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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
In high energy

synchrotron radiation

Energy frontier at PeV with attosceond metrology
without luminosity

3. High Field explores low

Dark matter and dar
2nd harmonic, ¢

energy new fields:

nigh field of laser (cf._high momentum )

K energy fields in vacuum
egenerate 4 wave mixing

4. zs streaking of vacuum
5. New Initiative : IZEST =
Russia, etc.

oy laser and y photon
LIL compression, XCELS in

2



|IZEST's Mission:
Responding to Suzuki’s

Challenge

Atsuto Suzuki:
KEK Director General,
ICFA Chair

New Paradigm

P,

Leptogenesis
SUSY breaking

nsion

etry

TeV

Standard Model
Quarks
Leptons




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

20t Century, the Electron Century
Basic Research Dominated by

J. J. Thomson



1ZEST

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

C. Townes




aser Wakefield (LWFA):

nonlinear optics ir} plasma

7Tz

T T TP PCE T E ATy i Maldacena (string theory) method:
QCD wake (Chesler/Yaffe 2008)

No wave breaks and wake peaks at v=c Wave breaks atv<c
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(Plasma physics vs.
String theory)
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Nuclear Wake?

« BNL (and CERN) heavy ion “o4f
monojet”
e Could be caused by:

Large angle gluon radiation (vitev and o5 ¢
Polsa and Salgado).

collider: “

e Jet guenching: collective
deceleration by wakefield?

PHENIX PRL 97, 052301 (2006)

Horner (STAR) QM2006

2.5<p,Mager<4 GeVlic
1<pAssoe<2.5 GeV/c

3<p,Toser<4 GeV/c
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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 (premin,

Koch).

- LWFA method, or Maldacena method?
8 Aug 2007
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Accelerating field E.
Focusing constant K

Stage length Lyiage

Energy gain per stage Woage
Number of stages Nepage

Total linac length L.

Number of particles per bunch Ny,

Laser pulse duration Ty,
Laser peak power Fp,

Laser energy per stage LTy,
Radiation loss A~y
Radiative energy spread o /vy

Initial normalized emittance sao
Collision frequency f.
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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

igniter 8

pulse —




Theory of wakefield toward extreme energy
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y-ray signal from primordial GRB
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Energy-dependent
photon speed ?
Observation of primordial
Gamma Ray Bursts (GRB)

(limit is pushed up
close to Planck mass)

Lab PeVy (from e-)
can explore this
with control

lowest to highest energies. f also overlays energy versus arrival time for each



Feel vacuum texture: PeV energy y

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) <:Fev 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

(13)

The power radiated would then be P = ==%".] 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 + 4¥7[8(p) — 6,(p)]L,  (14)

Synchrotron radiation

radiation * Lorentz violating term ( >30TeV)



Attosecond Metrology of PeV y Arrivals

(Tajima, Kando,
PTP, 2011)

Yy energy
detector

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

X
Narozhny, Nikisho, Ritus

- energy tagging possible
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Goulielmakis(2008)



uoneinp as|nd

The Conjecture

(« physics: “Matter is nonlinear”

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

(from atomic physics to QED vacuum physics)

Uiberacker et al. (2007)
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Y-photon induced vacuum streaking by lasers

Schwinger-Nikishov amplitude

a,>N=(mc?/fiew ) (mez/hw)

( We need to make the Schwinger invariant non-zero).

time resolution of streaking on the Nikishov frame (the Nikishov , = /iw /mc?)

= [2(AImc2)/(a 2w, 2)]¥S.

Necessary laser amplitude:

a s =2 (mc? hw).
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Tajima, Goulielmakis, Krausz, et al (2011)



Laser fits the gaping hole

in search of unknown fields:
dark matter/dark energy |1ZEST
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Presenter
Presentation Notes
Now that I would like to show you how little we probed vacuum so far. What is shown here is the system size of vacuum as a function of their energy densities. As the largest size, we can take horizon size of our universe. On the other hand, the exteremely high energy density state can be obtained by e+e- colllider where many particle pairs is produced from the point-like high energy density system. Now we should notice that there are huge vacant  domains around this. Why ? I think this is due to a fact simply driven by technologies of human being. After telescope has been invented in 16 century, people start observing phenomena happening in distant stars. On the other hand, once Rutherford invented a way to introduce high moment to observe the microscopic object in an atom, we have begun to develop accelerators and the colliders. Eventually we discovered many new phenomena and established particle standard model. Therefore, if we could invent a new way to probe this domain, we have a lot of chances to discover something fundamentally new. Let me introduce another view point here. The reason why we needed starts to discover gravitational force, it is because the coupling to matter is extremely small and the gravitational field can be exchanged over infinite distance, i.e., the mass of the field is zero. On the other hand what we can discuss in the extremely high energy density state is the limit of relatively strong coupling compared to gravitational one with heavy mass field exchange. In order  to produce the heavy mass scale, we are forced to increase the incident momentum scale in high energy accelerators. In this sense, the weakly coupling and non-zero light particles are not probed yet. In this talk, I propose two approach to provide new type of semi-macroscopic vacuum scopes dedicated for this domain.


“Birefringence by QED in eV range

Euler-Heisenberg one-loop Lagrangian

1 a° ~ i@: _
. LUV \2 MUV 2 : O(1042b)
Loeo =360 v [4(F, F*) +7(F, F“) T °\
Refractive index depends on polarizations
Electric field
! 16 AU 28 a*U
m=l+——-— n,=1+——

45 U, 45 U,

U,=m,c®/h*= 1.42x108 J/um3

Target laser

Magnetic field J_ N EL'("‘ZOOJ per ~20fS)
pobelaser  CaN reach An~10-°~10-10

( Homma, Habs, Tajima)
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Presenter
Presentation Notes
The dominant contribution is of course from the non-linear QED effect, i.e. real photon- real photon scattering which has not been directly confirmed for 70 years since it is proposed, because the expected cross section is 10^-42b and too small to be detected. The smallness of the cross section is due to short distance nature with the internal electron mass scale. However, if we could use strong coherent EM-field, we may be able to treat it as if refractive index medium in vacuum and the order of the refractive index change from that of vacuum is 10^-11 for 1J per cubic um. The medium would have polarization dependence i.e. birefringence nature and the ratio between parallel and perpendicular cases are based on the balance between the first and second term in the Lagrangian.  On the other hand, if there are hidden fields which could couple to photons with not extremely small coupling strength, the birefringence would deviate from the expectation in QED. In addition if the mass scale of those scalar and pseudo scalar fields are below ~meV, the long distance nature would enhance the coherent nature of the light diffraction compared to higher order QED.  The experimental key issue is whether we can detect this kind of extremely small refractive index change in realistic way.


Phase contrast imaging of vacuum

)

Probe laser(phase contrasted) Z, 7
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K.Homma, D.Habs, T.Tajima (2011)



-~ Beyond QED photon-photon Interaction

Loco =555 14CF, e +7<F,,V¢FW)]

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~Mp,.c, Dark Energy
Quantum anomaly
AN —1F,u1/|: ¢ arXiv:1006.1762 [gr-qc]

\/ g P \/ g Y. Fujii and K.Homma

| M M-
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K.Homma, D.Habs,
T.Tajima



Presenter
Presentation Notes
Now let me go in detail on the dynamics of light field exchange between two photons among the single incident laser beam. We may discuss the possibility to exchange scalar and pseudoscalar type of fields by requiring combinations of photon polarizations in the initial and final states. What is relevant for this talk is the coupling strength which is described by the dimensionless coupling g which corresponds to e to couple photons and also the dimensional coupling 1/M, where if M is Planckian mass, the coupling expresses gravitational one.


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.
Q) ,

Enhances signal by large amount

K.Homma, D.Habs,
T.Tajima



HFS road to unknown fields:
dark matter and dark energy
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Latest Development: CERN getting into the game

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

EnCARD, EuroNNAc Workshop, 3 - 6 May'11 / Programme

Tuesday 03 May 2011

Introductory Presentations - Kjell Johnsen Auditorium (08:30-10:30)

- Conveners: Dr. Collier, Paul (CERN)

time

08:30
08:45
09:30
10:00

title

Goals of Network and Workshop (00h15%)

Accelerator R & D as Driver of Innovation (00h45")
History and Outlook for Plasma Acceleration (00h30")
Modern Lasers for Movel Acceleration Methods (00h30")

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

Introductory Presentations - Kjell Johnsen Auditorium (11:00-12:30)

- Conveners: Dr. Collier, Paul (CERN)

time

11:00 Accelerator R & D for Particle Physics (00h30")

11:30

12:00
12:15

title

Status Report Asia (00h307)

Status and Plans US (beam driven) (00h15")

Status and Plans US (Laser driven) (00h15")

Tuesday 03 May 2011

PI'ESE' nter

ASSMANN, Ralph (CERN)
HEUER, Rolf (CERN)

TOSHI, Tajima (LMU Munich)
MOUROU, Gerard (ILE)

PI'ESE' nter
MYERS, Steve (CERN)

SHENG, Zhengming (Shanghai
Jiao Tong University)

HOGAN, Mark (SLAC)

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

Beyond Exawatt ﬂRF Iw"‘""“"“.;:’."""“'“"“""" kel
Beyond 10kJ -

¥ Crepnuroe MeaH BPa B8 R

T ot B T8N T B HEA KOMMOOMHE N3 BRI 000ME TEXHONOMRAM H HEHO sl SicyageHie ﬂﬂmm m

CeBepXMOLLHbIA Nasep Kak MHTerpaTop Hayku

. . B umcne merasayusy NpoesTos, EoTopse ByoyT peanusosan: Ha TeppuTop Pocoum, — MesnyHapoaHLm LeHTp
AdVISOI’y Com mittee WCCNEA0SSHWN SKCTPEMANEHLIX CESTORLD MONEH Ha OCHOBE CEEPXMOLUHIND NES3SpHOM KoMnnesca 8 HusHem
Extreme Laser Mega PrOjeCt Hoempoge. PyHoBoguT LeHTRoM meum:l-m WIBECTHEIN MK H{E'F:Elp- My py mpwa nopoepsxe MuHobpHaysm Poccm.
. .. STRF.rnu noppobho pacczassman 0b aTon pabore B cTaTbe «Focculickie yuEHLIE CTPOAT CESNXMOLLHEM NaseDs.
(In bUdget negOtIatlon): Heceomsxo SHEMMM STOT NPOSKT [NTA MAPOB0W HEYKW, Ml BRIRCHANK ¥ Tocon Tansuts, Sasenysuert Kedhenpoi
Chief Scientific Advisor/ thuanueckom thasyneTeTa Yaneepcutera Nionewa Maxcusiunnaqa 8 Miosene, npencenatens MesgmyHapoaHon

Mega Grant Honorary Director KOMMTETE N0 CESMXMOLHLN nasepam (International Committee on Ultra-High Intensity Lasers, [ICUIL).
(suggested)

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

ELI: serving Chair, Scientific

Crnpaexa STRENC

MESTYHADOAHEA KOMMTET N CHEREMOUIHLEM NEE0aM — NOIPaRIENEHAS
MESIYHEPOEHOM COXNE (Y HIAMEHTAMLHDA M NPHINE0H0R HINKH, OCHDSIHHOE
B 2003 rogy. Sagaua ICUIL — NPOIESTRESHE HIYKH W TEXHOMOTHE CHEpORMILLHER
NA3EP0E W KDOPIMHELMA HCCIEN0EEHAR W PaapaoTox B 3ToA oinacma. Naa
CESEXMORLLIMM NSISHMM & KOUBITETE NIOHMUSIAT MESEPk C MHTEHCHEHOCTL
10 g B2 o

Ha Bam earnag, 4To NpHMEYATENEHOND NPOMESoLMNG B obnacT.
Y CHEPEXMOLHEIX NSFEP0E B NOCNEAHEE BPEMA?

— MNpownL#M rog CTan aNoXANLHEIM ANA Hac Bnarnapn peweHno

Espocossaa o samycee npoesTa Exireme Light Infrastructure [BLL,

BEMBOUEET LENEIA PR, CHEMMAOLYHED NE3EH0s B HECKOMERMI

permoxax Esponul], a Taoee Hauany peansHon pabora Mational

grition Facility 8 CLA — ansTepHaTMEHLIA TOKSMEKSM MPOSKT

TEPMOANEDHON SHEPFETMIM, OCHOBAHHLI HS NESSSPHOM HAMPEEE W

WHEPLMOHHOM YAEP®EHMM MNE3Ms6l. Me npennonarasss, o 27
Tﬂﬁﬂmmmﬂmm PEEENTME CESRMADLUHEX NE3EP0B W COMYTCTEYoup ofnacTen

http://stl‘f.ru/ METAMPOEXTE N COYSHAK CHEPRMOUHOT Nazepa HEYHA SHEUMTENLHD YCEOPWTCH, W CTApSEMCA cnocobecTe0eaTE







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

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

e.g. Lorentz invariance test , guantum gravity
High field science approach: capabillity 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
IZEST 20




_‘The Cabin in Suzdal

(a Waka poem)

"ENKYS OT7OX#M ER
ELENE AKX

“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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