KEK progress Report 2000-3
July 2000
R

Activity Report of

Radiation Science Center
in Fiscal 1999

KEK

Radiation Science Center
Applied Research Laboratory

High Energy Accelerator Research Organization



Jooodgod

oo oodd

Jobobooobouoooud
ool Mmuoooooon



PREFACE

The Radiation Science Center is concerned with the management of both radiation and chemical
safety in KEK. In addition to the tight routine work, R&D work in this field is conducted. The first
part is the R&D activities reported in English and the second part is the studies related to the routine
work written in Japanese. The third part is the data related our activities including awards, name of
outside committees we are engaged in, workshops and symposia, publications, and funds we got.

An experimental facility for the thermal neutron field was newly installed. The facility has a large
graphite block of 1.9mx 2.bmx 1.9m in which one or two neutron sources can be set and will be used
for the various collaborative studies with outside users.

We hope that the activity report is useful for all people who are working in the field of the safety
of accelerator facilities.

Tokushi Shibata
Head, Radiation Science Center
High Energy Accelerator Research Organization



Contents

1

Research Activities

1

10
11

12

13
14

Accelerator Radiation Safety - - -« -+« « « o o oo
1.1 Radiation protection of KEK-PF - - - - - -« - .o
1.2 Measurements of X-rays from the RF systems of the electron-linear
accelerator for KEKB - - - « « + « o o vt o e e e e e e e e
Airborne Gases at High-Energy Accelerator Facilities - - + -+ -« « -« « .
2.1 Airborne gaseous N-13 species produced at a high-energy accelerator
fFaciliby « « « =« oo
2.2 Noxious gases produced at high-energy accelerator facilities - - - - - -
Analysis of ®Ni(n,a) Reaction Cross Sections with the Hauser-Feshbach
Statistical Theory and Bayesian Parameter Estimation Method - - - . - . -
Calculations of Radiation and Residual Dose Rate Induced by the Beam
Loss at Injection of High Intensity 3 GeV Proton Synchrotron using MARS
COAE « « + - - e e e e e e e e e e e e e e e e e e e e
Code Benchmark for Protons of 0.6, 3 and 50 GeV - - - - - - -« -« o oo oo
Complexation of Crown Ether Chromoionophore with Alkali Metal Cations
in Surfactant Micelles = « « « = =+« o b b e v e e e e e e e
Depth Profiles of Radionuclides Induced in the Shield Concrete and the Soil
Below the Floor Level of 12 GeV Proton Accelerator Facility at KEK - - - -

7.1 Depth profiles of radionuclides induced in shielding concrete of the
12GeV proton accelerator facility at KEK - - - - - - - -+« 0o v
7.2 Concentration of radionuclides induced in soil below the East Counter

Hall in KEK - - = -« « 0 v v e e e et e e e e e e e e e e e e
Design for the Radiation Safety in the Thermal Neutron Calibration Facility
Development and Application of the Self~TOF Neutron Detector - - - - - - -
9.1 Shielding experiment at HIMAC -« -+« -+« v v v v v v oo v v v
9.2 Measurement of neutron scattering and charged particle production
cross section at TIARA and RIKEN -+« -+« « « v v v v v oo v v
Development of Beam Loss Monitor for Accelerator Facility - - - - - - - - - -
Development of Slow Positron Beam for Positron and Positronium Chemistry
11.1  Application of a pulsed slow-positron beam to polymers - - - - - - - -
11.2 Development of pulsed slow positron beam using time varying pulsing
DIAS « « « ¢ - e e e e e e e e e e e e e e e e e e
Dose Measurements and Calculations in Bone-Tissue and Lung-Tissue Phan-
toms for Angiography Using synchrotron Radiation - -« -« ..« .. ...
Estimation of Radioactivities Around the High Energy Accelerator Facility
Experiments Using Synchrotron Radiation - « - - - -« -« v v v v v v oo

oo



15

16

17

18

19

20

21

14.1 Benchmark experiment of 20-40keV photon scattering - - - - - - - - - - 9
14.2 Systematic comparisons of measurement and EGS4 regarding 20-40

KeV Photons - - - -« = - o o v e 9
14.3 TLD responses backed by copper, silver or gold for 20-40 keV mo-
noenergetic photons - - - - -« - - s oo 9
144 60-keV gamma-rays streaming in a two-bend duct- - - - - - - - - - . .. 10
Fundamental Studies of Tritium Separation Using Polyimide Membrane and
Its Application for Tritium Monitors in Accelerator Facilities - - - - - - - - 10
Gamma-Ray Buildup Factors - - - - - = = = =« « c o oo 10
16.1  Activities concerning a re-evaluation of gamma-ray buildup factors in
JAPAN -+ ¢+ ¢ v v e e 10
16.2 Gamma-ray buildup factors for a point isotropic source in the single
layer shield by using BERMUDA code + « + « « « « « « v v v v v v v v v 11
16.3 An improved approximation formula of gamma-ray buildup factors
for a point isotropic source in two-layer shields - : -+« - -+ - . o 11
High-energy Photospallation Reaction - - - - - - -« - -+« v v oo oo 12
17.1 Modification of photo-nuclear cascade evaporation code PICA95 at
energies below 150 MeV - - - -« - -« o oottt 12
17.2 Radioactivity produced in thick target by 2.5 GeV electrons - : - . - 12
High-energy Photoneutron Spectra from 2 GeV Electrons Incident on Thick
TAr@et -+ « + + + + ¢ s e e 12
18.1 Measurements of photo-neutron energy epectra from thick targets by
irradiation of 2.0 GeV electron beam - - - - - - - - - oo 12
18.2 Experimental setup for measurements of high energy photoneutron
spectra from thick targets - - - - - - - - oo 13
18.3 Photoneutron spectra from thin targets bombarded with 2.0 GeV
ClECELFONS - - + + + & = = e e e e e e e e e e e e e e e e e e e 13
18.4 Measurements of high-energy photo-neutron yield and comparisons
with calculated reSults - - - « « « « = = e et e e e e e e e 13
18.5 Systematic of 90 deg. direction photo-neutron yields irradiated by 2
GeV EleCtTOnS « « « -« = « « « ¢ b e e e e e e e e e e 14
Improvement of Air Transport Data and Wall Transmission/Reflection Data
in the SKYSHINE Code -« « « « « « + ¢ o v v vt e et et e it e e 14
19.1 Calculation of line beam response function for gamma-ray skyshine
analysis - s 14
19.2 Calculation of gamma-ray wall transmission and reflection data - - - - 14
19.3 Application of improved air transport data and wall transmission re-
flection data in the SKYSHINE Code to typical BWR turbine skyshine 15
Improvement of Low Energy Photon Transport in EGS4 code - - - - - 15
20.1 Improvement of the cross-section and branching-ratio evaluation in
EGS4 in the energy interval which has an absorption-edge - + -+ - - - 15
20.2 Energy dependence of L;, Li; and Ly subshell photoelectric effect
CIrOSS SECLIOTL + = + + = + + =+ & o e e e e e e e e e e e e e e 16
20.3 Implementation of electron-impact ionization into the EGS4 code - -+ 16
20.4 Development of unified version of improvements of EGS4 code - - - - 16
Material Science Using Slow Positron - -« -+« « « c v v v v v e 16
21.1 Study on positron annihilation and positronium chemistry - - - - - - - 16

21.1.1  Polymerization of epoxy resins studied by positron annihilation 16

ii



22
23

24
25
26

27

28
29

30

31

32
33

34

35

36

37

21.1.2  Characterization of the curing behavior of cyanic ester by a

positron-annihilation lifetime technique - - -« -« ... .. 17
21.1.3 Radiation effect on positronium formation in low-temperature
polyethylene « « « « « « « v v 17
21.2 Positron annihilation in fullerens and other carbon phases - - - - - - - 17
Measurement of Beam Intensity using Activation Method - - : - -+ .. .. 18
Measurement of Prompt Fission Neutron Spectrum of Neptunium-237 for
0.62 MeV Incident NEULIOMmS « « « = = + « o+ o o v e bbbt e e e et e 18
Measurements of Scintillation Photons in High Pressure Rare Gases - - - - 18
Monte Carlo Simulation of KV X-ray Uits - - - - - - - -+« - o oo v oo 19
(n,a) Cross Section Measurement Using a Gaseous Sample and a Gridded
Tonization Chamber - - « « « = = =+« c e b e e e e e e e e e e 19
Neutron Measurements + « « « « « » « « o o v v v e ettt e e e e e 20
27.1 Neutron energy response of a modified Andersson-Braun Rem-Counter
and measurements in high-energy stray neutron radiation fields - - - 20
27.2 Measurements of time dependent distribution of leakage neutrons
from the earth shield of KEK 12-GeV PS -« - -+« v v v v v v v 20
27.3 Measurements of secondary neutrons produced from thick targets
bombarded by high energy heavy ions in HIMAC - - - - « + + « « « .+ .. 20
27.4 Measurements of neutron spectra produced from a thick lead target
bombarded with 0.5- and1.5-GeV protons - - - - - - -+ oo 21
Neutron Production from Lead Targets for 12-GeV Protons - -« - - - . - . 21

Neutron Response of a Three Element Phoswich Detector Consisting of
Inner BC501A Scintillator and an Outer BGO and CaF,(EU) Crystal Wall 22
Number of Scintillation Photons from Scintillator Crystals and the Factors

Affecting Their Resolutions - « -+« « « « c oo v oo 29
30.1 Response of NalI(Tl) scintillation detectors for gamma rays - - - - - - 23
Particle Size Distribution of Radioactive Aerosols Formed in Accelerator
Tunnel Air During Machine Operation - - - -+« -« -« oo oo 23
Resonance Ionization Spectroscopy (RIS) by Lasers - - « -« « « « « oo oo 23
Search for the Neutralino Darkmatter with a Low Background Liquid Scin-
Hl1ation Detector - « « = « « =+t b e e e e e e e e e e e e e e e e e e 24
Search for Unknown Neutral Object - -« « + -+« « c v v v v v v v v 24
34.1 Search for correlated two-photon emission from et (®2Sr) + Th inter-
ACLIOM + + « v v v e e e e e e e e e e e e 24
34.2 Observation of 180° correlation of ee~ pair originating from e* (32Sr)
4+ Th interactions - - « + « « « ¢ o+« v v e 24
Sorption/Desorption Processes of Uranium in Clayey Samples of the Ban-
gombe Natural Reactor Zone, Gabon - + - -+« « + « « v v v v v v v v v o 25
Study on Activation Analysis - - - - - -« c - - s s e e e 25
36.1 Development of the continuous extraction and detection system for
C-11 induced by accelerator - - - - - - - = = - oo 26
36.2 Photon activation analysis of environmental and biological samples - 26
36.3 Depth profile measurement of oxygen in high-pure silicon by charged
particle activation analysis - - - - - - - - - s 2
Study on Labeled Compound using Recoil Implantation after Nuclear Re-
ACLIOML + + + = = = o« e e e e e e e e e e e e e e e e e e e e e 2

37.1 F\ullerene chemistry ............................... 27

iii



37.2 Preparation of C-11 labeled polycyclic aromatic hydrocarbons using
electron accelerator and cyclotron - -« -« -+« « o oo oo

38 Study of Neutron Deep Penetraion at the Spallation Neutron Source Facility,

ISTIS « ¢ v o v v e e e e e e e e e e e e e e e e
38.1 Measurements of neutron attenuation through iron and concrete - - -
38.2 Deep penetration calculation compared with the shielding experiment

at ISIS - - - -« « o o e
39 The EGS4 Workshop, Class and User Support -« -« -+« « oo oo vn
39.1 The EGS4 workshop and class - - - - -« - -« oo v oot
39.2 User support concerning EGS4 - - - - - -+« -+ oo v oo

40 The Fast Neutron Fluence of the Hiroshima Atomic Bomb - - - - .- .. ..
40.1 An estimation with the residual ®3*Ni activity - - - - - - - - -« - -« ..

40.2 The cross section of the Cu(n,p)%Ni reaction - - - - - - - - - .« ..

40.3 A method of low-level -ray counting - - - - - - - - -« - - oo

40.4 An estimation with the 3**K(n,p)3°Ar reaction -« - - - -« ... ...

2 [0OMoooog

1 [ T S T T T
1.1 O00000000000 « « « ¢+ v v o et et e e e et e et e e e e e e

1.2 O0000000000 - « « « « « o v o e e e e e e e e e e e e e e e e

1.3 OOOOOOOO « « « + « ¢ v v vt v et e e e e e e e et e et e e e e e e

2 OO000O0OOOO0  « « « v v v ot et et e e e e e e e e e et e e e e e e e e
2.1 [ 0 T T
21.1 OODOD + v s e v ovoe v e e e e e e e e e e e e e e

2.1.2 OO OO = = ¢ o v v e o v e v e et e et e e e e e e e e e e e e e e e e

2.1.3 OODOD + o s oo v v oo v e e e e e e e e e e e e e e

2.1.4 [ T T T

215 OODOD + v s e v ovoe v e e e e e e e e e e e e e e

2.1.5.1 126 0120 - N S
2.1.5.2 PF-AR, BT, 00000000000 « =« o0 v v v v oo v v

2.1.6 S

21.7 S

218 R S S U

2181 OO00O0D0O0O0OOOO = « ¢ « o oo v o v v oot o v oo v o o

2.1.9 UO00O00DO0DDO0ODDO0ODO « v v e e vee oo e v e e

2.2 [ 0 T
2.2.1 00000000000 DO0ODOn « v v v e ve e oo oo

2.2.1.1 OO000O0O0O0O0O0O0O0OLO  « « =« oo v v e e v oo oo oo o

2.2.1.2 0000000 (SARM)OOOO0ODO =« oo v e v oo oo v

2.2.2 KEKBOOOODOODODODOOOODODOoOooOOooXboooooo

223 GEANT « ¢ ¢t o et e e e e e e e e e e e

224 OO00O000O0 - -« =« v oo v e e e e e e e e e e e e e

225 00000000000O000O0000000 « -« vvene-.

I S
4 OOO0O0OOOOO -+« « = = o 0 v o e e e e e e e e e e e e e e e e e e s e e
4.1 I U
4.1.1 ugbobobobooboobobobobbooobobobooobboon
O00000000000000 + « =+ v 0 v v v v v v v v ee e

iv



4

N I

ot

1

4.1.2 O00000@O0O0OO0S) 00000 - - - v v oo e 42

4.1.3 O0000D0O0Owirechamber O 0O OO0 O00OO0O0OOOOOOOOO
[ T T T T 42
4.14 KEKBOOOOOOOOOOODOOOODODOOOOoOoOooDooooooo 43
4.1.5 PSO0O0O0OODODOODOOODOOOODOODOONO -« -« 43
4.1.6 I 0 6 O 43
4.1.7 KEKBOOOOODOOOOODODODOOOOOOODO =« =« oo e v e e vt 43
4.1.8 KEKBOOOOOOOOOOOOOOWaterload DOOOOOOOO - 44
4.2 O000000O0000000 - « « « = - 0 0 o v v e e e e e e e e e e 44
4_2_1 goooooog pH OO0OODO = « « = = o o v v oot o v oo v o o v 44
4.3 OOOOOD - - ¢ e e v e v o e e e e e e e e e e e e e e e e e e e e e 44
4.4 I I R S S 44
O000000000000000000 « « « c v oo oo v m e oo e e e 46
5.1 OUO00O0O0O0O0O0OOOOLO « = = o o o v e e v e e v e et e v v o a0 o v oo 0 o o 46
5.2 O000000000OO0 -« « « « o o v e e e e et e e e e e e e e 46
oo 47
[IED - =« v o o o e e e e e e e e e e e e e e 47
OOOOOOMD « « « =« o o e e e e e e e e e e e e e e e e e e e e e 47
OO0O000OODOON - - - - 0 o 0 e e e e e e e e e e e e e e e e e e e e 48
OOIEIE « » - o o o v e e m e e e e e e e e e e e e e e e e e e e e e e 48
4.1 OO0OOOOOOD  « « « » o o ot e e e e e e e e e e e e e e e e e e e 48
4.2 [ N P 49
OOOOOOODD -« -« = o o e e v e e e e e e e e e e e e e e e e e e e 50
O0O00D00O0O0OOOOO  » = = o e v s oo e e v e et e e v oo s e v o o v s o v o o o o o 52
O OPublication Lists 53
Publications in Periodical Journals (1999.1-1999.12) - - « -+« « « « v oo 53
Publication in Japanese (1999.1-1999.12) - - - = = =+« -« oo oo s s 57
Presentation at Conference etc.(1999.4-2000.3) - = = = = = =+« o v v 58
3.1  TInternational Conference - « - « « = = =« + + o m e b e e e e 58
3.2 OBRET « « « « » = o o e e e e e e e e e e e e e e e e e 60
Reports etc. (1999.4-2000.3) « =« + « + « o s et e 65
4.1 KEK Proceedings - - - - =« « =+« o oo e 65
4.2  KEK Tnternal - -« « « « « « o o o ot v e e e e e e e e e e e 65
4.3 OLREIS « « « = =+ o o e e e e e e e e e e e 66
Internal Reports of Radiation Science Center (1999.4-2000.3) - - -+« « + « « -+« - . 67
5.1 RADZD - « « =+« o ot e e e e e e e e 67
5.2 RAD-S - - ¢ ot e e e e e e e e e e e e 68
5.3 RAD-A - « -+« v o e e e e e e e e e e e 73
5.4 CHEM-A « « « o 0 o o e et e e e e e e e e e e e e e 74
5.5 CHEM-W = =+« e et e e e e e e e e e e e e e e e e 76



Chapter 1

Research Activities

The feature of the research activity in the Radiation Science Center is a wide coverage of the research
fields. The research fields of staff members are nuclear engineering, nuclear chemistry, health physics,
chemistry, and accelerator shielding. Here we briefly described the present status of each research
activity carried out in fiscal year 2000.



1 Accelerator Radiation Safety

1.1 Radiation protection of KEK-PF
S. Ban and H. Nakamura

We show the method of radiation safety administration. Personnel exposure control, Radiation
Monitors, Measurements of dose in the experimental hall, Containment of radio-activities were dis-
cussed. Injection Linac for PF Ring was upgraded to accelerated 8 GeV electrons for KEKB Factory.
Radiation problems are discussed during this construction period.

Published in Housyakou, 12(1999)6-9 (in Japanese).

1.2 Measurements of X-rays from the RF systems of the electron-linear accelerator for
KEKB

H. Nakamura, S. Ban, K. Takahashi, T. Oogoe, A. Enomoto

The RF systems of an electron linear accelerator are important sources of X-rays. A unit of the
RF system consists of a klystron, an RF compressor, three RF dividers and a set of waveguides in
KEKB linac. X-ray exposure from a klystron collector is well known. Recently, RF compressors have
been used in a high peak-power RF system and X-rays from the compressors became an important
problem.

In the KEK 8-GeV electron-linear accelerator for KEKB, the X-rays doses from these components
were measured with a TLD (thermoluminescent dosimeter). The spatial distribution of the X-ray
intensity around these components (SLED, RF divider) was measured by using an IP (imaging plate).

To be presented at 10th International Congress of the International Radiation Protection Associa-
tion, Hiroshima, Japan, May 14-19, 2000 (IRPA-10).
Published as KEK Preprint 99-174 (2000).

2 Airborne Gases at High-Energy Accelerator Facilities

2.1 Airborne gaseous N-13 species produced at a high-energy accelerator facility

Y. Kanda, Y. Oki, A. Endo!, M. Numajiri and K. Kondo
KEK, 'JAERI

The irradiation of atmospheric air with high-energy protons has been performed at the 12 GeV
Proton Synchrotron. The specific activities of >N, one of the principal airborne radioactivities, have
been measured as a function of the irradiation time at a dose rate of about 6 x 10'® eV/g/s, and
compared with the calculated values. The predominant chemical species of 13N produced were found
to be 13Ny and ¥ NO,. Their proportions were approximately 55 % and 45 % for *NO,, being
independent of the irradiation time. Smaller quantities of 13NO and H!3NO, were also observed.

Presented at The 43rd Symposium on Radiochemistry, Tsukuba, 1999.



2.2 Noxious gases produced at high-energy accelerator facilities

Y. Kanda, Y. Oki, A. Endo!, M. Numajiri and K. Kondo
KEK, 'JAERI

Measurements of noxious gases produced at the 12 GeV Proton Synchrotron showed that ozone is
a main product and that NOy predominates among the products of nitrogen compounds, including
HNO; and HNOj3. Ozone production is one of the major problems for the operation of high-energy
accelerators, owing to its much lower maximum acceptable concentration and its chemical reactivity.
The formation of radiolytic products can be commonly characterized by the so-called G-values. The G-
value for ozone formation in air was estimated from the experimental data to be 6.4 (molecules/100eV).

3  Analysis of ®*Ni(n,a) Reaction Cross Sections with the Hauser-Feshbach Statistical
Theory and Bayesian Parameter Estimation Method

T. Kawano, T. Sanami', M. Baba? and H. Nakashima
Department of Advanced Energy Engineering Science, Kyusyu University,
LKEK, 2 Cyclotron Radioisotope Center, Tohoku University

Experimental data of 5Ni(n,a) reaction cross section are analyzed with the Hauser-Feshbach sta-
tistical model with the width fluctuation correction by Moldauer. A neutron optical potential which
was derived from neutron elastic scattering data is used for an entrance channel in order to fix the
total reaction cross sections at reliable values. Global optical potentials are used for the proton and «
particle emission channels, and level density parameters of the residual nuclei are determined from the
cumulative plot of discrete levels. These parameters are adjusted to the experimental data of 33Ni(n,a)
and (n,p) reaction cross sections, including the angular distribution of the emitted a-particles. The
parameters thus obtained yield a good fit to the experimental cross sections of those reactions up to
8 MeV.

Published in J. of Nucl. Sci. and Tech. 36, No 3,(1999)256-264.

4 Calculations of Radiation and Residual Dose Rate Induced by the Beam Loss at
Injection of High Intensity 3 GeV Proton Synchrotron using MARS code

N. Nakao, Y. Irie, M. Uota, M. Shirakata, N. Mokhov', A. Drozhin!
KEK, ' Fermi Lab.

On the accelerator design, the estimation of secondary particle distribution and residual activities
induced by the beam loss are very important to reduce the radiation damage of the instruments and
the external exposures for workers during hands-on-maintenance. For the 3 GeV proton accelerator
design, radiation environment induced by beam loss at the 100m path of 3-GeV ring injection part
was estimated by Monte Carlo calculations. A Monte Carlo simulation using the hadron cascade code,
MARS, were performed using the beam loss distribution results obtained by the multi-turn tracking
Monte Carlo code, STRUCT.

Primary proton energies of 200 MeV and its beam loss of 3.6 kW were employed, and the hadron
cascade calculations were carried out. The secondary particle distributions during the operation
and the residual dose rates induced by the beam loss around the halo collector at the 100m path of
synchrotron injection part were estimated. The calculation including 40cm-thick iron shields equipped
around the beam pipe only in the collimator regions was also performed, and neutron dose rates outside



the concrete and the residual dose rate along the beam line were estimated. It was found that the
activations of the magnets near collimators were induced mainly by the secondary particles produced
at the collimators, and that the 40cm-thick iron shield can be also useful for decreasing the activation
of these magnets.

Presented at 2000 Anual Meeting of the Atomic Energy Society of Japan, Ehime Univ., Matsuyama,
March 28-30, 2000.

5 Code Benchmark for Protons of 0.6, 3 and 50 GeV

T. Sanami, S. Ban, N. Nakao, H. Nakashima!, T.Masumura', and N. Mokhov?
KEK, Y JAERI, 2 Fermilab

The attenuation factor of neutron flux produced by 0.6, 3 and 50 GeV protons was calculated by
using three hadoron Monte Carlo code, MARS13(98), NMTC/JAERI and Geant3.21. The geometries
are iron cylinder and iron tube with small Pt target. The attenuation factors were obtained by fitting
to following equation,

H = Hyexp(—t/)\).

From this calculation, it was found that
e NMTC results are in good agreement with MARS, but Geant one are systematically lower,
e attenuation factor of iron is around 150 [g/cm?],

e iron around a beam duct acts as neutron source.
Presented at the 11th meeting of radiation safety group for KEK/JAERI joint project.

6 Complexation of Crown Ether Chromoionophore with Alkali Metal Cations in Sur-
factant Micelles

K. Bessho, Y. Kanda, S. Nishizawa!, T. Hayashita! and N. Teramae!
KEK, ' Tohoku Univ.

Crown ether compounds are known as selective complexing reagents for alkali metal cations. Recent-
ly, chromopohore introduced crown ethers have been synthesized by our co-workers. These compounds
complex with alkali metal cations, and UV-absorption spectra of them change accompanied with com-
plexation. However, crown ether - metal interaction are weak in water, so photometric response can
be observed only in pure organic solvents or organic solvent-water mixtures.

Surfactant molecules form micelles in aqueous solutions. In ageous micelles, it can be expected that
complexing ability of the above compounds increase drastically because of low dielectric constant and
high charge density of micelles. Complexation equilibria of crown ether chromoionophores with alkali
metal cations in surfactant micelles has been examined.



7 Depth Profiles of Radionuclides Induced in the Shield Concrete and the Soil Below
the Floor Level of 12 GeV Proton Accelerator Facility at KEK

7.1 Depth profiles of radionuclides induced in shielding concrete of the 12GeV proton
accelerator facility at KEK

T. Miura, S. Takahara, S. Ishihama!, N. Ohotsuka!, and T. Kunifuda!
KEK, ' TNS

The depth profiles of long-lived radionuclides were measured for the shielding concrete exposed to
secondary particles in the 12 GeV proton beam-line tunnel at KEK. Various long-lived radionuclides,
"Be, %2Na, %6Sc, °'Cr, 5*Mn, 56Co, "Co, °Fe, 0Co, 6°Zn, 134Cs, ®2Eu and '»*Eu, were observed
in concrete samples by vy-ray spectra measurements, and *H was also detected by liquid scintillation
counting. The major radionuclides induced in the ordinary concrete ware *H, “Be and 2?Na and *H,
54Mn and %°Co in heavy concrete, respectively. It was confirmed that the muximum concentration of
the radionuclides induced by the thermal neutron capture reactions, such as 46Sc, 5'Cr, 6°Co, 5°Zn,
152Eu and '*Eu, etc., was distributed at about 20 cm in depth from the surface of shielding concrete.
The fast neutron attenuation lengths for ordinary and hevy concrete were estimated to be 131 g/cm?
and 150 g/cm? from depth profiles of %*Mn, respectively. These values were in agreement with values
determined using activation detectors at KEK.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

7.2 Concentration of radionuclides induced in soil below the East Counter Hall in KEK

T. Miura, K. Bessho, S. Ishihama', and N. Ohotsukal
KEK, ' TNS

The concentration of long-lived radionuclides were measured for the soil and groundwater below
the east counter hall of 12 GeV proton accelerator in KEK. 3H, ?2Na, **Mn, %°Co and '52Eu were
measured in the soil samples. In addition to *H, 22Na and °*Mn which were leached from the soil were
slightly observed in the groundwater.

From the column experiment, the ion velocity of 22Na was faster than one of >*Mn in the ground-
water, but both were slower than the velocity of groundwater.

Presented at The 43rd Symposium on Radiochemistry, Oct. 13-15, 1999 Tsukuba, Japan.

8 Design for the Radiation Safety in the Thermal Neutron Calibration Facility
T. Sanami, S. Sasaki, and Y. Oki

The facility was constructed in KEK to generate standard thermal neutron field and calibrate
neutron detectors. Neutron sources of 185 GBq and two 37 GBq 2*! Am-Be and 0.2 GBq 252Cf were
used for that purpose. This report describes in detail the design for the radiation safety in the facility.

Published as KEK Internal 99-19, March 2000 (in Japanese).



9 Development and Application of the Self~-TOF Neutron Detector

9.1 Shielding experiment at HIMAC

M. Sasaki!, N. Nakao, T. Nunomiya!, M. Nakao!, T. Nakamura!,
T. Shibata, A. Fukumura?, Y. Uwamino®
KEK, ! CYRIC, Tohoku Univ., 2NIRS, 3RIKEN

A new type detector, called ’Self-TOF detector’, was developed for high energy neutron spectrometry
behind a shield. The detector consists of a radiator, a start counter and a stop counter. The radiator
is composed of 20 thin plastic-scintillation detectors and the stop counter is segmented into 9 plastic
scintillation detectors. Neutrons impinging on the radiator emit charged particles. The time-of-flight
of the charged particles emitted at a forward angle is measured using the start and stop counters.
The response functions of the detector for high energy neutrons were also measured at the RIKEN
Ring Cyclotron (RRC) facility and at the Heavy-Ion Medical Accelerator in Chiba (HIMAC) of the
National Institute of Radiological Sciences (NIRS).

The concrete shielding experiment was performed at HIMAC using the source neutrons produced
from bSem-thick copper target bombarded by 400 MeV /nucleon C-ions. A concrete shield, of which
cross section was 100cm X 100cm, was equipped at 50cm down stream from the target, and the
neutrons behind the shield of 50~200cm thicknesses were measured by the Self-TOF detector. The
neutron energy spectra for various shield thicknesses in an energy range from 100 MeV up to 600
MeV were obtained by the unfolding method using the response function matrix and the FERDOU
unfolding code. Monte Carlo calculations using LAHET code system were also performed, and were
compared with the measured results.

Presented at 9th International Conference on Radiation Shielding (ICRS-9), October, 17-22, 1999,
Tsukuba (KEK-preprint 99-33(1999), and KEK-preprint99-121(1999)).

9.2 Measurement of neutron scattering and charged particle production cross section
at TIARA and RIKEN

N. Nakao, M. Sasaki!, T. Nakamura', T. Shibata, Su. Tanaka?,
Y. Nakane?, Y. Sakamoto?, Y. Uwamino?
KEK, 'CYRIC, Tohoku Univ., 2JAERI, 3RIKEN

A small type of Self-TOF detector was developed to measure neutron scattering and neutron-induced
charged particle cross sections. The detector consists of two plastic scintillator of 0.5mm and 20mm
thickness for a start and a stop counter, respectively. The experiments were performed using quasi-
monoenergetic neutron sources which were produced from a thin “Li target bombarded by 68- and
210-MeV protons at TTARA of JAERI and RRC of RIKEN, respectively. The time-of-flight of charged
particles produced by source neutrons in a Ilmm-thick radiator of graphite, aluminum and copper were
measured, the cross sections of C(n,px), C(n,dx), Al(n,px) and Cu(n,px) reaction at 0 degree were
obtained.

A neutron scattering cross section was also measured at TIARA facility. The graphite block was
placed on the neutron beam line, and neutrons scattered in the graphite block were measured by
the Self-TOF detector using 2mm-thick polyethylene and 1mm-thick graphite radiators. After the
contribution of charged particles produced from the carbon nuclei in the polyethylene radiator was
statistically subtracted by the results using graphite radiator, the time-of-flight distribution of protons
by n-p scattering in the polyethylene radiator was obtained. The efficiency of the detector was cal-
culated using a double differential n-p scattering cross section, and the energy spectrum of neutrons



scattered at graphite block was obtained. In this study, it was clarified that the double differential
cross section (DDX) of neutron scattering can be measured by this detector.

Supported by Grant-in-Aid for Scientific Research (C)(2) of 1999 from the Ministry of Education,
Scinece, Sports and Culture in Japan.

10 Development of Beam Loss Monitor for Accelerator Facility
T. Sanami and T.Shibata

The beam loss information is important to accelerator operation and radiation protection. We
develop long scintillation detector consisted of the bundle of plastic scintillation fiber (BCF-10) con-
nected with photo multiplier tube at the both end. The total length of the fiber is 5 m. The position
resolution was around 20cm derived from - source test. Now we apply the detector to measurement of
beam loss information at the Booster Synchrotron Facility in KEK. In addition, a new type detector
which consist of liquid scintillator and qualtz capillaries is also under development.

11 Development of Slow Positron Beam for Positron and Positronium Chemistry

11.1 Application of a pulsed slow-positron beam to polymers

N.Oshima, E.Hamada, T.Suzuki', K.Kondo!, I.Kanazawa?, and Y.Ito®
The Graduate University for Advanced Studies, ' KEK
2 Tokyo Gakugei University, > Tokyo University

Pulsed slow positrons were produced using a time-varying moderator bias with an interval of 82 ns:
97% of the positrons were compressed within 2 ns width at the target position. Both the positron
annihilation lifetime and Doppler broadening of the positron annihilation radiation (DBPR) of polyte-
trafluoroethylene (PTFE) were measured as a function of the incident energy of slow positrons. It was
shown that the lifetime and intensity of the long-lived component of positron annihilation are inde-
pendent of the positron incident energy above 1.2 keV. However, the width of the Doppler-broadened
annihilation vy-ray increased in the energy region below 1.2 keV.

Published in Journal of Radioanalytical and Nuclear Chemistry 239(1999)329-333.

11.2 Development of pulsed slow positron beam using time varying pulsing bias

E.Hamada, N.Oshima, T.Suzuki', H.Kobayashi', K.Kondo!, I.Kanazawa?, and Y.Ito?
The Graduate University for Advanced Studies, ' KEK
2 Tokyo Gakugei University, 3 Tokyo University

In order to study the near-surface characterization of polymers using positron annihilation lifetime-
spectroscopy (PALS), a pulsed-slow positron beam system is under development. Positrons emitted
from 22Na were injected periodically into a target by adjusting the time of flight positrons between
the moderator and the target using a time-varying electric field. By increasing the slope of the pulsing
bias, the time resolution of this system, a full width at half maximum of 0.82ns has been achieved.

Published in Applied Surface Science 149(1999)40-43.



12 Dose Measurements and Calculations in Bone-Tissue and Lung-Tissue Phantoms
for Angiography Using synchrotron Radiation

N. Nariyama, Y. Namito', S. Ban'! and H. Hirayama'
Ship Res. Inst., 'KEK

Recently, coronary angiography using synchrotron radiation has been intensively investigated. In
conventional cardiovascular examination, contrast agent of iodine is directly injected into the arter-
ies. Using synchrotron radiation, large strength several order lager than that of conventional x-ray
machines and monoenergetic photons can be available so that intravenous injection becomes possible,
which leads to safer and sure inspection. For the application to patients, however dose estimation
is important because of large strength. In this study, to estimate the dose given to the patient for
angiography using synchrotron radiation, dose distribution in bone-tissue and lung-tissue phantoms
irradiated with synchrotron radiation was measured and calculated with a Monte Carlo transport
code.

The experiment was carried out at a 2.5 GeV storage ring Photon Factory in High Energy Ac-
celerator Research Organizaton. Monoenergetic photons of 33.32 keV were obtained with a Si(111)
monochrometer and the beam size was collimated into 4.4 x 4.5 mm? quadrangle. The beam strength
was monitored with a parallel-plate free-air ionization chamber, and the higher harmonic components
and the linear polarization degree were measured with a HP-Ge detector. The phantoms used were
30 x 30 x 30 cm® cubes that were tissue substitutes replaced with 1 cm-thick bone or 2 cm-thick lung
phantom at the depth of 10 cm. The dosimeters used were tissue equivalent LiF:Mg,Ti,P (GR-200)
TLDs of 3x3x0.4 mm and LiF:Mg,Ti (Harshaw TLD-100) TLDs of 3.2x3.2x0.38 mm. In the bone
phantom, MgsSiO4:Tbh TLDs of 5 mm¢x0.5 mm were used. After the annealing, the TLDs were set
in the phantoms. Responses in the air of each TLD in the 10-40 keV energy region were measured
using monoenergetic photons from synchrotron radiation.

The dose distribution was calculated with a Monte Carlo transport code EGS4. The photon trans-
port was simulated down to 1 keV. The results showed agreement between the measurements and the
calculations including linear polarization influence. In the bone-tissue phantom, the doses increase in
the bone phantom owing to the high effective Z (atomic number), where the photon fluence attenuates
drastically.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

13 Estimation of Radioactivities Around the High Energy Accelerator Facility
M. Numajiri, Y.Oki, T.Miura, T.Suzuki and K.Kondo,

Principal materials (Al, Fe, Ni, etc) used as accelerator hardware were irradiated at various places
inside tunnels of KEK-500MeV and 12GeV proton synchrotrons. Production rates of individual nu-
clides and their time variations after beam-off were examined extensively.

A filter sampling method was applied at KEK to evaluate an internal exposure by the inhalation
of radioactive airbornes. GM and Ge semi-conductor counting methods were used to measure their
radioactivities, and some problems in evaluating the radioactivities by both methods were discussed.

The Fe-55 radioactivities measured by LEPS were also estimated for other nuclides (Mn-54, Cr-51)
yield.

Presented at The 43rd Symposium on Radiochemistry, Oct. 13-15, 1999 Tsukuba, Japan.



14 Experiments Using Synchrotron Radiation

14.1 Benchmark experiment of 20-40keV photon scattering
Y. Namito S. Ban and H. Hirayama

At BL14C of Photon factory, scattered photon spectra from C, Cu, Ag and Pb target was measured
using High purity Ge detector. In this year, fluctuation of degree of linear polarization (P) of incident
photon was carefully monitored by measuring scattering from Be sample. Also photon scattering
by Be sample was simulated by EGS4. By comparison of measurement and simulation, We found
following factors affected the estimation of P.

e Multiple scattering in Be target.
e Finite solid angle for Monte Carlo scoring.
e Relativistic effect in Compton scattering

By considering these factors, polarization dependence of Compton and Rayleigh scattering were well
simulated by EGS4 code.

Presented at Third International Workshop on Electron and Photon Transport Theory Applied to
Radiation Dose Calculation, Indianapolis, USA, 9-12 Aug. 1999.

14.2 Systematic comparisons of measurement and EGS4 regarding 20-40 keV photons

Y. Namito, S. Ban, H. Hirayama, N. Nariyamas!, H. Nakashima?, Y. Nakane?, S. Tanaka?
KEK, 1Ship Research Institute, 2JAERI

To investigate the validity of the EGS4 code regarding photon transport in the keV region, we
performed systematic comparisons of measurements and EGS4. The scattered-energy spectra of
monochronized synchrotron-radiation photons toward 90° by samples (C, Cu, Pb) were measured
using high-purity Ge detectors. The incident photons were in a linearly polarized beam of 20, 30 and
40 keV. EGS4 calculations were performed in default status and with improvements of low-energy
photon transport (linearly polarized photon scattering, Doppler broadening, L-X and K-X). The mea-
surement and calculations were compared in absolute values. Both the intensity and the shape of the
peaks were compared. EGS4 calculations with improvements in low-energy photon transport agreed
well with the measurements.

Presented at Research Committee on Particle Simul. with Monte Carlo Method, April 23, 1999,
Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba, Japan
and Radiation Physics Seminor at Spring8, Spring8, November 25-26, 1999.

14.3 TLD responses backed by copper, silver or gold for 20-40 keV monoenergetic
photons

N. Nariyama, Y. Namito!, S. Ban! and H. Hirayama'
Ship Res. Inst., 'KEK

Dose in TLDs backed by copper, silver or gold foils were measured using 20, 30 and 40 keV monoen-
ergetic photons from synchrotron radiation. The TLDs used were LiF TLDs of 0.38 mm thickness and
LisB4O7:Cu of 90um thickness, and for the backing foils various thicknesses were used. The backscat-
tering dose factor, which was defined as the ration of the dose in the TLDs with backing to that in



free air, was found to become larger with decreasing TLD thickness and increasing foil thickness and
photon energy. The dose eliminating the electrons from the foils was also measured by inserting a thin
Teflon film between the TLDs and the foils. Compared with EGS4 Monte Carlo calculations, it was
confirmed that the influence of the electrons become larger with decreasing TLD and foil thickness
and increasing photon energy and atomic number of the foils.

Published in Radiat. Prot. Dosimetry 84 285-288 (1999).

14.4 60-keV gamma-rays streaming in a two-bend duct

S. Ban, H. Hirayama Y. Namito

Low-energy gamma-rays are linearly polarized after scattering. The 2nd scattering is anisotropic in
the azimuth distribution. Two types of rectangular ducts were made. Both were right-angle 2-bend
ducts, that is, 3-legged ducts with stainless-steel walls. All legs of the flat type duct were placed on a
flat plane. The 3rd leg of the cubic type stood vertically. The length of both ducts was the same. In
each duct, Am-241, 60-keV gamma-ray source was placed and the photon fluxes were measured at the
exit using a Nal(Tl) scintillator. Gamma-rays transport calculations were made using EGS4 Monte
Carlo code. Both the measured and calculated results showed that the fluxes for the flat type were
3-4 times larger than those for the cubic type.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

15 Fundamental Studies of Tritium Separation Using Polyimide Membrane and Its
Application for Tritium Monitors in Accelerator Facilities

S. Sasaki, A. Shimada!, Y. Morimoto!, K. Iguchi?,
K. Okuno!, T. Suzuki and K. Kondo
KEK, Faculty of Science, Shizuoka University

In order to construct high-sensitive detector systems for tritium in air from accelerator facilities using
polyimide membranes, the performance and characteristics of the membranes in tritium separation
have been examined in detail. The experiments related separation and enrichment of tritum were
performed for the samples of Hy+Air, Do+ Air, He+Air, Hy+Dy+Air, COs+Air, Ho+Ar, Do+Ar and
CO2+Ar. It was found that the enrichment factor for Ho and Dy more than 30 could be easily attained
against the other gas components by selecting the experimental condition and no clear difference
between H2 and D4 existed in the enrichment factor.

Presented at the 43rd Symposium on Radiochemistry in Tsukuba, and at the Workshop of Envi-
ronmental Chemistry in Tsukuba.

16 Gamma-Ray Buildup Factors

16.1 Activities concerning a re-evaluation of gamma-ray buildup factors in Japan

H. Hirayama

Research related to gamma-ray buildup factors in Japan are continuing to improve in accuracy and
usefulness after the publication of new standard buildup factors as NUREG/CR-5740. Buildup factors
for homogeneous materials were studied by three different calculation methods. Several improvements
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were made to calculate buildup factors up to 40 mfp for various materials for a wide energy range at
each code. Systematic data production of buildup factors for multilayer materials were performed by
using the EGS4 Monte Carlo code, and were used to improve the fitting formula.

These research activities related to gamma-ray buildup factors performed in Japan are presented
together with discussions concerning re-evaluation of buildup factors.

16.2 Gamma-ray buildup factors for a point isotropic source in the single layer shield
by using BERMUDA code

Y. Sakamoto, T. Suzuki', O. Sato? and H. Hirayama3
JAERI, ! Research Organization for Information Science and Technology
2 Mitsubishi Research Institute, 3 KEK

In order to modify the standard data of gamma-ray buildup factors for a point isotropic source
in the single layer, the applicability of the direct integration method code BERMUDA to buildup
factor calculation was surveyed. In this code, group-angle transfer matrix of photons is calculated by
numerically integrating KleinONishina formula for Compton scattering taking the energy-angle cor-
relation into account. In the low energy region, the four K-shell fluorescence are considered whose
isotropic emission intensity can be calculated from the primary photon intensity, the K-shell absorp-
tion cross section data and fluorescence yield. In the higher energy region for high-Z materials, the
bremsstrahlung is considered whose energy-angle production correlation matrixes were obtained by
EGS4 code. The exposure buildup factors of lead for low energy photons calculated by using BERMU-
DA code without and with fluorescence were good agreement with those by EGS4 and PALLAS codes.
Those of lead for high energy photons without bremsstrahlung were also good agreement with those
by EGS4 and PALLAS codes, but those with bremsstrahlung were smaller than those by EGS4 code.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

16.3 An improved approximation formula of gamma-ray buildup factors for a point
isotropic source in two-layer shields

Y. Harima!, Y. Sakamoto?, N. Kurosawa® and H. Hirayama*

LCRC Research Institute Inc., 2JAERI,
3 Visible Information Center, *KEK

An approximation formula of buildup factor for two-layer shields proposed previously was improved
to fitting to the newly calculated buildup factors for point isotropic source gamma-rays of 0.1, 0.3,
0.6, 1, 3, 6 and 10 MeV penetrating two-layer shields combinations of water, iron and lead materials
with the Monte Carlo code EGS4 including the effects of bremsstrahlung and fluorescent radiations.
A f-function in the formula was modified to reproduce precisely the reference data up to the total
thickness 40 mfp and the value of buildup factor at the interface of two-layer shields. The functios
and [ used in improved f-function f(z1,z2) = a(z1)/{a(z1) + B2(z1) * B(z1,22)*?} were represented
by simple formula fitted to reference data in excellent agreement. Consequently, the two-layer shields
buildup factor for any arbitrary thickness of the first-layer 1 and the second-layer 2, and for arbitrary
source energy can easily be estimated by interpolation of functions o and 3 with respect to energy.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.
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17 High-energy Photospallation Reaction

17.1 Modification of photo-nuclear cascade evaporation code PICA95 at energies below
150 MeV

T. Sato, K. Shin, S. Ban!, Y. Namito!, H. Nakamura'!, and H. Hirayama'
Kyoto Univesity, ' KEK

In our previous works, it was found that the photonuclear reaction yields evaluated by the com-
bination of PICA95 and EGS4 tended to overestimate the experimental ones. In order to solve the
discrepancy, we modified the PICA95 following four points. The calculation method for the cross
section of quasi-deutron disintegration(QDD) was changed without using the normalized parameter.
The giant resonance was taken into account by using its cross section fitted by Lorentz curve. The
parameterized in-medium nucleon-nucleon scattering cross section was substituted for that in free
space. The mass formula and level density parameter used in the calculation process of evaporation
was updated. The yields calculated by the modified PICA95 agreed better with experimental values
than with the values obtained from the original PICA95 code.

Published in Nucl. Instr. and Meth., A437 (1999) 471.

17.2 Radioactivity produced in thick target by 2.5 GeV electrons

S. Ban, H. Nakamura, T. Sato! and K. Shin!
KEK, 'Kyoto University

Saturation activity of several nuclei in thick Al, Fe, Cu and Pb was estimated using measured
radioactivity in 2.5 GeV electron beam dump. Calculation was also done using EGS4 and modified
version of PICA95. Measured and calculated saturation activity is listed in unit GBq kW.

Presented at 2000 Annual Meeting of the Atomic Energy Society of Japan, March 28-30, 2000,
Matuyama.

18 High-energy Photoneutron Spectra from 2 GeV Electrons Incident on Thick Target

18.1 Measurements of photo-neutron energy epectra from thick targets by irradiation
of 2.0 GeV electron beam

T. Sato, K. Shin, R. Yuasa, and S. Ban' and H. S. Lee?
Kyouto University, ' KEK, 2POSTECH

Photoneutron spectra produced by 2.04 GeV electron incident on thick Al, Cu, Sn and Pb targets
were measured by TOF method. A Pb attenuator was placed at the middle point of the flight path to
suppress gamma-flash signals. The thickness of the attenuator was changed from 10 cm to 30 cm for
each target, and the effects of the attenuator on the neutron spectra were calculated by a combination
of small changed LAHET 2.7 code and ENDF-HE/VI data. Obtained neutron spectra are larger than
calculated values predicted by a combination odf EGS4, our modified PICA95 and LAHET 2.7 codes.

Presented at 1999 Symposium on Nuclear Data, Nov. 18-19, 1999, JAERI Tokai
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18.2 Experimental setup for measurements of high energy photoneutron spectra from
thick targets

T. Sato, K. Shin, R. Yuasa, and S. Ban', H. S. Lee? and G. N. Kim?
Kyouto University, ' KEK, 2POSTECH

Photoneutron spectra produced by 2.04 GeV electron incident on thick Al, Cu, Sn and Pb targets
were measured by TOF method. The irradiation were performed at the injection linac in PAL. A
detector of PILOT-U (2 inch diam. x 2 inch) was located at a fixed angle of 90 degrees to the beam
axis and 557.5 cm separation from the target. Since the discrimination level was set 4.2 MeVee checked
by an Am-Be reference source, the lower limit of measurable neutron energy was approximately 10
MeV. The higher limit was 250 MeV. Neutrons emitted from the target were collimated by passing
through a Pb and concrete collimator of 10 and 220 cm thickness, respectively. A Pb attenuator
was placed at the end of the concrete collimator to suppress gamma-flash signals. The thickness of
the attenuator was changed from 5 to 30 cm for each target. The effects of the attenuator and the
collimators on the photoneutron spectra were calculated by MCNP and LAHET, then the spectra at
the target surface could be obtained.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

18.3 Photoneutron spectra from thin targets bombarded with 2.0 GeV electrons

H. S. Lee, S. Ban', T. Sato?, K. Shin?, J. S. Bak, C. Chung, and H. D. Choi®
Pohang Accelerator Laboratory, POSTECH
LKEK, 2Kyoto University, 3Seoul National University

Photoneutron spectra produced from thin targets bombarded with 2.04 GeV electrons were measured
in the range from 9 MeV to 300 MeV by using the time of flight technique. The measurements were
carried out for thin C, Al, Cu, Sn, and Pb targets at a fixed angle of 900 to the beam direction. In
this data reduction a removal cross-section was newly calculated for compensating the effect of the Pb
attenuator which was set to suppress g-flash signal. The double differential yields per incident electron
were obtained from the spectra as a function of the mass number of target elements. For neutron
energies larger than 20 MeV the yields decreased with higher mass number of the target, which was
consistent with other authors’ published results.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

18.4 Measurements of high-energy photo-neutron yield and comparisons with calculat-
ed results

T. Sato, R. Yuasa, K. Shin, S. Ban! and H. S. Lee?
Kyoto University, ' KEK, 2PAL

Photoneutron energy spectra were measured when 2 GeV electrons incident on thick targets. Mea-
surements were done using TOF with longer flight path than previous work. Calculation was also
done using EGS4+PICA95+ LAHET2.7.

Presented at 2000 Annual Meeting of the Atomic Energy Society of Japan, March 28-30, 2000,
Matuyama.
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18.5 Systematic of 90 deg. direction photo-neutron yields irradiated by 2 GeV electrons

T. Sato, R. Yuasa, K. Shin, S. Ban! and H. S. Lee?
Kyoto University, ' KEK, 2PAL

Thick target photoneutron yields for 90 deg. were investigated when 2 GeV electrons incident on
10 radiation lengths thick Cu, Sn, Pb, Bi.

Presented at 2000 Annual Meeting of the Atomic Energy Society of Japan, March 28-30, 2000,
Matuyama.

19 Improvement of Air Transport Data and Wall Transmission/Reflection Data in the
SKYSHINE Code

19.1 Calculation of line beam response function for gamma-ray skyshine analysis

M. Nemoto, Y. Harima', H. Hirayama?, Y. Sakamoto?, K. Hayashi?,
Y. Hayashida®, S. Ishikawal!, O. Sato® and R. Tayama*
Visible Information Center, ' CRC Research Institute Inc.,
2KEK, 3JAERI, *Hitachi Engineering Company,

5 Toshiba Corporation, ® Mitsubishi Research Institute

The line-beam response functions (LBRFSs) of a key component of a computationally simple gamma-
ray skyshine analysis are generated using an electron-photon cascade Monte Carlo code EGS4. The
LBRFs R(Ey,®,x) are given with the air-kerma (Gy per photon), 7 photon source energies ranging
from 0.5 to 10 MeV, for source-detector distances between 10 and 2,000 meters, and at 19 emission
angles from 0 ~ 170 degrees, as measured from the source-detector axis. KEspecially, the values of
R(Ep, =0.0 and 0.1, x) are extremely larger than the ones of LBRFs produced by the point kernel
model or the COHORT code. The LBRF is accurately approximated by a four-parameter formula.
Values of four parameters for the approximate LBRF are described by monotonic and smooth curves
with respect to the energy Eg and the emitted angle ®.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

19.2 Calculation of gamma-ray wall transmission and reflection data

Y. Hayashida, S. Ishikawa!, K. Hayashi?, H. Hirayama®, Y. Sakamoto?*,
Y. Harima', M. Nemoto®, O. Sato®, and R. Tayama?
Toshiba Corporation, ' CRC Research Institute Inc.,
2 Hitachi Engineering Company, KEK, *JAERI, ® Visible Information Center,
" Mitsubishi Research Institute

Transmission and reflection data of concrete and steel for 6.2 MeV gamma-ray in the
SKYSHINE code have been generated using up-to-date data and method with a view to improving an
accuracy of results. The transmission and reflection data depend on energy and angle. The invariant
embedding method, which has merits of producing no negative angular flux and of taking small
computer time, is suitable and adopted to the present purpose. Transmission data were calculated
for concrete of 12~160 cm thick and steel of 4~39 cm thick based on the PHOTX library. Reflection
data were calculated for semi-infinite slabs of concrete and steel. Consequently, smooth and consistent
differential data over whole angle and energy were obtained compared with the original data calculated
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by discrete ordinates Sn code and Monte Carlo code. In order to use these data in the SKYSHINE
code, further verification is needed using various calculation method or experimental data.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

19.3 Application of improved air transport data and wall transmission reflection data
in the SKYSHINE Code to typical BWR turbine skyshine

R. Tayama, H. Hirayama'!, Y. Sakamoto?, Y. Harima®, Y. Hayashida®,
M. Nemoto®, S. Ishikawa3, O. Sato®, and K. Hayashi
Hitachi Engineering Company, ' KEK, 2JAERI, 3 CRC Research Institute Inc.,
4 Toshiba Corporation, ° Visible Information Center,
6 Mitsubishi Research Institute

Three basic sets of data i.e. air transport data and transmission/reflection data included in the
SKYSHINE program have been improved using up-to-data and methods, and applied to skyshine dose
calculations for a typical BWR turbine building. The direct and skyshine dose rates with the original
SKYSHINE code have good agreements with MCNP Monte Carlo calculations except for the distances
below 0.1 km. The results with the improved SKYSHINE code also have agreements with the MCNP
code within 10 - 20 %. The discrepancy of 10 - 20 % can be due to the improved concrete transmission
data at small incident and exit angles. We still improve the three sets of data and investigate with
different calculational models to get much more accurate results.

Presented at Ninth International Conference on Radiation Shielding, Oct. 17-22, 1999 Tsukuba,
Japan.

20 Improvement of Low Energy Photon Transport in EGS4 code

20.1 Improvement of the cross-section and branching-ratio evaluation in EGS4 in the
energy interval which has an absorption-edge

Y. Namito and H. Hirayama

EGS4 treats the cross section and branching ratio in fitting to a linear function in small energy
intervals. This technique is called a “piece-wise line-fit” (=PWLF). PWLF breaks down in the vicinity
of the photon absorption edge and produces a large error. The intensities of Kg and several L-x rays
are underestimated due to this PWLF error. To avoid this breakdown, we improved the PWLF. In the
energy interval which has an absorption edge, the interpolation is sustained and extrapolation from
either a higher or lower energy bin is employed to evaluate the photon cross section and the branching
ratio. This method is called the “local extrapolation method” (LEM). By using LEM, a reasonable
evaluation of the intensity of the characteristic x-ray is achieved.

Presented at 8th EGS4 user’s meeting in Japan, KEK Tsukuba, August 1-3, 1999 and Third Inter-
national Workshop on Electron and Photon Transport Theory Applied to Radiation Dose Calculation,
Indianapolis, USA, 9-12 Aug. 1999.
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20.2 Energy dependence of Ly, Li; and Ly subshell photoelectric effect cross section

H.Hirayama and Y.Namito

To simulate generation L-X rays, it is necessary to consider energy dependence of Li, Li; and Lyt
subshell photoelectric effect cross section. In the case this energy dependence is ignored, the agreement
of EGS4 and measurement becomes worse apparently. Thus this energy dependence was taken into
account into EGS4 code.

Presented at Third International Workshop on Electron and Photon Transport Theory Applied to
Radiation Dose Calculation, Indianapolis, USA, 9-12 Aug. 1999.

20.3 Implementation of electron-impact ionization into the EGS4 code

Y. Namito and H. Hirayama

A modification to the general-purpose Monte-Carlo electron-photon transport code EGS4 [Nelson,
Hirayama and Rogers, SLAC-265] was made in order to include K-shell electron-impact ionization
(EII). Five cross sections of K-shell EII have been implemented. The ratio of the K-shell EII cross
section to the Mgller scattering cross section is prepared by the PEGS4 program, and is then used in
the EGS4 code. Simulations of the K-X ray emissions from Al, Ti, Cu, Sn, Ag and Au targets for an
electron beam with an incident energy of 0.01 to 3 MeV were performed by using the improved EGS4
code; the calculated K-X ray yields agreed well with the measurements.

Published in Nucl. Instrum. and Meth. A, 423, 238-246(1999).

20.4 Development of unified version of improvements of EGS4 code

H.Hirayama and Y.Namito

Efforts was continued to develop the unified version of improvements of EGS4 code. Whenever the
program was changed substantially, simulation calculation was performed to check the validity. This
activity is an important step to develop EGS5 code.

21 Material Science Using Slow Positron

21.1 Study on positron annihilation and positronium chemistry
21.1.1 Polymerization of epoxy resins studied by positron annihilation

T.Suzuki, T.Hayashi!, and Y.Ito?
KEK, 'Sumitomo Chemical Ltd., %2 Tokyo University

The polymerization process of epoxy resins (bisphenol-A dicyanate) has been studied using positron-
annihilation lifetime spectroscopy (PALS). The polymerization from monomer to polymer through
polymerization reaction was followed by PALS. Resins kept at curing temperatures (120 and 200°C)
change the form from powder to solid through liquid. The size of intermolecular spaces of the solid
samples increased with the progress of the polymerization.

Published in ACTA PHYSICA POLONICA A 95(1999)671-676.
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21.1.2 Characterization of the curing behavior of cyanic ester by a positron-annihilation
lifetime technique

T.Hayashi, H.Nakamura, and T.Suzuki®
Sumitomo Chemical Ltd., ' KEK

The curing process of dicyanate resin system was investigated by a positron-annihilation life time
technique (PA). Based on the observation of PA, it has been shown that the size of free volumes of
cured resins became larger as curing reaction proceeded. This result was supported by the change of
physical properties related to the size of free volumes such as the decreasing of specific gravity, the
lowering of dielectric constant and the increasing of water pick up rate with increasing the degree of
cure. Therefore, it was found that the curing reaction of dicyanate resin proceeded through reaction
of cyanate groups to form the larger size of free volumes.

Published in Polymer 40(1999)1053-1056.

21.1.3 Radiation effect on positronium formation in low-temperature polyethylene

T. Suzuki, Y. Ito, K. Kondo, E. Hamada!, and Y. Ito?
KEK, ' The Graduate University for Advanced Studies
2 Tokyo University

OThe irradiation effect of y-rays on polyethylene (PE) has been studied by positron annihilation
lifetime spectroscopy (PALS). [OIn the case of non-irradiated PE samples, at a low temperature
below the glass-transition temperature, the intensity of the long-lived component of positronium, I,
increased due to an increase in the concentration of trapped electrons. However, the increase in I3
obtained in a few MGy -irradiated samples became very small due to the effect of induced radicals.
It has been observed that the trapped electrons were affected by the intensity of the positron sources
used for a PALS experiment.

Presented in 6th International Workshop on Positron and Positronium Chemistry (PPC6) Tsukuba,
Japan, June 7-11, 1999.

21.2 Positron annihilation in fullerens and other carbon phases

Y. Ito and S. Suzuki

A positron-annihilation study was applied to the fullerenes, nanotube and graphite phases. The
positron-annihilation characteristics depend on the positron and electron density distribution in the
material and the amount of overlap between the positron and electron wave functions. Although
positron in graphite have two lifetime component, in Cgg, C7g fullerenes and nanotube, which shows
the single-component time-annihilation spectra. The observed lifetimes were 389+2 psec for the Cgy
fullerene, 38442 psec for the Crg fullerene and 38741 psec for the nanotube, respectively. In addition
to the lifetime spectra, we measured the Doppler-broadened line-shape of the 511keV annihilation
~-ray which reflects the density distribution in the momentum space of electron sampled by positron.
We observed a remarkable difference on the annihilation y -ray distribution between the Cgg, Crg
fullerenes and the graphite, nanotube phases.

Published in Phys. Rev. B 60(1999)15636.

17



22 Measurement of Beam Intensity using Activation Method
M. Numajiri, T. Miura, Y. Oki, T. Suzuki and K. Kondo

A secondary emission chamber(SEC) is one of useful detectors for the beam intensity in several
GeV. In the slow extracted beam lines of 12GeV proton synchrotron at KEK(KEK-PS). In order to
monitor primary beam intensity, SECs are installed at several positions such as just downstream of
the extraction from the accelerator and just upstream of the production target stations. We have
investigated the response of KEK secondary emission chamber for protons at 4,5 and 12GeV, for
deuterons at 1-6GeV /u, and for alpha particles at 2-6 Gev/u. Total number of incident particle(proton,
deutron etc.) were measured by the foil activation method using the production cross sections of
nuclides from C, Al and Cu target.

Published in J. Nucl. and Radiochemical Sciences Vol.1 Suppl. 3(1999)24.

23 Measurement of Prompt Fission Neutron Spectrum of Neptunium-237 for 0.62
MeV Incident Neutrons

Than Win, M. Baba!, M. Ibaraki, T. Miura, T. Sanami?, T. Iwasaki and N. Hirakawa
Quantum Science and Energy engineering, Tohoku University,
L Cyclotron Radioisotope Center, Tohoku University, 2KEK

The prompt fission neutron spectrum of 23’Np induced by 0.62 MeV neutrons has been measured
by using a Time-of-Flight (TOF) method with a heavily shielded NE213 scintillator. The 4.5 MV
Dynamitron accelerator of Tohoku University was used to produce pulsed neutrons. The sample used
NpO2 powder enclosed in a stainless steel container.

The fission spectrum data were obtained in the energy range from 0.8 to 12 MeV. Best fit param-
eters to the experimental data have been derived for the Maxwellian ant the Watt type distribution
functions.

The Maxwellian temperature T'm of the present work was 1.284+0.04 MeV. It is smaller than the
Maxwellian temperature of 1.38 MeV given by JENDL-3.2, but is consistent with that derived by
the Howerton-Doyas formula on the relation between the average energy or Maxwellian temperature
and the average number of prompt fission neutrons (). The measured spectrum is well described in
terms of the Watt distribution, x, = Cysinh(v/1.95F)exp(—1.01E).

Published in J. of Nucl. Sci. and Technol. Vol.36, No 6,(1999)486-492.

24 Measurements of Scintillation Photons in High Pressure Rare Gases

K. Saitoh, H. Tawara', and S. Sasaki'
The Graduate University of Advanced Studies, ' KEK

Rare gases are known as excellent scintillation materials. Among them, xenon in the liquid phase
has a high scintillation yield compatible to that of NaI(Tl) crystal as shown by our group in 1992. The
amount of scintillation in gaseous rare gases has been believed to be one third to that in the liquid
phase, because of little photons generating through recombination process. In high pressure gases,
the recombination becomes one of the dominant processes after the incident of radiation, and a large
increment in the light outputs can be expected. Thus, the scintillation yields are important factors
to obtain the physical information on the energy pathway of radiation in the matter and to describe
the quality of detector materials. The scintillation yields, however, have been scarcely measured in
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rare gases, especially in the gas phases. We have planned to measure absolute scintillation yields in
high-pressure rare gases, and constructed an experimental apparatus. The measurements are being
performed using the apparatus.

25 Monte Carlo Simulation of KV X-ray Uits

F. Verhaegen, A. E. Nahum!, S. Van de Putte and Y. Namito?
Gent U., Inst. of Cancer Res., 2 KEK

To obtain accurate information for absorbed dose calculations in water for kilovoltage x-rays, the
photon spectrum, planar fluence and the angular distribution of the photons at the collimator exit of
the x-ray unit have to be known. The only way to obtain this information is by Monte Carlo (MC)
simulation. Compared with the situation for high-energy photons and electrons, where in recent years
numerous papers have been devoted to MC modeling of complete clinical accelerator units, there is
a lack of similar work for kV x-ray units. A reliable MC model for a kV x-ray unit would allow the
output information to be used in a treatment planning system for regular and irregular treatment
fields. Furthermore, with MC simulation, perturbation factors of dose-measuring devices, such as
those specified in codes of practice, can be calculated.

In this work, the MC code EGS4/BEAM was used to build realistic models of the two complete
x-ray units. The tungsten target, exit window, collimator, additional filtration and applicator were
taken into account. For some aspects of the work, a comparison was made with the simulations from
another MC code, MCNP4B. The characteristic radiation from electron impact ionization and from
the photoelectric effect of reabsorbed bremsstrahlung photons was studied. Calculated and measured
photon fluence spectra in air and half-value layers for a Philips MCN410 tube were compared for several
anode voltages and additional filtrations. Results from the two codes agreed well, and the agreement
with he measured spectra was found to be good for energies above 50 keV but rather less good below
that energy. For a Siemens Stabilipan 2 Th300 x-ray tube, HVLs and dose distributions in water
were compared with measurements for several clinical x-ray qualities. For most of the combinations
of radiation qualities and applicators, good agreement was obtained, although there were also some
cases where the agreement was not so good. Electron contamination and photon build-up at the water
surface were studied using MC simulation. The influence of depth on the photon spectral distribution
was investigated.

Both EGS4/BEAM and MCNP4B, in the default versions, handle inadequately the production of
characteristic x-rays. This was found to have only a minor influence on the calculated dosimetric
quantities. Simulations with MCNP4B required the use of several variance reduction techniques in
order to obtain results within reasonable calculation times.

Published in Phys. Med. and Biol. 44, 1767-1789 (1999).

26 (n,a) Cross Section Measurement Using a Gaseous Sample and a Gridded Ioniza-
tion Chamber

T. Sanami, M. Baba!, K. Saito? and N. Hirakawa?
KEK, ' Cyclotron Radioisotope Center, Tohoku University,
2 Quantum Science and Energy engineering, Tohoku University

We developed a method of (n,a) cross section measurement using a gaseous sample in a gridded
ionization chamber(GIC). This method enables us to measure the cross section of gaseous samples,
such as C, O and N, with very large solid angle close to 47 without distortion due to energy loss in the
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sample. The detection efficiency, which is difficult to estimate for gaseous samples, was estimated by
using GIC signals and tight neutron collimation. This method was verified through the 2C(n,ag)?Be
cross section measurement for 14.1 MeV neutrons.

Published in Nucl. Instr. and Methods A440(2000)403-408.

27 Neutron Measurements

27.1 Neutron energy response of a modified Andersson-Braun Rem-Counter and mea-
surements in high-energy stray neutron radiation fields

J. Li, Y. Tang, S. Ban!, M. Numajiri', H. Tawara!, T. Suzukil!,
H. Nakamura!, K. Takahashi', K. Hozumi!, and Y.Sakamoto?
Institute of High Energy Physics, ' KEK, 2JAERI

The neutron energy response of the modified and conventional A-B rem-counters in the semi-
monoenergetic neutron field with energy of 40.2 MeV and 64.7MeV has been investigated. The
measurements of stray neutron radiation fields at different types of high-energy accelerators in KEK
using these rem-counters were performed. The contribution of high-energy neutrons in the fields was
estimated and the underestimate of the neutron dose equivalent measured by a conventional A-B
rem-counter in the high-energy stray neutron radiation fields was verified.

Published as KEK Internal 99-2 (1999).

27.2 Measurements of time dependent distribution of leakage neutrons from the earth
shield of KEK 12-GeV PS

S. Ban, M. Numajiri, T. Suzuki, K. Takahashi, H. Sato, S. Yamanaka

On the earth shield of the KEK 12-GeV Proton Synchrotron, dose equivalent of leakage neutrons was
measured using Andersson-Braun (A-B) rem-counters. Neutrons are produced when proton beams are
lost at injection, acceleration and extraction. To know these contributions separately, time-dependent
distribution of neutron dose was measured. The extraction loss was most important for leakage neutron
doses. At extraction, beam was lost in wide area downstream of the extraction system. During the
acceleration, the beam was lost at narrow area. Neutron dose distribution was compared with beam
loss position using beam-loss monitors placed in the tunnel.

Presented at 12th Symp. on Accelerator Science and Technology, October 27-29, Wako (1999).

27.3 Measurements of secondary neutrons produced from thick targets bombarded by
high energy heavy ions in HIMAC

T. Kurosawa!, N. Nakao, T. Nakamura', Y. Uwamino?, T. Shibata,
N. Nakanishi?, A. Fukumura® and K. Murakami?
KEK, ' CYRIC, Tohoku Univ., 2RIKEN, 3NIRS

The angular and energy distributions of secondary neutrons produced by 100-800 MeV /nucleon
He, C, Ne, Ar, Fe, Xe and Si ions stopping in thick C, Al, Cu and Pb targets were measured using
the Heavy-Ton Medical Accelerator in Chiba(HIMAC) of the National Institute of Radiological Sci-
ences(NIRS). The secondary neutrons were measured by an NE213 organic liquid scintillator(127mm-
diameter by 127mm-long) using time of flight(TOF) method. Since the secondary charged particles
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were detected by both the NE213 scintillator and an NE102A plastic scintillator (150mm X 150mm
x bmm-thick) placed in front of the NE213 scintillator, the coincidence events between two detectors
corresponding to charged particles were eliminated in the data analysis. The ~-rays detected by the
NE213 scitillator were also eliminated in the data analysis using the pulse shape information. The
neutron energy spectra above about 4 MeV up to several GeV were obtained at the angles of 0, 7.5,
15, 30, 60 and 90 degree.

The neutron spectra in the forward direction have broad peaks of ~60 to 70 % of the incident particle
energy per nucleon due to the break-up process, and they spread up to almost twice the projectile
energy per nucleon. The phenomenological hybrid analysis, based on the moving source model and
the Gaussian fitting of the break-up process, could well represent the measured thick target neutron
spectra. The experimental results are also compared with the calculations using the heavy-ion code,
and the calculated results agree with the measured results within a factor of 2 margin of accuracy.
This systematic study on neutron production from thick targets by high-energy heavy ions is the first
experimental work performed by NIRS and will be useful for designing the shielding for the high-energy
heavy-ion accelerator facility.

Published in Nucl. Sci. Eng., 132 (1999) pp30-57., J. Nucl. Sci. Technol., 36(1) (1999) pp41-53.,
and Nucl. Instr. and Meth., A430 (1999) pp400-422.

27.4 Measurements of neutron spectra produced from a thick lead target bombarded
with 0.5- and1.5-GeV protons

S. Meigo, H. Takada, S. Chiba, T. Nakamoto®, K. Ishibashi?,
N. Matsufuji?, K. Maehata?, N. Shigyo?, Y. Watanabe? and M. Numajiri'
JAERI, 'KEK, 2Kyushu Univ.

Neutron spectra produced from a thick lead target bombarded with 0.5 and 1.5GeV protons have
been measured in order to provide experimental data for benchmarking the medium-energy particle
transport calculations. The accurate neutron spectra were obtained in the energy region between 1.6
and 150MeV. The measured data have been compared with the calculated results of an NMTC/JAERI-
MCNP-4A code system. The calculation reproduces the experiment fairly well for the lower energy
less than 10MeV. It, however, gives about 50% lower neutron flux in the energy region between 20
and 80MeV. By using the in-medium nucleon-nucleon scattering cross sections, this disagreement has
been reduced.

Published in Nucl. Instrum. and Methods A 431(1999)521-530.

28 Neutron Production from Lead Targets for 12-GeV Protons

M. Arai, Y. Kiyanagi', N. Watanabe?, R. Takagi!, H. Shibasaki®, M. Numajiri,
S. Ito, T. Otomo, M. Furusaka, Y. Inamura, Y. Ogawa!, Y.Suda! and S. Satoh
KEK, ! Hokkaido Univ., 2JAERI, 2 Kobe Univ.

We carried out an experiment on neutron yields from typical cylindrical lead targets for 12-GeV
protons by means of the Mn-bath moderation method. Our experimental results are, roughly speaking,
consistents with those by Russian groups done for lower energy protons by different methods. The
number of neutrons absorbed in the Mn-bath was determined to be 195 neutrons/proton, and the
total neutron yield, including leakage neutrons, which were evaluated by calculations, was estimated
to be 201 neutrons/proton for a 20cm(diameter)x60cm(length) lead target. The total neutron yield
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as a function of the proton energy Fj, fitted to our data and the results of others, is expressed by the
formula 2.0 + 29.2Eg'78, where E), is expressed in GeV.

Published in J. Neutron Research 8(1999)71-83.

29 Neutron Response of a Three Element Phoswich Detector Consisting of Inner
BC501A Scintillator and an Outer BGO and CaF;,(EU) Crystal Wall

T. Sanami, T. Shibata, M. Ibaraki!, T. Miura!, and M. Baba!
KEK, Tohoku Univ.

We developed a new three element phoswich detector consisting of inner BC501 organic liquid
scintillator and outer BGO and CaF3(EU) crystal scintillator which are optically coupled with one
photo multiplier tube. The decay time of output pulse by one of the scintillators differ from the
others, i.e., decay time of BC501A, BGO and CaF, are few, 300 and 940 ns, respectively. From
this difference, the detector can determine a type and direction of incident particle. The detector
response for neutrons was measured for 14 MeV mono-energetic pulsed neutron produced by 4.5 MV
Dynamitoron accelerator in Tohoku University. By using pulsed neutron, we can confirm consistency
between the results of n-y discrimination and time of flight. It was found that the n-y discrimination
characteristic of the BC501A scintillator is not degraded by assembling with the BGO and CaF,
crystals. The detector will be applied to neutron measurements under the charged particles.

30 Number of Scintillation Photons from Scintillator Crystals and the Factors Affect-
ing Their Resolutions

S. Sasaki, H. Tawara, K. Saitoh!, M. Miyajima? and E. Shibamura3
KEK, ' The Graduate University of Advanced Studies
2 Faculty of Engineering, Fukui University,
3 College of Health Science, Saitama Prefectual University

We have been studying the absolute scintillation efficiency for gamma rays in several kinds of
scintillator crystals. In such studies, the scintillation efficiency is defined to be Np /E, where Np is
the number of scintillation photons produced in the crystal for gamma rays with an energy of E. The
value of Np is given by the relation Ny = Np X F¢ X Q., where N, is the number of photo-electrons
from the PMT photo-cathode, F, the fraction of photons collected at the photo-cathode, and Q. the
quantum efficiency of the photo-cathode. Npe can be measured precisely by operating the PMT as
a photo-diode and using the preamplifier the outputs of which were calibrated in terms of absolute
charge numbers. F, is determined by simulating photon production in the crystal using EGS4 code
and the following photon transport inside the crystal.

In the case of Nal(Tl) crystals, the Wy-value, defined as average energy to produced a scintillation
photon, is determined to be 11.540.3 eV for the gamma-rays from 37Cs (662 keV). In addition, we
have almost clarified out primary parameters affecting the energy resolution by using the simulation
method mentioned above.

Presented partly at the 47th Conference of the Japan Society of Applied Physics in Tokyo.
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30.1 Response of NaI(Tl) scintillation detectors for gamma rays

H. Tawara, S. Sasaki, K. Saito', E. Shibamura? and M. Miyajima?
KEK, ' The Graduate University for Advanced Studies
2Saitama Prefectural University, 3 Fukui University

An EGS4 Monte-Carlo calculation for gamma-ray transport in a NalI(T1) scintillator was performed
in order to output the initial spatial distribution of the scintillation yields. The relative scintillation
yields for secondary electrons were estimated by taking into account the experimental electron-response
curve of the NaI(Tl) scintillator. The energy-response curve and the intrinsic energy resolution corre-
sponding to the full-energy deposition of gamma rays are described and discussed. Using the output
from the EGS4 usercode, we will next simulate the scintillation-photon transport in a NaI(Tl) scin-
tillator in order to evaluate the collection efficiency of scintillation photons to the photomultiplier
photocathode. The absolute scintillation yield will be determined by comparing the calculated results
with experiments.

Presented at the 8th EGS4 User’s Meeting in Japan, KEK, Tsukuba, Japan August 1-3, 1999.

31 Particle Size Distribution of Radioactive Aerosols Formed in Accelerator Tunnel
Air During Machine Operation

Y. Oki, A. Endo!, Y. Kanda, K. Kondo
KEK, 'JAERI

Particle-size distribution was studied for radioactive and non-radioactive aerosols formed during
operation of a high-energy proton accelerator. The size distributions of the radioactive aerosols were
determined for ''C, 1®N, "Be and 2Na. The experiment was carried out under well controlled condition
using a chamber installed on a beam line. Conditioned air was introduced to the chamber, and the
activated air returning from the chamber was analyzed using a diffusion battery system. The formation
mechanism of the radioactive aerosols was discussed.

Presented at The 43rd Symposium on Radiochemistry, Oct. 13-15, 1999 Tsukuba, Japan.

32 Resonance Ionization Spectroscopy (RIS) by Lasers
S. Sasaki and H. Tawara

We have been developing methods of Resonance Ionization Spectroscopy (RIS) by lasers in order to
realize quantitative measurements of ultra-trace a mounts of isotopes contaminated in gases, liquids
and solids. Two major works are currently performed in this study. One is the development of
a time-of-flight mass spectrometer equipped with lasers for RIS (RIS-TOFMS) and micro-channel
plates, the detection efficiency of which were measured absolutely. Recently, a small YAG laser and
an assembly of mirrors and lenses were introduced into this system for precise ablation experiments of
solid samples. The other is the development of calibration methods of trace amount of isotopes using
a pulsed ion-gun system. We plan to extensively apply this method to the fields in radiation physics,
nuclear physics, radiation chemistry, radiation detection and so on.
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33 Search for the Neutralino Darkmatter with a Low Background Liquid Scintillation
Detector

Y. Ito

It is well known that the neutralino is the important candidate for the cosmic darkmatter. The
direct detection of the neutralino-nucleus scattering is the proof of the existence of the neutralino
darkmatter. The neutralino interacts spin-dependently and spin-independently with matter, their
relative strength is dependent on the parameters of the supersymmetric theories. Detectors with
material with nonzero nuclear spin is required for the detection of the spin-dependently interacting
components. Comparing the nuclear spin and Lande factor for various nuclei, one finds °F to be the
best material to detect the spin-dependently interaction. Therefore, a liquid scintillator composed by
the hexafluorobenzene (CgFg) would be most appropriate for this purpose. The performance of the
liquid scintillator; the background of the detector, the performance of the pulse shape discrimination
to reject the electron recoil background and quenching of the scintillation for the nuclear recoil, for
example, are currently under studied.

34 Search for Unknown Neutral Object

34.1 Search for correlated two-photon emission from et (82Sr) + Th interaction

M. Sakai, T. Miura, M. Imamura!, T. Komatsubara?, J. Lu?, J. Mukai?, T. Shizuma?,
K. Furuno?, T. Hayakawa?, K. Furutaka®, M. Kidera®, M. Ohshima® and S. Shimizu*
KEK, 'NMJH, 2 Univ. of Tsukuba, >JAERI, * Osaka Univ.

A previously observed electron line at INS at 330.3+0.4 keV in e™ + Th interactions has been
implied by these authors to originate from the decay of unknown neutral X°. QED predicts a two-
photon decay mode of X° leading to a correlated two-photon coincidence peak at 841.340.4 keV.
To search for such a peak 7y+-coincidence experiments were performed. From an observed peak-line
structure in the spectrum at 841.7+0.3 keV and an associated cross section of 10.6+3.1(stat)+6.9(syst)
pb an upper limit for the cross section of 15.24-1.5(syst)ub for the production and 2ydecay of the X°
was deduced with a statistical confidence level of 95 %.

Published in Phys. Lett. B458(1999)460.

34.2 Observation of 180° correlation of e*e~ pair originating from e (3?Sr) 4+ Th inter-
actions

M. Sakai, H. Kawakami, K. Omata, I. Sugai, I. Katayama, T. Miura, S. Shimizu' and K. Horie'
KEK, ' Osaka Univ.

A previously observed electron line at INS at 330.3 keV and an associated cross section of 149 mb
in e + Th interactions has been implied by authors to originate from the decay of a new neutral
particle. QED predicts a two-photon decay mode of the particle leading to a correlated two-photon
coincidence peak at 841.3 keV. y+y-coincidence experiments have revealed a peak-like structure at
841.7 keV and an associated cross section of 15.2ub (upper limit). These energies and cross sections
satisfy the relations of Ey=Ee+mc? and o(27)/o(ete™) expected from a particle production scenario.
Positron and electron coincidence experiments were performed with pulses from positron and electron
scintillation counters set on the trajectory of the air-core-ray spectrometer at KEK Tanashi. We
observed a peak at the predicted channel in coincidence spectra. It clearly shows a 1800 correlated,

24



equal-energy e*te™ pair emitting from the irradiated target. The production cross section is compatible
with the reported value.

35 Sorption/Desorption Processes of Uranium in Clayey Samples of the Bangombe
Natural Reactor Zone, Gabon

M. Del Nero, S. Salah!, A. Clement!, F. Gauthier-Lafaye' and T. Miura?
IRS(CNRS, France), ' CGS(CNRS, France), 2KEK

Experimental studies have been undertaken in order to provide new insights into the relative efficien-
cy of the different mineral phases and sorption processes for control U retention in the weathered zones
surrounding the natural nuclear reactor at Bangombe (Oklo, Gabon). Clayer and Fe-oxihydroxides
rich samples from the oxidizing weathered zones located above the reactor were examined. An ex-
perimental study of uranium adsorption/desorption processes in these samples was carried out using
a uranium isotope exchange technique in order to estimate the proportion of uranium adsorbed on
mineral surfaces. A sequential extraction technique was used to identify the major U-containing min-
erals in the samples. In the U-rich iron crust rocks closed to the reactor, the fraction of total uranium
adsorbed at mineral surfaces is small. Extraction experiments reveal that a large part of uranium is
associated to Fe-oxihydroxides, to minor P-rich phases, and presumably to Mn-oxihydroxides. A pos-
sible mechanism for U retention is an incorporation into the structure of iron oxihydroxides and/or of
ferric phosphates occurring as surface precipitates on Fe-oxihydroxides. Traces of autunite-like mineral
are also present in the zone. For the clayer samples in the weathering profile, it may be inferred that
several processes and minerals contribute significantly to U retention: adsorption processes occurring
mainly at clay surfaces, association with traces of Mn-containing carbonates and iron oxihydroxides.
A significant proportion of total U is adsorbed at mineral surfaces and is thereby easily accessible to
weathering solution.

In a second part of this work, 23°U sorption data obtained on a Fe- and Mn- poor illitic Bangombe
sample were modeled using a surface complexation modeling approach. As a first approximation, it
was assumed in modeling that uranyl binding occurs at aluminol edge sites of the illite component.
The binding constant required for modeling was firstly determined for the non-electrostatic model
(NEM) from experimental work on the U(VI)/hydrargilite(a-Al(OH)3) system. The fractional uptake
of U(VI) on hydrargilite was measured as a function of pH, for different ionic strength values (0.1 and
0.01 M) under CO,-free conditions, and in solutions with a total concentration of carbonate of 103
M. The following surface complexation reaction:

SOH + U0 <& SoUO; + Hf

with a p¢ K7 value equal to -0.840.3 for NEM (ionic strength: 0.01 M) provided a reasonable description
of the pH-dependent sorption of U(VI) on both a well-characterized hydrargilite and on a clayey sample
of Bangombe.

Published in Radiochim. Acta 87(1999)135-149.

36 Study on Activation Analysis

Activation analysis of environmental materials and industrial concerns has been performed at the
300-MeV electron linear accelerator of Laboratory of Nuclear Science, Tohoku University, the electron
linear accelerator of Research Reactor Laboratory, Kyoto University and SF cyclotron at Tanashi
Branch, KEK. Recent study is forcused on the improvement of accuracy, precision and rapidness.
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36.1 Development of the continuous extraction and detection system for C-11 induced
by accelerator

K. Masumoto, Ohtsuki!, Y. Ito, E. Iino?, K. Shikano?
KEK, ' Tohoku Univ., 2Shinetsu Handotai, 2NTT

A rapid separation and detection system of radioactive carbon, which consists of a infrared furnace,
a continuous extraction system of COs and a coincidence counting system for 511 keV annihilation
gamma-ray, has been developed. In the first step, irradiated samples mixed with an accelerator reagent
are burned in an infrared furnace. Then, generated CO, gas is continuously extracted in a extraction
coil, in which monoaminoethanol solution is running by pumping at the flow rate of 0.15 ml/min. After
extraction, monoaminoethanol solution is led between a couple of BGO-detector and 'C activity in
solution is monitored with the multichannnel scaler. Trace impurities of carbon in iron and steel
samples were analyzed by using the 120(+,n)' C reaction at the 300-MeV Linac of Tohoku Univ. This
method was also applied to the nitrogen analysis in silicon by using the *N(p,a)!' C reaction.

Presented at the 3rd Tokyo Symposium on Analytical chemistry (Makuhari) and the 43rd Sympo-
sium on Radiochemistry (Tsukuba).

36.2 Photon activation analysis of environmental and biological samples

K. Masumoto, T. Ohtsuki', Y. Hirose?, H. Haba?, K. Sakamoto?, R. Amano?
KEK, ' Tohoku Univ., 2Kanazawa Univ.

KURRI-Linac has been applied to PAA of environmental and biological samples. In this work, 20
to 30 MeV irradiation have been performed to compare the sensitivity of each element. Each part of
organs of rat was successfully analyzed separately, in order to study metabolism of elements.

Published in J. Radioanal. Nucl. Chem. 239(1999)495-500 and 239(1999)165-175.

36.3 Depth profile measurement of oxygen in high-pure silicon by charged particle
activation analysis

K. Masumoto, Y. Ito, T. Ohtsuki!, H. Sakurai?
KEK, ' Tohoku Univ., 2 Mitsubishi Materials Co.

Trace impurities of oxygen in silicon crystal has been analysed by using the 80 (*He,p)'®F reaction
at the SF cyclotron of Tanashi branch, KEK. After irradiation of *He (20 MeV, 1 pA), silicon surface
was etched sequentially and '8F was separated as the LaF3 precipitation. The microgram per gram
of oxygen was easily determined with good reproducibility and enough sensitivity. It was confirmed
that hydrogen reduction was effective to reduce oxygen of surface layer.

Presented at the 3rd Tokyo Symposium on Analytical chemistry (Makuhari).

37 Study on Labeled Compound using Recoil Implantation after Nuclear Reaction

The recoil method is useful to produce C-11 labelled organic compounds. This works was performed
at the 300-MeV electron linear accelerator of Laboratory of Nuclear Science, Tohoku University and
SF cyclotron at Tanashi Branch, KEK.
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37.1 Fullerene chemistry

T. Ohtsuki and K. Masumoto!
Tohoku Univ., ' KEK

In the field of fullerene science, higher fullerene, hetero-fullerene and metalo-fullerene are the topics.
We produced the dimer, trimer and teramer of Cgg and C7p by bremsstrahlung and charged-particle
irradiation and HPLC separation. TOF-mass spectrum of dimer fraction proved that the dimer was
surely formed. By using the 'C(d,n)'®N reaction, !3N labelled hetero fullerene was produced.

Published in Chem. Phys. Lett. 300(1999)661-666, J. Radioanal. Nucl. Chem. 239(1999)365-369,
239(1999)201-206 and Biological Trace Element Res. T1-72 (1999)489-498. [

37.2 Preparation of C-11 labeled polycyclic aromatic hydrocarbons using electron ac-
celerator and cyclotron

K. Masumoto, T.Ohtsuki!, Y. Ito and K. Shikano?
KEK, ' Tohoku Univ., 2NTT

The phenomenon that carbon-11 produced with an electron accelerator and a cyclotron substitutes
for a carbon atom of organic compounds has been investigated to produce labeled organic compounds.
In this work, bicyclic, tricyclic aromatic hydrocarbons and pyrene were irradiated with bremsstrahlung
and proton and irradiation products were separated rapidly with sublimation and HPLC. Chromato-
graphic columns were ODS type and eluates were water/methanol for bicyclic compounds and wa-
ter /acetonitrile for tri-cyclic compounds and pyrene, respectively. After HPLC separation, chemical
species and labeled compounds were monitored with UV and BGO-detector. The radiochromatograms
obtained by bremsstrahlung and proton irradiation showed almost similar pattern each other. Recoil
method is useful for labeling of complex organic compounds.

Published in J. Radioanal. Nucl. Chem. 241(1999)495-500.
Presented at the 5th Tokyo Symposium on Analytical chemistry (Makuhari) and the 43rd Symposium
on Radiochemistry (Tsukuba).

38 Study of Neutron Deep Penetraion at the Spallation Neutron Source Facility, ISIS

38.1 Measurements of neutron attenuation through iron and concrete

T. Nunomiya', N. Nakao, E. Kim!, T. Kurosawa!, S. Taniguchi', M. Sasaki!, H. Iwase!,
T. Nakamura', Y. Uwamino?, T. Shibata, S. Ito?, D. R. Perry? and P. Wright?
KEK, 'CYRIC, Tohoku Univ., 2RIKEN, 3RAL

A deep penetration experiment through a thick bulk shield was performed at an intense spallation
neutron source facility, ISIS, of the Rutherford Appleton Laboratory(RAL). ISIS is an 800MeV-200uA
proton accelerator facility. Neutrons are produced from a tantalum target, and are shielded with
approximately 3-m thick iron and 1-m thick ordinary concrete.

On the top of the shield, we measured the neutron flux attenuation through concrete and iron shields
which were additionally placed up to 120 cm and 60 cm thicknesses, respectively, using activation
detectors of carbon, aluminum and bismuth, and indium-loaded multi-moderator spectrometer. The
dose equivalent attenuation was also measured with the neutron and photon survey meters.

Spectra of gamma-ray from the irradiated activation detectors were measured with pure Ge-
detectors, and the activities of the produced radioactive nuclei were estimated. Reaction rates were,
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therefore, obtained for the 2°Bi(n,zn) [z = 4 ~ 10] and '2C(n,2n) reactions, of which thresholds
are distributed in an energy range of about 20 to 100 MeV. The attenuation lengths of concrete and
iron for high energy neutrons above 20MeV were estimated from attenuation profiles of the 12C(n,2n)
reaction. The energy spectra of neutrons behind the various thicknesses of additional shield were also
obtained by the unfolding method using the results of multi-moderator spectrometer and the reaction
rates of 2C(n,2n) , 2"Al(n,a) and 2%°Bi(n,zn).

Presented at 9th International Conference on Radiation Shielding (ICRS-9), October, 17-22, 1999,
Tsukuba

38.2 Deep penetration calculation compared with the shielding experiment at ISIS

N. Nakao and Y. Uwamino!
KEK, 'RIKEN

Deep penetration calculations were performed using the intra-nuclear-cascade-evaporation Monte
Carlo code, HETC-KFA2, and a one-dimensional Sn code, ANISN, combined with a DLC119/HILOS86
multi-group cross section library to compare a shielding experiment at ISIS. In this experiment the
reaction rates of 12C(n,2n) in graphite activation detectors have been measured outside the bulk shield,
that is 284-cm thick iron and 94-cm-thick concrete, and also outside 119-cm diameter additional shields
of 20~120cm thick concrete and 10~60cm thick iron which were newly added to the bulk shield.

The secondary neutron spectrum at 90 degree from the tantalum target bombarded by 800 MeV
protons was calculated with the HETC-KFA2 code and was used for the source neutrons for a deep
penetration calculation. For the Monte Carlo calculation, the geometry of the bulk shield was divided
into approximately 100-cm-thick slabs, and step-by-step calculations were carried out for deep pene-
tration in good statistics. 12C(n,2n) reaction rates of the activation detectors behind the bulk shield
were calculated, and the comparisons with the measured data showed that the calculation results were
underestimated by about 1 order.

On the other hand, reaction rates behind additional shields were calculated and attenuation profiles
of high energy neutron through concrete and iron shields were compared with the measurement. The
calculation gave more than 10% shorter attenuation lengths for concrete and iron shields than the
measured results.

Presented at 9th International Conference on Radiation Shielding (ICRS-9), October, 17-22, 1999,
Tsukuba

39 The EGS4 Workshop, Class and User Support

H. Hirayama nad Y. Namito

39.1 The EGS4 workshop and class

As the parts of Eighth EGS4 Users’ Meeting in Japan, the EGS4 class was held. About 50 participants
learned about EGS4 and how to install EGS4 etc.
KEK Internal 99-4 and 99-5 were written as the lecture notes for EGS4 class.

39.2 TUser support concerning EGS4

As one of the center of EGS4 distribution, we continue supports concerning EGS4 including outside
Japan, They are distributed in wide range from primitive questions of beginners to complicated ones
from EGS4 experts.
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For examples, 93 persons from 18 countries contacted us concerning EGS4 in this fiscal year. Among
these persons, questions from 14 persons are related to low energy photon transport expansion of EGS4
code performed at KEK. Instructions were made using e-mail. The main purpose of them were detector
simulation and medical applications.

40 The Fast Neutron Fluence of the Hiroshima Atomic Bomb

Y. Ito, T. Shibata, S. Shibata', N. NogawaZ?, M. Imamura®, Y. Uwamino®*, and K. Shizuma®
KEK, 'Research Reactor Institute Kyoto University,
2 University of Tokyo, ® National Museum of Japanese History,
4 Institute of Physical and Chemical Research, ° Hiroshima University

40.1 An estimation with the residual %3Ni activity

Reassessment of the neutron fluence of the Hiroshima atomic bomb is an essential step to estimate a
risk of radiation for human. Since the recent studies for the thermal neutron fluence of the Hiroshima
atomic bomb reported a systematic discrepancy from the DS86 dose estimate, the extensive study
to the fast-neutron fluence is particularly required. There has been only one measurement of the
fast-neutron fluence of the Hiroshima atomic bomb, but which was done by a primitive electroscope
detector, the uncertainties of which was too great to permit an accurate estimation.

We have been trying to estimate the fast neutron fluence with the residual radioactivity of 63Ni in
copper. %Ni is produced in copper by the ®3Cu(n,p)®3Ni reaction. Energy of the threshold of this
reaction is approximately 1MeV. Since a half life of 3Ni is 100 year, 70% of %3Ni produced by the
atomic bomb presently exists in a copper sample at 50 years after the explosion.

We develop a method of separation of nickel from the copper and a low-level counting system to
detect the 53Ni activity. Our method reached at the required level for determination of the fast neutron
fluence out to distances of at least 500 meters, and perhaps as far as 1000 meters from the hypocenter.

40.2 The cross section of the ®*Cu(n,p)®3Ni reaction

To estimate the fast-neutron fluence from the residual %3Ni activity, the cross section of the
63Cu(n,p)%3Ni reaction have been studied. Except for one measurement over the neutron energy
range of 7.2 to 14.6 MeV, there have been no measurement for this reaction at the neutron energy
corresponding with the Hiroshima atomic bomb.

In our experiment, the copper targets were irradiated by neutrons in an energy range of 1.5 to
6.5 MeV, respectively, which produced with the d(d,n) reaction at the Fast Neutron Laboratory of
Tohoku University. After irradiation, the nickel was separated from the copper target through the
same procedure for the copper sample of the Hiroshima atomic bomb. The obtained cross section will
be applied to estimate the neutron energy spectrum of the Hiroshima atomic bomb.

40.3 A method of low-level -ray counting

The %3Ni decays via pure -ray emission (i.e. without any y-ray emitting component), and the energy
of B-ray is very low, 67keV for the maximum. We developed and use the two kinds of low-background
(B-ray detectors; one was a liquid scintillation counter and the other was a CaFy(Eu) scintillation
detector. Both detectors have reached the levels required for examining of ®3Ni produced by the
Hiroshima atomic bomb. We are also planning to reduce the background of the detector.
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40.4 An estimation with the 3°K(n,p)3°Ar reaction

In addition to the 3 Ni method, there is another candidate reaction to estimate the fast-neutron fluence
of the Hiroshima atomic bomb. 3°K(n,p)3°Ar reaction has an approximately same energy threshold as
the 53Cu(n,p)®3Ni reaction and 3°Ar has a sufficiently long half-life to exists for a period of 50 years
after the explosion. We are trying to separate 3°Ar from the sample. Many ceramic materials, such as
bricks or tiles, for example, are available as the sample of this method, since which contain potassium
as impurity. In addition to the estimation of the fast neutron fluence of the Hiroshima atomic bomb,
since the ceramic sample is a very popular material, this method could be useful for a reassessment
of other nuclear-explosion test sites.
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