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i Chapter 1. Preface (this one; H. Takabe)
SPECIaI Toplc ArtICIe ) ‘ Chapter 2. Introduction to LNP (H. Takabe)
S Chapter 3. Nuclear Physics with Lasers
(H. Yoneda)
Chapter 4. Experiment of Nuclear Physics
(T. Tamae)

Lasen Nuclear Physncsq
Chapter 5. Theory of Nuclear Physics (T. Sato)

CF# % b -Ij- *;; tl:&] IE % .i‘ == ‘-H / t Chapter 6. Application of Nuclear Physics

(Y. lkeda)
(Received 26 September 2001) Chapter 7. Comments on Nucleus under Strong
Laser Field (T. Yukawa)
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8. [FHIENER I EEEFHE RO
(2008 ~IRTE)

Weibel-mediated CLS (Kato-Takabe, 2008, 80[g])
IRFNGH \|ERFEERL —H —EERFAIR. IRFN. BiE. &H
[t E B TS5 X< | (Fujioka, Takabe et al., 2009, 59[a])
IUPAP—CZO CCP2012 at Kobe

5B EAEZEE KSR Kuramitsu et al., 2011, 68[H]
SC|ence on NIFE&ZX §(2010-2013) 3IRFIPI
ACSEL team(2010“) Hye-Sook Park et al.,

-5 -2FoZ A (HHE)

9°.\‘9‘.U":'>.W!\’!—‘

Astrophysical collisionless shocks are believed to

be responsible for many astrophysical phenomenon
Generate mplify magnetic fields Accelerate particles

Downstream
turbulence |8
<=V,

]

bl
25
Ty
oF
| or
£
B-fi qld vectors S8
opt'l | image : C s
(Hubhle) of M51 teher, MNRAS, 2091 E ¢
+ The universe is ubiquitously magnetized C 1 Particle/kmé/yr \ g
» The origin and nature of the weak seed - B
fields is unknown e i E (e\;)““ AP

= Collisionless shocks may be a possible
mechanism

(Neronov, Science (2010)

Fletcher, MINRAS, (2011)

+ Collisionless shocks may be responsible for cosmic
ray acceleration via rapidly evolving magnetic fields
structures 20

R. Blandford, Phyvsics Reports (1987)

10



SUPERNOVAE

JAR— JLTZ%EIE

Electron

Proton

Y

Proton

Electron

D_

LY A: F=qvxB

2015/8/7

11



BEELRNERRBEERX AL (BHEEKF)

Number *

Density
n

o= e

Current
Density
J

X

60
Magnetic a4
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T
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TN Kato and H. Takabe., AplJ, 2008
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Laser Experiment on Astro-
Shock and Cosmic-Rays

(b) SN1006 (X-ray image)

A

g Shock Front

Chandra X-Ray Satellite
24
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EEBH TIXTDER p—, del:}ag_rali}(‘m wave
(AryrDEBED ) - (ablative heat wave)
T > keV
p laser

Pet )

o - asdd
A Good Deflagration ! \ (a) (b) /
Solid Rocket Boosters with 325,000 Ibs of

Aluminum dust 9 25

National Ignition Facility (B3 g NEE)
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ACSEL Lunch Meeting at the 10" HEDLA,

1

-

BHLER)A

—'%'
FORNATTHREE LERLEL TEHE

chair) reviewed

2
Bordeaux, France , May 14, 2014
L L
- > X =
| eronce Livermore, & 0SAKA UNIVERSITY

THE UNIVERSITY OF

& CHICAGO

-15,2010

H
UNIVERSITY

40 proposals for fundamental science at
PRINCETON

The NIF Science Committee (R. Rosner,

NIF on July 13
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ACSEL ooz

Osaka University (Japan):

Hiroshima U; Chiba U (Japan) :
U. Tokyo (Japan); JAMSTEC (Japan) :

Tohoku U; KEK; U Elect. Comn (Japan) :

Kyusyu University (Japan):

York University (UK):

Oxford University(UK):

LULI (France); CEA (France) :

LUTH (France):

ETH Zurich (Switzerland):

IOP (China) ; NAO (China) :

Shanghai Jiao Tong University (China) :
LLNL (USA):

Princeton University (USA):
LLE, Univ. of Rochester (USA):

7+ ZmMERE

Y. Sakawa, Y, Kuramitsu, T. Morita, H. Ide, K. Tsubouchi,
Y. Yamaura, T. Ishikawa, T. Norimatsu, N. Ozaki, R. Kodama,
A. Nishida, K. A. Tanaka, T. Sano, T. Moritaka, H. Takabe
T. N. Kato; Y. Matsumoto

M. Hoshino, Y. Ono; T. Sugiyama

N. Ohnishi ; A. Mizuta; H. Yoneda, K. Nagamine

K. Tomita, K. Inoue, R. Shimoda, K. Uchino, S. Matsukiyo
N. Woolsey, C. Gregory, J. Waug, R. Crowston

G. Gregori, C. Murphy, A. Bell, H. Doyle, J. Meinecke

M. Koenig, A. Ravasio, A. Pelka, A. Diziere; B. Loupias

C. Michaut, P. Barroso

F. Miniati

D. Yuan, Q. Dong, Y. Li; J. Zhong, K. Zhang, F. Wang

J. Zhang

H-S. Park, D. Ryutov, B. Remington, S. Pollaine,

S. Ross, N. Kugland, C. Plechaty

A. Spitkovsky, L. Gargate, L. Sironi, H. Ji

D. Froula, J. Knauer, G. Fiskel

Rice University (USA): E. Liang
University of Michigan (USA): E. Rutter, M. Grosskopf, C. Kuranz, P. Drake
University of Nevada, Reno (USA): R. Presura
31
Omega experiments observed clear Weibel filaments from high velacity
counter-streaming plasmas using proton probes
C. M. Huntington et al, Nature Physics, Accepted, Oct 2014
CH, or CD, target =¥
=%
v 23
] - - g
« 3z
is
_ - ¢35
DHe3 1mm
Proton =m
probe 23
’ ' . .--aui\bl\: " \ ‘ ln | 3%
- Y it Al
wr i
HREN g e
ko s
¢ "? e £ . -
( : { ﬂg
T ) ut;l L o ‘:fs B =w
..-:_:YAYJ!:"...TL_.M. v F:*t lr‘g k{ \ r.i u<: E
J W 3E
3.2ns "43-.‘2113 ) ‘- 52ns %g
Proton deflection difference at 3 MeV vs. 14.7 3
-1 1 - MeV indicate the structures are magnetic fields 1
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e b = w1
N. Kugland et al. Nature Physics (2012)

EERERE RIS

33

NIFZ R =R EREHEREER

Drive beam

10 kJ/ beam x 64 beams
for each foil, 10 ns
D-He? implosion beam
1.5 kJ / beam x 64 beams, 1 ns

2 x Proton backlighter
2 x 32 beams, 1 ns

Double-foil target

64 beams

\Olpm;ns 10 mm for each foil,
P \\> 10 ns
e e

CHor CD
(3x3 mm?)

D-3He filled glass
shell capsule
(500-mm diam,
2-mm thick)

Takabe, H. et al., 2008, Plasma Phys.
Control. Fusion, 50 124057.
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NIF experiment on Oct 22, 2014
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9. E#ERFQEDT XY, EZFERRIE (2010~IR7E)

ECLIM-31 (2010.9). KEK-PIF10 (2010.10)
ELI Project (G. Mouro et al, . ALPS, VALCUN-10PW
A. TitovS B (2010~)

Proposals for Future: Starting from Inconvenient Truth
after FUKUSHIMA(2011.11 at UCB and Chicago)

BREES DER (SREXREFZOHFRS)
Global-30(2010-2014) IPC Luca Baiotti
201556 A 12H : B D% (ZF905%)
20155858 : [RIXEE

201548 A238 : FLATUARAS
ozo15£ﬁ9ﬁ30E| KR KZ R HIRES

oL~

Rl

37

EU decided to use €2B(2800{ZF) for
ELI +3ELI-modules

3 mod. cost: *800M€

38
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Quantum Vacuum

Heisenberg’s s J ¥ Hi
Uncertainty Principle M
(1927) : » v W

Fig. 3.60. Feynman graph de-
seribing pair production by the
collision of one high-energy
and # laser photons in pertur-

bation theory
AEAt > 27
: : E =
Electron and Positron | “+—* Q po 1.3x10'° V/em
4 :@;* * I —
_ 102! s ; O
A=107s | Y 4x10*W/cm?

39

Sokolov Model for the Self-force

(1) Equations of motion with radiation reaction

o« o ; : . i i
di — Lﬁ‘zﬁdﬁ - l;,l_[) , = electron orbit in constant
dt m.c? dt me?’ s magnetic field
e Tft 2¢?
——=cp + v To= . | without
dt me 3m~‘:‘63 y = radiation
Sokolov+, PoP (2011) |
. . . 05 with
= Particle motion with radiation .
energy reduction rate | % a5 1 .18 2 28

(2) Equations of motion + random walk model

-Event generator (total probability of emission / pair production)

-Additional photon / pair with theoretical spectrum "
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Cascade Pair Production by
Radiation Damping

I, >10**W/cm?
1 -8
| =— =5x10"cm

noc

a,=10° = y=10°

h2m1m2 = 4m’c* = (IMeV)?

41

Joint Works with Titov (Sasha)
on Non-linear QED Physics

Laser pulse shape dependence of Compton scattering
A.L Titova, Kédampferc, T. Shibata, A. Hosaka, and H. Takabe
Submitted to Physical Review A, October 2013

August, 2013 at JINR, Dubna

Breit-Wheeler process in very short electromagnetic pulses
Al Titov, B Kéampfer, H Takabe, A Hosaka
Physical Review A 87 (4), 042106(2013)

Enhanced Subthreshold e+ e-Production in Short Laser Pulses
Al Titov, H Takabe, B Kampfer, A Hosaka
Physical Review Letters 108 (24), 240406 (2012)

Neutrino pair emission off electrons in a strong electromagnetic wave field
Al Titov, B Kampfer, H Takabe, A Hosaka
Physical Review D 83 (5), 053008(2011)

Dimuon production by laser-wakefield accelerated electrons
Al Titov, B Kémpfer, H Takabe
Physical Review Special Topics-Accelerators and Beams 12 (11), 111301(2009) 42
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Proposals for Future: Starting from
Inconvenient Truth after FUKUSHIMA

Hideaki Takabe

Professor, Institute of Laser Energetics
and Dep. of Physics, Osaka University, Japan
Distinguished Guest Professor,
Shanghai Jiao Tong University, China

(This is prepared for plenary talk at Chicago, November 4, 2011)
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