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1. Suzuki's challenge in high energy physics
High energy frontier: TeV and beyond
A collider?
2. Non-collider paradigm
Vacuum texture and synchrotron radiation
iIn high energy
Energy frontier at PeV with attosceond metrology
without luminosity
3. High Field explores low energy new fields:
high field of laser (cf._.high momentum )
Dark matter and dark energy fields in vacuum
2nd harmonic, degenerate 4 wave mixing
4. zs streaking of vacuum by laser and y photon
5. New initiative : IZEST = LIL compression, XCELS in
Russia, efc. ,
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- Evolution of Accelerators and their Possibilities  (Suzuki,2008)

Ultra-High
Voltage STEM
E=40 MV/m [‘,[w.;;“ with
= Superconducting
Electrons Detostors  Elestran soures .
Ungtor ) RF cavity

S

| S

| b

()

w2
L_."’

2™ m

2.5-5 GeV ERL

C=1153m

Msim Linac Daimpimg Ringe Main Lirss
Superconducting L-bang

AT Semmordesny Lo e

E=200 MV/m DRIVE BEAM

= QUAD .
zm, Decelerating structure

mm way

Space debri

ACCELERATING
STRUCTURES

MAIN BEAM
Earth-based space debris radar

2040s

Laser-plasma LC lable-top high energy

l 09/3/9 accelerator




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):
nonlinear optics in plasma

. Kelvin wake

e, e s o s st pesnsen Ao L] Maldacena (string theory) method:

QCD wake (Chesler/Yaffe 2008)

No wave breaks and wake peaks at v=c Wave breaks at v<c

Houai
. =)
L aser <— relativity ‘ a’

A A A A — " L

AT regularizes
. (Plasma physics vs.
(The density cusps.

String theory)

Cusp singularity)




Nuclear Wake?

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

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, or Maldacena method?
8 Aug 2007 ISMD

Glyndwr Ulery
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(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 FPag
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

Wwigniter

pulse —




Theory of wakefield toward extreme energy

n

AF ~ 2’””052“37/19/12 — 2m002a§ cr , (when 1D theory applies)
109 ¢
g In order to avoid wavebreak,
s 1/2
< 10-
5 4] Ay < yph )
z | where
CICJ 16 0 «:‘t\h\eoretlcal 1
S . =(./n
B 10 e «—experimental yph ( r e)
m 101_ ° 0 0
104, | S - |\
10”7 10° 10° 16° .
Plasma density (3)11 Adopt

L —Ezpag(””j, L1 (n, L.MJ laser (3MJ)
n ) BT S 0.7Pev

T e 3z 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 y Arrivals

(Tajima, Kando,

y PTP, 2011)
» » Yy energy
;-;2 ;;l detector
«—> 3
At

High energy y- induced Schwinger breakdown (Narozhny, 1968)
CEP phase sensitive electron-positron acceleration
Attosecond electron streaking

Narozhny, Nikisho, Ritus

y- energy tagging possible A e
§ § A R\ S E A

1 . n‘ a

Goulielmakis(2008) L0 ey
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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 physic

V2]

Uiberacker et al. (2007)

At (= 0)
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XUV M
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d lonization
vield

T /2

Pepleﬁn:-n of states
with binding energy|
W, and W, —

-

-

Delay timé, At

XUV photon ionization
Laser streaking

— attosecond dynamics

atom

uum

vacuum

Gamma photon ‘ionization’
XUV streaking

—zeptosecond dynamics

ES/EK = a_j’. Pc vac/Pc - a_6
size
Ao =0 ag
> depth of potential
D = a’Wy
( (8\(m\(E
R._ :cexp[ —[ ] E] —5]]
e L 3‘ ) Y .E
Nikishov(1964)
Nonperturbative: Wy =

I L I

Multiphoton:

Fer large valias of & wa ERERrtinlly have
u wr i in the Bbgmals (4. Using this (et we
odiimIn

W = :Ir'ﬂ'-.rl.n'-l: ik
X T T

Wy =Wy, miel (367



v-photon induced vacuum streaking by lasers

AI
EL
Schwinger-Nikishov amplitude ﬂ
-
apSN=(mc?/hw;)(mc?/hw,) ;
— ¥y
(We need to make the Schwinger invariant non-zero). L+ .
7, >
///6//
1. W
gammca Ph’ﬂto ! laser w; a,
b
hL
time resolution of streaking on the Nikishov frame (the Nikishov y,, = hw/ch)
A

N 2 200, 2)71/3 £
At" = [2(h/mc )/(80 Wi )] ’ Schwinger field

'N

Necessary laser amplitude: 4 \/
ay,®s =2 (mc%/ hw,’).
’ ( L) ar fleld ,___,?\ M/TN

Tajima, Goulielmakis, Krausz, et al (2011)



Laser fits the gaping hole

in search of unknown fields:
dark matter/dark energy IZEST
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Domains of physical laws collider

19
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)
20



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)

21
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
22

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




Degenerate Four-Wave Mixing (DFWM)

Laser-induced nonlinear optics in vacuum (cf. Nonlinear optics in crystal)
—2>--1 Decay into 3w can be induced by frequency-mixing.
=T |

Enhances signal by large amount

K.Homma, D.Habs, T.Tajima
Appl. Phys. B (2011)



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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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 27
mmwmamm PasEMTME CEEMMOLHEN NASEN0E M COMTCTEYHW ofnacTen

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



XCELS (Russia




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):. SHG,
DFWM, learning from NLO (in matter); zs metrology
- Join us at IZEST,; collaboration btw ISTC and IZESZ;I'




The Cabin in Suzdal
(a Waka poem)

E&MKHL ODT7OKRHM BRE
FLEME AKREDTE]

_“The distance I've come
; far to the land of Russia
at summer’s last cry
What fragrance and comfort
__________ the logcabin lulls me in!”
Toshi Tajima
Sept, 2011
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