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Meet with Toshi 14 years ago

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

———

» 2004: move from INRS (Prof. J. C. Kieffer), Quebec to JAEA, Japan
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Cooperators

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

N. Hafz, M. Chen, Z. M. Sheng, J. Zhang | SJTU ii%




Facility I ---IOP XL Lasers
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Facility III --- XG-III ps in LFRC (China)
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XG-I111 ns/ps laser facility

Pulse energy: 100-400J

Pulse duration: 0.9ps

Contrast: >108

Focus power density: >10*°W/cm?

Pulse Energy: 250kJ x
Pulse duration: 1ns
Focus w,: 100um



Selected Progress
(with Toshi)



(1) K-alpha radiation with clusters

Laser plasma X-ray generator generates high contrast, monochromatic and coherent
X-ray by condensing gas jet target generated from gas supply apparatus by irradiating
with laser having high contrast ratio
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Patent Number(s): JP2008277204-A
Inventor(s): CHEN L I, KAMIKADO I, TAJIMAT, KATO Y
Patent Assignee(s) and Codes(s):DOKURITSU GYOSEI HOJIN NIPPON GAKUJUTSU (DOKU-Non-standard)
Derwent Primary Accession Number: 2008-N13205 [77]
Abstract: NOVELTY - The laser plasma X-ray generator has a gas supply apparatus (5) which generates gas jettargetinside

avacuum chamber (1). Alaser (3)irradiates and condenses with respect to the gas jettarget. A high contrast, monochromatic
and coherent X-ray (10) is generated with Iaser having high contrast ratio.

USE - Laser plasma X-ray generator for use with imaging device for imaging phase contrastimage of spider.

1YSICS LETTERS 90, 211501 (2007)
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K-alpha radiation with clusters

week ending

PHYSICAL REVIEW LETTERS 28 MAY 2010

PRL 104, 215004 (2010)

Intense High-Contrast Femtosecond K-Shell X-Ray Source from Laser-Driven Ar Clusters

L.M. Chen,"* F. Liu,' W.M. Wang,' M. Kando,” J. Y. Mao," L. Zhang," J.L. Ma,"' Y. T. Li,' S. V. Bulanov,” T. Tajima,’
Y. Kato,” Z. M. Sheng.'” Z. Y. Wei,' and J. Zhang'~""

'Beijing National Laboratory of Condensed Matter Physics, Institute of Physics, CAS, Beijing 100080, China
“Advanced Photon Research Center, Japan Atomic Energy Agency, 8-1 Umemidai Kizugawa, Kyoto 619-0215, Japan
'XDepurtmem of Physics, Shanghai Jiao Tong University, Shanghai 200240, China

(Received 23 January 2010; published 27 May 2010)
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(2) Laser accelerator using ablative caplillary

» The first experiment of LWFA performed in China. (CAEP, JAEA, KEK)
» 0.56 GeV monoenergetic electron beam is achieved.

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)



Applied Physics Express 1 (2008) 066001

0.56 GeV Laser Electron Acceleration in Ablative-Capillary-Discharge Plasma Channel

Takashi Kameshima'->, Wei Hong?, Kiyohiro Sugiyama?, Xianlun Wen?, Yuchi Wu?, Chuanming Tang?,
Qihua Zhu?, Yuqiu Gu?, Baohan Zhang?, Hansheng Peng?, Shin-ichi Kurokawa'#, Liming Chen®,
Toshiki Tajima®, Tetsuro Kumita®, and Kazuhisa Nakajima'34°

LASER-PLASMA ACCELERATORS
Capillary action

Appl. Phys. Exp.1, 066001 (2008)

There is a strong drive at present to develop
compact electron-beam accelerators

that will enable university laboratories to
perform experiments that are now limited
to national or international research
centres. Laser-plasma accelerators using
jets of gas are one such approach. In these
systems the energy gain of the accelerated
electrons increases with acceleration
distance. However, this distance is typically
limited to just a few millimetres as aresult
of dephasing of the electrons and depletion
of the laser pulse. This in turn limits the
energy gain to the order of 200 MeV.
Gigaelectronvolt-scale energy beams have

nature photonic

[ Nature Photonics] Highlight




(3) Betatron enhance. via Double Injection

Envolution of plasma density

1st beam

PIC parameter :
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Experiment was performed using Callisto laser at LLNL, and experimental result
was published in PNAS 111, 5825(2014) in which we proposed double injection.



Comparison of energy and charge
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Electron beams analysis
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Bright betatron y-rays

d’l/dedQ (a.u.)

On- axis spectrum

d21/dedQ ~y2(w/oy)?K2,5(0/o,).

O  Radiation from the 1st bunch

O Radiation from the 2nd bunch

Fit for the 2nd bunch

1st pulse: E. ~ 80 keV
2" pulse: E. ~ 1.2 MeV

Photon-nuclear reaction
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Generation of femtosecond ~-ray
bursts stimulated by laser-driven
hosing evolution

Yong Ma?, Liming Chen%?, Dazhang Li?, Wenchao Yan?, Kai Huang?, Min Chen*,
Zhengming Sheng®**, Kazuhisa Nakajima®, Toshiki Tajima’ & Jie Zhang?*



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™] (200ms)

*Laser-driven ultrafast X-ray dynamic detection system
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1=—2fs 1=21s p=5ts t=10fs 1=-20fs

A.Rousse, Nature 410, 65(2001) R.Neutze, et al, Nature 406, 752 (2000)




SECUF campus
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Design of lab
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First stage for pump-probe detection
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Dynamic detection of samples
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What will do in SJTU
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HANGHAI JIAD TONG UNIVERSITY

W\
Lab astrophysics platform in Tsung-Dao Lee Institute
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