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2.2.3 From User of Photoreaction Data
(Application to shielding calculation of SR beamline)

Yoshihiro Asano
Department of Synchrotron Radiation Project

Japan Atomic Energy Research Institute

Photoneutron production-yield has been calculated by using the data of track-length
distribution caused by gas bremsstrahlung and photoreaction cross-section on a insertion
device beamline of SPring-8. The track-length distribution and gas bremsstrahlung spectra
were calculated by the Monte Carlo code EGS4. About 1.7 nSv/h has been obtained for the
total photoneutron dose-equivalent rate at 1 m from the center of a thick target of Pb by
assuming that the target is a point source and neutron emission is isotropic. The
benchmark calculations of photoneutron production presented at the SATIF2 meeting have
been also discussed.

1. Introduction
A generation of photoneutrons in a

beamline is one of the serious problems
of safety on synchrotron radiation beam-
lines, which requires an additional
shielding. The photoneutrons are pro-
duced through interactions between
beamline components and gas brems-
strahlung generated in an accelerator
storage ring. At HASYLAB of DESYO),
the shielding against the photoneutrons
has actually been a significant item of ra-
diation protection on beamlines. In the
third generation facilities, such as ES-
RF(2), APS(3) and SPring-8(4), the in-
tensities of gas bremsstrahlung and pho-
toneutrons are seriously high because of
the introduction of insertion devices onto
very long straight sections in a high- en-
ergy and high-current storage ring.
Therefore the photoneutron production

process is significant in the shielding
calculation for the beamline.

2.Insertion-device beamline of SPring-8
SPring-8, an 8 GeV class synchrotron

radiation facility of Japan, is now under
construction and the beamlines are in the
design stage. The first beam will be
emitted by October in 1997. The machine
of SPring-8 is composed of an elec-
tron/positron linear accelerator (linac), a
booster synchrotron injector, and a stor-
age ring. The linac is about 140 m long
and accelerates electrons or positrons to 1
GeV. The booster synchrotron accelerates
electrons or positrons from the linac up to
8 GeV, of which a circumference is about
400 m. Electrons or positrons will then be
injected into the storage ring, which is
capable of storing circulating currents up
to 100 mA at 8 GeV. The storage ring is
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about 1500 m of circumference with 38
straight sections (34 standard sections
are 19 m in length and the others are 40
m in length). The electrons or positrons
emit synchrotron radiation as they are
deflected in the fields of the ring-bending
magnets or specially arranged magnets
called insertion devices, which are placed
in the straight sections. The synchrotron
radiation is introduced to experimental
floor with the beamline through ratchet-
shaped bulk shielding walls of storage
ring. The beamlines receive the
synchrotron radiation of extremely high
brilliance and high power density. The
shields of the beamlines for radiation
safety must be designed safety under
very severe conditions.

Main components of the beamline for
safety shielding are a main beam shutter,
down stream shutter, gamma stop, beam
stop, optics and experimental hutch. The
main beam shutter is installed inside the
bulk shielding wall to control the
introduction of synchrotron radiation
beams and the down stream shutter is
operated to control the beams
downstream of optical components. The
beam stop is set to prevent the dose out-
side the hutch from being high. The
gamma stop made of lead is a standard
beamline component of the SPring-8 to
prevent the bremsstrahlung from
expanding to the downstream of the
beamline. It is one of the important
functions of the hutch to shield the
scattered photons of synchrotron radiation.
In the shielding calculation of the beam-
line, the following 4 radiations must be
considered; (a)neutrons, photons and
muons due to electron beam loss,
(b)synchrotron radiation, (c)brems-

strahlung from the residual gas-molecules
in the straight section of the storage ring
and (d)photoneutrons generated from a
gamma stop struck by gas bremsstrahlung.

In this paper, we consider the gas
bremsstrahlung and photoneutrons in the
insertion-device beamline from user of
photoraction data.

3. Calculation of gas bremsstrahlung
and associated photoneutron produc-
tion

3.1 Gas bremsstrahlung
The gas bremsstrahlung is generated by

an interaction of the stored electron or
positron with residual gas molecules or
ions in a storage-ring vacuums-chamber.
It becomes important especially in the
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Fig. 1 Gas bremsstrahlung spectra depending
on the number of the interactions (generated by
EGS4) resulting from 0.1 A 8GeV electrons
interacting with residual air-gas in the SPring-8
normal straight section. The EGS4 calculations
were performed with 0.1205g/cm- air and in
scaling to 3.01xl0-14g/crn2 air (INTl;single
interaction, INT2;double interactions, INT3.4.5;
triple interactions or more, —.theoretical
curve(5)-(6))
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straight section because of its invation
into the beamline.

The residual gas pressure is needed
in real operation to be below 0.133 fiPa
(10'9 torr) and the calculated gas
bremsstrahlung is shown in Fig. 1 by using
EGS4(7). As seen in Fig. 1, the gas-
bremsstrahlung generated through single
interaction between the electrons and
0.1205 g/cm- air molecules is about 60%
of the total. The gas bremsstrahlung is
nearly saturated within triple interaction
or more. In case of the interaction with
0.01205 g/cm2, the gas bremsstrahlung
generated through single interaction is
nearly equal to a saturated one. In order
to avoid an over-estimation to be
occurred in scaling from 0.1205g/cmz air
molecules to 3.01xl0-14g/cm2, the
result of gas bremsstrahlung through
single interaction was used. The emitted
angle of the bremsstrahlung is almost
within 0.1 mradian.
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Fig.2 Photon track-length distribution
within lead gamma-stop due to gas brems-
strahlung (R:radius, D:depth)

3.2 Photoneutron production yield

The track-length distribution of gas
bremsstrahlung within the lead gamma
stop (20 cm in radius and 30 cm in
length) were calculated on the standard
insertion device beamline by using the
Monte Carlo code EGS4 as shown in
Fig.2. The neutron yield, N(En), is
given by,
N{ En) = \dL{ Ey) I dEy • a{ Ey,xEn)- dEy

(1)
where dl.{Ey) I dEy is the photon track-
length distribution and Ey the photon
energy. a{Ey,xEn) is the photoneutron
production cross-section which produces
the x number of neutrons with En energy.
The cross-sections obtained from Dietrich
and BertnanW were used in the
calculation. Figure 3 shows the neutron
yield distribution within the gamma stop.
In the figure, neutron production from the
quasi-deuteron and photopion reactions
which can be induced by photons higher
than about 40 MeV was ignored.
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Fig.3 Neutron production distribution due to
gas bremsstrahlung in lead gamma-stop
(R:radius).
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The energy spectra of the total neutron
yield were obtained by using the Lorentz
fitting from the Dietrich and Berman's
data for neutron production and the max-
wellian(9) for the neutron emission
energy. The results are shown in Fig.4
together with the data by using other
photoneutron production cross-sections
generated with MCPHOTOt10) and
PICAO 0 up to 400MeV photon energy.
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Fig.4 Calculated results of photoneutron
production spectra by using track-length
distribution and photoneutron production cross-
section (L. rentz fitting+Maxwellian and
MCPHOTO +PICA)

3.3 Dose of photoneutron
The effective dose equivalent,/^, is

given by,

D = JK(En)-N(En)-dEn (2)
where K{En) is the neutron fluence to
effective dose equivalent conversion fac-
tor given by ICRPO^) ranging from the
thermal neutron energy to 14 MeV and
that YoshizawaO3) above 20 MeV. On
the assumption that the target is a point
source and the neutron emission is
isotropic, the effective dose equivalent
rates at 1 m from the center of the uamma

stop are 1.72 (iSv/h, 1.24 (iSv/h 1.45u
Sv/h and 1.95 ^Sv/h for 208Pb(Lorentz
fitting+Maxwellian), 207Pb(Lorentz fit-
ting+Maxwellian), 207pb( MCPHOTO
+PICA code) and 208Pb( MCPHOTO
+PICA code), respectively.

The estimated photoneuton doses for
the third generation synchrotron radiation
facilities are summarized in Table 1,
along with the measured data in
HASYLAB. It is recommended in APS to
reduce the dose equivalent rate to less
than 1.25 fiSv/h at 30cm from the surface
of the. gamma stop(15). At HASYLA3,
the neutron dose was measured by using
the Anderson-Braun type rem-counter
and the uncertainty of gas pressure was
pointed out because of difficulty in the
measurement at the midpoint of the
straight section! '6).

4. Benchmark calculation presented at
SATIF2 meeting

In order to get the knowledge of the
accelerator shielding, the "Specialist
Meeting on Shielding Aspects of Accel-
erators, Targets and Irradiation Facilities"
were held at Arlington (SATIFl) in 1994
and at Geneva (SATIF2) in 1995. In the
SATIF2 meeting, the benchmark calcula-
tions for photonuclear reaction experi-
ments, which were performed by Eyss
and LuhrsO?), were picked up by
Nakashima et al.O^) and
DegtyarenkoO9). The former reported
that the EGS4 calculations underesti-
mated the measurements by a factor of
3.3 for all the primary electron energies
ranging from 150 to 270 MeV and repro-
duced the shape of the measurements.
The photoneutron production cross-sec-
tions generated by the MCPHOTO and
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PICA codes were used in the calculation.
The latter reported that DINREG and
GEANT calculations reproduced the
measurements with an accuracy of the
order of 50% in the wide range of the in-
itial electron and photon energies. The
difference between the two benchmark
calculations is thought to be mainly due
to the differences in the used data of
photoneutron production cross-section
and neutron multiplicity. It is desired to
measure the photonuetrons produced by
electron beams of several hundred MeV
or more and the cross-sections to validate
the verification, because there are a few
experimental data.

5. Concluding remarks
The dose due to the photoneutrons

generated by gas bremsstrahlung onto
SPring-8 insertion device beamline has
been calculated with the Monte Carlo

code EGS4, MCPHOTO and PICA. From
user of photoreaction data, the followings
can be pointed out.
(1) Photoneutron production process '.:•
significant in safety analysis on the beam-
lines of the third generation synchrotron
radiation facilities.
(2) Well evaluated photoreaction data are
strongly needed not only for shielding cal-
culation but also for effective dose calcu-
lation.
(3) The photoreaction data library is de-
sired to be accessible for wide application.
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Table 1 Estimation for neutron dose equivalent due to gas bremsstrahlung on the beamline of the
third generation synchrotron radiation facilities. The measurement data of HASYLAB are also
presented.

(Grenoble)
APS (3) SPriJig-8(4) HASYLABO)

(Argonne) (Harima) (Hamburg)

Storage ring
Electron Energy

Current

Straght section

Gas pressure

6.0GeV

300mA

10m

(I0'9torr)

7.0GeV

300mA

15m

0.133/jPa
(10-9torr)

8.0GeV

100mA

19m

0.133 A/Pa
(I0-9torr)

4.5GeV

30mA

8.2m

1.06,7 Pa
(8xl(r9torr)

Neutron Dose 6/uSv/h
at 1.2m at lm

2.7+1.3
juSv/h at lm
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