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1. Brief history of collective acceleration:
Collectively driven wakefields: emerging tools for HEP
(both by charged bunches and laser pulses)
2. Broad applications of LWFA (and lasers)
HEP(colliders, XFEL, ion sources, ion acceleration,
vy collider)
cancer therapy (IORT),
ultrafast radiolysis, THz, X-ray sources,....
3. Bridge between laser and accelerator communities:
ICUIL-ICFA collaboration, Bridgelab, EUCARD,....
4. Collider physics challenges
5. Laser technology development for colliders. e.g. ICAN
6. Energy frontier at PeV with attosecond metrology
7. Alternative route to fundamental physics:
High Field (instead of high momentum)
explores low energy new fields
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ON HIGH ENERGY ACCELERATORS

AND PION PHYSICS

Ceneva, 11" - 23% June 1956

Proceedings

Advent of collective acceleration (Veksler, 1956)

< (4 years before laser invention)

COHERENT PRINCIPLE OF ACCELERATION OF CHARGED PARTICLES

V. 1. VEKSLER
Electrophysical Laboratory, Academy of Sciences, Moscow
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‘This paper will include a very brief description of a new
principle regarding the acceleration of charged particles.

Io all exsting accelerators of charged particles, the
constant and varying eleciric ficld zccelerating them is
created by a powerful external source, and hence the
strength of the field & independent, in the first approxi-
mation, of the number of parficles which. are being accel-
erated.

In resonance accelerators, the electromagnetic field has
to be synchromized with the movement of the particles
(this iz of particolar importance in linear accelerators).
Finally, none of the existing mefhods permits the accel-
eration of neuiral bunches of particles.

A new principle of particle acceleration is set forth
below. Iis distinctive feature lies in the fact that the
particle-accelerating electric field is produced by the
interzction of a geometrically small group of accelerated
particles with another group of charges, plasma or an
electromagnetic wave. This method has a number of
important features. It appears, in the first pldce, that the
magnitude of the sccelerating field produced by this inter-

netioe and cobine o aock saetlole Soemaedn oo sl i

Theoretical studies of various aspects of the coherent
acceleration method have been made by M, S. Rabinovich,
A, A, Kolomenski, B. M. Bolotovski, L. V. Kovrizhnikh
and I, V. Iankov, as well as by A_ I Akhiszer, Ia. Fainbersz
ared their collaborators. The calculations made by these
theoretical workers shed light on a number of complicated
problems connected with the development of the different
variants of this new acceleration principle, and it therefore
seems appropriate to describe the new method despite the
fact that a great many problems involved still await solution.

1. deceleration of charged bunches by means af the
e

It was pointed out in a paper by Tamm that the loss of
energy by particles duos to ov radiation could be
reversed, ie. the medium travelling at a great velocity
past charged particles should be able to convey energy to
the latter., Up to now, however, no attention has been
paid to the possibility of developing an acceleration process
of this kind by using a high density electron beamn (plasma)
as the moving medium. Of course, if & single charge e is
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lon energy spectrum

Cf. recent (> 2000) TNSA acceleration
of ions by laser

activities (

n beam-driven acceleration of ions

1973-75, 78,84)

'ollective acceleration suggested:

Veksler (1956)
(ion energy)~ (M/m)(electron energy)

Many experimental attempts (~’70s):

<— (example)
no such amplification observed
(ion energy)~ (several)x(electron)

Mako- T?mma analvsis (1078;1984)

sudden acceleration, 1ons untrapped
[O’Neil’s trapping width ~(E,/M) |
— #1 large amplitude accelerating field
necessary to trap (‘ride on surf”)

— #2 electron acceleration possible
with trapping (with relativistic
field)

— #3 gradual acceleration( ion

velocity close to the phase velocitv)




Wakefield: a Collective Phenomenon

All particles in the medium participate = collective phenomenon

: Kelvin wake Colletive dynamics

S — - (cf. individual
particle dynamics)

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

laser

T < relativity
VL Ve VT regularizes
(The density cusps.

Cusp singularity)




First LWFA demonstration (SMLWFA regime)
fs TW CPA laser driven

[ | A Vsl

CPA-based laser ( with sufficient intensity and shortness of pulses) in 1990’s

following pioneering beat-wave experiments

First proof-of-principle LWFA

at KEK/Osaka 1994,95

The first demonstration of
30 GV/m Self-Modulated LWFA
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Electron acceleration from the breaking of relativistic
plasmawaves: Raman Forward Scattering
A. Modena et al. Nature 377, 606 (1995)
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GeV electrons from a centimeter accelerator

driven by a relativistic laser

V WAL J A WA

- 310-pm-diameter
[ channel capillary
;:
g P=40TW
E
oo 015 0175 Q3 0.4 - s 0.8 1.0 denSiTy 43 x 1018 Cm_3.
Leemans et al., Nature Physics, september 2006 (following monoenergetic LWFA
acceleration demo by Faure; Geddes; Mangles’ seminal papers (2004))
Vorume 43, NUMEER 4 PHYSICAL REVIEW LETTERS
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Laser Electron Accelerator

T. Tajima and J, M, Dawson
Depavtment of Physics, Univewsity of California, Los Angeles, California 90024
(Received 9 March 1979)

An intense electromagnetic pulse can create a weak of plasma oscillations through the
action of the nonlinear ponderomotive force. Electrons trapped in the wake can be ac-

simulation, Appllcatmns to accelerators and pulsers are examined,

( a slide given by S. Karsch; emphasis by him)
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FIG. 1. Schematic of Argonne National Laboratory AATF Witness Beam Delcy (psec)

layout.

FIG. 2. Scan 1. Witness-beam energy-centroid change 6E
vs time delay behind driver. Total driver-beam charge Q =2.1
nC; plasma parameters L =28 cm and n.=8.6x10'2 cm >,
Theoretical predictions are given by the dashed line.

Rosenzweig et al. PRL(1988)



4ii{lx, E-167: Energy Doubling with a
Plasma Wakefield Accelerator in the FFTB ¢~/

Dispersion [mm]
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USG Nature Feb.15 2007 |
—— (C. Joshi)




PWFA vs. PDPWA

Pros. of PWFA

Plasma electrons are expelled by space charge of beam, a nice bubble will
be formed for beam acceleration and focusing.

The short electron beam is relatively easy to have (bunch compression).
Wakefield phase slippage is not a problem.

blow-out

Cons. of PWFA

One stage energy gain is limited by transformer ratio, therefore maximum
electron energy is about 100 GeV using SLC beam.

Easy to be subject to the head erosion due to small mass of electrons

Pros. of PDPWA

Very high energy proton beam are available today, the energy stored at
SPS, LHC, Tevatron

SPS (450 GeV, 1.3e11 p/bunch) ~ 10 kJ
LHC (1 TeV, 1.15e11 p/bunch) ~ 20 kJ

LHC (7 TeV, 1.15e11 p/bunch) ~ 140 kJ
SLAC (50 GeV, 2e10 e-/bunch) ~ 0.1 kJ

flow-in
Cons. of PDPWA

Flow-in regime responds a relatively low field vs. blow-out regime.
Long proton bunches (tens centimeters), bunch compression is difficult.

Wave phase slippage for heavy mass proton beam (small y factor),
especially for a very long plasma channel

PAC11, New York, USA
(A. Caldwell et al)
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" Two-stage gas cell LWFA experiments
ek UCLA

Electron injection can be controlled using a two- lonization-induced injection from the N,
stage gas cell terminates after the injector stage
1 T T T T e Filli TaY]
99.5% He’ 0.5% N2 100% He Integrated Injector  Injector + _Flllmg Only the |njector
Injector Accelerato Plasma 0.8 only  Accelerator | 9IVES @ low energy, broad
< > > Emission |12 06} 3eomev | spectrum feature
800nm Injector Accelerator % '
= U C i —_—
Laser |} eEfe £ || 04yec * Filling both stages
— Ill SR I 0.2 produces high energy, high
==5-|l% 0 - | quality electron beams
50 TW *; 200 400 600
. Silli5e6- MeV
Plasma Emission 367 nm
Il Electron Beam
Gas Ce — (First Image Plate)
— - i}
* The electron density throughout the cell is The electron E = ' -
measured with interferometry to be 3x10'8 cm-3 beams are E o # -
. wl
dispersed by <+ + 5
* No self-trapping is observed in pure He for a~05T o © ; 1600
densities below 4x10'8 cm3 dipole S Injector + | L Bl
{ = Accelerator! 1 —
. N magne = O : '
Plasma emission imaging indicates that 9 D - 200 500
N, is only present in the injector stage Electron Energy (MeV)

B.B. Pollock et.al., submitted 2011



Intra-Operative Radiation Therapy (IORT)

LWFA electron sources: technology transferred to company

NOVAC7

(HITESYS SpA)
RF-based

El. Energy < 10 MeV
(3, 5, 7, 9 MeV)

Peak curr. 1.5 mA
Bunch dur. 4 us

VS.

CEA-Saclay
experim. source

Laser-based

El. Energy > 10 MeV
(10 - 45 MeV)

Peak curr. > 1.6 KA
Bunch dur. <1 ps

Bunch char. 6 nC

Bunch char. 1.6 nC

©

Rep. rate 5 Hz
Mean curr. 30 nA

Releas. energy (1 min)
@9 MeV (=dose)
18J

Rep. rate 10 Hz
Mean curr. 16 nA

Releas. energy (1 min)

@20 MeV (=dose)
21 J

(A. Giulietti et al., Phys. Rev. Lett.,2008
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Table-top Brilliant Undulator X-ray Radiation
from LWFA

(M. Fuchs, et al., Nature Phys., 2009)

Observed undulator
radiation spectrum

Observation Angle [mrad]
Intensity [arb.u.]

30 20 10 0 10 20 30

Wavelength [nm]
LWFA Electron beam ay
Electron beam: dlagnostl c S ectrometer
210 MeV

30 pC Magnetic
Driver laser:  10fs quadrupole Undulator

850 m)J Ienses Gold
37fs mirror
20TW
Hydrogen-filled Electron spectrometer

Toward compact
gas cell XFEL



Livingston Chart and Recent Saturation

10 TeV I
Hadron Colliders
e @*e~ Colliders U—>
LHC
1TeV (CERN) _|
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(http://tesla.desy.de/~rasmus/media/Accelerator%20physics/slides/Livingston%20PI10t%202.html)



(Bridgelab Symposium, ILE,2011)

‘Bridgelab’ goal = to bridge laser and
accelerator communities

Initiatives considered, emerging: CERN, LBL, DESY, ILE, KEK, IOP, ...

toward more compact accelerators

1

Laser acceleration =
* no material breakdown (— 3/4 orders
higher gradient); however:

SLAC’s 2 mile linac - 3 orders finer accuracy, and
(50GeV) 2 orders more efficient laser needed




Brief History of ICUIL — ICFA Joint Effort

— [ICUIL Chair Tajima sounded on A. Wagner (Chair ICFA) and

Suzuki (incoming Chair) of a common interest in laser driven
acceleration, Nov. 2008

— Leemans appointed in 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 on 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)




Mountain of Lasers
(average power)

omod o8e1oAe —

B\ LASER STRIPING

&
&
AW, &
A i, °
&

(HEP Examples from /ICFA-ICUIL JTF) QS"Q" 17
Friday 6pm Rochester: open JTF N rep rate s



Range of laser parameters




Suggestions to ICFA-ICUIL JTF

Science efforts by US, Europe, Asia mounting to
extend the laser technology toward HEP accelerators

Technology efforts still lacking in developing suited
laser technology(ies) for HEP accelerators

Technologies: emerging and credible for these
ICFA-ICUIL collaboration: important guide of direction
Lead lab(s) necessary to lead and do work on this
Initiative

‘Bridgelab’ / test facility?

Other applications important (light sources, medical,
nuclear waste management, fusion, defense, etc.)

( Tajima; April 10, 2010)




Laser driven collider concept

Leemans and Esarey (Phys. Today, 09)
ICFA-ICUIL Joint Task Force on Laser Acceleration(Darmstadt,10)



ICFA-ICUIL Joint Task Force [l s

_.on laser acceleration (Darmstadt, 2010)
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W. Leemans,
Chair of JTF

Collider subgroup
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Table 1
Collider parameters



Plasma density determined by beam

quality and power requiremerit gx10'| Mean o 10f Mean
(Nakajima, 2011) enersy energy
Radiation damping effect n. ® L5
W W
7 .
* Electrons accelerated by LPA undergo betatron — analviioa - Ejg’:;'rri'f;'
oscillations due to strong focusing force 6, & == 6 -
. L : 5 0 20 40 60 80
» Emission of synchrotron radiation results in 10~ 008 FEr——rt——
. e . . . 12 ' nergy
a energy loss asdzradlatlon damping with its rate. Energy 0.08| |spread| -7
_2eyt _ B _ny 2 A 10 spread ¢ 004 -2
e L e e e f e )
C ° .02
where 7 =2 /3c=6.26x107s ° ;
r,=e*/mc* =2.818x107"° cm \ Ej 5> 10 15 mmﬂ ol
F =—mc K2x for the linear regime 5 | Normalized Vi
K2=9 —2( 2 with potential ¢?{ = 36 emittancgf‘ c /‘Jjﬂ‘_
=2ZX, e¢0/mc characteristic channel 5 5, S, 500 _
r / N width x, % - Normalized
K= D 2 for the blowout (OI" bUbb|e) w 3.2 : emittance
Power requirement for the linear collider oo 0B o0 1%_51 0
i !
.l _ -2 30 GeV injection 30 GeV injection
Collision fre?uency' s N doc o 30 cm plasma channel 30 cm plasma channel
for & constant require " E, =37 GV/m E, =37 GV/m
« Beam power: y P, = fNEb oC 1, n,= 10 cm-3 n, = 3x10" cm3
- Average laser power Lo =SV~ /BT, P. Michel et al., PRE 74, 026501
per stage: oc n, -n(;l -no_l/2 oC ngl/z From points of high quality and power cost,
« Total wall plug power P, o« ngepavg o n(1)/2 choose plasma1 gin3|ty3of the order of
cm-




Issues for LWFA Collider

» Collider Physics issues (what is unique
and challenging to LWFA)

strong acceleration (compactness)

small emittance (strong beam)

strong transverse force/large betatron oscillations
large quantum beamstrahlung effects

miniature finesse issues

* Driver issues (high rep rate, high average
power lasers)

23
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Basic parameters and scalings of LWFA Collider in
Maximizing luminosity with constraintsof
beamstrahlung , disruption, and y emission

i Byl .
f= () () '1’
N 1l 'I [ i i -. ! i 'I'_I P Pl '.I_.'. |
o =) [7) £z, ) (VF) foe UN, oy~ VN, Dy~e, T~ oNo T
_ (8E  VE N ELL) (VI .~ Uy TIWN ~ TUTIWN. (8]
T= [mmfi}k_1 ; nj' WA ':b ) e BTN e ~ T ™
T the limit T % 1, DyfT) = 1TV, TU(T) = 17TV, Eq (B) becomes
v f R Oy L )
D, = (1Gmr |-:5'1'.!l| r'_l I.__E (o,
lll.] + Ry F'.:I H-I . ':|!'Irl_q::|1ll:ll . ﬁt' - Il,'lrl:T:IIIJ. r!}:‘
m, = LMULTIF, & = LMY (TIF (5]
N AN R Ay n
= ( T ][[“ R\:“']r B, JI.'*"’,l .r]

First paper on LWFA collider

Xie, M., Tajima, T., Yokoya, K. and Chattopadyay, S., Studies of Laser-Driven 5TeV 24
e+e- Colliders in Strong Quantum Beamstrahlung Regime,

(AIP Conference Proceedings, New York, 1997), 398, p. 233-242.
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LWFA properties under multistage collider design

First multistage model for LWFA collider

PHYSICAT REVIEW S5PECTAL TOPICS - ACCELEFATORS AND BEAMS, VOLUME 3, 071301 (2000)

Particle dynamics in multistage wakefield collider

S. Cheshkov, T. Tajuma * and W. Horton
Departmerny of Physics and Institute for Fusion Studiez, The Umiversity of Texas at Awstin, Austin, Tevas 783712

K. Yokoya
EFE Natonal Laboratory for High Enagy Phnsiczs, Tzuknba-Shi, Japan
(Fecerved 24 January 2000; published 27 July 2000)

The dynzmics of particles 1 laser pulse-dimren wakefields over multstages 1 2 collider 1= studied.
A pap of phasze space dynamics over a stage of wakefield acceleration induced by a laser pulse (or
glectron beam)} 15 dermved. The enfire system of a collider 15 generated wath a product of nmlfiple maps
of wakehelds, dnfts, magnets, ete. This systems map may mechude offsets of vanous elements of the
accelerator, represenfing moise and erors ansing fron the operation of such a complex device. We find
that an wmuhgated strong focnsing of the wakefield coupled wath the ahgmnment errors of the posthon
(or laser beam mmwng) of each wakefield stape and the unavoadable dispersion m mmdnadual particle
betatron fequencies leads to a phase space nuong and camses a tansverse emuttance degradation. The
rate of the smitfance ncrease 15 proporhonal fo the number of stages, the energy of the parbcles, the
betatron frequency, the square of the masalipmment amphtude, and the sguare of the betatron phase shuft
over a single stage. The accelerator with a weakened focus in a charmne] can, therefore, largely suppress
the smuttance degsradaton dus to emrors.

PACES mmmbers: 52.40ME, 52.65.Cc, 52750, 05.40.—a

I. INTRODUCTION oo SN v N2

The use of plasma waves excited by laser beams for elec- dmoeor, dnfeBlVeB;
tron acceleration was proposed by Tajima and Dawson [1].

(1)

whera . 18 the collision fremency & 1s the narhcle mome-
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Cumulative effects over multistages
Strong LWFA betatron oscillations lead to emittance degradation

(DY =0, (38)
SEVELR UdUDVELLE ELILLGELCE SLUWLLL L anlisadlly, Wikdl
wens 15 that the paricles rotate at different angular ve- f B ap {5 — T { e YD () = ,g-.-* 1&(=, — =) 3G9
ies m the frapsverse phase space and if them is a [_i;_:_;)=-'|ff:|.x‘ 3 ‘)"' [ .;]:)' (34 e ) nldlz B (35)
Lﬁm shift ?Emlf_: v ge;a_-zhmcrﬂi:'ic bm;ﬁl— ) ‘ ‘ _ Applymg the theory of random walk of 2 harmome oscil-

smbution (see Fiz. 3c) (if is banana shaped only  where T, is the stochastic misaligmment (D), = . r 3 ramdom ot

e dislocation size is larger than the beam size, butm 5. 1,). The lonzitudinal degrees of freedom ave not lator driven h} 3 fowce, we =
case the parficle distibution gets dihated because of  affected For this map to describe realistically the electron Y =10, =10, E5v= 0, {400
misaligmments). This process cntically depends onthe  motion, we assume that o @< r,. The total tansverse ’ ) S
winde of the betatron frequeney -pread_ This means  map (in the presence of ervors) can be waitten in the form FaI b — 22, T 41
the typical strength of the focusing force 15 of great ) o &) = Dz = DM, (X )= Daz, ': :l
witance. Of cowrse, addifional information can be ex- [ Ees1 _ o it — anf Ih . . ; .
ed from the ofher total phase space cross sections; see \i ) = M. M Ma(1 — My)| ) where the diffusion coefficient I 15 given by

4. However, here we concentrzte on the transverse i, 1 . ~
tance as a fimwe of ment due to its importance to the + el — -'I-':I'gl ) D=—ywlop. (41
hmuinosity of the colhder. The effect of plasma noise 0 2

i o+ s oy o eorpeiod s mpem(D) 69 We are also asouming that the emittance srowdh is lares
i ) o {compared to the mmuhal emuttance). So, using (40) and
2 (41}, we obtam
"’ S — Ae =~ @l 7 = %Tu[ur;-lafjj,'.r. (43)
Em - ! _— * .
1"' ] / weak foous j : - T
. . . . 1 oy VT | / AyN
R T 1080 AEg = — (ard P T —]l N 1 + )
H 3 TU « I. Ay ]II Lﬂl.m ¥
. . 4
B T T T &0 T T T T
where 15 the muhal parhcle energy. Typacally, Ay =~
v ol 4 | s a apEol and @ = =, 50 we obtain
E g a
- B aioh | AyN
‘“-\ﬂ :- !.[l 'Bu-![l |;| !.' l E —IJ Illhr ]J:Lll l T ) : I:-l-j:l
o ) F :'|_'| ]I ¥

Cheshkov et al (2000)
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Toward a solution of laser driver fit for HEP

Formation of a consortium to study high efficiency,
high rep rate fiber laser system:
ICAN, International Coherent Amplification Network

“Solving the efficiency problem in high peak and high
average power laser: an international effort”

(Coordinator G. Mourou, submitted to the EU November
25, 2010)

Now in a shortlist in EU (March, 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

They can be mass-produced at low

Cost.

(G. Mourou)
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Because the transport fibers are lossless they will be assembled

in a bundle just before the focusing optics. They will be
all coherently phased.

CD
N—

Electron/positron beam

Transport fibers

~1m

~10 cm

A
\ 4

Length of a fiber ~6m  Total fiber length~ 5 10%km (Mourou et al)



Nuclear Wake?

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

e Could be caused by:

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?

ISMD

Jason
Glyndwr Ulery

0.45 .
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0.35 ¢
0.3 &
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Large angle gluon radiation (vitevand ;.
0%
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Deflected Jets
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Maldacena (string theory) mé#hod:
QCD wake (Chesler/Yaffe 2008)



Challenge Posed by DG Suzuki

Frontier science driven by advanced accelerator

e %" PeV Accelerator

Table- top X-ray FEL P e

A"\

‘Iwh

1000 times, ¢ .
higﬁer energy
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Technology
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Can we meet his challenge?

A. Suzuki @KEK(2008)



Theory of wakefield toward extreme energy

n

AF ~ 2m062a§7/ph2 — 2m002a§ cr , (when 1D theory applies)
109 €
g In order to avoid wavebreak,
= 12
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y-ray signhal from primordial GRB

LETTERS NATURE
> R ,
e : ' _
o - 118 _ ;
S 0 TR B 675 S Energy-dependent
e g photon speed ? (Ellis, ...)
= o TR, (2
A ddle 0 Observation of primordial
T_ §1SU_GBMNaIs : i 1°%s
g gL >~ Gamma Ray Bursts (GRB)
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:E | e close to Planck mass)
< o : ¢
S ' =i Lab PeV y (from e-)
can explore this
) I 1|M#lghlmlnl by ¢ with control
RS S IV

Time since GBM trigger (10 May 2008, 00:22:59.97 ur) (s)

Figure 1| Light curves of GRB 090510 at different energies. a, Energy lowest to highest energies. f also overlays energy versus arrival time for each



Feel vacuum texture: PeV vy

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

Coarser,
lower energy
texture

c<cy

Finer,
higher energy
texture

— (0.1PeV)
Tkm * «(1PeV : fs behind)

<:FeV v (converted from e")



Attosecond Metrology of PeV vy Arrivals

(Tajima, Kando,

PTP, 2011)
> > y energy
;72 3-;1 detector
<4+
At

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

v- energy tagging possible

AWIN=-p.A (1)
7

Electron kinetic
energy [eV]
-] g
3
fo
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Cosmological
observation
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Strong coupling High energy
Heavy m collider 38

Homma, Habs, Tajima: to be published



Degenerated Four-Wave Mixing (DFWM)

Laser-induced field induction of vacuum <« Nonlinear optics idea

T_l.%\Decay into 3w can be induced by frequency-mixing.
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Y. Fujii and K.Homma
arXiv:1006.1762 [gr-qc]

Possible detection of weak and light fields, such as K.Homma, D.Habs, T.Tajima
dark matter (axions) and dark energy fields



HFS road to unknown fields:
Aarvle mattar and dAarvle anarvew
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K.Homma, D.Habs, T.Tajima



conclusions

Collectively driven wakefield provides unique and
new tool for HEP (and other applications)

Bridge between accelerator and laser communities
necessary-----a Bridgelab, ICUIL-ICFA collaboration,
this EUCRAD, EuroNNAc, ...

Collider physics requirements: luminosity
maximization, small beam, large betatron, emittance
preservation: challenges

Drive laser for collider: a huge challenge, but
possible technologies emerging

Energy frontier with precision w/ a few shots possible

High field science approach: new capability to
explore undiscovered new fields 41




Centaurus A:

cosmic
wakefield

Linac

for Ultra High
Energy Cosmic
Rays (UHECR)?

Thank youl!



