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1. Leap of high-intensity lasers

2. International center on Zetta-Exawatt Science and
Technology (IZEST association)

3. Four-Wave-Mixing to detect low-mass Dark Fields
4. Particle Collider vs. Degenerate Particle Collider
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(@' Leap of high-intensity lasers
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International center on Zetta-Exawatt Science & Technology
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http://www.izest.polytechnique.edu

" Eoole Polytechmigue - Paksizeun, France @)

CEA - Commissariat & UEncrgie Atomique of aux éxongics alternatives. Bordeou Fronce @

PPPL - Frinscton Hasina Plysks Laborutory, Prmoston, New Jerser, USA
FERMILAL - Fermd Natkwmsd Accelerwor Laboraiory, Chicago, Blisols, USA
LLNL - Lanrence Livermore National Leboratary, Livermoee, Colifornia, USA
CUDS - Comer for Utrafioat Optical Scerce, Ann Arbor, Mickigan. USA
ALLS - Advancod Laser Light Sourc, Montreal, Corada

JAT < Jodin Adams Tistihute for socckrator scines, Oadord, UK

TOPS - ToeaHerta to Optical Pakie Saaree, Sirathdyde, UK

HHU - Heiarich Hane Universitit, Disseldoct, Cormany

MEPR] - Mcacow Engisecning Physies lnstaate, Moscow, Risksia
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TAP - lostitute of Advanced Pliysics, Nizhy Novgorod, Russia

GIST - Gwargin [nstitute of Science and Techaokegy, Gwangju, Repablic of Kocen
KEK - 1Hgh Eoesgy Accclerator Reseands Organdzation, Tsaknba. g

KPSI - Kanisad Photon Sclence Insiiiste, Kansa), Japan

LeCosPa - Leung Center for Coamodogy and Particks Astropbnics Taiped, Teiwaa
CLPU - Centro de Lisserea Pulsados Ultrococtos Ultreintennos, Selesiance, Spais
CERN - Organisation Furopéanre pour In Bechiordso Nueléaire, Gesdan, Switzerland
SIOM + Shanghai Tnatitune of Optica and Fine Medhanics, Shanghai, Cham
Kyoto University - Kscto. Jopan

ELINP - Extreme Light Infrastructure - Nudeor Physics, Magurels, Romuras
Beljing University - Bojivg, Cluna

TCHHS - Toxsa Coctter boe High Intonaty Lasor Sebanes, Austin, | SA



IZEST pillars at present

Laser plasma Wake Field Acceleration High repetition rate laser R&D

Sans contréle de la phase

Sortie des fibres Champ lointain
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Fundamental Physics

Pulse compression from ns to sub-ps (C3) T. Tajima and K. Homma
Int. J. M. Phys. A 27 (2012) 1230027
1050nm ‘
1050nm 20ps, 20kJ
5ns, 30kJ
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Accessible subjects by high-intensity lasers

@ Laser-laser collision: nonlinear QED and light DM/DE
Re n(o)

Dispersion under B-field sacond hammonia wavs
1.08¢t G.M. Shore, C\') o

Nucl. Phys. B 778, 219 (2007) original photon 4
1.06] ("pump wave')
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Harmonic generation in vacuum
Vacuum Birefringence

Optical Parametric Effect in vacuum
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@ Laser-y collision:
non-perturbative aspect of QED/QCD vacuum structure

http://www.extreme-light-infrastructure.eu/

QED/QCD tunneling Photon splitting (magnetor)
Im n(w)
0.05 “
.r’ \\ Dispersion under B-field
0.04 ,‘ ‘\ G.M. Shore,
! \ Nucl. Phys. B 778, 219 (2007)
0.03 i
1
0.02
0.01
® o D. B. Leinweber
o0 QCD vacuum
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@ Laser-electron collision:
QED cascade and quantum radiations under
high-acceleration field

Event Horizon

2000

' CIassicaI‘Rad. Reacti‘on. ..f"
Focused Laser - - Only classical motion iil :
’ 3 ' Accelerating
" gl Observer
in Vacuum
AR . ’fw
Unruh kT _ ha
% N.Elkina Radiation O 21e

positrons

. 20 0 20 o D o0 8 p_chen, AAPPS Bulletin Vol.13, No.1, 3-10, (2003)
N. Elkina and H. Ruhl LGPy
QED cascade Mechanisms of radiations under acceleration
12Nov2012 Kensuke Homma 7
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Feel vacuum texture: PeV energy vy @

MPQ
WW@‘* LMU

Laser acceleration — controlled laboratory test to see quantum gravity texture
on photon propagation (Special Theory of Relativity: c,)

Coarser,
lower energy
texture

Finer,
higher energy
texture

«— (0.1PeV)

(= PeVy(converted frome")
Tkm " «—(1PeV : fs behind)

goalline Shown at CEA by T. Tajima



Symmetry breaking accompanies
(pseudo-) Nambu-Goldstone bosons

Chiral symmetry breaking @ sub-GeV & m-mesons mass~100MeV

Gauge symmetry breaking @ sub-TeV & Higgs scenario mass~100GeV

Other symmetry breakings also predict N.G. bosons

GUT scale Cold Dark Matter
PQ symmetry breaking @ 10%° GeV & Axion mass~104-10°eV

Planck scale Dark Energy
Conformal symmetry breaking @ 10'® GeV ¢ Dilaton mass~10° eV

Search for neutral spin-0 scalar / pseudo-scalar bosons !
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Resonant production of low-mass N.G. bosons
by laser-laser collision

Coupling to Higgs boson  ~ §(246 GeV)"F“'F, h

% N\) If M~M¢r Cold Dark Matter
| N gM'F“'F, &

g
TN y \/g arXiv:1103.1748 [hep-ph]
M1 M1 K.Homma, D.Habs, T.Tajima
| ' Appl. Phys. B, 2011

Vo |massm| Ve

N\r“ v (/z/) If M~Mp, ek, Dark Energy
—1 uv arXiv:1006.1762 [gr-qc]
F F ¢ Y. Fujii and K.Homma
Prog. Theo. Phys. 2011

2012/12/7 Kensuke Homma @ Zimanyi School 2012



Conventional Axion seach
Solar axion search (CAST)

X-ray

- > — +
/VV\A% Flight time r v ' detector

Sun Earth
CAST, Theopisti Dafni, 7" Patras Workshop, Mykonos 2011

Light Shining through Wall (LSW)

Laser y J f' )Q? 9 @
% B B %

ol v
Okun 1982. Skivie 1983. Ansel‘m 1985. Van Bibber et al. 1987
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Present limits on coupling vs. mass
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Approach to dark energy in neV range

Observation
a(t)oct1/2
constant particle mass
t=10%°2in reduced Planckian units
Cosmological constant A = 10120

m_ >10%eV (A~100m) through gravitational coupling

Huge massive bodies
Large background from EM-force

The Scalar-Tensor Theory of Gravitation
(Cambridge 2003) Y.Fujii arXiv:0908.4324

Why A is extremely small?
Because a scalar field (dilaton)
causes A oct?

2np 2
maz N m, ssb
1 ceneni
/l/I/I/ EEEEN .IW
144% 144%

QED process is suppressed
by in photon-photon
O @16V <<107*b

How to overcome the weakness of coupling ?
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Hit resonance by lowering C.M.S. energy

Lorentz boost $—>0 E_ . ~2%
W
0 W
» m ~2W
= -
W w
W
Center of Mass System Quasi Parallel System

*Frequency shift on the boost axis
Lower Ecms by 08 keeping w constant

No frequency shift

Low frequency photon in QPS is an ideal system ! y
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Single laser focusing and second harmonic

on the optical axis

Wave-particle duality strongly appears:
0 ~ Uncertainty on the incident angle at waist
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Enhancement by containing resonance

Breit-Wigner resonance

AE? +W? A%
ANV VY € S M\N
N\N g ————

High energy y—y collider Collider in diffraction limit of QPS
(e.g. Higgs factory )

We must integrate square of invariant amplitude in QPS

. — wo W2 TT,
AlPocWIif AE >>W & | AP dE =
| AP Al [ s OB = TW)

Gain by M?
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High-intensity laser Is required
- spontaneous decay In vacuum -

2

2
OCNla)

same rate as
particle colliders

l1=<1|a"|0>

_ _ arXiv:1006.1762 [gr-qc] 17
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Enhancement by inducing laser field
- decay In the coherent photon medium-

2-u)w=lo+lo-ue |2
l1=<1|a”|0>
AN N~1023 = 200kJ
Vg g
B VE! M- o« N 210,Nuw
Vg g
v lq/) Cubic dependence

_

_ _ arXiv:1006.1762 [gr-qc] 18
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Degenerate Four-Wave Mixing
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Y. Fujii and K.Homma
arXiv:1006.1762 [gr-qc]
Prog. Theor. Phys., 2011
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K.Homma, D.Habs, T.Tajima
Appl. Phys. B, 2012



Single shot sensitivity on coupling vs. mass
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Particle Collider vs.
Degenerate Particle Collider

Parameters Particle Collider Degenerate Particle
Collider

c.m.s energy E_ E.ns > 100 GeV Eqns<1eV

# of particles / bunch 10 charged particles 10%? (@10kJ/pulse) limited
physically limited by space- by technology
charge effect

Single shot dimensionless ~ (1011)2 = 1022 (1022)3 = 10¢%°

Intensity in luminosity

Collision rate 100MHz ICAN provides 10kHz rep.
rate
Overall dimensionless (101%)? x 108 = 10°° (1022)° x 10° = 107*

intensity in luminosity
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Explorable three major directions
by high-intensity lasers
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Einstein Gravity vs. Cosmological Constant(?)




