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[ Takabe formula]lFZEER THREEFS TLK

In-direct Drive (X-ray drive)
- B. Remington et al., Phys. Plasmas 2, 241 (1995)
- K. S. Budil et al., Phys. Rev. Lett. 76, 4536 (1996)

*Direct Drive
- K. Shigemori et al., Phys. Rev. Lett. 78, 250 (1997)
- H. Azechi et al., Phys. Plasmas 4, 4079 (1997)
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10 kTon(AB) = 200 kTon(HB)
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4MJ (1kg) = 400MJ(100kg)

Diagram of the W87, a modern
thermonuclear weapon, Explosive
power: 300 kilotonnes,

Fission trigger
Chemical explosive
Beryllium
Plutonium-239

Fusion device
Uranium-238 or
239
Lithium deuteride
(fusion fuel)
Uranium-235

Deuterium-tritium Foam
(DT) gas

Explosive process: The compression of plutonium with a
chemical explosive (above left) starts a fission explosion that, in
turn, is boosted by the fusion of DT gas. ¥-rays then compress the
fusion device causing a larger fission/Tusion explosion,
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Theory and Simulation
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Hydrodynamic Experiments

Primary Initiation |

Primary Yield | Secondary Yield

Safety/Security/Use Control...System Integration (Stockpile to Target)

19964, EETI BRI EERZIEEL ] (CTBNIC#ARFEHEAE
1997 . MEEEIFFHFZEBELLE-BEERDOHMEEIE (SBSS)N

(LI L
X4




S. B. Stockpile Stewardship:

Paradigm Shift from Direct Experiments to
Simulation

by D. Post (LANL) S — ™ test data
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Imported Costs
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Trends in Nondefense R&D by Function

outlays for the conduct of R&D, billions of constantFY 2020 dollars

R 580
A
KER&D
FEHER i
( BH l/J\ 9* ) B Health
S60
d<0 [1Space
S E Energy
s30 O Other
820 O Natural
Resources
s10 B General
Science
50
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Source: OMB Historical Tables in Budget of the United States Government FY 2021. Some Energy programs shifted to General Science beginning in FY 1998.
© 2020 AAAS
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Trends in DOE R&D, FY 1990-2020

in billions of constant FY 2020 dollars
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$12 [ Atomic Defense (NNSA)
$10 B ARPA-E
o | Fossil Energy
b W Nuclear Energy
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M Efficiency and Renewables
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B Office of Science R&D
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Mote: DOE modified its R&D accounting practices such that totals after FY 2014 are elevated and notdirectly comparable to prioryears. Source: Agency and
OMB budget data and documents. R&D includes conduct of R&D and R&D facilities. © 2020 AAAS



US Physics related R&D funding

 NSF > 2x(JSPS+JST
USDA  DOC It ( > X +
Development X —\_ 0 Pie
15% el 5N
Applied
rese:rlc.,z Zﬁaplr SV“ET‘M% Figure 7: National Defense Outlays,
SRR Percentage of GDP/GNP, FY1910-2007
o
=
O
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research
24% g
Advanced technology
development 8% §J
Applied research 7% ©
Basic research 3% g
. 0%
JSPS ¥267.1 billion (~$2_4 B) (2019) 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

JST ¥122.5 billion (~$1.1 B) Fiscal Year
NSF  about $8.3 billion (2020)
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What is Laboratory Astrophysics ?

Test bed for Numerical Astrophysics
New Finding of Physics not Expected
Provide Challenging Plasma Physics
Prediction of new Astrophysical Physics

e e

_ Model Experiment
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ICPP’98
Prague

FG: Flower Garden

Marshal Rosenbluth. (Garden for Academia)

My research strategy to aim at fusion energy at the
stage of 1998. This is shown in panel discussion in
final day of ICPP98 chaired by Rosenbluth.
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?ﬁE LT:%%B EzFﬁlﬁ Agenda December 134, 2017

Research Field MATTER

Day 1: Tuesday, January, 16™ 2018

04:00 pm — | Opening session: Introduction
06:00 pm Participants: Review Panel, President of the Helmholtz Association, Vice President
Matter, Program Spokesperson, Director of the Helmholtz Center, Associated
Hotel Fariners, Representatives of the Scientific Advisory Board {optional), Helmholtz
Hyperion Head Office Representatives
o Welcome: 10
o General infroduction to Helmholtz strategy: 207 incl. discussion
o Strategy of the Research Field: 157 incl. discussion
» Research Programs MML and MT: 15 each incl. discussion
¢ [nformation about HZDR: 45’ incl. discussion
'06:00 pm — | Reviewers’ closed session
07:00 pm | Participants: Review Panel, President of the Helmholtz Association, Helmholtz Head
Office Representatives
General information on program-oriented funding, objective of the scientific
. evaluation, schedule of the evaluation process, tasks for the reviewers.
07:30 pm Dinner (Invitation by the President of the Helmholtz Association)
Participants: Review Panel, President of the Helmholiz Association, Vice President
Restaurant | Matter, Director of the Helmholtz Center, Program Spokesperson, Local organizers
FELIX (5. Kiele, G. Sauerbrey), Associated Partners, Representatives of the Scientific

Advisory Board (optional), Helmholtz Head Office Representatives,
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1.1 Hybrid LWFA-PWFA for next accelerator
Gas jet {Hszz] | WFA stage (Gas jet (Hgf‘He} PWFA stage

Laser

pulse -(_I

1 PW, 88 J

Gas cell H;} electron

u,J,

pre-lonization lase

Neg ~ 107 em-3 np ~ 10" em-2
g r ;J" 5 GeV, 10 pC

Laser blocker

b -10cm =———i —_ -2cm =—i

Gas cell Hg

Figure 1. Schematic of a hybrid LWFA—PWFA staged setup with ionization injection. The set-up consists of two quasi-identical
plasma acceleration stages coupled to each other. In each stage, the injection of a witness beam is induced by field-ionization

from the dopant species contained in the gas jet. Immediately after the gas jet, a longer plasma cell with no dopant is used to
further accelerate the generated witness beam. (Online version in colour.)

A. Martinez et al (HZDR), Hybrid LWFA-PWFA staging as a beam energy and brightness transformer: conceptual
design and simulations, Phil. Trans. R. Soc. A 377: 20180175. http://dx.doi.org/10.1098/rsta.2018.0175




Recent experiment at HZDR, Dresden

LWFA beam

e

—

drive laser

Fig. 1 Schematic overview of the experiment. Two consecutive gas jets

pre-lonization laser

witness beam
I *ﬂ-h- — <l

b self-ionized drive bggn
=3 ¥ 3 (ﬁ

-BE GV m!

T. Kurz et al., Demonstration of a
compact plasma accelerator
powered by laser-accelerated
electron beams, NATURE
COMMUNICATIONS | (2021)
12:2895 |
https://doi.org/10.1038/s41467-
021-23000-7




1.2 Cosmic-ray physics
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The observation data of cater AV
energy spectra of the ?ﬁ%?
cosmic-rays updated on £ ICRC
ICETOP+ICECUBE
December 2020. All results o KASCADE
. . . & NUCLEON
obtained in 19 observatories = PAMELA
worldwide are plotted with & TUNKA
different colors. The collision § .
f the | t = Y. e,
energy of the larges = 103 Yi %] o
accelerator LHC is also = °°°°%QQ \i:
T c 55
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[Evoli 2020] 107> |-
LHC
C. Evoli, The Cosmic-Ray Energy Spectrum, DOI 107 I I I I I I I I l’ I I I
10.5281/zen0d0.4396125, December 1, 2020. GeV TeV PeV EeV
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Nonlocal stochastic acceleration
by relativistic laser and/or wake-

field

10 50 100

500 1000
Electron energy (y)

difdE ( pCiMeV)

H. Takabe, in Chapter 9, The physics of laser plasmas and applications

(Springer, 2020); https://www.springer.com/gp/book/9783030496128
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1.3 Physics of Hawking radiation

S. W. HAWKING, Nature volume 248, 30-31(1974)
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Entangled state ( Crestion/annitilation
WAV VAV S Assume particles have mass m —
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- ~ A ) Compton length TR o
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20p 2mc
Black hobe
event horizon
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AE~-AU = Ax= h §
2 212 4c¢ 2 )
2GM . : hc3
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Yang-Mills Eq.

{:'Ki
dr
:fl}i
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Michael Strickland, The Chromo-Weibel Instability, Brazilian

Vi, (8)
2qi (E" +vixB"), (9)
iev! (A, (10)
A;mzfq?r"ﬁ{x—xi(t)). (11)

Journal of Physics, vol. 37, no. 2C, June, (2007).
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