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Fig. 1. Schematic of self-reflecting all-laser-driven Thomson scattering.
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Fig. 2. Evolution of laser parameters in LWFA: (a) Laser spot size; (b) laser duration; (c) laser energy (energy in figure contains

laser parts and wakefield parts when it is below dashed line); (d) pump depletion length.
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Table 1.  Comparison of modified formula calculation and numerical simulation when plasma density is 4 x 10'® cm® and
PM position is 2.5 mm away.
L LWFARBOE TR XIPE
itk Py 2% /(10®photons-s -
FEBE/um KO /fs /?;E*m%l) figs /MeV fEBE/um A B /mrad T4 /107 mm 2mrad -
o-mm (0.1%BW) 1)

BIEAR 10 7 17 460 2.0 18 4.1 1.3
B AT 10 6 17 450 1.8 16 4.0 1.6

085204-6


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

) 32 £ 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 085204

MAEEL 6 AT DL A& PR 25 W 2, 23 S0l 61 Lg
Lpa, XM THE KT La B —ADEWHEA
FHL PR RE G AR, TR SR T Loa WIBOGAEIS,
P o g DEBUE R AR . BRI AT LS AR 5
Prts SEE £ X SRk RE 13 Fl, 7 B 12 0 R X 7 1Y
PACSEE R AR B A X 458 B 80148
XTI 6 2 AR, 45 B RS ETEL x 108 —
6 x 10" cm ® JL N, PM 7F 1—10 mmjiu &l N i
F A 5 B X L B A B TR O 4 % 10" em ?,
PM {7 B 2 mm, A X525 B 1.7 x 108
photons/(s-mm?mrad0.1%BW), Jt F % 4.8 x
107, fight 460 keV. MR¥E AT, ARDE— P48
X SR 5 BE BE OGRSl AR U AR
P PN eI O NI e B P A AT

10
Cré —
8 P
g Fz
H L &
i 6 2~
& se
O o
S i1
>
o g
2 S
1 2 3 4 5 6
S TAREIE/ (1015 cm =)
5
4
Z 5
£ 3 =
il ]
| s =
= R
1
0
1 2 3 4 5 6
B TIREERE /(1018 cm—3)
12
10
g >
£ 8 %
il
: 5 2
S X
[ 4 B
b
2
0

1 2 3 4 5 6
LT RS)E /(1018 cm—3)

Bl 6 XHRMMALER (2) 52HE; (b) HFEG (o) hFRER
Fig. 6. Optimization results of X-ray: (a) Brightness; (b) pho-

ton number; (¢) photon energy.
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SPECIAL TOPIC—Ultra short ultra intense laser plasma physics

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

All-laser-driven Thomson scattering based on laser wakefield acceleration can provide high quality X-ray

and greatly reduce the source size. Compared with two-pulse setting, the self-reflecting setting can reduce the

requirement for temporal and spatial synchronization in experiment. However, it is difficult to optimize X-ray

because Thomson scattering is coupled with laser wakefield acceleration in this process. In this paper, we correct

theory formula through numerical simulation, and analyze the parameters quantitatively in laser wakefield

acceleration and Thomson scattering, such as spot size, duration and energy of laser and electron beam, and

reflectivity of plasma mirror. Then we can trace the parameters by using the modified formula rather than the

numerical simulation with similar accuracy and less time. The modified formula is also used to optimize the self-

reflecting all-laser-driven Thomson scattering X-ray under the given laser conditions. The optimal X-ray

luminance and photon number can be obtained by changing the plasma density and the position of the plasma

mirror.

Keywords: laser wakefield acceleration, Thomson scattering, self-reflecting, X-ray
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