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Thomson Compton
scattering scattering
Before 1900 1923

Fundamental Physics = strong interaction
e Cosmic microwave background (CMB) polarization
e Solar k-corona
* Gamma ray from supernovae
e X-ray TS as diagnostics for LP!

Crab Nebula "

Csl detector

Numerous Important Applications = Compact

e Ultra-high field physics

* Ultra-fast science

* Nano-metrology (CD-SAXS)
* Shielded radiography

* Non-destructive evaluation
* Phase-contrast imaging X-ray source
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Development of Laboratory scattering study—ICS

]

RF-accelerator-based Towards Stronger & Compact
1. develop ultra-intense laser
Cyclotron Laser Linac-1CS 2. In an accelerator lab.
1929 1960 1970
O Q O Q O Q Laser Wake-field Acceleration
1948 1965 1997 _
Synchro- Storage- FEL- All-optical
tron rng-1CS ICS
High energy electron’s in high
power laser lab!
) D. Strickland & G. Mourou, Opt. Comm (1985)
ICS=Inverse Compton Scattering T. Tajima & J. Dawson, PRL (1979)
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The electron-photon interaction: Linear regime

]

Linear TS/ICS

>  hay~1-10 MeV

/

w, ~4y°w,
ho, ~1.5eV
Ave. rest frameofe-: TS lab frame: ICS - Double Doppler upshift
o < @ 15ev e- «<— @ 15ev
—> @ 15ev —> @ Mev
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Variable Parameters

ICS laser pulse

xray variable controllable parameters :

gas jet pulse

> Electron: ener
LWFA drive ectron: energy

laser pulse

e-beam » Laser: A, 1, a0, more
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Two-beam configuration: Controlling electron energy
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S. Chen, et al,,” Phys. Rev. Lett. 110, 155003 (2013). .
N. Powers et al, " Nature Photonics 8, 28-31 (2014). « fs pulse duration
G. Golovin, W. Yan, et al NIMA, 830 375-380 (2016)  Tunable W. Yan — AFAD 2021
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Controlling laser a0

a,>1

1>1018 W/cm?

LWFA drive laser
pulse

First Order
Fundamental Radiation

scattering laser
pulse

X-ray pulse

gas jet

2(1 + pcos,)y?
1+ a}/2 + y*65

a)s ~N @pyer

B 9=1/y
o™ s
g B

| 8
o E<,

Relativistic . Laboratory
Frame Frame

_ 1 _ a'0
0 =— O =20
Second Order X X

Harmonic Radiation 7/ 7
= 1 1
E . 0, == 0, =—
Bl - -
Vao, x EXB a,<<1 ap=>1
Relativistic Laboratory Radiation angle
Frame Frame
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TS/CS in Extreme conditions All-optical ICS x-ray source

Electron-photon interaction
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Two-beam configuration: Controlling laser a0

Moderate Nonlinear regime
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Two-beam configuration: Controlling laser a0

Y N\Fwmdl ]
High-order Nonlinear regime Electron stability

- L] L]
4 ) (Ei). 8 . ¢ . * .
100 T - . L . * e o °
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W. Yan et al, Nature Photonics, 11, 514. (2017)
S. Banerjee, et al, PRAB, (2012)

G. Golovin, W. Yan, et al NIMA, 830 375-380 (2016)
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Two-beam configuration: Controlling laser a0
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Two-beam

configuration: Controlling laser a0

|%| viewer-0 (OpenGLStoredX)

Run 0 (500 events)

Geant4
Simulation

1. W. Yan et al, Nature Photonics, 11, 514. (2017)
2. D. Haden, W. Yan, et al RSI (2019)
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Nonlinear scaling law of total power
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Applications of all-optical ICS

16

As light source

X-ray source size
=4 +1 um (RMS)

S. Chen et al., NIMB (2016).

As Diagnostics
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G. Golovin et al scientific Reports 6, 24622 (2016)

For fundamental study
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Bonus As a platform : optical injection

Optlcal InJeCtlon (@) -1000 750 -500 250 O 250 500 750 1000
Time overlap cU) SLEEEL (b) o5 50 25 0 25 50 75
X i. _ 1 sD |
L . SEM
s 300 180 -
sl =[] I -, i 1NeA.
> i
@ 250 Trb, . E’ " g 160 | b\-} -E ;\‘ & ]
g g 3 5 LU A .
u o o 0 140 : ¥ B .,;’ N
200 - @ - S — i 5 3 -
3 | 3 : : -
@ l{ 7 120 F | 41x2fs i J
1?8 - T R - SR TR TR TR T i H
] E 3.0 L L L 1
F ® Experiment 73 : ]
i T }}f’f — Simulation o5} 4
- - Fit : :
—_— [ / b —_ 5 -
LD). 1 3 s ) — E 8-._ 20 - g 1~ ,/. ]
© F 8 ] ] @ W 2 GNAY
g F i T ] D 15F a7 AN y T
= a1 N 1 o 4 \ » . Y { -
_g o o E = ’:- L. - ‘ : )‘ ‘o’ J
O @ @ - © 10t = N’ = -
01 4 ]
Jet 0y Drive beam only E 05F §
DO " L i L i 1 i 1 i 'l "
300 ___”_ ' e T D e,
I Tl W -1000 -750 -500 -250 O 250 500 750 1000

200 Time delay (fs)

Time delay (fs)

- le | K

100 ' (J—
.... l Injection mechanisms of ponderomotive drift and wake
- wake interference is tested in the experiments

no IB G. Golovin, W. Yan et al, PRL, 121, 104801 (2018)

0.6x10'°] 1.0x10'%[ 1.3x10"%[ 1.5x10™° G Golovin, V Horny, W Yan, et al, PoP 27 (3), 033105 (2020)
17 . W. Yan — AFAD 2021

Charge density (arb

Energy (MeV)




Outline

] Introduction

 All-optical Inverse Compton Scattering

d Recent Progress

e a
N F AKX A XK

LS’ SHANGHAI JIAO TONG UNIVERSITY




New Building for IFSA center
> Laser will be updated to 200TW+300 TW with fs synchronization ability
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Fac111ty (II) TDLI institute& SJTU
AT
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Lab-Astrophysics platform: QED, nuclear astrophysics etc

Embedded PC

Embedded PC

TCP/IP
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Two beam betatron radiation
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