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Simulation of random coincidence effectin 7y -probe for intracavity use

Yoshi-haru Hayashi
Cyclotron and Radioisotope Center, Tohoku University
Aoba Aramaki Aoba-ku Sendai, Japan

We are developing a 7-ray endoscope for detecting gamma-rays
emitted from radionuclide acummlated in tumor. This endoscope counts
gamma-rays in random coincidence mode using two miniature CWO
detectors for improving tumor localization. The random coincidence is
the event which two gamma rays produce pulses in both detectors
simultaneously. The characteristics of the 7y -ray endoscope using
random coincidence mode would be estimated with the EGS 4 code by
using the technique that each history number is replaced by the time
interval.
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DISTRIBUTION OF IMPARTED ENERGY IN WATER IRRADIATED BY ELECTRON
BEAMS FROM LINAC

Sadashi Sawamura®, Tomoharu Fujiwara®, Masatoshi Kitaichi®,
Fumiyuki Fujita®, Itirou Nojiri®

A: Department of Nuclear Engineering, Hokkaido University
Kita-13, Nishi-8, Kita-ku, Sapporo, 060, Japan

B: Power Reactor and Nuclear Fuel Deveclopment Corporation
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

A modified pulse radiolysis method was developed to measure
the depth dose distribution in water irradiated by 4MeV LINAC.
The experimental results were compared with the dose distribution
obtained by the EGS4 monte calro simulation. The comparison
showed that the fraction of energy carried out from the medium by
escaped electrons gives large distortion to the distribution.
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Evaluation of Fluence to Dose Equivalent Conversion Coefficients for High

Encrgy Photons
Satoshi IWAI*!, Osamu SATO*2, and Shun-ichi TANAKA*?®
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Duc to the increase of high energy accelerator facilities and space
development activity, high energy radiation exposure has come to be an
an important problem. But at present, the fluence to effective dose
conversion coefficients for high cnergy radiations have not been reported
in any documents.

In this study, the methology and basic data heve been investigated for
cvaluating fluence to effective dosc conversion factors for high energy
radiations up to 10 GeV, according to the ICRP Publication 60.

Effective dosc and dose equivalents on the principal axis of the ICRU
sphere were also calculated by use of the EGS4 code. The availability of
dosc cquivalents in the ICRU sphere were discussed on the comparison with

dose cquivalents for high cnergy photons.
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Table 2.3 Tissue weighting factors in ICRP26 and ICRP&0
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/) S - - 0. 05
fI A - 0.05
/N 0.03 0.05%
B W - 0.01
1 i 0.03 0.01
TN ORE 0.03 % 0.05 %xx
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Table 5.1 Elemental Compositions of tissues in the threce

kinds of human body phantoms (1)

soft tissue (Bfz x 10%* atoms/cm®)
MIRD-5 ORNL/TM-8381 VI ([ﬁﬂ;}t]ﬂ}@%%?f()
H 6.172-2 % 1.08-1 1.042-1
C 1.139-2 1.96-2 1.916-2
N 9.927-4 1.85-3 1.670-3
0 2.348-2 4.13-2 3.325-2
F - - -
Na 3.361-5 5.07-5 5.655-5
Mg 3.668-6 5.6-6 6.170-6
Si —_— 1.1-5 _—
P 4.606-5 4.50-5 7.749-5
S 4.077-5 6.62-5 6.860-5
ce 2.347-5 3.90-5 3.949-5
K 3.192-5 9.53-5 5.371-5
Ca —_— 6.2-6 —_
Fe 6.704-7 9.-7 1.128-6
Zn 2.908-7 5.-7 4.894-7
Rb 3.963-8 1.-7 6.669-8
Sr 2.306-9 —_ 3.880-9
Zr 5.212-8 1. -7 8.770-8
Pb 4.589-10 _— 7.722-10
w K: p=0.9869 p=1.04 o =0.9001

* 6.172-2=6.172x10"°




Table 5.1

Elemental Compositions of tissues in the three

kinds of human body phantoms (2)

Skeletal tissue

(Hifir x 10** atoms/cm?®)

YIRD-9 ORNL/TH-8381 VI B OE W
H 6.178-2 1.02-1 1.052-1
C 1.678-2 2.97-2 2.848-2
N 2.433-3 3.05-3 4.147-3
0 2.684-2 4.19-2 4.550-2
F —_— 1.8-5 _—
Na 1.231-4 1.99-4 2.088-4
Mg 4.001-5 6.45-5 6. 787-5
Si B 1. -6
P 1.981-3 2.30-3 3.358-3
S 4.687-5 7.55-5 7.951-5
c¢ 3.491-5 5.65-5 5.924-5
K 3.392-5 5.48-5 5.754-5
Ca 2.186-3 3.56-3 3.718-3
Fe 1.267-6 2.-6 2.149-6
Zn 6.490-17 I.-6 1.101-6
Rb 3.-7 E—
Sr 3.229-7 5.-7 5.478-17
Zr E—
Pb 4.694-8 7.-8 7.963-8
W BKE: p=1.4682 p =14 p =1.5007




Table 5.1 Elemental Compositions of tissues in the three

kinds of human body phantoms (3)

Lung tissue (Hifiy atoms/cm®)

MIRD-5 ORNL/TM-8381 Vi BOE W
H 1.804-2 2.98-2 1.296-1
C l.485-3 2.52-3 2.498-2
N 3.561-4 6.06-4 5.996-4
0 8.487-3 1.40-2 1. 425-2
F _ - -
Na i.472-5 2.317-5 2.479-5
Mg 5.423-7 9. -7 9.132-7
Si 6. -7
P 4.658-6 8. -6 7.846-6
S 1.278-5 2.08-5 2.152-5
cl 1.357-5 2.22-5 2.285-5
K 9.112-6 1.47-5 1.585-5
Ca 3.112-7 7. -1 5.240-17
Fe 1.180-6 2.-6 1.987-6
Zn 2.997-8 5.-8 5.047-8
Rb 7.708-9 3.-8 1.299-8
Sr 1.199-10 _— 2.020-10
Zr _— _—
Pb 3.525-10 —_— 5.936-10
#® K: p=0.2958 p=0.296 p =10.300]




Tablc 5.1 Elecmental Compositions of tissues in the three

kinds of human body phantoms (4)

Tyroid ' (i 4z atoms/cm?)
NIRD-5 ORNL/TH-8381 VI (*-’ﬁﬁ:lklﬁlz’éﬁ??f()

H —_— —_— 1.402-1
c —_— —_— 1.915-2
N E— —_— 1.670-3
0 —_— —_— 3.950-2
F - -

Na — S 5.655-5
Mg e — 6.170-6
Si — — —
P —_— S 7.749-5
S —_— — 6.860-5
ce¢ _ _ 3.949-5
K — 5.371-5
Ca — I

Fe _—  — 1.128-6
Zn —_ —_ 4.894-7
Rb —_— —_— 6.669-8
Sr e, _— 3.880-9
7T  — _— 8.770-8
Pb _ _— 7.722-10
I _— _ 1.340-11

N p =1.0001
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Fig.7.1 Comparison of effective dose equivalents and dosc cquivalents
at the lcm on the principal axis of ICRU sphere, parallel to
the beams for AP and PA conditions
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Table 7.1 Dosc Equivalents in ICRU sphere irradiated by 10MeV-10GeV
parallel photon beam

Unit (Sv/(10'Zphoton/cm?))

RS JAS Ry - 10MeV | ASFzind - 15MeV [ ASF1ind - 20MeV [ A §F 1203 - 50MeV
lem J1.79E+00 +23.99%|1.63E+00 +32.82%|1.39E+00 *38.30%|1.93E+00 £ 29.56%
2cm 1. 19E+01 =13.28%[9.T9E+00 =17.73%|1.06E401 = 15.60%|1.03E+01 =*15.54%
3cm |1.78E+01 + 9.80%|1.63E+01 £12.56%|1.77E+01 = 12.55%|2.08E+01 *11.39%
4cm [2.60E+01 = 8.94%]1.92E401 £11.24%|2.40E40]1 = 10.36%]3.24E+01 * 9.23%
Scm |2.74E401 + 8.85%|2.61E+01 £ 9.44%|2.79E+01 = 9.31%}3.76E+01 % 8.79%
6cm |2.29E401 £ 9.48%|3. 00E+01 £ 9.37%(3.17E+01 = 8.42%(4.66E+01 + 7.30%
Tcm |2.18E+01 = 9.11%[3.40E401 = 8.37%(3.65E+01 *+ 8.05%|5.04E+01 = 6.76%
8cm |2.51E+01 + 8.77%[3.56E401 %= 8.46%)3.84E+01 = 7.87%)5.36E+01 = 6.39%
9cm |2.32E+01 % 9.05%|2.90E+01 = 8.99%|4.24E+01 = 7.75%)6.04E+01 £ 5.98%
10cm |2.37E401 %= 8.83%[2.81E+01 = 8.86%|4.37E+01 = 7.44%(7.15E401 * 5.62%
llem [2.65E+01 = 8.68%(2.91E+01 = 8.83%|3.67E+01 + 8.25%[7.10E+01 * 5.47%
12cm |1.91E+01 + 9.59%]3.36E+01 = 8.32%|3.91E+01 + T.45%|8.03E+0] = 5.12%
13cm |1.88E+01 + 9.93%|3.28E+01 + 8.47%|3.64E+01 = 8.12%|8.47C+01 £ 5.04%
l4cm |2. 18E401 * 9.30%]2.95E+01 * 8.81%|3.63E+01 = 8.34%|7.98E+01 = 5.17%
15cm |1.76E+01 + 9.54%{2.68E+01 *= 9.19%|4.28E+01 £ 7.84%|8.17E+01 = 5.11%
16cm [2. 14E401 %= 9.10%]3.04E+01 £ 8.55%|4.04E+01 *= 7.89%(8.88E+01 = 4.91%
17cm |2.06E+01 * 9.48%|2.69E+01 = 9.29%(3.98E+0]1 * 7.67%|8.96E+0]1 % 4.84%
18cm |2.25E+01 * 9.12%[{2.77E+01 = 9.01%|3.78E+01 = 7.80%|8.44E:0]1 % 4.93%
19cm |1.98E+01 * 9.54%[3.03E+01 + 9.04%|3.42E+01 = 8.31%|8.48E+01 £ 4.96%
20cm |2.35E+01 * 9.03%(2.93E+01 * 8.82%|3.20E+01 * 8.43%(8.80E+01 * 4.77%
2lcm {1.88E+01 = 9.94%|2.80E+01 % 9.08%|3.40E+01 = B8.51%|9.55E+01 * 4.60%
22cm |2.02E401 +10.13%(2. 70E+01 + 9.79%|3.54E+01 * 8.16%(8.91E+01 * 4.85%
23cm [1.61E+01 = 10.26%[2. 11E401 * 9.91%|3.99E+01 + 8.36%(8.90E+01 * 4.79%
24cm |1.96E401 = 9.78%(2.45E+01 = 9.36%[3.65E+01 =+ B8.04%{8.69E+01 * 4.85%
25cm |1.68E+01 +10.03%|2.58E+01 * 9.07%[3.84E+01 = 7.77%|8.74E+01 = 4.902%
26cm |1.84E+01 *+10.31%[2.37E+01 * 9.57%|3.52E+01 * 8.28%|8.06E+01 * 4.98%
27cm |1.69E+01 = 10.79%|2.81E+01 = 9.35%(3.55E+01 = 8.27%|8.29E+01 % 4.98%
28cm |1.83E+01 £10.59%{2.53E+01 = 9.48%{3.13E+01 = 8.61%|8.15E+01 = 5.08%
29cm {1.68E401 *10.31%|2.87E+01 = 9.31%|3.20C401 *= 8.62%[8.24E+01 * 5.16%
txf'l-&] 5180x 600 * 4300x 600 4300x 600 5180x 600

¥ 600 histories/batchx5180batch



Table 7.1 {(continued)
TEE OVASIIN -100MeV | A ST Lind -500MeV | Agf1ind - 1GeV | AJF1ind" - 10GeV
lcm |3.58E+00 +35.93%|4.88E+00 *+36.91%|5.35E+00 +22.82%2.86E+00 *41.53%
2cm |1.57TE+01 *24.24%[1.93E401 *20.85%|1.63E+01 *18.03%(1.33E+01 *24.93%
3cm [1.T7E+01 *=22.18%[3.22E401 *16.85%[2.96E401 = 12.94%[2.32E+01 *20.99%
4cm [2.77E+01 +15.88%|4.70E401 =13.59%|4. 10E+01 = 11.25%]3. T6E+01 £ 15.49%
5cm |3.40C401 + 13.87%|6.44E401 = 11.70%|5.76E+01 = 10.02%|5.01E+01 = 13.12%
6cm |3.63E+01 +13.07%|7.66E+01 £ 11.12%|7.07E+01 = B8.90%|6.61E+01 x11.49%
7cm |5.13E401 *£10.56%|8.43E+01 =+ 10.29%{7.90E4+01 = 8.70%|7.82E+01 *+10.63%
8cm 6. 11E+0! £ 10.50%|1.00E+02 + 9.40%|9.13E+01 * 7.77%|9.04E+0]1 £ 10.26%
9cm |[7.59E+01 £ 9.10%|1.06E+02 + 9.09%|1.11E4+02 = 6.88%|1.07E+02 * 9.76%
10cm [7.71E401 += B8.7T7I1%|1.07E+02 * 8.78%(1.25E+02 * 6.67%|1.26E+02 + 9.34%
1lcm |9.58E401 *= 8.05%|1.16E+02 = 8.06%|1.32E402 *= 6.40%(1.39E+02 = 8.83%
12c¢m |8.97E+01 = B8.09%|1.31E+02 = 7.91%|1.44E+02 %= 6.02%(1.59E402 * 8.43%
13cm {9.44E401 = 7.67%{1.39E+02 % 7.33%|{1.37E+02 * 6.19%|1.85E4+02 £ 7.95%
ldcm 19.62E+01 = 7.37%|1.53E+02 = 6.98%|1.59E+02 + 5.78%|1.98E+02 = 7.74%
15cm |[1.18E402 * 7.04%(1.68E+02 * 6.75%|1.75E+02 = 5.43%|2.02E+02 % 7.55%
16cm [1.25E402 = 6.77%|1. 78E4+02 + 6.41%|1.70E+02 = 5.47%|2.25E402 = T7.01%
I7cm |1.22E402 + 6.82%|1.87E+02 = 6.20%|1.91E+02 £ 5.06%|2.38E402 = T.14%
~18cm [1.18E+02 = 6.86%|2.00E+02 * 6.04%|2.09E102 = 4.90%[2.65E+02 * 6.63%
19cm |1.32E+02 = 6.41%(2. 07E402 * 5.76%|2.22E4+02 * 4.87%|2.84E+02 £ 6.53%
20cm |[1.27E+02 £ 6.32%(2.31E+02 * 5.43%|2.34E402 + 4.93%|2.96E+02 + 6.25%
2lcm |1.34E402 = 6.31%)2.21E402 * 5.38%|2.36E+02 *= 4.70%|3.23E+02 %= 6. 16%
22cm [1.35E+02 + 6.26%|2.30E+02 + 5.36%]|2.59E+02 * 4.36%|3.55E402 £ 5.96%
23cm | 1.49E402 + 6.04%]2. 44E+02 * 5.22%)|2. TTE+02 % 4.22%|3.T2E+02 % 5.77%
24cm |1.42E402 = 6.38%(2.47E+02 * 5.17%|3.00E+02 = 4.20%]4.07E402 £ 5. 75%
25cm | 1.47E+02 £ 6.02%|2. 7T0E402 + 5.00%|3.07E+02 *= 3.98%|4.32E+02 = 5.57%
26cm [1.56E+02 + 6.11%|2.7T3E+02 £ 4.83%|2.96E+402 = 3.97%[4.57E+02 = 5. 46%
27cm |1.54E402 + 5.96%|2.87E+02 + 4.93%|3.03E402 = 3.97%(4.64E402 = 5.49%
28cm |1.44E402 £ 6.12%|2. 94C+02 + 4.82%|3.12E402 % 3.79%(5.08E402 * 5.23%
29cm [1.52E402 £ 5.92%|3.04E+02 % 4.71%[{3.51C4+02 + 3.57%|5.26E+02 + 4.97%
l:Zl")-’}éI.l 1970 x 600 1970x 600 3220x 600 18970 600
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Table 7.2 Equilent doses of target organs and cffective dose for pararell incidence of photons

(unit:Sv/(photon/ca®))

(AP condition)
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Table 7.3 Equilent doscs of target organs and effective dosc for pararcll incidence of photons

(unit:Sv/(photon/cn?))

(PA condition)
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20MeV

50McV
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500MeV

1GeV
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Table 7.4 Comparison of dose equivalents of target organs and
effective dose equivalent in ICRP51 with those in this work
(AP condition)

(Hi4z Sv/(Photon-cm?))

ICRP51 ICRPS1 SEoHE
B #®) (& #:)
i} it} 2. 74-11 *x 1.39-11  *%x
(4. 3%)
g Ly 2.35-11 2.26-11
(4.8%)
At il 2.19-11 2.19-11 2.04-11
(0. 4%)
Jili 2.43-11 2.29-11 2.39-11
0. 7%)
Bk g 2.77-11 2. 77-11 1.82-11
(4.6%)
W o m 2.29-11 2.29-11 2.15-11
' (0. 2%)
A b3 2.55-11 8.55-12
(2.6%)
MM YR * 2.47-11 1.98-11 Xxkkx
(1. 4%)

* ICRP26 CsE# U 7-Effective dose equivalentTa® - T. ICRP60
DEffective dose T,

% 2, 74-11=2.74x10°"!?

x ( YNRBEVFANDEE

®kkk RIfRE UTICRPOIRHMZRA LT DN, ST TP
DHEIWMKE DR D %M,



Table 7.5 Comparison of dose equivalents of target organs and
effective dose equivalent in ICRP51 with those in this work
(PA condition)

(Y fr Sv/(Photonecm®))

1CRPS 1 ICRPS! Aol oFR
B # (& #)
551 # 2.37-11 %% 2.25-11
(3.2%)
5 i} 2.43-11 2.19-11
(4. 9%)
e 5 8l 2.26-11 2. 15-11 2.12-11
(0. 4%)
i} 2.43-11 2.52-11 2.41-11
(0. 7%)
12\ 173 2.06-11 2.06-11 1.93-11
(4. 2%)
o E M 2.40-11 2. 40-11 2.17-11
(0. 3%)
A 733 2.24-11 2.24-11
(1.6%)
gl Y x 2.42-11 2.18-11
(1.0%)

¥ ICRP26 T 3¢ L 7-Effective dosc equivalentT& - T. ICRP60
D Effective dose T4,

¥ 2.37-11=2.3Tx 10!

%% ( IHRBEUsFANDEE

*kkk ARIRE UTICRPSIGHINRZIEM LT3, T THHMD
fliz&EM,
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Conceptual design of a magnetic pair spectrometer for fusion y-ray detection

H.Harano, T.Iguchi and M.Nakazawa
Dept. of Quantum Engineering and Systems Science, University of Tokyo.
7-3-1,Hongo,Bunkyo-ku,Tokyo,113,Japan

Fusion y-ray measurement is one of the most promising plasma diagnostics for aneutronic fusion
rcactions such as D-p, D-3He ctc. The concept of a magnetic pair spectrometer is proposed to improve
the signal to noise ratio in the measurement, mainly due to neutron and secondary v-ray contribution
to the detector material. Here are presented the results on the conceptual design for a proto-type

system.
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" uniform-type |homebase-type| focus-type focus-type
magnetic ficld strength [T} 0.3 B 1.0
sizc of magnetic area(X,Y,Z in [cm]) (20.0,17.9,20.0) (6.0,5.4,6.0)
sensitive area of scintillator  [cm?) 357.6 32.2
collection efficiency of magnet [%] 37.47 68.26 72.25 67.52
total detection efficiency (%] 0.78 1.42 1.50 1.41
energy resolution (%] 211 1.66 1.96 1.96
Table.1. FAH#ER—K. (X,Y,2) . Fig.1dIZRLZ,
By t#?l*)b%‘—@?—?#ﬁ&
cut off energy Without | 1MeV | 2MeV | 3MeV
collection efficiency || 67.52% | 66.00% | 61.93% | 58.88%
FOM for DD 1.00 2.61 2.51 2.77
FOM for DT 1.00 1.62 1.72 1.90
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Calculations of lonization Efficiency of Gas-Flow Type lonization Chamber
Tatsuo TORII, Tatsuo NOZAKI, Hideki ANDO

O-arai Engineering Center
Power Reactor and Nuclear Fuel Development Corporation
4002 Narita, O-arai-machi, Ibaraki-ken, 311-13, JAPAN

In order to monitor whether there exist unexpected effluence of radioactive gases at working
places and waste gas systems in nuclear facilities, a gas-flow type ionization chamber is often used
for measuring concentration of radioactive gas. However the ionization efficiency must be known
to evaluate concentration of gas from measured ionization current. This paper presents the
calculation of ionization efficiency by using EGS4 code for a cylindrical chamber. The results
calculated were in good agreement with those obtained by experiments. Furthermore it became
possible to evaluate ionization efficiency for radioactive gases with short half lives, which were
hard to obtain by experiments.
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Influence of Intcrface Effect in thc Mcasurcment of Photon Absorbed Dose using TLDs

Nobuteru Nariyama
Ship Rescarch Institute
6-38-1 Shinkawa, Mitaka, Tokyo, 181 Japan
Shun—-ichi Tanaka, Yoshihiro Asano, Yoshihiro Nakanc, Hiroshi Nakashima
Japan Atomic Encrgy Rescarch Institute
Tokai, Naka, Ibaraki, 319-11 Japan
Hidco Hirayama, Syuichi Ban, Yoshihito Namito
National Laboratory for High Energy Physics
1-1 Oho, Tsukuba, Ibaraki, 305 Japan

The absorbed dose in the TLDs between various thin foils was measured in the
cnergy region of 30 keV to 200 keV. The results were compared with the values based
on the cavity theory, which were 40% smaller than the measurcd in high Z material. The
discrepancy is attributed to the accuracy of the attcnuation of electron flux in the cavity
thcory because the attenuation is diffcrent from the calculated with EGS4 which agreed

better with the measured.
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FAN k() LiF Cavity EGS4 Exp.

Teflon 50 d(E) f(B) d(E) f(B) £(E)

AL 10, 100 48 keV 0.0032 0.0224 0.017 0.0323 0. 0342
R 80 keV 0.0076 0.0489 0.045 0.0828 0.0772

Cu 2,5, 50un

Au Lun CaS0,:Tm Cavity EGS4 Exp.

dE) f(E) d(E) f(E) £(E)
80 keV  0.0243 0.179 0.152 0.281 0.308
200 keV 0.152 0.281 0.426 0.662 0.873
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A New Approximation Expression for Gamma
Ray Buildup Factors of Multilayered Shields

KAzuo SHIN

Kyoto University, Faculty of Engineering

and

HIDEO HIRAYAMA

National Laboratory for High Energy Physics

ABSTRACT

A new approximation expression for gamma-ray buildup factors of multilayered
shields is proposed. The expression is formulated based on the vector form and treats
the gamma-ray energy spectraum directly. It treats the gamima-ray attenuation by

a transmission matrix and the backscattering by an albedo matrix.

Its capability of reproducing the buildup factors for multilayered shields is
demonstrated by using those of double layered shiclds composed of water and lead
at 1, 3, 6 and 10 MeV. The data of three layered shiclds of water, iron and lead are

also very well reproduced at 1 and 10 MeV.
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Implementation of Photo-nuclear Process in BGS-4 code

Nobuo Sasamoto
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki 319-11, JAPAN

Hiroshi Takahashi, Satoshi Ishikawa, Tatsuo Ishituka
CRC Research Institute, Inc.
1-3-D17, Nakase, Mihama-ku, Chiba-shi, Chiba 261-01, JAPAN

Photo-nuclear processes play an important role in evaluating radiation shield-
ing performance of high energy linear electron accelerators. Recently, the elct-
ron cascade code, EGS-4, is becoming the standard shield design tool. however,
this code dose not include the photo-nuclear processes. The new version of BGS4-PN
has been developed to calculate the neutron generation yield due to the photon
absorption by nuclei. The implementation of the process into the EGS-4 code, the
new bias system to improve the statistical errors of the results and generation
of the photo nuclear cross section will be discussed in the present report. The
results of the new code agreed with the photo neutron spectra of the Monte Carlo
calculation by alsmiller et al.
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Photon Cross Section Data PHOTOX for PEGS4 Code

Yukio Sakamoto
Japan Atomic Energy Rescarch Institute
319-11 Tokai-mura, Naka-gun, Ibarakiken, Japan

Photon cross scction data of PHOTX library is adopted in the point kernel shielding calculation data of
ANSI and in ENDF/B-VI. In order to check the results of point kemel calculations and Sn transport calculations
by EGS4 code, the same cross section data library is needed. PHOTX data for PEGS4 code contain the partial
cross section for photoelectric absorption, coherent scattering and pair prodution. As compared with DLC-15
data used in former PEGS4 code, photoclectric absorption cross section is different in lower photon energy. In
the calculations of exposurc buildup factors, the attenuation cocfficicnts are different between two photon library
but difference of the exposure buildup factors for same mean [ree path is small.
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XNt bDTH B Y, PHOTXF — # ZANSI/ANSH o Al & h i FTTEHHICHT
ZHVTRBERRBUELNF 7 v 7HE] OFBF—4 & LT, % ENDF/
B-VIO R FH GROFMEAT— S ELTHRBENT LI, BREOFMES T
iR 7 — 9 2ECS4a — FOHBIIMOANB I & RUPHOTXF—F Z A 1S
n?ﬂ’fiﬁi‘ﬁ’\bﬁ77%&@.@#&%&5‘1’330)&&#:1‘)684:—F%ﬁ&)ﬁ?éf:biztijﬁ
FETRF - SOR— XS ETH B &0 SPECS4a — FTH AT & 5 PHOTKT
— S DBR AT o1 ABETRFEXFHERT —SOBBE2BRBXBZ E L I,
Exix/LF¥F—fFiowT sk, g, OB EN F7 v 7HBOHELEDRDL TR
FHEHERCREIZTEHEEETH IS



2. PEGS4a — FAPHOTXF — & & # |0 W 1 8% © Lk &

PHOTXF — Y R EFEFESI~1000 TR H T 2T RNV F—1lkeV~100CeY
ODRENHGERIBAZIHATED, DLCISF— S It XT 2RV F¥F— RHMHEK
ANT WD, HMAWHBBME LTI Kein-Nishinn DX TEHEhhI2BHBFREB AV
Je—- Ly FPUEHNTE (o) - ERBFR LB 43—V bidEl W@ b
(0 inc) s T E—L YD (Rayleigh) EABEB (0 con) OBEABEBRT — 2
O, BEFHERBESR (doi:) RUXATBRRBGEH (0,:) OF -G E
N T B, fEL WM B X Hubbell “°° . Y6 6 W& MR B {0 5% (3 Scofiedd ‘7’ RU B F 3 &
RX W Bt i3 Hubbell ‘> D F — F It E ST 5, E WSt & T F 0 4 5K W i Bt
2OV T Hubbel 5B A F L TWB LMD HE & BT AE WD, b T B UR K I 5
KOV TRERMBICHTAIRBAEEBLIVEVWVILODHBELAR L - OMELESE
FoxEHD 5,

PEGS42 — FO X FWHEMRICWTE5A475Y —F— % dPGS4PEPRD 7 7 4 )V
RICNAMELISTX TR FIRANVNF—THELALABA2MEHRELTHEHAZNA T S,
BFHERMANIZL. 022~ 1004eVDITED R F AN F—-KD20T, X BEHEN
MAREREIE— Ly PRI EINIB IkeV~100HcVOERZ RV F—L4IERT]
keVUL ED KB LBEOBRBRWIANF-2REZIEINVF-—GERDOP0VTERIZLONT
WB, Fh. KBOBRBRMHIRANF-—bRBRHAEINTVE, U, 1 ak—-VL Y
PEEHERE LT, BHBFICHTAMEAMEH (oxn) BAVSAHE D
-~ FoshTHHEZL S,

Rl1kME. BRUBOELETCORTFRATAIRENG AR EF BN @R T
—YDOREEEF T, A3 —-VYIMRAKARKEOVTEFORARBOLE
PRNLZOBEBERXINVF—QARTHH, BHBTFOHRAKHBERN—BHMICL S
DIH LT, FRBCFOBSICRIEHOBRIADENLE, BMERTETE (B1.1)
BFHERRFIE - LY IMRAOHEROZRILUTTHH, ABRNDER
4XLL T T10KeV~300KeVH 2c W TENRKE(RL>TWE, BEXxFOBHBAE (H1.2)
K, T.1keVEABRRDOKBOBRBRWMAEH Y, THAUTOZZLVF—IZHE T
XCBERRBHEROBONIZLU T EL > TS, BHeVHEDOXBT RN E@R O E
NP2 R U0, I5HeV~3leVitiED I L — L v P REABBAROLENHIXENL > T
UM EBAENNI VO CHBRNS L, BOXKOBE (H1.3) i,
BkeVO KBZOBRWHMDO MLz L & - MEOBRWEIX BRI MWTHIcR S h 3,
TeE- VY P HRIABERORB N0 5HeVU LD T RV F—-ITH T2 MR T
WaAEL, KT RPNHEROBR AL BEORERM THINS D, B 1.4k FET
REBYVITI T U/RFOFEHGHROEZFTLT WS, Tho D@ » o BF &K
OWMBOER NS, XTRRNOBAMIFNBEZIRLF—TEMKE I L, 3
E—- VUV IIREAHEROENXKEWI EMDD B,

3. MEENFT vy 7THHODIE

HEHOWMMBMT — XX TFOBREHBIIRIZTHEEZANS-DICK, GRU
MOBMBENFT7 v PHREZECS4T - FTHB Lo BBENVFT v 7 H B
BEBMAEITC—HEObHERTAIELLICBBUALETFICE S B SEEMILK
praLetrolRffitokTcERENE, COHBLTIRIE—L Y PHKE
EERBLTOVRE L, T, RO US> TRIFMEICBEYIRFDOZIRY



PLVERHERBANDOBREFHEIRE LTV S, WEDHE 2 @MECSAM R 21251 3 @
BUCBFSPO 2 — ¥ —a—- FZRHAL. LA MY —HEBIOFTHE L, U4
FRBBUEBRPCES S FRENDIBETH 5,

B2.1B3XFTRNF—220~150keViICHE T A3 KROBBENFT v FHEMAE
REXANVF-CBUIRFOEHABATE (mean free path) B THF L T 3,
MEBE— AV PETHBULANSI/ANSORYRET -9 2PERRTCEHEBRLA OO T
S, ECS4a—- FOHBEELERZO+ANROTRET, ANSI/ANSO B85 — 4 L EGS4
DERED—HEBIBHETHH, ECSM4a~ FHUEKEREL Y IHAERTF -0 E
BISLUTTH B, B2.2RB30BBENVNFT7T v 7THRBOUKETH D, 50keV~3
00keVD Z RNV F - CECS4O H B ERRBIBHEF S DE— AV PEOHRERR
LTHH, 2o0BEHRT—50ER NS, B2.330808BENVFT v
FHOHBTHH, KBROBBMTRNVF— (88keV) IKETSBEHBRO R
WEEEHEAXBROXLBIRIIENT vy 7THEPKRELH>TWE, BNEWM T X
WE—-LUT OB keVTRENFT v 7HRMIFIL.OIKENVMEN » TS, PALLAST
-~ FPEHUALERTF -9 BECS4a - FOHRBERLBFIZ—BR LTS, T ik,
MBART—FICLIEBHULUTTH 3,

ZlIKAK, RRUBO2>DOHERT - EHCILEEDOEHABMITRE
DIC-I5F — 2 TORHHMIInfpHURDELEZDOHRUREIONRBETRT, 40
NET-KYHTCOBZIRNF—TCRPIOTXF— Y DEHABITHRIZDILC-150 F
HEATH IO BDEBEAEOBASEIICNEVEDERABORMBEED X R
K&,

4. ¥ & ¥

(1) PEGS4a — FH @)X F Wi $iPHOTXF — & 2 EBR L., #ERODDLC-I5ITE 5
MEDHBEIT>Ke I E— VY MRAWERRFBEIRINVNF-—FHKTO
RBERWNOBERICENR S N 5,

(2) Kk, %RUSBOIE—- VY M HAZEEAVCRBENVFIT v 7HRBZHE
LR T - ORI REHANL, FTHARATBRYEMTOENLF
Ty 7HREOBOVRBIBEALRSOONU D olce & /o, ANSI/ANSO FH ¥ 57 —
SOEHBENERTE L, WART - SOZRFHERTEOKREZIITEH
hEMEALRBEOTEMICHSERT 5,

B % Xk

(1)Storm,E. and Isracl,H.I., Nuclear Data Tables,A7,565-681(1970).
(2)RSIC Data Package DLC-15/STORM-ISRAEL.
(3)Hubbell,J.H., Natl. Stand. Ref. Data Ser. 29(1969)

(4)RSIC Data Package DLC-136/PHOTX.

(5)ANSI/ANS-6.4.3-1991.
(6)Hubbell,J.H.ct al.,J.Phys.Chem.Ref.Data 4,471(1975) and Data 8,69(1979).

(7)Scoficld,J.H.ct al.,LLNL Rep.UCRL-51326(1973).
(8)Hubbell,J.H.ct al.,J.Phys.Chem.Ref.Data 9,1023(1980).
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High Energy Physics (HEP) Benchmark Program

Yoshiji YASU, Shingo ICHII, Shigeo YASHIRO and Hidco HIRAYAMA
National Laboratory for High Energy Physics (KEK)
Oho 1-1, Tsukuba, Ibaraki 305, Japan

Akihiro KOKUFUDA and Eishin SUZUKI
Digital Equipment Corporation Japan (DEC-J)
Mitsuiscimei-tsukubagakuen bldg., Amakubo 1-16-10, Tsukuba, Ibaraki 305, Japan

High Energy Physics (HEP) benchmark programs are indispensable
tools to select suitable computer for HEP application system. Industry
standard benchmark programs can not be used for this kind of particular
selection. The CERN and the SSC benchmark suite are famous HEP
benchmark programs for this purpose. The CERN suite includes event
reconstruction and event generator programs, while the SSC one includes
event generators. In this paper, we found that the results from these two
suites are not consistent. And, the result from the industry benchmark does
not agree with either of these two. Besides, we describe comparison of
benchmark results using EGS4 Monte Carlo simulation program with ones
from two HEP benchmark suites. Then, we found that the result from EGS4
is not consistent with the two ones. The industry standard of SPECmark
values on various computer systems are not consistent with the EGS4
results either. ‘

Because of these inconsistencies, we point out the necessity of a
standardization of HEP benchmark suites. Also, EGS4 benchmark suite
should be developed for users of applications such as medical science,
nuclear power plant, nuclear physics and high energy physics.

1 BLHIIZ

BOED B MEMLICRBEREBEI DN H 5, 2 COMBEA L3R 1
FELRELVI BILHLVWHERBICHR TEbOo T, woDFicd [Hv) BFERICEDT
HoTLE)e FAHLVWIHABRLEALL) Bo TEIUFER RV Fv— 7 2 EHIIWVW(D
DPOX—A—DHHUMLTELTH, BALTEOXBBASOT/YT ALHTHESLD
OROPEEBFEWALL ) LRDIBEIC LB ELEIRE 5,

SPECmark i3 {t 1 8 DCPUM iEX R A 2 ERF DTNV F3—2 0T 5L E LT
BV TVE, KHOHPABL—FRIORYFT -2 707 5 0DRTHELHABRAD
TELEFED1 2L LTwEERS, SPECmarkiiSPECint& SPECIp iz & & h BRI
Hehe, RN BEHHNEY RTEESNERVFI =270 56T, ARATHH, 12/EC
NE—BBNESNLINT, [Hilzo7ar 5 4] ORUEERERTMHETIRZ V.
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EEDRISCHHHBOBELRB I TR [BANDLT] L o5, SHDE
FORISCRIBMTHB ICHBLTEFR By ] BHBREZsTLES LS DHIBSTH
ARBRTRLV, LAL, FREETARBMTIREZY, 565 [ ULMAHHFICH ZVAXA
7 — ¥ 3 7 4000/90 (VAX4K/90) & HP9000/720 (HP720) ®» L CEGS4a— F ¥ X 7 A (EGS4
CODESYSTEM) [1] %jiEo ¥ /L &, VAXDEH3 0% bbb o2t Fo6BLTHH 2
5725 9 % 7 SPECmark®°Dhrystonc s ¥ BERD XL FR ARV F 2 -7 70 75 A L BT
b, FOVAXHHEWET HSMERLTV B LDREW, 720, FhixHFETH L, EREH
RYFI=27075584FTLS [HhlnTurFa] OREICRLS 2V,

FESERK NS I F L BF 2B (CERN) A 6 . CERN Benchmark Suite (2] & FRiSHh 5 XV F
T—s7ars5 aeikEo¢ TN B, VAX8600% K& LAACERN= v MR EKENR
2o BREDEREZCERNDPOM N BB ENTER, A4 Y7 V—ARPA—/t—03 /a2 —
GRT—IAF=av¥ndbnbEINTWTEEIIL DI, VAXIKOODliREET N T
Wwiholo, T, KEKOFTEDHUELIT 2. HPT200 Eh & HE L /2o #5RIZHPT20
DFEEMN o I2e CERNZ= v } IZSPECInBIDFH4FD 1 Dftik FbhTwa (3], HiHD
fliTh ol EBOHERLEZDER RO LBVEDE, 22T, Y3Iab—-va il
KRAE S h/SSCHIRI DR F~—2 7a s F A, SSC Benchmark Suite {4) % X THh 7,

SSC Benchmark Suitc BN F T I alb—Ya ryr7usJ Ad6 i), VAX11/780 % L1
& L7=SSCUPE ) L %o T&HEh3, VAX4K/I0 &L HP720D LT D SSCUP O it
VAX4KQ0D 42 0% i3 EnE il WThORIE SKEKTIT % > /2 —FH . VMSKK
Alpha AXPE 7 V400D & N Dffitd, CERN= v MEATHP7200 & N D& v v B+ % 121 5k
WIEE RLTWA IO 26H 6T, #8258 Tholke ¥IBoTVEDIES H ?VAXAK/0
EHPT20L DB E R 1 ICE LD S,

DED LS RMAINDPLEBERLHEPR Y Fv— 2 70y 5 AOHRNRO WA L
ol

2 PEMBRLTBERVYFI—=5T0TT A

BRI BADRYFT— o0 ST LH5, 1 0BADT TV r—a it
il 0KULDORYFR—0TusSoHTED, HHBRLTBATALEESE VY
7P 7HABRRE S TOTHEI T LWL, TE200L6TXTOMHBETENR
¥ELEBOEVHDOEMATRIILV, L2L, ChEEBTEII-FREDTIL
Vo RRVBERYF =2 0S5 ARLE, BRYFR—- 7075 AFBYLT S
CERESTHHBA— A —WOFLVHRBLEIBEIL TR ELARTHI LHIWEL
%5,

I THHEPHOR Y Fv—2 7075 A% RATXMR LT 525, SPECmarkSERERD
BRERVFT—27075035 12088 LTHRALOTED S, TTREXLLIK
HEPRIR VY Fw—2Su# 35 Ak LTt 1) CERN Benchmark Suite, 2) SSC Benchmark Suite
PHONTWE, £/, Ry FT—2 L LTHREEATRVWEZ WD, B I VF-HEE
AHTECAVONTHGEANTLIHENANF VI ab—-YavyFas 4, BLIURTF
WE—YPRESIEIN ) TR (ERERESCBIANVF-FETHHibDNL TV SEGS4T —
FORFLERAEXTHIL L LIzo GEANTICOWT RS @i 2 vy, EGS42— FY A F A
KowTida— FHTb1T% o EGS4a— FYAF AD 3 — FHTICIIDECILOH L V64
¥y FitSi4RAIpha AXPL3ER D S H ADECATF—Ya v iflvwi, 3/, XUy FT—2 70
TIADHERL BT IHHBRTI—~ 7 A7 aviEh N TR AL VT L—AbEY
%5,



3 ¥ERBHERVF—2

BOAHBTILFMENBR Y FT— 2 70Y 5 ASPECMark T 5, SPECmarkic
{XSPECint & IEif L 5 B RH AL L 81 2 b D L SPECIp L IRISh 5 BB/ N BUTISI R 2 BT 2
bDEdH ., 19924 D SPECIm92 R U'SPECIpI27AtH 5. SPECIM92iX 6 BN /T /5 A6
DT RTCCFHETHEINTWS, GNUCT ¥ 84 2 ¥ ¥ &, SPECHI2iZ 1 4 D7
I Ad 6% 12 HIXFORTRANSIHET2HBECERTE AR T T, SPICERIHY I 2
V=g RRFPFYIalb—2arvil2 8, WIhOERERASA T TLIbKRELY
ursa (FIAGNUCREIFTT) 2RV Fe—2IAVwWTwE, F795 5 ADVAX1Y
780 & DA L 0 ST FHMASPECH T H B, A KEVII L HEENR v, ERFERAY
FR=s70r75hL LT, BENTHEBRHLODETR 5,

T D31 H 1212 DhrystoneRLinpack s Y% 5, WEHIXOSPI Y NA F VAT ART
05 ADGHSHINELZY —ALAN THXRLXRAX LS EZLHB S L -EHRE 7oy
SATHA, VAX11/780% 1 & L 7=Dhrystonc MIPSfli b H 5, 1 2O/ Vv —hb6 %
D, CFRED XD o L DIFXHE (. BEBINEREHIRYFT 2770 ST A
oo TwE, BERBEBREIS IV—F UV REEB LY R NERVF -7
TOSTATHD, BEFTIV—F 7 (HEHE Tiddaxpy) KEFTRMOEEALERLT

(BEAYOBRETIONEBAL) [S]lo /-, "2 VMLTRETHH, CCTi

SPECmarki3HEPHI 70 7 5 ADWME AT T 572012, Fh e HBBKREYRA C L ICFIA
T 5%,

4 CERN:Benchmark Suite

CERNRYFT—2 OIS FTARBAL I V—h, A—=/~av¥a—%, 7= 2R
F—avERVFT-IOMBELTTTI] SEMPERENR TS, CRNINSHCRNIZE
TOTAYI ADHTCERNL= v FORFIAVONRE /O Y5 AIE40THD, 220N
SERE QI AL 2200WRER T YT A1dE L FHCRNS, CRN12K UCRN3, CRN4T
bb, BT YT ADVAXE600E DR EREDIUTEYHCERNL= ¥ F TH 5D, HPT20TH
FAA—VOKE St WAR, ThODFEAINRUTF— 444X (D{LshwF—F
HRret) DI EFAFN1 00254 0 0KBOKE SOREAICAS,

1R3REMLET—I2AF—2 3 YOCERNZ=y b2 70y FLAEGDTHD, SO
B 5T IXAlpha AXP € 7 VS00X M BB D% R L Tvr/to RICCERNL = v b & SPECmark&
OHM%E 7Ty b L, CERNRYFT—2 707 FaD8KEL L /2o CERNZZy P&
SPECint92& DM % B 2 12, CERNL= v b LSPECHp92& DM % E 3 IR T B2 25,
Alpha AXP & SPARCI2[0) UL#i[i2& . HP PA-RISCI$SPECint92iZ#f LCERNZ= v FAfL D
KEWHIICH Do VAXAKOORE L DFSMHBL . EDSPECINI2HSRNICO/PETES
LERLEED, —HE3» 6, SPECIm92L DB & 12¥IZ, Alpha AXP& HP PA-RISCIZ[F L
i)z . SPARCIISPECIp92icit LCERNL= v bt L D K& WHIMIZH 5, VAXIKSOIL
¥ 25 HAAALB T 2 b D>, IBM RS6000/530H (RSS30H) HSSPECIp92iE L' IZCERNL = v |} 2f
k% £ Vv,

Zho 2 o0MMED SCERNL= v b i3 L b SPECmark: Y =7 2MFILHD L
BEAZV.

5 SSC Benchmark Suite

SSCRYFv—2 70 5 LARSSCHRFTOYHE Y I ab— Y a Y EROALD 0D
B0 AR M 3 hiz, SSCUPEES B33 o0 70/ J A, ISAJET. JETSETT3RU
PYTHIAS4 DVAX11/780 & DM xHERED ST FH){ TS 5, HP720, DECS5000/240(DECS5K/
240) & Alpha AXPTH 707 5 LD H A4 X% W T2o HHBRICL o THAS XDEMNHTLDH



DD, ¥DFATIT AL 156 2MBEETH 5,

B4 %ET—2 A5 -3 YOSSCUPHtiX 70 } LIbDTH A, Alpha AXP
PR TRERMli%ERL TWA, RICSSCUPHHi & SPECin92 & D408 % B 5 12, SPECIp92
EDBMEE6 IK/RT. B 556, SPARCLPA-RISCI[E LHIMIER LT, 724 L,
HP9000/735 (HP735) i 1 fARTSL1T B (SR A% 0 SSCUPHIIZHIL T & e b o 1225, #0{lin
7975 ARERICHREYBLTVEDT, To#RLOHEHE LTIy PLTWE, ST
THVAX4KPORE L DI L. ERBY R Vo B 6 25, PA-RISCRMIPS4 SPARCH*
BFADEFFD. T TH RSSIOHAOSPECHpI2H IREV i % 7R L TV 3, VAX & Alpha AXP2*
RPRYFRLFERLL>Tw3,

% Alpha AXPASPECmarkilt L TAFICBVWEREEZH L TV 205 R TH LD
Hbo

6 EGS43—FEVY AT A

EGS47 0 /5 ARBFEXFEMBRET 2B 4 U HHFTHLELFHENR TS T
Ar—FryFANOHHI—-FTHD, ¥DLS HROYELEI »CHHEa—- FoR
BYEAT 20T, WL b DLBBR L bDELXTARDILEN S D, FOLDBFOLI 42
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F1 VAXA T — ¥ 3 »4000/90 & HP9000/720 & D

HERE L BT
VAXS4000/90 HP9000/720 i34
(HP720% 1 £ L T)

SPECint89 26.7 39.5 0.68
SPECint92 16.03 36.4 0.44
SPECfp92 30.17 58.2 0.52
DhrystoneV1.1 37.35 57.4 0.65
(MIPS)
Linpack 7.27 18.0 0.40
(n=100, double)
CERNunit 7.92 9.96 0.80
XYZDOS 29.59 24.27 1.2
(EGS4)
UCSAMPLA4 42.35 32.56 1.3
(EGS4)
UCSAMPLAI 41.31 33.86 1.2
(EGS4)
SSCUPs 35.12 28.75 1.2

% 3. SPECmark, Dhrystone, Linpack A/H 3 KEK THlE L &R TH H . &R%
T2V,



®2 FrEBOFEEL VA NVEH

MicroVAXII :
VAX/VMS V5.3-1, VAX FORTRAN V35.3-50 (MicroVAXII-VMS)
--->$ for/check=noover ucsampld.f
--->$ for xyzdos.fortran and $ link xyzdos, cputime
--->$ for/check=noover ucsampl4i.f
DEC3000/400 :
OpenVMS V1.0, DEC FORTRAN V6.0-289-24 AG(DEC3000/400-VMS)
--->$ for/check=noover/opt=level=4/align=none ucsampl4.f
--->$ for xyzdos.fortran and $ link xyzdos, cputime
--->$ for/check=noover/opt=level=4/align=nonc ucsampldi.f
OSF/1 T1.2-2 , DEC FORTRAN T3.3-313-26CG (DEC3000/400-OSF)
--->f77 -V -non_shared -vms -0 ucsampl4 ucsampl4.f
--->f77 -vms -0 xyzdos.cxe xyzdos.f cputim.o
--->f77 -V -non_shared -vms -0 ucsampl4i ucsampldi.f
OSF/1 RT V1.2, DEC Fortran V3.3-342 (DEC3000/4000SF1)
--->f17 -V -0 -non_shared -0 ucsampl4 ucsampl4.f
--->f77 -O -0 xyzdos.cxe xyzdos.f cputim.o
--->f77 -V -O -non_shared -0 ucsampldi ucsampldi.f
OSF/1 V1.2, DEC Fortran V3.3-342 (DEC3000/4000SF2)
«=->[77 -V -0 -non_shared -0 ucsampl4 ucsampl4.f
--->f77 -0 -0 xyzdos.cxe¢ xyzdos.f cputim.o
«=->{77 -V -O -non_sharcd -0 ucsampldi ucsampldi.f
DEC3000/500 :
OpenVMS V1.0, DEC FORTRAN V6.0-289-24 AG(DEC3000/500-VMS)
--->$ for/check=noover/opt=level=4 ucsampl4i.f
--->$ for/check=noover/opt=level=4 ucsampld.f
--->$ for/check=noover/opt=level=4 xyzdos.f
OSF/1 V1.2, DEC Fortran V3.3-342 (DEC3000/5000SF)
--->f77 -O -non_shared -0 ucsampl4 ucsampld.f
--->f77 -O -0 xyzdos.cxc xyzdos.f cputim.o
--->f77 -O -non_sharcd -0 ucsampl4i ucsampl4i.f
VAXstation4000/90 :
YAX/VMS V5.5-2, DEC FORTRAN V5.8-155(VAXS4000/90-VMS)
--->$ for/check=noover ucsampl4.f
--->$ for xyzdos.fortran and $ link xyzdos, cputime
--->$ for/check=noover ucsampldi.f

VAX6630:
VAX/VMS version V5.5-2, VAX FORTRAN V5.7-133
--->$ for/check=noover ucsampld.f
--->$ for xyzdos.fortran and $ link xyzdos, cputime
--->$ for/chcck=noover ucsampldi.f
VAX4000/500 :

VAX/VMS V5.5, DEC FORTRAN V5.8(VAX4000/S00-VMS)
--->$ for/check=noovcer/opt=level=4/align=nonc ucsampl4.f



Hitachi M680OH :
HI-OSF/1-MJ, FORT77 V01-01(M680H-OSF)
--->{77 -WO0,'opt(o(s))' -0 ucsampl4 ucsampld.f
VOS3/AS-JSS84 02-00, OFORT77 E2 V05-0G
--->f{ EXEC FIE2CL(M680H/VOS3-DEF)
--->/{ EXEC FIE2CL PARM.FORT="SOPT'(M680H/VOS3-SOPT)
Hitachi M880 :
VOS3/AS-1S§S4 02-00, OFORT77 E2 V05-0G
--->// EXEC F7E2CL(M880/VOS3-DEF)
--->// EXEC F7E2CL PARM.FORT='SOPT(M880/VOS3-SOPT)
SPARCstation 2 :
SunOS 4.1.2, Fortran V1.4 1Mar1991(SPARC2-UX)
--->[77 -fast -O4 -Bstatic -0 ucsampldi ucsampl4i.f
--->f77 -fast -O4 -Bstatic -0 ucsampl4 ucsampl4.f
--->f77 -fast -O4 -Bstatic -0 xyzdos.exc¢ xyzdos.{ cputim.o
SPARCstation 10 Model 30 :
SunOS 4.1.3, Fortran V1.4 Patch Release 8, 260ct1992(SPARC10/30-UX)
--->f77 -fast -0 ucsampldi ucsampl4i.f
--->f77 -fast -0 ucsampl4 ucsampl4.f
--->f17 -fast -0 xyzdos.cxe xyzdos.f cputim.o
SPARCstation 10 Modcl 40 : .
SunOS 4.1.3, Fortran V1.4 Patch Release 8, 260¢t1992(SPARC10/40-UX)
--->f77 -fast -O4 -Bstatic -0 ucsampldi ucsampl4i.f
--->f77 -fast -O4 -Bstatic -0 ucsampl4 ucsampl4.f
--->[77 -fast -0 xyzdos.cxc xyzdos.f cputim.o
HP9000/720 :
HP-UX A.08.07, HP FORTRAN 77 Ver: 8.07(HP3000/720-UX)
-=->f17 -V +03 -K -Wl,-aarchive -0 ucsampl4 ucsampl4.f
--->f77 +03 -K -WIl,-aarchive -0 xyzdos.cxc xyzdos.f cputim.o
--->f77 -V +03 -K -Wl,-aarchive -0 ucsampldi ucsampl4i.f
HP9000/735 :
HP-UX A.09.01, HP FORTRAN 77 Ver: 9.00(HP9000/735-UX)
--->f717 +03 -K -Wl,-aarchive -0 ucsampld ucsampld.f
--->f77 +03 -K -W|,-aarchive -0 xyzdos.cxc xyzdos.f cputim.o
-->{77 -V +03 -K -WI,-aarchive -0 ucsampldi ucsampldi.f
Fujitsu M1800/10S :
UNIX_System_V 4.0, fortran77 ¢x  v12110
--->frt -Of -0 ucsampl4 ucsampl4.f
--->{rt -Of -0 xyzdos.exc xyzdos.f cputim.o
IV/FAMSP E20, FORTRAN77 EX V12L10

--->EXEC FORTECL,OPT=F (M1800/10S-MSP-EX)
IV/FAMSP E20, FORTRAN 77 V10L31
--->EXEC FORT7CL,OPT=3 (M1800/10S-MSP-F17)

Fujitsu M1800/10 :
IV/F4AMSP E20, FORTRAN77 EX V12L10
--->EXEC FORTECL ,OPT=F(M1800/MSP-EX)



IV/FAMSP E20, FORTRAN 77 V10L31
--->EXEC FORT7CL,0OPT=3(M1800/MSP-F77)
IBM RS6000/530H :
AIX Version 3 Release 1, (RS6000-AIX)
IBM AIX XL FORTRAN Compiler/6000 Version 01.01.0002.0000
--->xIf -qlist -O -gnomdsng! -0 ucsampl4i ucsampldi.f
--->xIf -O -gnomdsngl -0 ucsampl4 ucsampld.f
--->xIf -O -gnorndsngl -0 xyzdos.exe xyzdos.f cputim.o
Sillicon Graphics IRIS(Power-sericse 4D/220) :
iris Version 06011629 Release 3.3,(SGI-IRIS)
£77 Mips Computer Systems 2.0
--->f77 -0 -static -0 ucsampl4 ucsampld.f
--->f77 -Olimit 1300 -O -static -0 xyzdos.cxe xyzdos.f cputim.o
DECstation 5000/240 :
ULTRIX V4.2A (Rev. 47), DEC Fortran V3.2-164 (DECS5000/240-UX)
--->f77 -V -0 -0 ucsampl4 ucsampld.f
--->f77 -0 -0 xyzdos.exe xyzdos.f cputim.o
--->f77 -V -0 -0 ucsampldi ucsampl4i.f
HITACHI 3050/Rsv(S0MHz) :
HI-UX U 01.03 , OFORT77 V01-2A(HITACHI3050R)
--->{77 -WO0,'opt(o(s)),list(s) -0 ucsampl4 ucsampl4.f
--->f77 -WO0,'opt(o(s)),list(s)' -0 xyzdos.cxe xyzdos.f cputim.o
( xyzdos.cxe -FRUNST(FREC(80))’ at run-time)



*x3 EEXTOvY I EMFEo TORNF

Alpha/OSF
ucsampldiDIEA 7 v 7#  2,048,728,079

electr DA T v 7 DEE 22.91%
16.8%

sqrtD R 7 v T &S

sqrt, logD A 7 v 7HEE 30%L. L

sqrtD X 7 v 7K

81

MIPS/Ultrix
2,087,035,965
28.56%

8.6%
20%LLTF

.42
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Analysis of EGS4 code system on Alpha AXP computer

Y.YASU, S.ICHII, S.YASHIRO, HHIRAYAMA, A KOKUFUDA* E.SUZUKI*
KEK, National Laboratory for High Encrgy Physics
Oho 1-1, Tsukuba, Ibaraki 305, Japan
DEC-J, Digital Equipment Corporation Japan®
Mitsuiscimei-tsukubagakuen bldg.. Amakubo 1-16-10, Tsukuba, Ibaraki 305, Japan

The Alpha AXP is a RISC computer that has 64-bit address space and was publicly announced in
November 1992, The Alpha AXP that fcaturs Superpipeline and Superscalar brought us an improved

performance and an extended address space.
We investigated the capability of the Alpha AXP for high energy physics applications. We tried to find out

(1) how big a performance level can reach in processing speed and (2) under what condition it can achicve
such level of performance.

We used an EGS4 program in this study becausc it is a well known source code for wide range of
applications, such as nuclear power plants, medical scicnce, nuclear physics and high energy physics,

on many compulcrs.

1. #UL»HKr
1992511 8 KRB E & nL/-Alpha AXPViZ, 64-bit7 FLAZMEHEORISCI Va2 -9 THb, A—/X—

RAT54 v (GMGEETEB) RUERA—1N—=2 85 (ZUMGSIEITRIE) ML, X7+ —-3VR
nlEt, 7 FLAZMOILRMERICS 26 Shl,

SOz AT, BXFNF—YWHFEOSIFICE T SAlpha AXPOTEN AT A LXBREL
2o MAEFHBRER. OWEXOREOMIEEELIFODOD, QENL IR SHTETHRENR 7T -/ X%
BLESERYNTEINN, W) HE LI,

AE., EGS4?7a /I A% - BRIz, t0HMER, V23— F2FR{A6NTBY, &6
R DM, B, RTWHS R U R v E—YEFEE Li2B v TL N 8 hff4 2RI LET
BELTVWAZETH D,

2. HIFWHME I aVL—a vt
WSO E LT, Alpha AXPT & % DEC3000 Modcl 500 AXP (64-bit RISC, 150MHz) % A /2o
HEg e LT, (€3 5 DRISC CPUTH 5. MIPSH B1HR3000AYHE Rk D DECstation 5000 Model 125
(32-bit RISC, 25MHz )% {#i/l L 7zo OSI3. Alpha AXPA*OpenVMS & OSF/1. DECstalion#*ULTRIXT& %,
HPBON—Fox72 V7 by 70O8UER, R1DiIYTH 5,

EGSANEIFH 32DV I ab—va &Ik ol. HLUBIX, EGSADFA 705 AL LT
MEhTWABUCSAMPLATH 5, V4 2 MY RBKBOBMTH S, ZHBIRI A A YIRS HMllLR
HEDUCSAMPLAITH Do VA A M) P BROLEMTHALD I FXSH L A2FEGFTEHINFTEL2WT

—-105—



OS5 ATHD, =HEIRXYZDOSTIDDLRMED LM TRG V44 MY BBMLEHTHD. | FXE
KEBDIEGS2EEL TR S5 ATH D,

3. a-— FRITOFH

St lda— FIATOFENE LTHR 1 02Tl & > 7.
BarynRA vt 7avilio TESTT 5,
2V = NEAlio TATORT T 5,
AR P S B OH VP DO F 2 —= VT %iT% .

EGS4DUCSAMPL4, UCSAMPL4i, XYZDOSEh #hHHOGEV—AI—FOETOLVRIVE
TiT e olzo FHOBER, TFUVARVEBTHIRBVANGIERP LT ABFINRLU6Lho /e £D
72, V—RAI—F¥ZBWFT AT avn{l, avn{ vt 7yva v 8#@AvwTEthFho
TFREOHWEAWOI 2T I T EILLT,

4. FATHE DRI SAY:

HATHIEIICPUS 4 A DFHIIZ & 5 TPV, RIBOIVFitfuse, pixic R UPCAB D Y — Wi & o THF
7:‘ 2 f:.o

fusetd, ¥ 7W—F AMBOBRR, ETATOS 7 7SO IRBEHFD, €27V e 74
YFEOA V=72 =AML T ) S EHNTE S,

5. IUNANVE T a v
EGSAnF7u s ntth¥hnllSiclM Loy A vF T ravidF2 ol Ths,
AYNRANETYa YOI ARDIELEABTTH S,

L% 4T biev
Xl ) Mk o e o ffi{b e iT e b v 0,

¥ L RNV AL

WU RVOREFILERIETA200T, ThidF 71V EloTwnd,

Rt 7% didl, BN SNV—F %% 4 V54 4kt 5 Balidk.
MBDV =27 74 VIS E 72055 IR T Bomifb % o

FOE BT 4 79 ) DS .
EEBIURA T 4 75 Y D5 %9T% 9 o MIPS/ULTRIXIZ I,
COATa VHFELLEVWEDFETE 2 L# 3REILTwiwn,

W—ThOREE TE B LGV — 74 CHETT 5 KL
W—=ThOBRE % TE B2 )V— THTHITT 5 Rdifk.
RISCROCPURBRANEN L N BV DIFELET L4 T a v,

ChoNFTarellAabd TETLAL, HCPU/OSLTD A VGO B /INFG A -5 %
FIKRTo

6. EGS4a— FOMITERRUER
I— FORTIZAL S, EGS4DUCSAMPLY,/UCSAMPL4i/XYZDOS® Alpha AXP L ToOTIEIZBIL T,
Yiab—va vEFHEROESH LR L.

6. 1 S4THE

2 MUCSAMPL4, [ 3 #*UCSAMPL4i, &4 #*XYZDOSOIHEITHEE 70y M L2bDTHhH o, £
5 7 DLD YV~ F7HMIPS/ULTRIX. H14Alpha AXP OpenVMS, TFA%Alpha AXP OSF/1TH 3, Hidhic
FLITEM L - 726

—106—



ARELPHHIE /75 A0 TH S, Alpha AXPIRMIPSICHENR, Wihopa R4 vt sy ay
ORRICL693.1~3. 8EDEITHECIEL 720 LORPBICBWTY, M—CPU/OSHDLET
. B VARV OBEIL 2T % o AT bl b o 1A RIITHIEA 1.8 ~ 2. 4 fETHIHEL
r:.o

6. 2 IAYNRANFTYa v BETIEEDIEN

S5~TRaAVYNRANETVa ZIZEBFETHEDRBVER LD TH S, HCPUOST, BliL%1T
LblwIATHE O DITAPE LR L Lic ZMIICTEITH 0 2 EH & L 7ot 4, YRS vt vt
7Y a3 rEBXIBIAT. XHIZCPU/OS: & o 72,

5 t2UCSAMPLAN EITHR TH 5, HITH# 1 ~ 4 DL H 5 Alpha AXP OpenVMS./OSF/11
MIPS/ULTRIXIZIE A L RNV D IHRL ORI RASK E VT LD D 5, OpeaVMS TS LIV O E
AR DAE 7Y a ORI HE W ERR oMLV, ETH 2 L# 3 DHERD H HOSF/1T 13 53 Bl
A5 VOE5DHRENROND, FITH 4 DHRS 6 IXECPUOSTIRILE NV — 74 TIF% 5 Bl
IV TEHREMNED S v,

H6iIAA VDS & HHHMAUCSAMPLAIDHETH S, OSFNDOFEITH 1 ~4 KBWTHRFV
RN D FHAL DTN RAUCSAMPLAD A1 R KV o OpenVMS THUBE L XD E{EU A D4 73 2
YORRICHENEIBA oLV, FITH 2 LH# 3DOHERD S LOSFNTIREEBMTET A 75 V) ot
SEnHENROoND, FLITH 4 1B AR ENV— THTITE S Boli{b iz 2o v TIROSF/I THT DL R A
Bvohd,

B7BIAX M) OBMELXYZDOSDGETH B. EITH 1 ~ 4 DIRD GBSV RN OBodi{bnzh R
t2OpenVMS B UFMIPS/ULTRIX T K & %2 o> TWwWb, OpenVMS T M U v i{bD o4 7 a »
OFFHENERR AL, £IT#H2 LH# 3D#FD ) HLOSFITREERETIS 4 75 V) D5
DYPRPROoND, TITH 4 RS 6 B ECPUOSTHRIL E Vv— 7H T % 5 BoBILIC o v TR
BHHhN,

6. 3 CPU/OSIZ& B FITHED B

8~ 1 0R%ELCPUOSHITORITARNI L ERT o MIPS/ULTRIX R &M L L7, HETTH 2 &
# 3 EMIPS/ULTRIXO{LARIC L DRI L T vicw Tay F LT,

8 itUCSAMPLAD EITHR TH D, Alpha AXPRMIPS/ULTRIX IH LT HEA 3.1~ 3. 652 ¥
v, ZITH 1 ~4 DERP S BBV ARNVOFREEIT L o2 L EREIRFKENVT LEDDD S,
OpenVMS I2OSF/1IZlE R TE T v,

9 i2UCSAMPLAID EITH R T 5 Alpha AXPIIMIPS/ULTRIXIZIEXEFTHEA3. 1 ~3. 6152
Eilivi, ZITH 1 ~4 OEERDPSBH LV ANVOFRELEIT o 1L ERXEIRMKREVWI ELDD 2,
OpenVMS L OSF/1it, 12IZM LEETSH 5,

1 0 BXYZDOSH YT M TH 5, Alpha AXPIXMIPS/ULTRIXIZIERIFTHEA3.4 ~3. 8153 Y

vy, OpenVMSIZOSF/IICHE R Tiivy,

6. 4 Alpha AXP OSF/1DF 3G

E11~13i2Alpha AXPOSFNLETHTO YT A%FETLILL EDAMOFNTSH 5, ZHITAND
oSk, YHca oA VATV a v EBEXBETE XTI v—F ey Say b LI

1 1 i Alpha AXP OSF/1 TOUCSAMPLADEM AT CH b o Tlidb %172 b wIiTH 0 1T BR
VARVO BT % - 73247 # 1 ~ 4 Tid, ELECTR/UPHI/MSCATO A4 H*H, » TSQRTFLOGEN A
D@L oTwAH, T, BRMVLANVORERBEE TR LT 1 ~40MThHETHE, ET#H2E
# 3 THSQRTFORAMIHEA L TH ) BTN 54 75 ) ofRrBo 6 h b,

B 1 2 i1UCSAMPLAINIB S TH 5, UCSAMPLA L [AIRDIFUMN T T 5, BEILEITo bR VT
#OLBELARAVOBRILEITR - 723T# 1 ~ 4 DR T2, ELECTR/UPHI/MSCATO AR A ik L X

WOTRALDRIZE o Tio TV B, WICSQRTF/LOGFO M AT MNICE ( % > TV B, T@ b

—-107—



NOBBALE T » 729478 1 ~ 4 DI TIRETH 2 & # 3 TISQRTFOFTAHL LTS ) Sl E i
WS4 75 ) 0HRBBDSNL,

B13ikT42 Y OBSEEXYZDOSOEATH Do BBLEITLbLVWHITH 0 LB W\lvmﬁﬁ
% iTh o 2=8FH# 1 ~4 2 HBL T, &S LANOBHILEIT% > /-84 ICELECTR/MSCAT
[HOWFAR/UPHID BTt o TV, H5I, Y 3alb—vaviRens)—JarodF 2 M) &t
#.+ SHOWFARD B D BP DY HE TH o XYZDOSHOHOWFART R 2 017D I FXAHEEA LR
DTVARKE L > TB D, BEVANVOBEBIELKE (I Twd, —fRIZ, EGS4L DY I a b —
SayTusIARIAA MY MM A NIELAEYIFXEYEMT AT LLL, BEVRIVOREL
247025 C LA TH S, SQRTF/LOGFIZM L TRAMMICAMAH ko Tnd, ELFTH 2L
# 3 CIXSQRTFOAMMEL L TH h HAEBMMEIHN S 1 77 VORIV L,

6. 5 Alpha AXP OpenVMSO B34

14~1 6 Alpha AXPOpenVMS L THE 707 5 A% HITL L EDRAWGOFHTH Do FATY —
WTHAPCADMARD 2 DEITH 0 DA LR 2.

1 4 I3UCSAMPLAD B4 TH 5, ELECTR/UPHI/MSCATH K& 2 ML k> Tk,

1 5 IRUCSAMPLAID B FMTH 5o K& LA IZUCSAMPLA L BT % #*. AUSGAB/BREMS
DRAMGHHIEL TWEDIBIL D,

1 6 IXYZDOSO AWM TH Do HOWFARDAMMEAL > TWi, Chid¥yIab—Yarny
dA PYBBMRZ L IRELTWS,

6. 6 MIPS/ULTRIXD AN

1 7 IXMIPS/ULTRIX L THUCSAMPLADfT 434, B 1 8 IMIPS/ULTRIX L THUCSAMPLAINH
WA TH Do BSLANORBLE 7Y a ¥ %58M L7284, FLOGFSQRTORMIHBAM BT %
2 —C v 6 o

6. 7 MUHEROELE

EGS4— FOMRIT M LU TOC tbdro i,

1)Alpha AXP OpenVMSD F# 7 # W b 4 73 a Y ThHBRF LV ANVDRELA 7Y a it Ed{boL)
RERELTIEWLTV S,

2)Alpha AXP OSFIDEHALOZIRIZIRE L LS B Y, MYhA T a v ERET LI LY FHWER
ILDEIREHBTE 3,

7. H¥pestoRd

Y3alb—Ya vyETHROELMLFEZ S, Alpha AXPLTEGS4H WIET 5 LA FERB S h i
Alpha AXP L CEGS4% Wit T 28, a v 4 vF 7V a Y 2T 20HFFRTEHROKEV,
COBEINRANT T a vOREERCERLTHEMT 20X EETH %,

7U 7S5 AOBYG AN AHTELLZMY - VEFMT AT LI L 5T, 707 A0FEIN L¥ %)
PLLITRHITEHNTES,

A%, BRI CTHEGSANIATHIE X EHWL T, B F— s ¥ RINTHTFETH D, ¥/, 7075
ADEFAEDFEILO2WVT, SHIRKRPFLTVEW,

—108—



BH IR

1) ARF4IINA24 9 TAY bYRAEIL BER, SR WHER . 164€ v FRISC Alpha AXP 7 — %
7T F A BE] | LLIEHN KL, 1993,
2) Walter R.Nelson, Hideo Hirayama, and David W.O.Rogers : THE EGS4 CODE SYSTEM., SLAC-Report-265,

(1985)

3) GemryKane, )1l 57 iR . [ mips RISC 7 — % 7 7 F + -R2000/R3000-) . FeiLsiisksN&1L, 1992.

£1  ETRBE

Alpha AXP DECstation

N=F9x7 DEC3000Mode 1500 AXP DECstation5000Moded| 125
DECchip21064—AA(|50MHz) MIPS R3000A (25MH z)
(64bit RISC CPU) (32bit RISC CPU)
96MByte 128MBy Lo

V7 bh917 HAMDEC OSF/)1 AXP Verl. 2|HXKIBULTRIX Verd., 2A
B4iEOpenVMS AXP Verl. 5 FORTRAN Ver3. |
FORTRAN Ver3d. 3

{Llie SPECmoarkB9 121.5 SPECmat k89 19.3
SPECInt92 84. 4 SPECInt92 16. 0
SPECIp92 127.7 SPECIpPp92 17. 5
MIPS (Dhrystone VI. 1} 151. 6 MIPS (Dhrystone VI. 1) 26. 8

Mlli-s—-n OSF/1 FUSE Verl. 2 BAMFUSE for ULTRIX VI. 1

PIXIE PIXIE

VMS PCA

?G§;gifz_'ucsampl4 HEa3emDikic1 GeVDe  EAMHLALEN I aL—Ya>

Yar 7 .. - - o n N

(RiT&MIGE) cucsampldi: BIMRANKIZ1GeVDe &ﬁﬁbktéﬂz:;?—/af
*xyzdos 1 9emIBOKIZ20MeVDe  £AMHLEEEN Y Zalb—Yal

—109—




]2 aALNNANF T a>

Bt abiv | BELALVOBAL ]| SRERY N—ThDRH %
(F740 1) S14T5VnitsE | TEILEUAL=-T4T
RiT¥ 3 Rofit

E{T#0 O

HZITF#1 O

HiT#2 O O

EiT#3 @) O

EiT#4 O

£33 BOSTOALINITIAT g DRI

Alphe AXP X720 | —00 —non_shoarod

(0OSF/1)
RiT2 1 -0 —-non_sharod
X782 | -0 —non_sharod —math_library fast
EiTa3 -0 —-non_shatod —assume nooccurascy_sonslitive
—maih_tibrary {fast
Ri7e4 —0 —non_shartrod —assumo noaccuracy_sonsitive

Alpha AXP K120 | /chock=noovor/optimizo=lovel=0

{(OpenVMS)
xfis s/eheck=noovor/optimlzo=lavol=4
RiG#2 | /check=noover/optimize=loval=4/math_library=tast
G823 | /check=noover/optimizo=level=4/math_Jlilbracy=tlast
/J/assumo=noaccuracy_sonsilive
a4 schock=onoovotr/optimiteo=lovol=4
/S/assumo=noaccuracy_sonsilive
MIPS Rtis0 -00
(uLTalx)
k4o R B -0
XGe 4 -0 —assume nooccurtacy_sensitive

—110—



dA2INMSF T a %
ff>TETLTHAD

/

FUSE &0V —I)L %
E> TEEDIH %
EI,

1 a— FBiRDFE

—=111-

N\

BEOSWVWEZ A%
M Fa—=>F
Z1T% 9




Alpha AXP {OpenVMS AXP} il

Alpha AXP (DEC OSF/1 AXP)

Alpha AXP (OpenVMS AXP) I8

Alpha AXP {DEC OSF/1 AXP) i

MIPS (ULTRIX)L

Alpha AXP (OpenVMS AXP) SRR

Alpha AXP (DEC OSF/1 AXP) SR}

60 80 100 120 140
R0 ()
2 UCSAMPL4 FITEMEER 1
)
100 150 200 250 300
RITOSR (15)
3 UCSAMPLAl EITiEMIAm 1
s e Ao e
P
0 500 1000 1500 2000 2500 3000 3500

EIeAM) (15)

B4 XYZDOS RITEMER 1

—112—-

B xi#a
B xi5#3
M xii#42
Bl xi541
O=xieo

Bl xm#a
B xi543
M xiG2
b xi#
O xiiso

B miiaa
& misns
B xin2
M xin
Oxs#o




XieLn) sdin

XigLn) sdin

El5 UCSAMPLA EiTEMIaM 2

@6 UCSAMPLAI RITEMIEHR 2

: {axv (dxv
7z SHAuadQ) dxv eudiy =~y SWAURAD) dxv eydpy SWAURdD) dXv eydly
{(dXv 1/280 (dXV 1/250 {(dXv 1/2S0
N\ N\ 230) dXv eydly 030) gXv eudly - 030) dXVv eudly
w N N - o n N 0 - n o W N W e 1 O
o~ - c Y - o o~ - S
& « «
- - -
Y M ")
= E =
= 1
- o 3
o & o
a8 3 89 M M
e =X =X
we= e ®e

—113—

7 XYZDOS RITEMEER 2



« (o]
Bk
o =
o s Ui A V m W%
e e, -
TR X1BLINF-S3IN o X141 SdIn % {(X14170) SdIn
e w§>con%x<mx< eydyy \ (axv {dxv
N (dXV 1/4S0 z : mu»uwumeﬁ P g w._._>5uwv dXv eudiy
_ 030) dx udiy 2 030) dxv eudry < W O
THmOonwNn-yo 7] LT R < NSNSy 030) dXy eudly
o o~ < o o 6 N = o @ THOW NG -6
> [&] ™ o~ - o
g e z = =
Z = S & g
- Ry 2
A N -
= = o
£ & 2 >
3 o 4 g

114~

10 XYZDOS E{7TiR/MM 3



a0
25 NON
20 l St
ucsampldD AF R 15 EE AT
(%) N »f".a:;‘;"'” 52 00
10 Ay S e A
5 \
0:._‘ - — L A ;] L (=
8 8§ § & 8 E 8§ g8 ¢
@ 3 9 @ o a o g
E ! o = - £
£
o
(7]
11 Alpha AXP(OSFN)AT Tt
307
25
20
ucsampiD AF 3% 15
(%)
10
5
=% = T % 3 e £
Q@ S @ g L2 ol o o
o € &I 3 5 s
£
o
v
12 Alpha AXP(OSFH) AT S Hi2
2511
201
xyzsdosD AT 5} i 10
(% 10
5?‘
0: 5 & = = i1 c
- el I L (o] [}
8 § % % € F 3
@ E 2 3 a

sqrtf/F_sqrtf

313 Alpha AXP{OSF/)A G 13

—115—



40 \

30
ucsampld D AT 51 20 ~—
(%)
10 R # 0
0 2 7.4 ) 74
electr uphi mscat brems ausgab photon
114 Alpha AXP(OpenVMS)A i 34ii 1
40(¢ ‘\
30 S
ucsampldiD AT 3 15 20
(%)
10 T R # 0
0 ) "4 | *.d vV
electr uphi mscat ausgab brems photon
15 Alpha AXP({OpenVMS) AT 34k 2
30 \
25 \
20
xy2dosDAFRE |
(%)
104 L 7
5 RfT#0
0 [ e =1 <
[Y ] S 7] 5
=t [ ] UE?
3
[]
-y

16 Alpha AXP(OpenVMS) A 3113

—116—



[
(32
)

30
251
ucsamplaD AT AT 20
(%) 154 s S T e,
’ N i T
lg EiF#1
ol . : ! | . ] \E > RIT#0
$ 5 § < 5§ % % § ¢
2 F G 2
17 MIPS(ULTRIX) AT 23471
35
3071
25
ucsampMiD AT B 20 = f
(%) 154 7 RiT#4
10{] xi7#1
51 xiT#£0
0 | 2

electr uphi mscat ausgab flog brems fsqit photon
18 MIPS(ULTRIX) AT n1i2

-117—



RObO VI 72 b ) —-—RBEBEFIV=ZT v 7 RU
=4y PRICETEEE (I)

B & R F 27 UF 38 B %6 k5 OF 98 B & FILA, W MWi#F
Consideration on Electron Linac and Target System for the Positron Factory ( 11 )
Hirohisa Kaneko and Sohei Okada

Takasaki Establishment, Japan Atomic Energy Research Institute
Watanuki-machi, Takasaki-shi, Gunma-ken 370-12, Japan

JAERI Takasaki has been promoting design studies for the Positron Factory, which aims at
production of linac-based intense monoenergetic positron beams of 10 ' ° s ™' in intensity.

We have developed a new Monte Carlo simulation system ( EGS4-SPG ) for the design of the
complicated target ( electron/positron converter and positron moderator ).

In this simulation system, the EGS4 code is applied when energies of positrons are more
than a cut-off energy. The calculation on the behavior of positrons is switched to the SPG code
( thermalization , diffusion, annihilation, reemission ) below the cut-off.  The combination of
EGS4 and SPG made it clear that photons from the converter play a considerable role in the
slow positron generation in the moderator.
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Simulation of Electron/Positron Convertor for SPring-8

Akihiko Mizuno, Shinsuke Suzuki, Hiroshi Yoshikawa,
Toshihiko Hori, Kenichi Yanagida, Kenji Tamezane,
Masahiko Kodera, Hironao Sakaki, and Hideaki Yokomizo
JAERI-RIKEN SPring-8 Project Team
Tokai~mura, Naka-gun, Ibaraki-ken, 319-11, Japan

SPring-8 is the largest synchrotron radiation facility in the world, which is under
construction in Harima Science Garden City. It consists of 1GeV-Linac, 8GeV~Synchrotron
and 8GeV-Storage-ring. In order to avoid ion—-trapping and make a beam-lifetime longer in
the storage-ring, positrons will be used as accelerating particle, and are produced at the

electron/positron convertor in the linac.

In this paper, simulation of electron/positron convertor is presented, using EGS4 code
for positron producing at a target, and our original tracking code for positron focusing section.
In the simulation, we obtained electron/positron conversion efficiency of 0.58%, and
simulation data were qualitatively coincident with experimental data.
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