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Abstract The Shanghai Synchrotron Radiation Facility (SSRF) is a third-generation synchrotron radiation

light source with 3.5GeV in energy, which is composed of the linear accelerator, the booster and the storage

ring. The storage ring provides 16 standard straight sections of 6.5m and 4 long straight sections of 12 meters.

Gas Bremsstrahlung (GB) produced by the interaction of the stored beam with the residual gas molecules in

straight section, which is so intense and has a very small angular that the GB spectra, the GB power and the

GB power distribution should be known. The characters of GB are studied by means of Fluka Monte Carlo

code. Our result shows agreement with those obtained by the experiential formulae.
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1 Introduction

The Shanghai Synchrotron Radiation Facility
(SSRF) is a third-generation synchrotron radiation
light source with 3.5GeV in energy, which is com-
posed of the linear accelerator, the booster and the
storage ring. The storage ring provides 16 standard
straight sections of 6.5m and 4 long straight sections
of 12m for the inclusion of insertion devices, injection
components and RF cavities!". Up to 300mA average
current of electron beam with 4nm.rad low emittance
can be stored in the storage ring for over 10 hours long
average lifetime. Gas Bremsstrahlung (GB) produced
by the interaction of the stored beam with the resid-
ual gas molecules in the storage ring vacuum cham-
ber. The GB is to be produced in a very small angular
cone along the beam direction (the mean value of the
emission angle is=m,c?/E B where m,c? is the elec-
tron rest mass and E is the stored beam energy). The
GB becomes very important for long straight sections
in the storage ring, since the contribution from each
interaction adds up to produce a narrow cone beam.
These beams are channeled along the SR beam lines

to hit the mirrors or monochromators when the long
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straight sections are used to produce synchrotron ra-
diation. Most of the long straight sections are not
used in the first phase of the project at SSRF, in this
case the GB will strike on the vacuum flange directly.
There are not many measurements available for
GB, especially for high-energy beam. The quantita-
tive estimates of GB from straight section as eval-
uated by Monte Carlo codes also have several un-
certainties. In order to get the GB spectra, the
GB power and the GB power distribution, the Fluka
Monte Carlo program was used to perform those.
The Fluka Monte Carlo Program was developed
by Italian National Institute for Nuclear Physics
(INFN) and European Organization for Nuclear Re-
search (CERN).It is a general purpose tool for cal-
culations of particle transport and interactions with
matter, covering an extended range of applications
spanning from proton and electron accelerator shield-
ing to target design, calorimetry, activation, dosime-
try, detector design, radiotherapy, etc. It can handle
even very complex geometries, using an improved ver-
sion of the well-known Combinatorial Geometry (CG)
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2 The Monte Carlo simulation

2.1 Simulation Condition

The SSRF storage ring provides 16 standard
straight sections and 4 long straight sections. For
standard straight section, the storage ring beam
straight path is 12.5m long (in the line of sight of
its beamline). For long straight section, the storage
ring beam straight path is 18m long. The residual
gas pressure of the vacuum is less than 10~° Torr.

The actual chemical composition of the residual
gas inside the storage ring vacuum chamber is much
different from that of air®. For conservative consid-
eration, the residual gas inside the vacuum chamber
was replaced by air with gas pressure of 0.1 atm in
the simulation. The results are then extrapolated to
typical storage ring vacuum values (of the order of
107? Torr). In actual low density of storage ring vac-
uum chambers, the interaction of Bhabha and Moller
scattering and multiple Coulomb scattering can be
ignored entirety[B]. Therefore these interactions are
suppressed in the air target. In order to study the
GB spectra changes as the gas pressure, four gas
pressures of air (1, 0.1, 0.01, 0.001 atm) were used.
According to Ref. [2], the GB power and GB yield
changes as a function of length of the storage ring the
beam straight path, the GB produced in the standard

straight section was studied.
2.2 Geometry model

An illustration of the geometry used for simula-
tions involving the target is shown in Fig. 1. A is
the stored beam with energy of 3.5GeV and current
300mA. B is the air target with the length of 12.5m
and the gas pressure of 0.1 atm™. C, E, G and I are
the black hole (any particle is discarded when reach-
ing a black hole boundary), but C, G, I are used to
discard the GB, E is used to discard the remnants of
electrons and positrons. D, F (8.56m) and H (0.01m)
are the vacuum, but D is a magnetic field with 1.27T
and the length of 1.44m used to change the path of
remnants electrons and positrons to black hole E, F
is used to transport the GB and H is used to score
the GB power distribution and GB spectra. C and G
are used to score the remnant GB with bigger scat-
tering angle. C, G and I are used to score the total
GB power. B, D, F and H are the concentric cylinder

with the radius of 3cm. In order to get the GB power
distribution, the scored area of I was divided into 61
concentric cylinders in the beam line direction, the
radius of 60 cylinders were increased from 0 to 0.9cm
in the liner step size of 0.015cm, the range of the last
one’s radius was varied from 0.9 to 3cm. In order to
obtain the GB spectra, the scored energy of GB was
divided into 20 parts from 10keV to 3.5GeV in the

logarithmic step size.
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Fig. 1. The calculation model of GB.

2.3 Simulation result

The GB spectra simulated by using the four differ-
ent gas pressures (1, 0.1, 0.01, 0.001 atm) of vacuum
chamber when one stored electron passed through the
standard straight sections are shown in Fig. 2. The
results show that the GB yield varies directly with
the gas pressure when the photon energy is above
50keV. The photon energy below 50keV of GB spec-
tra obtained from the gas pressure of latm shows that
some are different from the others, because the Comp-
ton scattering sections of low-energy photons in the
air with gas pressure of 1 atm are much more than
others.
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Fig. 2. Photon yield per stored -electron
through the standard straight section.

The ratio of GB power and primary stored electron
energy was evaluated by using the four different gas
pressures (1, 0.1, 0.01, 0.001 atm) of vacuum chamber
when one stored electron passed through the standard
straight sections as shown in Table 1. The ratio rises

proportionately to the gas pressure in the vacuum
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chamber. Therefore the GB power formula can be

expressed in this way:
Pes(W) = 4.46 x 10° x I(A) x

L(m) " P(Pa)
Li(m) P, (Pa)

x Ey(GeV) . (1)

Here Pgp is the GB power produced when the stored
beam (beam current: I A, beam energy: E, GeV)

passed through the straight path (length: L m, gas |

pressure: P Pa), L, is 12.5m, P, is 0.1 atm. Accord-
ing to the formula (1), the GB power produced in the
standard straight section is 61.7uW.

The GB power distribution when one stored elec-
tron passed through the standard straight sections
with the gas pressure of 10~° Torr is shown in Fig. 3.
The FWHM of GB power distribution is 0.24cm when
the GB power distribution is scored downstream the
end of the standard straight section with 10m.
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Table 1. A comparison of the GB power per stored electron passing through the standard straight section
among different gas pressures inside the storage ring vacuum chamber.
gas pressure latm 0.latm 0.0latm 0.001latm
B 3.1919x1073 3.4492x10~4 3.6830x1075 3.8717x1076
GB part C 1.9609 x 10~2 1.2586 x 10~3 1.0993 x 104 3.3355x 106
(GeV) G+I 1.3683 x 101 1.3989 x 1072 1.4968 x 1073 1.4606 x 10~4
remnants E 3.3404 3.4844 3.4984 3.4998
electrons and positrons
GB/Eo 4.561 x 1072 4.455x 1073 4.696x ~4 4.379x107°
350 ] | The GB spectra from simulation and formula (3) are
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3 Comparison with the experimental
data

There is an analytical formula (2) that is often

used to evaluate the GB power[5].

x
Py~ %Ps , (2)

where X, is the radiation length (for air, X, =
36.818g/cm?), z is the thickness of thin targets in
g/cm?, and Ps is the stored beam power. For formula
(2), the GB power of the SSRF standard straight sec-
tion is 61.4 pW. Both results agree with each other
within the uncertainty of 1%.

Because the residual gas path is much less than
the radiation length, the spectrum of GB photons of
energy k per energy interval dk, dN/dk, can be ap-
proximated by[G}:

Photon energy  (GeV)

Fig. 4. A comparison of GB spectra between
this work and other published data in the stan-
dard straight section at SSRF.

4 Summary

In this study we use the Fluka Monte Carlo pro-
gram to simulate the GB spectra and GB power and
GB power distribution of the standard straight sec-
tion of the storage ring at SSRF. The simulation was
preformed under the gas pressure of 0.1 atm inside the
vacuum chamber. The results are scaled to the actual
gas pressure of 107° Torr. The result of our study is
in good agreement with the experimental data ob-
tained by various workers. This work will provide
one method to prepare for further gas bremsstrahlung
study and GB shielding calculation.
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