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Simulation and Design of the Gas Filtering System in the Synchrotron
Bend-Magnet Vacuum Ultraviolet Beamline
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(1. School of Mechanical Engineering, Hefei University of Technology, Hefei 230009, China; 2. National Synchrotron
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Abstract The gas filter system is filled with noble gases (e.g., argon, neon and helium), which display strong
absorption above their ionization energy. This helps to filter out the high harmonics of the incident beam in the
synchrotron radiation beamline. In this paper, the angular coefficient method was employed to assist in the design of
gas filters. It simulates and analyses the combustion beamline gas filter and compares the results with those obtained
from the experiment. It then optimizes the design of the gas filter at the mass spectrometry beamline and analyses
the spatial distribution of the pressure inside the filter chambers. The results demonstrate that the simulation results
for the combustion beamline gas filter are in good agreement with the experimental results. In the further design of
the mass spectrometry beamline filter cell, the increase in spot size results in a higher number density of molecular
beam flow inside the chamber. It is challenging to reduce the chambers’ pressure by adjusting the multi-stage
differential piping. Furthermore, the pressure distribution inside the differential tube exhibits a steep rise

phenomenon.
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Fig. 1 Schematic drawing of the gas filter at combustion beam-

line
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Tab. 1 Differential tube size of the gas filter at combustion

beamline
B 225 EKE /mm 2544/ mm>xmm
T-5 10 1.8x2.8
T-4 10 1.5%2.6
T-3 10 1.2x2.5
T-2 10 1.0x2.2
T-1 20 0.8x2.2
T+1 20 0.6x2.0
T+2 20 0.6x2.0
T+3 20 0.8x2.2
T+4 20 1.0x2.2
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Fig. 2 Theoretical calculation schematic of differential system
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Fig. 3 Simulation model and mesh of the gas filter at combus-

tion beamline. (a) Simulation model, (b) meshing

x2 BERERESEREEHEESSUERL
Tab.2 Comparison of simulated and experimental data of the

gas filter at combustion beamline

Jis {4 FHBEE/ (Lis) {}5 HL{E/Pa S/ Pa
C-5 52.8 3.59E-06 1.80E-06
C-4 52.8 1.60E-04 /
C-3 76 1.00E-01 1.5E-01
Cc-2 76 1.2E+01 1.2E+01
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Fig. 4 Grid independence verification
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Fig.5 Pressure distribution of the gas filter at combustion

beamline
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Tab. 3 Differential tube size of the gas filter at mass spectrom-

etry beamline

EOE ZOM K /mm ZE LR/ mm>xmm
T-7 100 7.3x15.5
T-6 40 6.4x13.7
T-5 131 5.6x11.9
T-4 100 4.7x10.1
T3 51 4.0x8.6
T-2 40 3.6x7.7
T-1 40 3.3x7.0
T+l 40 3.3x7.0
T+2 40 1.7x3.6
T+3 51 1.4x3.0
T+4 100 1.1x22
T+5 72 1.0x2.0
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7
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Tab.4 Theoretical/simulation pressure on the original struc-

ture of the gas filter at the mass spectrometry beamline

Bk o (us) L oTE e
SSTHHPa MR
C-7 65 8.81E-08 2.85E-05
C-6 65 1.10E-06 3.05E-05
C-5 65 2.38E-05 1.99E-04
C-4 160 1.38E-03 2.21E-03
C-3 20 4.46E-01 6.45E-01
C-2 10 3.06E+01 3.06E+01
C-1 10 2.21E+02 2.21E+02
Co / 7.11E+02 7.11E+02
C+1 6 5.40E+01 5.40E+01
C+2 5 6.43E-01 5.61E-01
CH3 100 1.79E-04 2.30E-04
C+4 160 7.53E-09 1.84E-06
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Fig. 8 Simulated pressure/spatial number density distribution
of the original structure of the gas filter at the mass spec-
trometry beamline. (a) Pressure distribution at the wall,

(b) number density distribution in the axial cross-section
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left side of the gas filter at different lengths of tube T-4
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Fig. 12 Axial pressure/chamber wall pressure distribution on
the left side of the gas filter at different lengths of tube
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Tab.5 Pressure distribution before and after optimization of
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JEE A gt/ (Lss) JHRE5H /Pa PEALEHY /Pa
c7 65 2.85E-05 1.88E-05
c-6 65 3.05E-05 2.90E-05
C-s 65 1.99E-04 3.18E-04
C-4 160 221E-03 2.45E-03
c3 20 6.45E-01 5.95E-01
c2 10 3.06E+01 3.06E+01
1 10 221E+02 221E+02
Co / 7.11E+02 7.11E+02
cH 6 5.40E+01 5.40E+01
c+2 5 5.61E-01 5.61E-01
c+3 100 2.30E-04 2.30E-04
c+4 160 1.84E-06 1.84E-06
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