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Leap in Laser Intensity




Relativistic nonlinearity under intense laser

(relativistic charged particle bunch does similar)

Ponderomotove force arising from v x B/c

l
a) optics : v<<c, b) Relativistic optics: v~c
ap<<I: ox only a,>>1: 0z >> ox
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Waketield < relativistic nonlinearity

All particles in the medium participate = collective phenomenon
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Maldacena (string theory) method:
QCD wake (Chesler/Yaffe 2008)
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No wave breaks and wake peaks at v=c

. Wave breaks at v<c
[Laser (LWFA) as well as charged beam excite wakefield]
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New Paradigm:
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‘When can we reach PeV ?’: one of Suzuki Challenges
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- Evolution of Accelerators and their Possibilities  (Suzuki,2008)
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Brief History of ICUIL — ICFA Joint Effort

171 111 P R | —~

ICUIL Chair sounded on A. vvagner Chair Ibl‘/-\ and Suzuki IﬂCOmI g
Cha|r of a common interest in laser driven acceleration (Nov. 2008)

— Leemans appointed (November 2008) to lay groundwork for joint
standing committee of ICUIL

— ICFA GA invited Tajima for presentation by ICUIL and endorsed initiation
of joint efforts (Feb. 13, 2009)

— ICFA GA endorsed Joint Task Force (Aug. 2009)

— Joint Task Force formed of ICFA and ICUIL members, W. Leemans,
Chair (Sept, 2009)

— First Workshop by Joint Task Force held @ GSI, Darmstadt (April, 2010)

— Report to ICFA GA (July,2010) and ICUIL GA (Sept, 2010) on the
findings

— ‘Bridgelab Symposium’ at L'Orme (Jan., 2011)

— EuroNNAc Workshop at CERN (coordinator) (May, 2011)

— 2"d |CFA-ICUIL Joint Task Force Workshop at LBL (Sept. 2011)

— Formation of IZEST (Sept., 2011)

— Report to this ICFA Seminars on Plasma Acceleration (Oct. 2011)
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Accelerating field E.
Focusing constant K

Stage length L.,
Energy gain per stage Wz
Number of stages Nopage

Total linac length L.

Number of particles per bunch Ny
Laser pulse duration Ty,

Laser peak power Fy,

Laser energy per stage [
Radiation loss A~y

Radiative energy spread o, /vy
Initial normalized emittance cqo
Collision frequency f,

Beam power F

Average laser power Pavg

Wall plug power Peall

(Nakajima, PR ST AB 2011)
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Fiber (vs. Bulk) Lasers

High Gain fiber amplifiers
allow ~ 40% total plug-to-
optical output efficiency

Single mode fiber amplifier .
have reached multi-kW optical |
power.

large bandwidth (100fs)
immune against thermo-

optical problems
excellent beam quality
efficient, diode-pumped
operation

high single pass gain

mass-produced at low cost.

(G. Mourou)



CERN NEUTRINOS TO GRAN SASSO
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TeV proton acceleration by LWFA

early Radiation Pressure

Acceleration of ions
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— Later setting up wakefield
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Wakefield toward extreme (PeV) energy:
Electrons (TeV /stage)

n
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v-ray signal 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,)
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lower energy
texture
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texture
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y energy
© detector
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(Tajima et al.
PTP, 2011)

»/
| Lhl ]

High energy y- induced Schwinger breakdown (Nishishov, 1964, Narozhny, 1968)
CEP phase sensitive electron-positron acceleration

Attosecond electron streaking
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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 = ££34.] 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 L
radiation 1 Lorentz violating term



Laser fits the gaping hole

_8 c in search of unknown fields:
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Beyond photon-photon interaction in QED
B 1 0( D ~ 2 Heisenberg-Euler
Loep ~360 [4(F, F") +T(F, F")]

oF, F" ofb, F*

QCD and low-mass scalar ¢ and pseudoscalar o may change 4 : 7

Resonance in quasi-parallel collisions in low cms energy
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Compare with ‘shine through the wall’ approach

® Enhances signal by large amount Y. Fujii and K.Homma
Prog. Theo. Phys.

oC NZ(()ZNIG) /T K.Homma, D.Habs, T.Tajima

3w Appl. Phys. B (2011)



High Field road to unknown fields:
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Conclusions

Bridae between accelerator and laser communities

_..v. I'

necessary and ongoing (ICFA-ICUIL Joint Task Force)
Collider physics requirements:

===>» low density operation of LWFA suggested
High efficient, high average power driver laser technology:

ICAN Project (CERN, Fermi, KEK collaborating)
Non-collider paradigm:

Energy frontier with attosecond precision w/ a few shots
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High field science approach: coherent production of new fields :
dark matter; dark energy
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