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In Honor of Toshiki Tajima



 Before 2004: know Toshi as the inventor of LWFA (PRL, 1979);

 2004: move from INRS (Prof. J. C. Kieffer), Quebec to JAEA, Japan
as a staff member of KAKENHI project (Kando, Koga, etc), Toshi
was the project manager and president of KPSI.

 2004-2008: KAKENHI project was proved to be successful after a
“horrible” half-year hard working a whole team from 9 am to
midnight. We published 5 PRL papers based on data in this
experimental campaign (Kando, 2007, 2009; chen, 2008; Fukuda,
2009; Kotaki, 2009).

Leading by Toshi and with help of K. Nakajima, I was also involved
in the trilateral cooperation project between China (J. Zhang), Korea
(C. H. NAM) and Japan (Toshi). Several joint experiments were done
in IOP, CAEP, which was the first experimental activities of LWFA in
China.

 2008: move to IOP, CAS/SJTU and continue cooperation with
Toshi…….

Meet with Toshi 14 years ago



Cooperators

W. M. Wang, J. L. Ma, Y. T. Li IOP, CAS

N. Hafz, M. Chen, Z. M. Sheng, J. Zhang SJTU



~1 PW(30fs, 20 min.) 100TW (30fs, 0.1Hz) 20TW (30fs, 10Hz)

3 target areas 650 m2

Facility I ---IOP XL Lasers



KHz, 20mJ, 30fs

Facility II ---SJTU LPL
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XGIII ps
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XG-III ns/ps laser facility
Pulse energy: 100-400J

Pulse duration: 0.9ps

Contrast: >108

Focus power density: >1019W/cm2

Facility III --- XG-III ps in LFRC (China) 

2016、2017

Pulse Energy: 250kJ x

Pulse duration: 1ns

Focus w0: 100μm



Selected Progress

(with Toshi)



(1) K-alpha radiation with clusters



K-alpha radiation with clusters

Photon flux on IP:5x106 phs/cm2

Single shot imaging

Opt. Express (2009); (2011)



(2) Laser accelerator using ablative capillary

 The first experiment of LWFA performed in China. (CAEP, JAEA, KEK)

 0.56 GeV monoenergetic electron beam is achieved.

m500

Obtained electron bunch with the minimum energy spread（~0.1%）
and minimum divergence(~ 0.6 mrad), suitable for free electron laser。

Chen, IEEE (2008); Appl. Phys. Exp. (2008)



【Nature Photonics】Highlight



1st beam 2nd beam

Envolution of plasma density
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PIC parameter：

Laser：Callisto

P=200 TW

w0=18 m

t=60 fs

a0=3.6

Plasma：
ne=2×1018 cm-3

Matched  bubble：
1.3×1018 cm-3

(3) Betatron enhance. via Double Injection

Experiment was performed using Callisto laser at LLNL, and experimental result 

was published in PNAS 111, 5825(2014) in which we proposed double injection.
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t=3 ps

t=21 ps

t=36 ps

t=52 ps

1st beam

2nd beam

g 
2nd beam
Max. energy g=4000

Smoothly field

1st beam：
Max. Energy g=2000

Sharp field distribution

Ne2/Ne1  10

Ne 

1st beam

2nd beam

Comparison of energy and charge
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Longitudial P

Quickly reduce

Maintain >20 psrb  Nb 

1st beam:

2nd beam: 





rb = 1 m

rb =10 m

Trajectory

1st

beam

2nd

beam 

Transverse P

Electron beams analysis



1st pulse:  Ec ~ 80 keV

2nd pulse:  Ec ~ 1.2 MeV 
On- axis spectrum

d2I/dwdW ~g2(w/wc)
2K2

2/3(w/wc).

Bright betatron g-rays

Photon-nuclear reaction



Synergetic Extreme Condition User Facilities (SECUF)

Huai Rou Science City, Beijing.

Beijing Synchrotron + [Ultra-high pressure; Ultra-low
temperature, Ultra-high B-field, Ultra-fast sources*] (200M$)

*Laser-driven ultrafast X-ray dynamic detection system

Intense fs laser solid

cluster

Ultra-short X-ray 

generation

focusing

Ultra-short X-ray

guiding

sample

Ultra-short X-ray

application

Imaging

XRD

EXAFS

北京新光源

R. Neutze, et al, Nature 406, 752 (2000)

Biological scienceMaterial science

A.Rousse, Nature 410, 65(2001)

Medical science



SECUF campus



Design of lab

靶
场
发

展
区

Betatron/TS Exp. 

UED system 

100Hz, 3TW>shot/min, 1PW

K-alpha Exp. 



Pump area

实验装置

衍射装置

衍射图像
（包含角度、强度变化信息）

X 射线源：
5μm，1011/秒

First stage for pump-probe detection
La0.7Ca0.25Sr0.05MnO3

Pump Pulse

CCD

Diffraction Signal

X-ray

Pump

Probe

岩石透视成像 蜜蜂相衬成像



实验获得LSMO新的超晶格结构

结果举例

Dynamic detection of samples

SrRuO3/SrTiO3 超晶格声子振荡曲线
Time resolving 150fs

120 nm
La0.7Ca0.25Sr0.05MnO3 / LaAlO3 (001)

Au(111)
150nm

120ps



What will do in SJTU



Lab astrophysics platform in Tsung-Dao Lee Institute

▪ 【High power lasers】
（2xKJ ns+ 2x 100J fs colliding）

▪ 【Laser+targets】

（靶场 + KT磁场 + 光场提高）

▪ 【Detection systems】

（多种粒子辐射源）Lasers

Targets KT-B field



Celebrating Toshi’s 70th Birthday!! 


