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A Glimpse of the Program  

• 5 Plenary talks 
 Xian-Tu He: The updated advance on inertial confined fusion program in China 

 Jean-Luc Miquel: Laser MegaJoule status and program overview  

 HyungTaek Kim: Overview on the development of laser electron acceleration and 
radiation sources with PW lasers 

 Tomonao Hosokai: Status of Laser Wakefield Acceleration Research under ImPACT-
UPL Program 

 Yutong Li: Bring astrophysics to laboratories 

 

• 27 Invited talks (including 8 talks for the Asian ICUIL)  

• 6 Oral talks 

• 4 Posters 



A Glimpse of the Program 
(8 sessions)  



Topics covered in the talks 

• Inertial confined fusion physics and technologies, 
new concepts  

• Laboratory astrophysics and high energy density 
physics 

• Ultra-high power laser system development 
• Laser plasma based particle acceleration 

(electrons, ions) and radiation  
• Fundamental laser plasma physics (physics 

related with fs laser-driven shock waves, strong 
magnetic fields, nonlinear plasma waves, etc.)   
 



High energy 
laser topics 

Short intense 
laser topics 

Inertial Confined 
Fusion 

High energy 
density physics 
&fast ignition 

Fundamental 
laser-plasma 

Laser-driven 
particle 
acceleration 

Laser-driven 
radiation 

Laser-driven QED 
plasma physics 

Laboratory 
Astrophysics High power laser 

technologies and 
diagnostic 
technologies 



Inertial confined fusion physics 
and technologies, new concepts 

(new facilities, new schemes and 
concepts) 
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Hybrid drive (HD) approach for ICF combined the advantage of 

indirect drive (ID) and direct drive (DD) and discarded their 

shortcoming, and is performs in two phases: 

 Spherical hohlraum (SH) 
with six laser entrance 
holes (LEHs) and a 
layered capsule inside 
SH 

 Typical driving 
source for ID T 
(black) and DD 
laser power (red)  

 Cutting capsule 

P1:  Xian-Tu He @ The updated advance on inertial confined fusion program in China 

    SG-IV (2-3MJ), Direct-Indirect hybrid drive scheme 



 For the first phase: 
radiation temperature of T~200eV 
lower than that in traditional ID is 
generates  by long pulse (~10 ns) ID 
lasers which irradiate to inner wall of 
SH through six LEHs, and ablates the 
surface of a layered capsule with fuel to 
drive a pre-compression via implosion 
dynamics, meanwhile, a long scale ID 
corona plasma is formed 

Plasm
a 
densit
y piled 
up 

热
斑 

DT 

Hotspot 

EAF Laser 
critical 
surface 

RAF 

Ablator 

Density~4g/cc 

LEH 

LEH 
 

LEH 

LEH 

ID lasers 
DD lasers 

Superson
ic wave 

Shell of SH 

 For the second phase. 
DD laser beams incident upon critical 
surface formed by ID corona plasma during 
last 2 ns of ID long pulse and are absorbed 
there. A supersonic-e-thermal wave is 
formed near critical surface and propagates  
in the ID corona toward radiation ablation 
front (RAF) 
 



Such high plasma pressure drives a  

maximal implosion velocity Vim > 400km/s  

and stops the ID shock reflection, which 

rebounded from off-center of hotspot, at 

the hotspot interface. As a result, The HD 

shock suppresses hotspot deformation  

and hydrodynamic instabilities caused  

by the ID shock reflection at hotspot  

interface. The HD shock enters hotspot  

that is further heated and the non-stagnation 

and high-gain ignition occurs when the HD  

shock rebounded near hotspot center first  

reflects there. 
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Laser Megajoule Status and Program Overview  

LMJ status 
LMJ is part of the Simulation Program which combines physics models, 
numerical simulation and experimental validation 
6 experimental configurations have been defined during the ramp-up of LMJ 
LMJ is now working in the 2nd configuration (2 bundles = 16 beams, 60 kJ, 4 
diagnostics) since end 2016, and it provides good overall performances 
3 other bundles are mounted and will be activated next year (3rd configuration, 
150 kJ, 10 diagnostics) 
Three activities are performed at the same time :  

Mounting of new bundles  
Commissioning of the previous assembled  bundles  
Physics experiments 

The 1st step of nuclear commissioning is in progress (October 2017) 
 

 
Program overview 

CEA is developing a thematic approach on LMJ, and has defined 8 experimental 
topics for the Simulation Program 
Several physics campaigns have been performed since 2014 and have addressed 
3 of these topics.  
The obtained experimental results are in good agreement with the simulations 
About 10 experiments are planned till 2019 and will addressed 6 different topics 
The first implosions with D2+Ar capsules are planned in 2019 

P13: Jean-Luc Miquel 
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Laser Megajoule Status and Program Overview  

PETAL status academic access to LMJ-PETAL 
PETAL, a multi-PW beam coupled to LMJ, will offer the opportunity to 
study a wider field of physics 
A record of 1.2 PW (840 J – 700 fs) has been obtained in 2015.  
Pulse duration has been improved (570 fs) and should bring the power to 
1.8 PW  
 

Academic access to LMJ-PETAL 
2 call of proposals for 2017-2020 have received a great success (25 proposals) 
6 experiments have been selected by the international scientific advisory 
committee 
LMJ-PETAL is ready for the first international academic experiments in 
December 2017 

 

 



Laser 
Conventional PIC system 

(maximum of ne =200 nc) 

lg(ne/nc) 

Hybrid PIC system (real density 

profile ne up to 54000 nc = 

300g/cm3 for tritium target) 

Fast electron current (Jfx)in the 

hybrid system 

Injection point of 

fast electrons of 

E>0.1MeV and 

px>0.45mc 

(50keV) 

Proposal of two-system PIC for the whole FI heating study 

Wang, Gibbon, Sheng and Li, Phys. Rev. E 91, 013101 (2015) 

L-I 25: W.M. Wang (IoP, CAS) 



W.-M. Wang et al., PRL 114, 015001 (2015) 

W.-M. Wang et al., arXiv:1606.02437 

MA scheme can 
bring much 
higher laser-to-
core coupling 
than the cone  
one 

Laser-to-core coupling 6% 2% 14% 

Two-system PIC 
simulations show: via 
MA, two counter-
propagating lasers of 
28kJ and 5 ps can 
heat the target core 
>5kev, reaching an 
ignition temperature 

Magnetically assisted (MA) scheme with cone-free target 



Boron laser  fus ion by  p lasma block  ign it ion  
- J iax iang  Wang and Heinr ich  Hora -  

 The neutral plasma block 
acceleration by intense 
picosecond  (1016W/cm2)  
been demonstrated by PIC 
simulation for the first time.  

L-I3: J.X. Wang 



Boron laser fusion by plasma block ignit ion  
- J iax iang  Wang and Heinr ich  Hora -  

 The neutral 
plasma block 
acceleration by 
intense 
picosecond  
(1016W/cm2)  
been 
demonstrated 
by PIC 
simulation for 
the first time.  

L-I3: J.X. Wang 



Laboratory astrophysics and 
high energy density physics 
(radiative shocks, hydrodynamic instabilities, 
warm dense matters, strong magnetic field 

effects, and diagnostic, etc.) 



Astronomical observation is 

passive, far-distanced, and 

uncontrollable 

Experimentally studying 

astrophysics with the  intense 

laser-driven  extreme 

conditions in lab. 

Astrophysics Laboratory 

Space and time scaling 

Bringing astrophysics to laboratory Bringing astrophysics to laboratory 

P30: Yutong Li 



Typical results of laboratory astrophysics we 
have obtained 

Magnetic reconnection  

in solar-earth  space 

Collisionless shocks 

in supernova remnants 

Nat. Phys. 6, 984 

PRL 108, 215001 

AJPS 225, 30  

 Highlighted by 

Nature China  
 Highlighted by 

Nature China  

New J. Phys. 13, 093001 

Sci. Rep. 7, 42915 

 Sci. Rep. 6, 27363 

 Highlighted by 

Nature Photonics 
 Highlighted by 

Nature Photonics 

Strong B fields 

in universe 

APL 107, 261903 

MRE 1, 187 

P30: Yutong Li 



Summary 

 Strong B fields ~hundreds T – kiloT can be obtained 

with intense lasers. 

 Laser-driven magnetic reconnection has been 

constructed.  

 We have studied the collisionless shocks generated in 

the interactions of two counter-streaming flows. 

Filaments probably due to Weibel-type instability  are 

observed. 

 

 

Observation Observation Experiment Experiment 

P30: Yutong Li 



L-I2 



L-I2 



L-I 21 J J Santos 



L- I 21  J J Santos 





K. Jakubowska, et al. , Refraction Index of Shock Compressed Water in Megabar Pressure, 09/2017, 1st AAPPS-DPP, Chengdu, China 

Experimental results on refraction index of compressed 
water and comparison with ab-initio calculations 

Quantum molecular dynamic calculations performed with the  ABINIT-ATOMPAW code, a 

common project of the Université Catholique de Louvain, Corning Incorporated, Commissariat 

à l’Energie Atomique, Université de Liège, Mitsubishi Chemical Corp (www.abinit.org) 
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Interpolations of simulation results 

with an extended Lorentz-Drude 

model can provide information on 

underlying physics (gap closure, 

ionization, …) 

http://www.abinit.org


Colliding-shock compression @ ShenGuang 

Hohlraum Design 

    The central target was invisible to the laser-hitting point, and 

therefore, it stopped the M-band x rays from preheating and 

scattered laser lights ablating the sample. 

J. Y. Zhang et al., POP 19, 113302 (2012) 

 near-Planck x-ray radiation. 

 

symmetrical inward shocks. 

 

two shocks simultaneously 

propagated into the  layer and 

collided at the center. 

“Dog bone” gold hohlraum  
Y. Zhao et al., PRL 111, 155003 (2013) 

L-O2 Yang Zhao 



Absorption Edge of Warm Dense Matter 

Experiment 

K-edge at three delays 

0 1 2 3 4
0

5

10

0

5

Te (eV) (g/cc) 0 1 2
0

5

10

3.14ns

2.78ns

2.38ns

 

 

 (g/cc)

initial position (m)

0 1 2
0

2

4

6

3.14ns

2.78ns

2.38ns

Te (eV)
 

 

initial position (m)

 

40

60

80

 

 

 

 

Tr (eV) Tr
peak

=90eV
(c)

(a)

(b)

Time (ns)

(a)

The shifts and broadenings of the K-shell 

absorption edge for the compressed WDM are 

studied. 

Hydrodynamic process 

Multi-1D code 

L-O2 Yang Zhao 



 squeezing stage (Ω𝑖𝑡 = 0 − 0.6) 

• Electron get accelerated when 

reflected by the plasma bubbles 

• Acceleration dominated by convective 

electric field 

• Fermi acceleration  

 

 reconnection stage (Ω𝑖𝑡 = 0.6 − 0.79) 

• Electron gets accelerated in diffusion 

region 

• Acceleration dominated by non-ideal 

electric field 

• Reconnection electric field acceleration 

Electron Energy Spectrum in Magnetic 

Reconnection in Laser-Produced 

Plasma 

L-O4: Kai Huang 



 Energy distribution of non-

thermal electrons produced 

during squeezing stage at 

initial time (Ω𝑖𝑡 = 0) 

• Energy threshold 

 

 

 Energy distribution of non-

thermal electrons produced 

during reconnection stage 

at initial time (Ω𝑖𝑡 = 0.6) 

• No obvious multistep 

acceleration 

 

Simulation results 



Ultra-high power laser system 
development 

(multi-PW lasers, intensity 
contrast control) 



PW BL1 
PW BL2 

IBS Center for Relativistic Laser Science 

• PW Ti:S Laser 

    (1) Beam line I: 20 fs, 1.0 PW @ 0.1 Hz 

    (2) Beam line II: 20 fs, 4.2 PW @ 0.1 Hz 

• 150-TW Ti:S Laser: 25 fs @ 5 Hz 

• PW Ti:S Laser 

    (1) Beam line I: 20 fs, 1.0 PW @ 0.1 Hz 

    (2) Beam line II: 20 fs, 4.2 PW @ 0.1 Hz 

• 150-TW Ti:S Laser: 25 fs @ 5 Hz 

L-I14: Chang Hee Nam 



All Optical Compton Experiments All Optical Compton Experiments 

Laser Compton g-ray production via the interaction  

of GeV e-beam with 1018 - 1022 W/cm2 laser field 

 Compton backscattering:  

      MeV-Gamma beams useful for photo-nuclear physics 

 Nonlinear Compton Scattering: 

Measuring radiation reaction effects 

 Energy loss and radiation damping (cooling) of 

  electron beam 

 Breit-Wheeler pair creation: 

 Assessing strong field QED theories 
 

0e n e g   

0e e g   

0n e eg     

L-I14: Chang Hee Nam 



SULF 

CPA Booster 

implement the 10PW laser in a new lab. (2015-) 

SULF (Shanghai 

Superintense Ultrafast 

Laser Facility): 

200J/20fs 

L-I9: Ruxin Li 



The layout as of 2016/08 SULF 

L-I9: Ruxin Li 



L-I10: Hiromitsu Kiriyama  



L-I10: Hiromitsu Kiriyama  



Seong G. Lee  



Laser plasma based particle 
acceleration and radiation 

(electron acceleration: higher energy, higher 
quality, higher acceleration gradients) 



P7 H.T. Kim 



P7 H.T. Kim 



High quality electron acceleration in LWFA based on controlled 

ionization injection 

1. Self-truncated ionization injection 
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2. STII demonstration at SJTU 

3. Two color ionization injection  

low energy spread 
4. Two color ionization injection  

low transverse emittance 

L-I18 Min Chen 



Plasma undulator and Nonlinear Thomson scattering 

Scheme of helical undulator radiation 

1. Plasma channel based undulator radiation 2. Nonlinear Thomson scattering 

References: 

[1] L.L. Yu et al.,   Phys. Rev. Lett. 112, 125001 (2014) 

[1] M. Zeng et al., Phys. Rev. Lett. 114, 084801 (2015) 

[2] M. Mirzaie et al., Sci. Rep. 5, 14659 (2015) 

[3] M. Chen et al., Light：Science & Applications. 5, e16015. 
(2016) 

[4] J. Luo, et al, Sci. Rep. 6, 29101 (2016) 

[5] W.C. Yan, et al., Nat. Photonics,11,514 (2017) 

L-I18 Min Chen 



L-I 8: Jianfei Hua  



L-I 8: Jianfei Hua  



Guided versus unguided 

For 1 nm 

drivers, 

energy gain 

is 2TeV/cm 

Energy gain gradient 

is 2TeV/cm instead of 

2GeV/cm in the 

optical laser case. 

X ray laser can be well guided by nanotube 

L-I 20—Xiaomei Zhang: X-ray driven Wakefield  



Emittance 

Top 80% energetic particles 

 (a)  The space distribution (x, y) and (b) the transverse phase space (y, py/px) 

of the top 80% highest energy electrons in the case of X-ray laser. 

Electron transverse motion is drastically reduced but momenta 

is the same, so emittance is expected to be reduced. 

X-ray driven Wakefield  



Laser plasma based particle 
acceleration and radiation 

(Ion acceleration: new facility, new target designs for 
better control, multiple beam effects, neutron atom 

acceleration) 



1. Compact LAser Plasma Accelerator  is running  @PKU 

3) Before Analyzing 2) Quadrupole  

focusing 

4) Position 4:  

After BM 
5) Position 5:  

Radiation Platform 

1) Small emittance  && 

Proton energy stability <3% 

L-I13: X. Yan 



W.J.Ma, Kim…X.Q.Yan, C.H.Nam,  submitted 2017 

2. 0.6 GeV Carbon acceleration in cascaded acceleration 

RPA+TNSA 
Carbon Nano-Tube  + DLC foil 

~4 times enhancement, compared to one stage RPA acceleration  

Experiments were performed using CoReLS PW Laser in Korea (Prof. C. H. 

Nam), cooperation between GIST and PKU 



Layered Target 

• For the generation of an energetic proton beam with narrow energy spread 

• By utilizing a Bulk electrostatic field in the plasma 

Target ion layer 

1021 W/cm2 Ion Layer-Embedded Foil target 

2D PIC Simulation (XOOPIC) 

1D Fluid Simulation 

L-I15: Kitae Lee  



3D MD simulation shows that very high conversion 

efficiency ~ 30% can be obtained by hollow nanosphere  

ΔE/E = 7 〜 10 % 

C+H 

C+H 

30.1 % 

Hollow cluster targets 

Compact and efficient laser-neutron source  
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L-I26: M. Murakami  



53 

Neutron energies produced by pLi –reaction are 

dramatically reduced due to the endothermic reaction 
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Ep = 1.9 MeV 

Ep = 2.3 MeV 

Ep = 2.7 MeV 

P + Li →n + Be −1.64 MeV 

p 

Li 

Be 

n 

Ep 

Expected moderator thickness for low temperature 
neutrons is of the order of a few cm or even less.  

L-I26: M. Murakami  



 
 
 
Accelerated atoms in laser produced plasmas 
 
 
  

L-I27: M. Krishnamurthy, 

TIFR, India 
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Cu27+ 

Neutral Cu atoms upto 1 MeV are generated 

Focal waist size crucially controls the extent of neutralisaition 

85% of ions become neutrals! 

Ions passing through colder preplasma  
  are efficiently neutralised 

Malay et.al., Scientific 

Reports 7,  3871(2017) 



Proposition:  
Co-propogation of electrons with 
protons?? 

Reduced velocity in the proton frame can  
contribute to electron ion recombination. 

H
- 

H- emission @ 1018 Wcm-2 H- emission @ 1018 Wcm-2 

Gated Thmospon spectrometer show  
H0 and H- emission from solid targets  
even at 1018Wcm-2 high contrast pulses 

H- 

H+ 
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L-I27: M. Krishnamurthy, 

TIFR, India 



Laser plasma based particle 
acceleration and radiation 

(Radiation: Compton scattering sources, 
gamma-rays near QED regime, mid-infrared 

radiation, etc. ) 



Compton scattering g-rays based on high quality e beams 

Previous works: Ta Phuoc et al., Nat. Photonics 6, 308 (2012) 
                             Tsai et al., Physics of Plasmas 22, 023106 (2015) 
This work:  C. Yu et al., Scientific Reports, 6, 29518 (2016)] 

L-I9: Ruxin Li 



58 北京大学应用物理与技术中心 

Self-matching resonant acceleration by CP laser is much more 

advantageous over direct laser acceleration by LP laser  

1.6 Introduction- Betatron radiation  
Betatron radiation in LWFA regime 

1, The Betatron amplitude is limited by its injection excursion;  
2, The acceleration process is limited by the dephasing between the electron and the 
wake field, a high energy electron beam always corresponds to a low plasma density 
or a low charge electron beam.  

S. Corde, et al. Review of Modern Physics, 85, (2013) 

Electron acceleration: 

DLA under LP  RA under CP  

Synchrotron radiation: 

DLA under LP  

RA under CP  

• Trapping can be enhanced by Bsz 

• Self-matching process leads to that much 

more electrons can be preaccelerated to 

achieve resonant condition 

• Bsz contributes to the betatron frequency, 

help to reach the resonance condition 

• Synchrotron radiation can be much 

enhanced due to helical motion 

trajectory (always locate at the 

“turning” point)  

• γ-ray photon radiation has vortex 

structure 

L-I 30-B. Qiao 



59 CAPT, Peking University 

A new resonance acceleration scheme for generating ultradense relativistic electron 

bunches and emitting brilliant vortical γ-ray pulses in the QED regime by CP lasers 

H. X. Chang et al., Scientific Reports 7, 45031 (2017) 

With QED

Without QED

Ultradense electron bunch

NO electron bunch

30T0 60T0 80T0 time

2

F IG .1. (color online) 3D isosurface distributions for electron
densities ofthe plasm a channel(blue) and the electron bunch
(red), w here the isosurface values are respectively 30n c and
50n c.

of these result in form ation of an ultradense vortical
electron bunch under direct resonant acceleration by
laser, w hich synchronously em it γ-rays. T hree dim en-
sional (3D ) particle-in-cell (P IC ) sim ulations show that
brilliant γ-ray pulses w ith unprecedented brightness of
1025photons/s/m m 2/m rad2/0.1% B W at average energy
of 15M eV and pow er of 6.7P W in duration of 40fs are
produced by a circularly polarised laser at intensity
1.9×1023W /cm 2 in this schem e.
A s w e know ,the propertiesofgam m a-ray radiation de-

pend strongly on the electron dynam ics. Let’s startw ith
the dynam ics of a single electron interacting w ith the
laser and self-generated electrom agnetic fields in laser-
produced plasm a channel by taking into account the
Q E D effect. In the ultrarelativistic lim it γe ≫ 1, the
quantum recoilforce ofradiation reaction can be approx-
im ately w ritten as [23]

F rad ≈− εradG em ecω0βa
2
S χ
2
e, (1)

w here εrad = 4πre/3λ, re = e
2/m ec

2 is the electron ra-
dius,β = v/c,aS = eE S /m eωc corresponds to the Q E D
critical field E S = αe/r2e, and α = e2/h̄c is the fine-
structure constant. H ere e, m e, v are electron charge,
m ass, and velocity, respectively,ω0 and λ refer to laser
frequency and w avelength,and c is the light speed. T he
quantum radiation reaction force in the Laudau-lifshitz
form is reduced by a factor G e in the Q E D regim e [24].
T he probability of γ-photon em ission by an electron is
characterized by the relativistic gauge-invariant param e-

ter χ e = (γe/E S ) (E + β×B )2 − (β·E )2
1/2

,w here γe

is the electron Lorentz factor. T he Q E D effects are neg-
ligible for χ e ≪ 0 but play an im portant role for χe >∼ 1.
A ssum ing a circularly-polarized plane laser w ave prop-

agating along the x direction,the transverse laser fields
are E L y = E L cosφ, E L z = E L sin φ, B L y = − E L z/vph ,
B L z = E L y/vph , w here E L refers to their am plitude.
T he phase is φ = kx − ω0t and the phase velocity is

vph = ω0/k, w here ω0 and k0 are laser frequency and
w ave num ber,respectively. T he transverse self-generated
fields in the plasm a channelare assum ed to be E S y,E S z,
B S y, B S z, and the longitudinal m agnetic field is B S x .
For electrons m oving in such plasm a channel, by con-
sidering the quantum radiation reaction force [E q. (1)],
their transverse m otion can be described as

dpy
dt
= − eκE L cosφ+ evxB S z− evzB S x − eE S y− Λvy, (2)

dpz
dt
= − eκE L cosφ+ evxB S y− evyB S x − eE S z− Λvz, (3)

w here κ = 1 − vx /vph and Λ = εradG em eω0a
2
S χ
2
e. For

high-energy oscillating electrons in the channel,it is rea-
sonable to assum e that v̇x ≈ 0, γ̇e ≈ 0 and χ̇ e ≈ 0, as
they are slow ly-varying variables,com paring to the fast-
varying py and pz. Further assum ing κE = δE S y/δy =
δE S z/δz, κB = δB S y/δz = − δB S z/δy, E qs.(2) and (3)
can be w ritten as

d2py
dt2
+ Ω2θpy + Ωx

dpz
dt
+ βrad

dpy
dt
= m eca0ωL

2 sinωL t (4)

d2pz
dt2
+ Ω2θpz−Ωx

dpy
dt
+ βrad

dpz
dt
= m eca0ωL

2 cosωL t (5)

H ere Ωθ =
e(κ B vz + κ E )

γ e m e
,Ωx =

eB S x
γe m e

and βrad =
Λ

γ e m e
,

ωL = κω0 refers to laser frequency in the electron rest
fram e,and a0 = eE L /m eω0c is the norm alized laser am -
plitude. A s m ost of the oscillating electrons m ove heli-
cally w ith a radius out of the region w here the longitu-
dinalm agnetic field B S x distributes,the influence ofthe
third term in E qs. (4)and (5)can be neglected com pared
to the other term s. T herefore, the betatron oscillation
frequency can be estim ated as ωb ≃ Ωθ. For electrons
under resonant acceleration w ith laser fields,one can as-
sum e py = pz ≃ P rad cos(ωL t + ϕ), w here P rad is the
m om entum am plitude and ϕ is its initialphase. Substi-
tuting py and pz into E qs. (4) and (5),one has

P rad =
m e ca 0ω

2
L

(βr a d ωL )
2 + (ω2L − ω2

b )
2
,

ϕ = arctan βr a d ωL
ω2
b
− ω2

L

.

(6)

From E q. (6),the am plitude ofelectron transverse oscil-
lation can be w ritten as

R rad =
ca0ωL

γe (βradωL )
2 + (ω2L − ω2b)

2
(7)

O n the one hand, E qs. (6) and (7) show that P rad and
R rad decrease w hen the quantum recoilforce ofradiation
reaction becom es larger, that is, electrons can be con-
tracted in both py − pz phase space and in y-z coordinate
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F IG .3. (color online) P roperties ofresonant electrons in the channelofF ig. 2: (a) self-generated m agnetic field B S y (norm alised
by m eω0/e) in the plane z = 0 at t = 80T 0; (b) and (c) typicalelectron m otion trajectories (R − x) and (p⊥/p∥− x), w here

R = y2 + z2 and the colors of lines show increase of the Lorentz factor γe w ith tim e; (d) 3D isosurface distributions for

electron energy density w ith the isosurface value at 2×103n cm ec
2; (e) the angular distribution of electrons; (f) the energy

spectrum of electrons in cases of w ith (red) and w ithout (blue) the Q E D effects taken into account. Inset of (e) show s the
distribution of the num ber of the electrons (energy above 500M eV ) w ith the polar angle.

aid of the quantum recoilforce of radiation reaction,as
expected, a great am ount of electrons undergo resonant
acceleration and directly attain energy from the laser,
w hose energies increase dram atically (see the color evo-
lutions of the lines). For electrons undergoing resonant
acceleration,theirenergiesare gradually transferred from
the transverse com ponent into the longitudinal one by
the v ×B force,w hose p⊥/p∥eventually decreases to a
sm all value of 0.2 rad, show n in F ig. 3(c). Figure 3(d)
plots the energy density distribution of electrons at an
isosurface value of2×103ncm ec

2. It can be seen that an
ultradense,vorticalrelativistic electron bunch is form ed,
in w hich the electron m axim um energy can reach 2G eV
[see Fig. 3(e) and 3(f)]and the totalcharge ofelectrons
w ith energy above 500M eV is about 200 nanoC oulom b
[see the red line in F ig. 3(f)]. B y com paring these high
qualities of the beam to those w ithout the Q E D effect
taken into account,show n by the blue lines in Figs. 3(e)
(inset)and 3(f),w e conclude thatthe Q E D effectleadsto
great increase ofthe particle num ber ofhigh-energy elec-
trons and decrease of the divergence angle of electrons,
w hich is consistent w ith our theoreticalexpectations.

W hen the ultradense vorticalelectron bunch undergoes
resonantacceleration by laser fields,brillianthigh-energy
γ-ray photons can be em itted via the nonlinear syn-
chrotron radiation. F igure 4(a) plots the 3D isosurface
distributions ofthe em itted γ-ray photon energy density
att= 80T0. Itshow sthata brilliant,vorticalγ-ray pulse
w ith energy density above 5.3×1017J/m 3,transverse size
of 2µm and duration of 40fs is generated,w here the ra-
diation pow er is about 18J/T0 (6.7 P W ). A t t = 100T0
w hen the laser is over,the totalnum ber ofγ-ray photons
w ith energy above 2.0M eV is about 3.08×1014,and the
totalenergy ofγ-ray photons is about 780 J,w hich cor-
responds to a 22.91% from the laser energy,significantly
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F IG . 4. (color online) γ-ray pulse em itted in the sim ulation
of F ig. 2: (a) the 3D isosurface distribution of the γ-ray’s
energy density w ith the isosurface value 5.3×1017 J/m 3; (b)
the angular distribution of γ-ray energy for photon energies
above 2.0 M eV ,w here the the polar angle is represented as θ
and the azim uthalangle φ,respectively;(c) the energy spec-
trum of photons, w here the photon num ber is calculated in
0.1% bandw idth (B W ). T he inset in (c) show s the evolution
ofthe m ean angular m om entum ofphotons (red) and the to-
talradiation pow er P ph = W ph /T 0 (blue),w hich is defined as
the em itted photon energy per laser period.

higherthan thatw ith solid targets[18]. T he energy spec-
tra of the γ-ray photons are plotted in Fig .4(c). T he
m axim um energy of photons exceeds 1.0 G eV and their
m ean energy isabout15.9 M eV ,w hich correspondsto the
brightness 2 ×1025photons/s/m m 2/m rad2/0.1% B W at

Vortex γ-ray photons  

 Femtosecond duration (40 fs); 

 Relatively small polar angle (0.2 rad); 

 The photon energy can extend to 1.2 GeV; 

 The radiation power (6.7PW); 

 The brightness at 15 MeV 

3.5



Radiation Reaction trapping effect is 

discovered in the near-QED regime 

when the expelling Lorentz force is 

balanced by the RR force. 

With RR No RR 

Radiation-reaction trapping (RRT) 

Ji et al., Phys.Rev.Lett. 112, 145003 (2014). 

, ,~L y rr yF F

1/3 1/3

0 0~ (2 /3 ) ~ ( / )thr p e ea k r c r r 
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F FL rr

d

dt
 

   
2 24 2 5 2 2(2 / 3 ) / /F v E v B E vrr ee m c c cg       

 

( / )F E v BL e c   

 RRT significantly change the LPI in 

the near-QED regime. 

 Leads to efficient emission of 

Gamma-photons 

L-I 31: Liangliang Ji 



Laser-electron collider within a micro-channel 
Laser:  
   21022 W/cm2 ,35fs, 0 = 4 um  
  (5 PW, 170 J) 

 A laser-electron collider is proposed by 
coupling one-single multi-PW laser 
system with micro-channel structure.  

 First proof-of-principle experiment with 
200 TW laser verifies the advanced 
electron source from micro-channel 
structure. 

Proof-of-principle experiment using a 200TW laser 

Signature of Radiation-reaction  

L-I 31: Liangliang Ji 



Laser-compton scattering gamma-ray 
source based on BEPCII 

• X-ray/γ-ray calibration 

• Photon-nuclear physics 

• Nuclear astrophysics 

• γ-γ collider 

• Basic QED/QCD phenomenal exp. Check 

 

0.16-111MeV γ-ray 
Energy-tunable, polarized 

L-I33: Y. Huang 



Ultra-intense laser+relativistic plasma 
-> to check QED effect in Plasmas   

• QED effect cancels 
with the plasma effect: 

To estimate the thickness of the  
magnetosphere of a millisecond 
pulsar:   

To estimate the plasma 
density of a pulsar:   

Yongsheng Huang, Scientific Reports, 2015,5:15866 



Photon deceleration in the bubble regime 

 The laser pulse undergoes 

strong self-phase modulation 

due to the longitudinal 

gradient of the refractive 

index in the plasma bubble. If 

the laser pulse completely 

resides in the first half of the 

plasma wave, its frequency 

can be completely down-

shifted (photon deceleration).  

 

 With a plasma structure, this 

photon deceleration process 

can be largely enhanced.  

blade nozzle 

laser 

density distribution with a blade 

L-I5: Chi-hao Pai  



Photon deceleration in the bubble regime can be 

largely enhanced with a tailored plasma structure. 
with uniform plasma 
measured spectrum 

with plasma structures 

measured spectrum 

 With plasma structures, under the optimal conditions, the energy of the 

generated mid-IR pulse in 2-8 μm wavelength range reaches 15.5mJ, 

corresponding to conversion efficiency as high as 5.2%.  

30fs, 300mJ, 800nm, 

10Hz Ti:sapphire laser L-I5: Chi-hao Pai  



Fundamental laser plasma 
physics 

(fs-laser driven shocks, external magnetic 
control of plasma dynamics, nonlinear plasma 

waves)   



Hydrodynamics Driven by Intense short-pulse 

lasers,  

 

J. Pasley1 et al 
1 York Plasma Institute, University of York 

(Please see next slide for bibliography/ major 

institutional collaborators) 

Ring-like XUV 

signature of shock 

propagation from 

central hotspot 

Non-ablatively 

stabilised RT 

growth driven 

by radiative 

cooling 

Shock 

formation 

Hydro-instability 

producing high 

frequency 

soundwaves 

L-I 28 



Hydrodynamics Driven by Intense short-

pulse lasers 

 

J. Pasley 

York Plasma Institute, University of York 

1. K. L. Lancaster et al, Phys. Plasmas 16, (2009) 
2. S. Mondal et al, Phys. Rev. Lett. 105, (2010) 
3. I.A. Bush, A.P.L. Robinson, R. Kingham and J.Pasley, PPCF 52, (2010) 
4. A.P.L.Robinson, H.Schmitz, and J. Pasley, Phys. Plasmas 20, (2013) 
5. A. Adak et al, Phys. Plasmas 21, (2014) 
6. A. Adak et al, Phys. Rev. Lett. 114, (2015) 
7. A.P.L. Robinson et al, Phys. Plasmas 22, (2015) 
8. A. Adak et al, Phys. Plasmas 24, (2017) 
9. K.L. Lancaster et al, Phys. Plasmas 24, (2017) 
10. K.U. Akli (LLNL, GA, OSU), et al, Phys. Rev. Lett. 100, (2008) 

 
 
 
 
 
 
 
 
  

York Plasma Institute 

L-I 28 

http://www.clf.rl.ac.uk/Default.asp


Generation of high-pressures in aluminium by 
femtosecond low-energy laser irradiation 

K. Jakubowska, D.Batani, J.-F. Feugeas, P. Forestier-Colleoni, S. Hulin, P. Nicolaï,  
J.J. Santos, A. Flacco, B. Vauzour, V. Malka  

 
CELIA (Bordeaux), LOA (Palaiseau), IPPLM (Warsaw) LASER&

Al#50#mm#

t#
=#

2
0

#n
s#

Formation of a blast wave 
1D hydro simulations performed with the code CHIC 

L-O 6 



DS~34 km/s 

V~28 km/s 

V~10 km/s 

[Mbar] 

Highlights of the experiment: 
 

 Very strong pressures using a short-pulse high-intensity laser  (initially ≥ 100 

Mbar); 

 The shock has a BLAST WAVE structure and the pressure rapidly decreases to 

≤ 1 Mbar at shock breakout 

 There is a complex shock dynamics dominated by the effects of target 

expansion. The shock has constant velocity; 

 Due to target decompression the blast 

wave is lost along the axis but the 

blast wave structure is maintained out 

of axis; 

 We measured the color temperature 

at shock breakout which resulted in 

good agreement with CHIC simulation. 

 HED states can be created and probed 

with short-pulse high-intensity lasers 

 It will be possible to perform studies 

on blast waves with implications for 

astrophysics 

L-O 6, D Batani 



B field can replace gas filled in hohlraum to 

confine plasma expansion 

V∝E/B2 

• 15% of the absorbed laser energy converts into B field energy 

• Effective in 0.3-1000J laser energy  

L-I29: Guangyue Hu (USTC, China) 



Hall effect caused asymmetric bubble 

B field enhances ablation 

B 

B 

B=0  

B=7.5T  

L-I29: Guangyue Hu 



Wave breaking of Relativistically intense longitudinal waves in 
plasma - I (cold plasma)  

Akhiezer-Polovin  wave propagating 
through a cold plasma  

Perturbed Akhiezer-Polovin wave 
exhibiting  wave breaking  

• A longitudinal Akhiezer-Polovin wave breaks via phase mixing at an amplitude 

well below its wave breaking limit, when it is longitudinally perturbed. 
 

• Therefore all those experiments which depend on Akhiezer-Polovin  wave 

breaking limit for their interpretation will require revisiting. 

 
Phys. Rev. Lett. 108, 125005 (2012) 

L-I7: Sudip Sengupta (IPR, India) 



Wave breaking of Relativistically intense longitudinal waves in 
plasma - II (Warm plasma)  

• Longitudinal waves in a warm plasma also break via the process of phase 

mixing. 

• Therefore there is no real wave breaking limit  for a longitudinal wave in a 

warm plasma. 

 

Wave propagating through a warm 
plasma (with a  Jüttner distribution ) 

Perturbed wave in a warm plasma 
exhibiting  wave breaking  



Summary 

• New fusion concepts remain an important topic.  

• Laboratory astrophysics and high energy density 
physics are emerging frontiers 

• Short pulse laser-plasma interaction and their 
applications are pursued widely in Asian 
countries 

• New technologies related with ultra-high power 
lasers, diagnostics, and magnetic field push the 
laser-plasma interaction to new regimes.   



Many thanks to laser-plasma 
program speakers! 

 
Thank you for your attention! 


