33 0.049 0.0060
4.34 4.64 0.16 5.31 0.56 | 0.09 14045 805.33 0.048 0.0052
5.00 5.30 0.15 5.93 0.53 | 0.08 12485 690.67 0.048 0.0044
5.65 5.95 0.14 6.55 0.50 | 0.07 10924 674.00 0.053 0.0043
6.30 6.60 0.13 7.17 0.47 0.06 9364 629.67 0.056 0.0040
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Table 3 Radioactivities of Cs-137 and Cs-134 measured with GMX10P Ge-semiconductor

detector
S Cs-137(Bg/kg) Cs-137 #272(Bag/kg) Cs-134(Bg/kg) Cs-134 #572(Ba/kg)
1 33.1 3.6 14.1 1.2
2 9.2 1.0 3.4 0.3
3 11.0 1.2 3.8 0.3
4 7.0 0.8 2.3 0.2
5 13.8 1.5 5.4 0.5
6 8.1 0.9 4.7 0.4

Table 4 Comparisons of Csl(Tl)-measured and geometrically-corrected radioactivities and Ge-
semiconductor-measured data

% =t . .
= a b c d e f g h i j
R A NS
RHEEhE )
HHEELTHEIN
X BHGMX10P|TC800B|2R % 75| D H Fi H 3l = & L LYW L
FH|TO CsH{T O L7Z|b D 90 43F —IZHB90 43 & 7= 0|D fik 4t #E Csl 26D
137 DH|Cs-137 [ & DI 7= @ y 1T 5 Cs-137|> Cs-137 Hi|(Bq, M BEEEE O L BUR|ERBUR RED Ge
e BB U PR B Ry B0 F Gk v B (d X[f/(0.851 x|  H|RE (Ba/kg, |7t %% & o Gt
(Balkg) | Mk b |(blc) A e) 60X 90)) |#(g) |g/(h/1000)) o Hi(ila)
1 331 534 (0.0129 [41395 0.5204 215414701 |4.6876  [120 [39.1 1.2
2 9.2 169  |0.0129 |13101 0.5204 6817.4315  [1.4835 (142 (104 1.1
3 1 223 (0.0129 (17287 0.5204 8995.7825  [1.9576  [146 (134 1.2
4 7 90 0.0129 6977 0.5204 3630.5848  [0.7900 [111 [7.1 1.0
5 138 263 (0.0129 [20388 0.5204 10609.3757 |2.3087  |139 |16.6 1.2
6 8.1 140 |0.0129 |10853 0.5204 5647.5764  |1.2290 [121 [10.2 1.3
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Fig. 1 Sectional view of TC800B
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Fig.2 Energy spectrum of Cs-137- v -ray of TC800B
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Fig.3 Lines and degrees to calculate geometric efficiency of TC800B.

A Vertical direction
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HEEHREH DD Ruby 711 775 A

TR 7 1 7T LORENE:

1. HIEZRZRN T O HS 0 6 KI5 16 O F4 FE (Fig3B) % 360 FE[lin S0, KA IO
Ty F L —H~DOIf(Fig3A) &2 F T 5,

2.3 F L= ~DU L KEHBDORENS S o F L —FBEE TOREMZEET 5,
BHEHEN S U FL—=FICAFT D y BRICONWT Y U F L —FNE@mT 52 RH L.
Cs-137 Dy R/ X —_ Csl U F L —XDEER L NIST 232t L T 2B EREIREL
MO T L—HNTy RSN REEZ R T 5,

4 KFF X O J1EO A 0O Cs-137 12O T 1-3 % 1000 [EIEH L% Rk 5.

5.4 DFER LAEWET ¢ 27 ORERER G, HER L L COMMZEL FE T 5 (Table2),

require 'matrix’
include Math

require 'csv'

A w0 N -

# require 'complex’

5 def calc_degree(ctpos, hsampl, crpos) # ctpos: center position, crpos: cross position [1,2]
Itbase=sqrt((crpos[0]-ctpos[0])**2+(crpos[1]-ctpos[1])**2)
ppradian= atan(ltbase/hsampl.to_f)
pdegree=ppradian*180/PI
return pdegree
6 end

7 def calc_degree2(ctpos, hsampl, crposl, crpos2) # ctpos: center position, crpos: cross position [1,2]
Itbasel=sqrt((crpos1[0]-ctpos[0])**2+(crposl[1]-ctpos[1])**2)
Itbase2=sqrt((crpos2[0]-ctpos[0])**2+(crpos2[1]-ctpos[1])**2)

ppradian1= atan(ltbasel/hsampl.to_f)
ppradian2= atan(ltbase2/hsampl.to_f)
pdegreel=ppradian1*180/PI
pdegree2=ppradian2*180/PI

return [pdegreel,pdegree?]

8 end

9 def pos_degrees(posview, hsampl, ct)
10 step(180, 1){|Idegr|
pradian = Idegr.to_f/180*PI
crpx,crpy, crmx, crmy=0,0,0,0
if ct[0] <= 4 && ct[1] <=2 then
if Idegr <=90 then
#y when x=4

13



else

crpOy= tan(pradian)*4+ct[1]-tan(pradian)*ct[0]
# x=-4
crmOy= tan(pradian)*(-4)+ct[1]-tan(pradian)*ct[0]
#y=2
crpOx= (2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
#y=-2
crmOx= (-2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
if crpOx > 4 then
crpx=4; crpy=crp0y
elsif crpOx < -4 then
crpx=-4; crpy=crpQy
elsif crpOy > 2 then
crpx=crp0x; crpy=2
elsif crpOy < -2 then
crpx=crp0x; crpy=-2
else
crpx=crp0x; crpy=crpOy

end

if crmOx < -4 then

crmx=-4; crmy=crmOy
elsif crmOx > 4 then

crmx=4; crmy=crmQy
elsif crmOy < -2 then

crmx=crmOx; crmy=-2
elsif crmQy > 2 then

crmx=crmOx; crmy=2

else

crmx=crmOx; crmy=crmQy
end
#y when x=4

crpOy= tan(pradian)*(-4)+ct[1]-tan(pradian)*ct[0]
# x=-4
crmOy= tan(pradian)*4+ct[1]-tan(pradian)*ct[0]
#y=2
crpOx= (2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
#y=-2
crmOx= (-2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
if crpOx > 4 then

crpx=4; crpy=crp0y
elsif crpOx < -4 then

crpx=-4; crpy=crpQy
elsif crpOy > 2 then

14



crpx=crp0x; crpy=2
elsif crpOy < -2 then

crpx=crp0x; crpy=-2
else

crpx=crp0x; crpy=crpOy

end

if crmOx < -4 then
crmx=-4; crmy=crmOy
elsif crmOx > 4 then
crmx=4; crmy=crmQy
elsif crm0y < -2 then
crmx=crmOx; crmy=-2
elsif crmQy > 2 then
crmx=crmOx; crmy=2
else
crmx=crmOx; crmy=crmOy
end
end
# p "#{ldegr} cross (#{crpx}, #{crpy}), #{crmx}, #{crmy})"
pdeg=calc_degree(ct,hsampl, [crpx,crpy])
mdeg=calc_degree(ct,hsampl, [crmx,crmy])
posview[ct] = [-mdeg,pdeg]
elsif ct[1]>2
if tan(pradian) > (ct[1]-2).to_f/(ct[0]+4).to_f && Idegr <=90 then
# p "model”
crpOy= tan(pradian)*4+ct[1]-tan(pradian)*ct[0]
#x=-4
crmOy= tan(pradian)*(-4)+ct[1]-tan(pradian)*ct[0]
#y=2
crpOx= (2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
#y=-2
crmOx= (-2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
# p "#{ldegr} (#{crpOx}, #{crp0y}), (#{crmOx}, #{crmOy})"
if crmOx <= -4 then
#y when x=4
crpx=-4,crpy=crmQy
crmx=crpOx;crmy=2
elsif crmOy <=-2 then
crpx=crmoOx;crpy=-2
crmx=crpOx;crmy=2
end
pdeg=calc_degree(ct,hsampl, [crpx,crpy])

mdeg=calc_degree(ct,hsampl, [crmx,crmy])

15



posview([ct] = [mdeg,pdeg]
# p "#{ldegr} cross (#{crp0x}, #{crpOy}), (#{crmOx}, #{crmOy}), (#{crpx}, #{crpy}),
(#{crmx}, #{crmy}"
elsif tan(pradian) > (ct[1]-2).to_f/(ct[0]+4).to_f then
#p "p mode2"
crpOy= tan(pradian)*(-4)+ct[1]-tan(pradian)*ct[0]
#x=-4
crmOy= tan(pradian)*4-+ct[1]-tan(pradian)*ct[0]
#y=2
crpOx= (2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
#y=-2
crmOx= (-2-ct[1]+tan(pradian)*ct[0])/tan(pradian)

if crpOy <= -2 then
crpx=crmOx; crpy=-2
crmx=crp0x; crmy=2
elsif crmOx >= 4 then
crpx=4; crpy=crmQy
crmx=crp0x; crmy=2
end
pdeg=calc_degree(ct,hsampl, [crpx,crpy])
mdeg=calc_degree(ct,hsampl, [crmx,crmy])
posview][ct] = [mdeg,pdeg]
# p "#{ldegr} cross (#{crpOx}, #{crpOy}), (#{crmOx}, #{crmOy}), (#{crpx}, #{crpy}),
(#{crmx}, #{crmy})"

else
#p "no cross"
end
elsif ct[0]>4 then
crpOy= tan(pradian)*4+ct[1]-tan(pradian)*ct[0]
#x=-4

crmOy= tan(pradian)*(-4)+ct[1]-tan(pradian)*ct[0]
#y=2
crpOx= (2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
#y=-2
crmOx= (-2-ct[1]+tan(pradian)*ct[0])/tan(pradian)
# p "#{ldegr} #{tan(pradian)} #{(2+ct[1]).to_f/(4+ct[0]).to_f} #{(2+ct[1]).to_f/(ct[0]-4).to_f}
#{(2-ct[1]).to_f/(-4-ct[0]).to_f} #{(2-ct[1]).to_f/(4-ct[0]).to_f}"
if tan(pradian) >=0 && tan(pradian) < (2+ct[1]).to_f/(4+ct[0]).to_f then
# p "mode3"
crpx=-4; crpy=crmOy
crmx=4; crmy=crp0Oy
pdeg=calc_degree(ct,hsampl, [crpx,crpy])

mdeg=calc_degree(ct,hsampl, [crmx,crmy])
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posview([ct] = [mdeg,pdeg]
# p "#{ldegr} cross (#{crp0x}, #{crpOy}), (#{crmOx}, #{crmOy}), (#{crpx}, #{crpy}),
(#{crmx}, #{crmy}"
elsif tan(pradian) >= (2+ct[1]).to_f/(4+ct[0]).to_f && tan(pradian) <= (2+ct[1]).to_f/(ct[0]-4).to_f
then
# p "mode4"
crpx=crmOx; crpy=-2
crmx=4; crmy=crp0Oy
pdeg=calc_degree(ct,hsampl, [crpx,crpy])
mdeg=calc_degree(ct,hsampl, [crmx,crmy])
posview([ct] = [mdeg,pdeg]
# p "#{ldegr} cross (#{crp0x}, #{crpOy}), (#{crmOx}, #{crmOy}), (#{crpx}, #{crpy}),
#{crmx}, #{crmy}H)"
elsif tan(pradian) >= (2-ct[1]).to_f/(4-ct[0]).to_f && tan(pradian) <= (2-ct[1]).to_f/(-4-ct[0]).to_f
then
# p "mode5"
crpx=crp0x; crpy=-2
crmx=4; crmy=crpQy
pdeg=calc_degree(ct,hsampl, [crpx,crpy])
mdeg=calc_degree(ct,hsampl, [crmx,crmy])
posview|[ct] = [mdeg,pdeg]
# p "#{ldegr} cross (#{crp0Ox}, #{crp0Oy}), (#{crmOx}, #{crmOy}), (#{crpx}, #{crpy}),
(#{crmx}, #{crmy})"
elsif tan(pradian) > (2-ct[1]).to_f/(-4-ct[0]).to_f && tan(pradian) < 0 then
# p "mode6”
crpx=-4; crpy=crmoOy
crmx=4; crmy=crpQy
pdeg=calc_degree(ct,hsampl, [crpx,crpy])
mdeg=calc_degree(ct,hsampl, [crmx,crmy])
posview|[ct] = [mdeg,pdeg]
# p "#{ldegr} cross (#{crp0Ox}, #{crp0Oy}), (#{crmOx}, #{crmOy}), (#{crpx}, #{crpy}),
(#{crmx}, #{crmy}H)"
end

end
}
return posview
11 end

12 def circle_positions(pradius,hsampl)
# line : y=tan(sita)*x + y0-tan(sita)*x0
posview=Hash.new

13 step(pradius,0.1){|cx| # center of x-array

14 step(pradius,0.1){|cy|
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15
16

17
18
19

20
21
22
23

if cx**2+cy**2 <= 16 then
ct=[cx,cy]
pos_degrees(posview, hsampl, ct)

end

}

# p posview
deg_dist=Hash.new
posview.each{|ct, vdegs|
unless deg_dist[ct] then
deg_dist[ct]=Array.new
end
a_degs=(vdegs[0].ceil..vdegs[1].floor).to_a
#a_degs
# p "#{ct}, #{vdegs}, #{a_degs}"
a_degs.each{|dg|
if dg!=0 then
drad=dg.abs*P1/180
Itbase=hsampl*tan(drad)
sdist=sgrt(Itbase**2+hsampl**2)

# p "#{dg}, #{drad} #{hsampl} #{ltbase} #{tan(drad)}

#{sdist}"
deg_dist[ct] << [dg, sdist]
else
sdist=hsampl
deg_dist[ct] << [dg, sdist]
end
}
}
# p deg_dist

return posview, deg_dist
end

# calculate degree from points in measurement cup to Csl crystal

#pPl
# center=[0,0]
# hsampl=2

#ittHHE Main Routine #HHHHHHHHHHHHHHHIHHEH
a_zpos=[0,0.26,0.52,0.78,1.1,1.49,1.88,2.27,3.05,3.7,4.34,5.0, 5.65, 6.3, 8.0]
#a_zpos=[100]

hight_eff=Array.new
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24 hight_eff << ["z", "hsampl", "av_deg_ratio", "av_dist", "av_dist_att", "av_dist_att_grass"]
25 pradius=4
26 a_zpos.each{|z|
hsampl=z+0.3
# p hsampl
posview, deg_dist=circle_positions(pradius, hsampl)
# p deg_dist
deg_ratio=Array.new
posview.each{|pt,degset|
deg_ratio << (degset[1]-degset[0])/360
}
dist_att=Array.new
dist_att_grass=Array.new
dist=Array.new
deg_dist.each{|pt,distdata|
distdata.each{|d|

#pd

dist << d[1]

dist_att << exp(-1*d[1]*1*0.088)*exp(-1*0.2*(0.07704*7.9))

dist_att_grass << exp(-1*d[1]*0.6*0.088)*exp(-
1*0.2*(0.07704*7.9))

}

av_dist=dist.inject(0.0){|r,i| r+=i }/dist.size
av_deg_ratio=deg_ratio.inject(0.0){|r,i| r+=i }/deg_ratio.size
av_dist_att=dist_att.inject(0.0){|r,i| r+=i }/dist_att.size
av_dist_att_grass=dist_att_grass.inject(0.0){]r,i| r+=i }/dist_att_grass.size

p "#{hsampl}"

hight_eff << [z, hsampl, av_deg_ratio, av_dist, av_dist_att, av_dist_att_grass]
27 }

28 CSV.open("measurement_eff.csv","wb") do |csv|
hight_eff.each{|d|

csv<<d

29 end
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TRNFX =ML TFRSh S HFER

Cs—137 Cs—134
662 keVy #RAIE 563 keV 569 keV 605 keV
CsLAIESS CsLAIESS CsLAIESS
12533 =545 12545
BERR BIEAR BIERR
LLTREE LLTREE LLTREE
Ehay Shay Ehay
ROIHR ROIHR ROIR
LE—D LE—D LE—D
T8 T8 T8
Average 662 680 Average 563 583 569 589 605
CsLAIESRISD 30 30 SD 30 30 30 30 30
BT ERAHERE L BORSE
460 2.79E-14 460 2.98E-06 1.28E-06 3.59E-09
470 3.04E-13 470 1.1E-05 5.09E-06 2.12E-08
480 2.97E-12 480 3.67E-05 1.81E-05 1.12E-07
490 2.59E-11 490 0.000109 5.74E-05 5.33E-07
500 2.03E-10 500 0.000289 0.000163 2.26E-06
510 1.42E-09 510 0.000689 0.000415 8.57E-06
520 8.85E-09 520 0.001466 0.000944 2.91E-05
530 4.96E-08 530 0.002793 0.001923 8.84E-05
540 2.48E-07 540 0.004761 0.003503 0.00024
550 1.11E-06 550 0.007262 0.005712 0.000584
560 4.46E-06 560 0.009912 0.008334 0.001272
570 1.6E-05 570 0.012106 0.010881 0.002477
580 5.14E-05 580 0.013232 0.012713 0.004317
590 0.000148 590 0.012941 0.013291 0.006733
600 0.00038 600 0.011326 0.012434 0.009397
610 0.000874 610 0.00887 0.010408 0.011736
620 0.0018 0.0018 620 0.006216 0.006216 0.007797 0.007797 0.013115
630 0.003316 0.003316 630 0.003898 0.003898 0.005226 0.005226 0.013115
640 0.005467 0.005467 640 0.002187 0.002187 0.003135 0.003135 0.011736
650 0.008066 0.008066 650 0.001098 0.001098 0.001683 0.001683 0.009397
660 0.010648 0.010648 660 0.000493 0.000493 0.000808 0.000808 0.006733
670 0.012579 0.012579 670 0.000198 0.000198 0.000347 0.000347 0.004317
680 0.013298 0.013298 680 7.14E-05 7.14E-05 0.000134 0.000134 0.002477
690 0.012579 0.012579 690 23E-05 23E-05 4.6E-05 4.6E-05 0.001272
700 0.010648 0.010648 700 6.62E-06 6.62E-06 1.42E-05 1.42E-05 0.000584
710 0.008066 0.008066 710 1.71E-06 1.71E-06 3.9E-06 3.9E-06 0.00024
720 0.005467 0.005467 720 3.94E-07 3.94E-07 9.62E-07 9.62E-07 8.84E-05
730 0.003316 0.003316 730 8.13E-08 8.13E-08 2.12E-07 2.12E-07 2.91E-05
740 0.0018 0.0018 740 15E-08 1.5E-08 4.19E-08 4.19E-08 8.57E-06
750 0.000874 750 2.48E-09 7.41E-09 2.26E-06
760 0.00038 760 3.67E-10 1.17E-09 5.33E-07
770 0.000148 770 4.86E-11 1.66E-10 1.12E-07
780 5.14E-05 780 5.76E-12 2.1E-11 2.12E-08
790 1.6E-05 790 6.1E-13 2.38E-12 3.59E-09
800 4.46E-06 800 5.79E-14 241E-13 5.43E-10
810 1.11E-06 810 491E-15 2.19E-14 7.35E-11
820 2.48E-07 820 3.73E-16 1.77E-15 8.9E-12
0.1 0.09525 0.099999 0.014194 0.1 0.019195 0.1
CslflEHE 5 & 0.952504 0.14194 0.191955
BREIZLDHFER
AY AN > S~
=Cs (FiHEA 30.1671 ) h'SDOFRINF
IRILE— [MeV] 0.662 0.0321 0.0365
AR 0.851 0.058 0.013
R R 0.851
CsIBIFIRF 5 & 0.952504435
PRH-YDEEER 0.810581274
=Cs (HRHE 2.0648 ) Hh\SDERNF
IRILF— [MeV] 0.563 0.569 0.605 0.796 0
A 0.084 0.154 0.976 0.855 0
IR 0.84 0.154 0.976 0.855
CsIAIEBE 5% 0.098762444| 0.14754477| 0.656412344| 0.000863528
RRH-YDEESE 0.082960453| 0.022721895| 0.640658447| 0.000738316
Cs—137 Cs—134
620-740eVEIBEIDE S | 0.810581274| 0.747079111| 1.557660386
0.520383828| 0.479616172

20

CsIHlE S
126113
BIERR
LLTHERE
Shdy
BOIR
LE—D
Ti9iE
625
30

0013115
0.013115
0.011736
0.009397
0.006733
0.004317
0.002477
0.001272
0.000584

0.00024
8.84E-05
291E-05
8.57E-06

0.063103
0.631032

802
.087

796 keV
CsLAIE RS
126113
BIERR
LLTHERE
Shdy
®OIR
LE—D
Ti9iE
816
30

796
30

3.51E-33
1.74E-31
7.67E-30
3.03E-28
1.07E-26

3.4E-25
9.64E-24
2.45E-22
5.55E-21
1.13E-19
2.05E-18
3.33E-17
4.85E-16
6.32E-15
7.36E-14
7.67E-13
7.16E-12
5.98E-11
4.47E-10
2.99E-09
1.79E-08
9.57E-08
4.58E-07
1.96E-06
7.54E-06
2.59E-05
7.95E-05
0.000218
0.000537
0.001182
0.002329
0.004104
0.006473
0.009135
0.011535
0.013035

0.01318
0.061845

7.16E-12
5.98E-11
4.47E-10
2.99E-09
1.79E-08
9.57E-08
4.58E-07
1.96E-06
7.54E-06
2.59E-05
7.95E-05
0.000218
0.000537

0.000334
0.005398 0.970325

1.365
0.03

BHE5E
0.747079111




