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1. ELI and beyond: Exawatt-Zettawatt laser
2. Suzuki’'s challenge in high energy physics
High energy frontier: TeV and beyond (EuroNNAc proposal)
A collider? ----- ICAN (EU proposal); low density operation
3. Non-collider paradigm
Vacuum texture and synchrotron radiation in high energy
Lorentz invariance check
Energy frontier at PeV with attosecond metrology
without luminosity
4. High Field explores low energy new fields:
high field of laser (cf._high momentum )
Dark matter and dark energy fields in vacuum (Homma'’s
initiative)
degenerate 4 wave mixing, role of ultrawide band laser
5. zs streaking of vacuum by laser and y photon
ELI: ELI-NP/y-photonics, ELI-ALPS
6. New initiative : IZEST = LIL compression, XCELS in Russia,
ELI 4% Pillar, EW-class science E
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2010 ICUIL World Map of Ultrahigh Intensity Laser Capabilities
IZEST constituency resides in UHIL community
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- the total peak power of all the CPA systems operating today is ~11.5 PW
- by the end of 2015 planned CPA projects will bring the total to ~127 PWs
- these CPA projects represent ~$4.3B of effort by ~1600 people (no NIF or LMJ)
- these estimates do not include Exawatt scale projects currently being planned




"Dk New Laser Concept : C3
" (Cascaded Compression
Conversion)

1050nm, 1060nm, 20ps,
Cns, 20k CPA 20k]
e

Synchronization

1250nm, // <) |[100) o
20fs A i
# A | S—

OPCPA Plasma Cell
Mourou et al. Opt. Comm. (2011)




Plasma Optics

C3 results from the cascaded actions of the three basic techniques,
CPA, OPCPA, and Plasma Compression(PC).

Optics can handle several kJ/cm?Z.

Size reduction by1000 in area.
Disposed after each shot.

Relativistic

Plasma

Disposable precision,
dielectric , optics

Mourou et al. Opt. Comm (2011)

~1018 W/ecm?
Diameter few cm

>1026 W/cm?



New Scientific Regime Calls

for New Technologies: ICAN
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G. Mourou (2005)



The CAN Concept

10* fibers all coherently phased.

Electron/positron beam

Transport fibers

~1mj

Length of a fiber ~2m  Total fiber length~ 5 10*km



|IZEST’s Missio _
Responding to -vL.ZJ.\i’S New Paradigm

Challenge PeA

Leptogenesis
SUSY breaking

TeV

Atsuto Suzuki: Standard Model
. Quarks
KEK Director General, Leptons

ICFA Chair



- Evolution of Accelerators and their Possibilities  (Suzuki,2008)

Ultra-High
Voltage STEM
E=40 MV/m [‘,[w.;;“ with
= Superconducting
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2040s
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1ZEST

20™ Century, the Electron Century
Basic Research Dominated by
Massive and Charged Particles

J. J. Thomson



| ZEST

215t Century; the Photon Century
Could basic research be driven
by the massless and chargeless particles;
Photons?

C. Townes




Laser Wakefield (LWFA):
retiity regulates

| Kelvin wake ’

-15

an 45 TFT.’I.'H

e, e s o s st pesnsen Ao L] Maldacena (string theory) method:
QCD wake (Chesler/Yaffe 2008)

Wave breaks at v<c

No wave breaks and wake peaks at v=c

L aser <— relativity
A A_AN_J e — :
A% Tz regularizes
. (Plasma physics vs.
(The density cusps.

superstring theory)

Cusp singularity)



Nuclear Wake?

 BNL (and CERN) heavy ion
collider: “monojet”

e Could be caused by:

— Large angle gluon radiation (vitev and
Polsa and Salgado).

— Deflected jets, due to flow (Armesto,
Salgado and Wiedemann) and/or path

length dependent energy loss (chiu
and Hwa).

— Hydrodynamic conical flow from
mach cone shock-waves (Stoecker,

Casalderrey-Solanda, Shuryak and Teaney, Renk,

Ruppert and Muller).

— Cerenkov gluon radiation (bremin,
Koch).

« Jet quenching: collective
deceleration by wakefield?

- LWFA method (Wu et al. 2010)
or ~Maldacena’s superstring method

0.45
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0.35
0.3

025
0.2
015
0.1F
0.05 £

PHENIX PRL 97, 052301 (2006)

Horner (STAR) QM2006

2.5<p;Trager<4 GeVl/c
1<p;/ssoc<2.5 GeVl/c

3<p;Tnager<4 GeV/c
1<pssc<2.5 GeV/c

Au+Au 0-5% PHENIX

.\

Medlum

away
Deflected Jets

l

= AuAu 0-12%1

3
i : e  AuAu JAn|<0.72
-

%Meoiium%

away
Conical Emission

Collective Interaction in

subatomic scales

14



O
3
o 0
- —~+
O<
O w»m
— O
o
T 3
(0p)
@)
—h
=
T1
>

(Nakajima, 2011)

Accelerating field E.
Focusing constant K

Stage length Lyiag.

Energy gain per stage W ,p.
Number of stages Nepage

Total linac length L.

Number of particles per bunch Ny
Laser pulse duration Ty,

Laser peak power Fy,

Laser energy per stage L',
Radiation loss A~y

Radiative energy spread o, /vy

Initial normalized emittance sqo
Collision frequency f,

Beam power F
Average laser power Pavg
Wall plug power Puan
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With conventional Technology
The accelerator would Girdle the Earth:
Fermi’s vision (1954)

1km laser plasma accelerator
with LIL or LMJ
(Vision 2011)

drive pulse heater pulse

‘lgmter

pulse .




Theory of wakefield toward extreme energy

n

~ 2 2 2 _ 2 2 cr hen 1D theory applies
AE =2myc ayy ,,~ =2myca, , (whe y applies)
109 €
g In order to avoid wavebreak,
= 172
< 10-
> . A < Vo7
z | where
CICJ 10 0 «:‘t\h\eoretlcal %
S . =(./n
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W 10- ° °
104, | S — |\
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4 e 37 n,

dephasing length pump depletion length (with Kando, Teshima)



y-ray sighal from primordial GRB
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Feel vacuum texture: PeV energy vy

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

Coarser,
lower energy
texture

c<c,

Finer,
higher energy
texture

— (0.1PeV)

<:PeV Y (converted from e )

1km —(1PeV : fs behind)



Extreme High Energy and Synchrotron Radiation

E > 30TeV: untested territory for Lorentz invariance

(B. Altschul, 2008)

with a modified Lorentz factor

1
¥ = — (13)

1;’1 +28.(0) — v

The power radiated would then be P = =% 4% ] For ul-
trarelativistic particles, ¥ = [2(1 — v)]~"/? increases very
rapidly as a function of v, since % = vy’ = y°. The

modified expression for v(p) changes the radiated power
P(p)to

P(p) = Po(pHl + 4y7[8(p) — 6,(P)]r,  (14)

Synchrotron radiation o
y radiation ' 1 Lorentz violating term ( >30TeV)



Attosecond Metrology of PeV vy Arrivals

(Tajima, Kando, Teshima
PTP, 2011)

y
» » Y energy
;72 ;;l detector
«—> E
At

(standing)

High energy y- induced Schwinger breakdown
(Narozhny; Nikishov, Ritus)

CEP phase sensitive laser triggers breakdown and results in
electron-positron acceleration

Attosecond electron streaking

v- energy tagging possible



TeV proton acceleration by LWFA

e:rly IRadti_atioan.Dressure Later setting up wakefield H igh Intens y egime
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....... E £ (using ELI type laser)
% ] _ g ~E, -
S B g ,
5.2 4 A '
;; :; v ey | Ei — (1/6) a02 (nc /nJ mCZ
L!‘.J 10:: : ) ] % , J\
i , , , , -2 . . . T Snowplow LWFA
0o 1 2 3 4 5 6 20 25 30 35 40 45 50 of ions injected by RPA
Xk, X, as injector at multi-GeV
(c) (d)
20 - - - 15 -
_nexzﬁ —n#25
B ....E Y N E
153 X o Tﬂ' X -]
g T"-'r"—npxdﬂ g | —nx0 | saturation
E; S '. | ions E‘H 0.5TeV over
: s 8t
g 0 g o :
N telec| o | dephasing length of 1cm
v -5 y, 1 o 0
-0 stable LWFA of ions
TR0 s w0 w75 om0 719 1192 1194 119% 1198 1.2
Xl X ’

( x10 Zheng et al., 2011



TeV proton Energy Scalings(RPA x LWFA )

TeV over cm @ 10%3W/cm?

(a) (b)

Accel gradient

0.02 004 006 0.08 0.1
n/n
e ¢

(d)

Energy gain

10 - - - 10’ - - -
0 005 01 015 02 005 01 015 0.2

(Zheng et al. 2011)



CERN NEUTRINOS TO GRAN SASSO
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The Conjecture

(<« physics: “Matter is nonlinear”

“The more rigid nonlinearity, the more intense to manipulate it”;
rigidity vs. pulse length)
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Streaki

(from atomic physics to QED vacuum physics)
atom vacuum
XUV photon ionization Gamma photon ‘ionization’
Laser streaking XUV streaking
— attosecond dynamics —zeptosecond dynamics
ES/EK = a_j’. Pc vac/Pc - a_6
ag size
Tw ( ) At (> 0) Ac =0 ag
XUV NIR
S \ & , pump il | \ [\~ probe
| | II II| lII .f'\ v .
e 3“*" * \/ V depth of potential
E, (f=E(ficoslw z+¢| ': & = OC'ZWB
b d Ionlzatlon T./2 :
lonization yield i
rate Deplehon of states
with binding energy]
Aol i W, and W, 5.
|I i i \

/

ool 55 F)
e . \3/lew/E
Uiberacker et al. (2007)

Wy = T (P, W) e iW,, wagl {399

For larpge waluax £ &8 Al EAEErLially havs
u ¥ | in the abegzals (4. Ueing this fect, w
RN

Nikishov(1964)
Nonperturbative:

Multiphoton:
N ete | g i . =
Wy =gt + Wo= Wy,

nae 0 (307



v-photon induced vacuum streaking by lasers

Tajima, Goulielmakis, Krausz, et al (2011)

Laser field is compressed by factor (hv/mc?) ~ 1034

Atomic as streaking with the counteistreaming v

£
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Laser fits the gaping hole

in search of unknown fields:
dark matter/dark energy IZEST
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Homma, Habs, Tajima (2011)



Birefringence by QED in eV range

Euler-Heisenberg one-loop Lagrangian

2
1 0[4 [4(FIUVF/1V)2 + 7(FﬂVF,uV)2] 93@0(10'4213)

L. =
0360
Refractive index depends on polarizations
Electric field
! 16 AU 28 a*U
m=l+———-. n,=1+—
15 U, 45 U,

Target laser

Magnetic field J_ A N ELI(""’ZOOJ per ~20fS)
Probe laser can reach An~10'9~10'10

( Homma, Habs, Tajima)
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Phase contrast imaging of vacuum

Probe laser(phase 7\ontrasted) z, z

1 ]

f

W(xoa yo) l//(a)x,ﬁ)y)

Target laser (warp vacuum)
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K.Homma, D.Habs, T.Tajima (2011)



Beyond QED photon-photon interaction

1 a’ ~
L .. = _[4(F _F" ) +7(F F"Y
OED 360m [ ( ‘uvt ) ( Iuvt )]
oF, F*" oF, F"

Away from 4 : 7 = QCD , low-mass scalar ¢, or pseudoscalar o

Resonance in quasi-parallel collisions in low cms energy

% If M~M,,,....., Dark Energy
Quantum anomaly
&N —1 uv arXiv:1006.1762 [gr-qc]
gM ' F F;w¢

/ . \/ Y. Fujii and K.Homma
g _ g
L |

1 M-
I QCD-instanton, Dark Matter
\ \ ’

W N B
31

K.Homma, D.Habs, T.Tajima
(2011)




K.Homma, D.Habs, T.Tajima
Appl. Phys. B (2011)
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Wirth et al. (2011: synthesized light transients)



HFS road to unknown fields:
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Latest Development. CERN getting into the game

EuroNNAc Workshop on novel accelerators (May 3-6, 2011)

EuCARD, EuroNNAc Workshop, 3 - 6 May'11 / Programme Tuesday 03 May 2011

Tuesday 03 May 2011

Introductory Presentations - Kjell Johnsen Auditorium (08:30-10:30)
- Conveners: Dr. Collier, Paul (CEEN)

time title presenter

08:30 Goals of Network and Workshop (00h15") ASSMANN, Ralph (CERN)
08:45 Accelerator R & D as Driver of Innovation (00h45") HEUEE, Rolf (CERN)

09:30 History and Outlook for Plasma Acceleration (00h30") TOSHI, Tajima (LMU Munich)
10:00 Modern Lasers for Novel Acceleration Methods (00h30") MOUROU, Gerard (ILE)

Coffee Break - 30-7-012 (10:30-11:00)

Introductory Presentations - Kjell Johnsen Auditorium (11:00-12:30)
- Conveners: Dr. Collier, Paul (CERN)

time fitle presenter
11:00 Accelerator R & D for Particle Physics (00h30") MYERS, Steve (CEEN)
11:30 Status Report Asia (00h30") SHENG, Zhengming (Shanghai

Jiao Tong University)
12:00 Status and Plans US (beam driven) (00h15") HOGAN, Mark (5LAC)

12:15 Status and Plans US (Laser driven) (00h15") ESAREY, Eric (LBNL)
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|ZEST Associate Laboratories

GSI(?)Willi Kansai Japan
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O IZEST

| - Launching Workshop:
Laser-based High Field Fundamental Physics
Preparing for the future
28-29 November, 2011

Ecole Polytechnique,Palaiseau,Paris

Fundamental High Energy Physics has been mainly driven by the high energy fermionic colliding beam paradigm. Today the possibility to
amplify laser to extreme energy and peak power offers, in addition of possibly more compact and cheaper way to help HEP, a
complementary new alternative underpinned by single shot, large field laser pulse, that together we could call High Field Fundamental Physics.
The main mission of the International center on Zetta-Exawatt Science and Technology (IZEST) is to muster the scientific community behind this
new concept. As an example, we project to use the laser field to probe the nonlinearity of vacuum due to nonlineairities and light-mass weak
coupling fields such as Heisenberg-Euler QED, dark matter and dark energy. The advancement of intense short-pulsed laser energy by 2-3
orders of magnitude empowers us a tremendous potential of unprecedented discoveries. These include: TeV physics, new light-mass weak-
coupling field discovery potential, nonlinear QED and QCD fields, radiation physics in the vicinity of the Schwinger field, and zeptosecond
dynamical spectroscopy of vacuum.

Today, a number of exawatt class facilities in Europe and in the world are already in the planning stage, like the ELI-Fourth Pillar, French
LIL, and the Russian Mega Science Laser as well as Japanese Exawatt Laser. IZEST should serve as a common platform opened to the
international scientific community with a passion for this emerging opportunies and the desire to be engaged. Ist headquarter will be located at the
Ecole Polytechnique, the center of ist theoretical facility. The experimental programs will be performed on the most powerful european laser, the
LIL laser at the CEA-CESTA in Bordeaux. It is expected that a large part of the work will also be carried out in the [IZEST-associated laboratories
around the world.

November 28-29, 2011 at the Ministery of Research, Paris V, we intend to hold a three-day workshop with the participation of the main
players to first review the role of high field in fundamental physics and to examine the new technology that needs to be brought to bear to
accomplish the above mission. Second as one of the main objectives, we will establish a joint strategy, put together coordination groups, and
provide recommendation for the facilities in the planning stage.

Among the main topics that will be discussed include:

Exawatt and Zettawatt laser technology

TeV physics

Nonlinear effects in Vacuum

Dark energy and dark matter

Radiation near the Schwinger field

Other fundamental physics issued addressable by extreme high fields



Supporter of IZEST:

Atsuto Suzuki:
KEK Director General,
ICFA Chair
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Rolph Heuer
CERN Director General
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Supporters:

Young-Kee Kim
Fermilab Deputy Director
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Director
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Max Planck Institute of Physics
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ELI (2010), now Mega Project on Extreme Laser (2011)

Extreme Light Infrastructure: EU decided (2010) at Czech, Hungary, and Romania
Now, Russia announced July 5, 2011: 6 Mega Projects (3-4B Euro) include Extreme Laser

ooy ats epes tropr poarmeyer 5 | | uosw opermmmrin
B eyo n d Exawatt HAYEA W TEXHOADTTN Piji mporpasm oa. BELECTEY ..
Beyond 10kJ . .
E Crepnurce Mean Baposa Ans meare
MNP EATENLOTESHNER EDMEOSHE N0 BLI00EME TEXHOAMNAM N HEHOsan Al DICrmgsnHe AT CoRTRY

CBepXMOLUHLIA Na3ep Kak MHTerpaTop Hayku

ELI: SerVIng Chalr’ SCIentIfIC B uwkcne METaHAYUHED. NpOSETOE, ROTOPhLIE ﬁ_ﬂlj‘l PEANHIDEEHE] HA TEDPHTORHA Pocoum, —HE:.qunp-nthﬁ Lp=HTR

AdVisory Committee MCCNSN0SEHIA SKCTPEMANEHLEK CESTORRD NOMNSA HA OCHOSBE CEEMMOLHON NaS3SpHOM KoMnnesca B HiwsHes
Extreme Laser Mega PrOjeCt Hilu'npme. PyxoBoguT UsHTROM Bmemq'.l'ﬂn WIBECTHEIN dmank H{EF:]F} h'l'_-.rpy: Nps NOQOEpEKE wbﬂﬁ}H-ﬂ!ﬂl Poccmm.
. . STRF.ru nogpobyo pacceassean ob sTow pabote B cTarbe «FOCcHBCHeE YUEHLE CTROAT CESPXMOLLHLE Naseps.
(ln bUdget negotlatIOH)I HaECHonEKD SHEUMM STOT NPOEXT AMA MISPOE0N HEYKA, Ml BEIACHUMN ¥ Tocwo Tansumisl, sasenyouent sadenpoi
Chief Scientific Advisor/ dhisvueckon thaxyneTera YaweepouTera Miogewa Maxocusunuana 8 Miorese, npeneenarenn MesggyHaponHom

KOMMTETE N0 CEEpxXMOUHLEA nasepam [Intermnational Committee on Ultra-High Intensity Lasers, 1CUIL).

Mega Grant Honorary Director
(suggested)

International team being formed:
IZEST (International Center for
Zetawatt / Exawatt Science and
Technology)

Cnpaexs STRFNL
MESJTyHEPOEHEN KIMATET N0 CEEPMMOUHEM NS3E0aM — NOIPASIENSHe
COKEE CYHAAMEHTANEHDA | NPHETEIHOR HEINKH, OCHDSIHHOE
E 2003 rogy. 3asaua ICUIL — NpLOSsTREHHE HIYKH W TEXHONOTHE
Nasepos W KOORIMHALMA HECNENCE3HAA M paapaiono 8 3ToR ofnacri. Mog
NISIEPIN E KOMFTETE NOHAMST N38EPt] C MHTEHCHEHOCTEAD
0% s 2 caf oL i 10 gt

Ha Bam earnag, 4To NpHMEYaTENLHOND NpoWEcsLne B cbnacTi
Y CHBEpXMOWHELX N3FEPOE B NOCNeOHE: BpemMA T

— MpownsM N cTan SNeEnsHEM QNA Hac Gnarmnapn pewsHEo

Espocosaa o samycee npoesTa Exireme Light Infrastructure [BELI,

EHTBOUEET LENLIA DAL CHEMA0LHED NAsEp0E B HECKONBXNX

pervoHaEY, EoponL], 8 TAEe Hauany peansHol pasomd fational

gmition Facility B CLA — ansTepHaTMEHLIA TOKSMEKSM NPOSKT

TEPMOANEDHON SHEPFETHIN, OCHOBAHHLIN HE NEIEPHOM HATPEES W

MHEPLMOHHOM YOEPSEHMM MNEamsl. Me npegnonaraess, umo 46
mmwmamm PasEMTME CEEMMOLHEN NASEN0E M COMTCTEYHW ofnacTen

http//Strf rU/ ETAMPOEKTE N COYSHARD [HEPRMOLHONT nazepa HEYHA SHEUWTENLHD YCEOPWTCH, W CTApSEMER cnocobcTB0EaTE
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Conclusions

Optical approach: does it overtake the accelerator in
high energy and fundamental physics?

Collider physics requirements: ===>» low density
operation, laser with large energy per stage

Energy frontier (beyond TeV) with precision w/ a few
shots possible = non-collider paradigm of
fundamental science

e.g. Lorentz invariance test , quantum gravity
High field science approach: capability to explore
new fields (dark matter; dark energy). DFWM,
learning from NLO (in matter) / SLT; zs metrology

- Joinus at [ZEST ------ Intense laser applications to
fundamental physics *
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linac?

Danke schoen!

Tajima’s HP: http://www.munich-photonics.de/1/menschen/members/member/?personid=136&cHash=c8b0c3ef3



