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Fig. 1. Cross sections of the supersonic nozzle (a) and the

micro gas cell (b).
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Fig. 2. Density distribution of the supersonic nozzle (a) and the micro gas cell (b); (¢) the molecular number density along the laser

propagation direction (dash lines) are compared in (c).
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Fig. 3. Density (a), (c¢) and velocity (b), (d) distribution at
the exit of the supersonic nozzle (a), (b) and the internal in-

terface of the micro gas cell exit (c), (d)
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Table 1.  Vaccum at different repetition rates using

4 mm micro gas cell.
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Application of low flow rate micro gas cell nozzle in laser
wakefield acceleration”
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China Academy of Engineering Physics, Mianyang 621900, China)
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Abstract

After forty-year tremendous advances, laser wakefield acceleration (LWFA), in which an ultra-intense
femtosecond laser interacts with a gas target to produce energetic electrons, is becoming more and more mature.
Acceleration with a high repetition rate will be an important topic in the near future. When operating at a high
repetition rate, the influence of the gas load on the vacuum system cannot be neglected. Among the widely used
gas targets, gas cells have a lower flow rate than supersonic gas nozzles. However, most of gas cells are several
centimeters long, unsuitable for a moderate-size laser facility. In this work, we design a kind of micro gas cell
with a sub-centimeter length. The flow rate of the micro gas cell and the supersonic nozzle are compared by
hydromechanics simulations. Comparing with the supersonic nozzle, the flow rate of the micro gas cell is
reduced by 97%. Moreover, the gas cell sustains a longer flattop region. The reduced flow rate is attributed to
two reasons. The first reason is that the area of the nozzle exit decreases significantly. In the case of the
supersonic nozzle, the laser interacts with the gas jet outside the nozzle exit. Therefore, the exit size is
determined by the interaction length. In the case of the micro gas cell, the laser interacts with the gas inside the
gas cell. The exit only needs to be larger than the laser focal, which is much smaller than the interaction length.
The second reason is that the velocity of the gas jet decreases. When using a supersonic nozzle, the velocity at
the nozzle exit must be high enough to generate a flattop density distribution, which is required by LWFA. As
a comparison, in the micro gas cell, the gas is confined by the cell wall. As a consequence, the gas velocity has
little influence on the density distribution inside the cell. By changing the inner radius of the cell, 1-4 mm-long
flattop regions can be generated while keeping a low flow rate. Experiments using the micro gas cell are
conducted on a 45 TW femtosecond laser facility at the Laser Fusion Research Center. The stable electron
beams with maximum energy of 250 MeV are generated. This study will contribute to the investigation of stable

and high-frequency laser wakefield acceleration.
Keywords: laser wakefield acceleration, high repetition rate, micro gas cell

PACS: 52.38.Kd, 52.38.—, DOI: 10.7498/aps.72.20221868

* Project supported by the Foundation of Science and Technology on Plasma Physics Laboratory, China (Grant Nos.
6142A04210101, 6142A04200103) and the National Natural Science Foundation of China (Grant Nos. 12004353, 11975214,
11991071, 11905202, 12175212).

1 Corresponding author. E-mail: yqgu@caep.cn

035202-6


http://doi.org/10.7498/aps.72.20221868
mailto:yqgu@caep.cn
mailto:yqgu@caep.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

— MBS RS = B ROL R S I A S
ReeHE XER AR ESSL AAR A THE BHA FA KA BRI ALR RRK SaK

Application of low flow rate micro gas cell nozzle in laser wakefield acceleration

Zhang Xiao-Hui ~ Wu Yu-Chi  Zhu Bin  Wang Shao-Yi  Yan Yong-Hong Tan Fang Yu Ming-Hai
Yang Yue LiGang ZhangJie Wen Jia-Xing  Zhou Wei-Min  Su Jing-Qin  Gu Yu-Qiu

5] Fi{i5 &, Citation: Acta Physica Sinica, 72, 035202 (2023)  DOI: 10.7498/aps.72.20221868

TELR T2 View online: https://doi.org/10.7498/aps.72.20221868

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

ETROCRIIME R A S et EUN 28

Parameter optimization of self-reflecting all-laser—driven Thomson scattering based on laser wakefield acceleration

PyFEEEAR. 2021, 70(8): 085204  https://doi.org/10.7498/aps.70.20210549

B0 s A A YU RO R N rp e T AR R
Effects of slant angle of sharp plasma—vacuum boundary on electron injection in laser wakefield acceleration

WIFREEAR. 2020, 69(3): 035201  https://doi.org/10.7498/aps.69.20191332

e BUEO L R 7 L T AR
High—quality laser wakefield electron accelerator

YrHE2E 4. 2021, 70(8): 084103  https://doi.org/10.7498/aps.70.20201993

Xz B e A Dk v e D 2 ROV IR O A B B SE B 5

Design and experiment of X-band high—repetition rate high—power multi—beam relativistic klystron amplifier

YIH~E4. 2020, 69(21): 218401  hitps:/doi.org/10.7498/aps.69.20201013

BB R TR B e B A RO R B - KAV Rl 2O B
Quantitative analysis of trace elements in bismuth brass with high repetition rate laser—ablation spark—induced breakdown spectrum

WIBEAEAR. 2021, 70(10): 104206 https://doi.org/10.7498/aps.70.20202018

FETIRAEADLE I R 1 ik
Mixed injection mechanism assisted cascaded laser wakefield accelerator

WA 2019, 68(17): 175201 https://doi.org/10.7498/aps.68.20190484


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221868
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210549
https://doi.org/10.7498/aps.69.20191332
https://doi.org/10.7498/aps.70.20201993
https://doi.org/10.7498/aps.69.20201013
https://doi.org/10.7498/aps.70.20202018
https://doi.org/10.7498/aps.68.20190484

