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1. Relativity drives coherence: 
Relativistic Optics, Laser Wakefield, FELp , ,

2. Applications of Laser Wakefield Accelerator:
cancer therapy (IORT), ultrafast radiolysis, py ( ), y ,
THz, X-ray radiation sources, compact XFEL,  
ion acceleration, collider, collective  decelerator, , , ,
even physics of heavy ion collisions

3.Bridge between laser and accelerator communities:  g
ICUIL-ICFA collaboration, Bridgelab,….

4.A future collider optionp
5.Collider physics challenges
6.Laser technology development for collider: ICANgy p
7.Energy frontier at PeV with attosceond metrology
8.High Field explores low energy new fields
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Energy frontier ←  High field science, high intensity laser

relativistic optics: relativistic coherence
cf quantum optics: quantum coherencecf. quantum optics: quantum coherence

Quantum optics
Cold Atoms
feV‐neV

Relativistic 
optics

2010

p
GeV‐TeV

2010
1eV

19601960

Relativistic Optics, RMP, Mourou
(2006)

Cohen-Tannoudji,Chu,
Ketterle,…

High energy
High field 
science

g gy
Physics 

(fundamental 
h i )physics)



boiled 
vacuum

←Schwinger field

relativistic
LIL

relativistic
ions

relativistic
electrons

plasma

←Keldysh field

atoms



Relativistic nonlinearity under intense laser

a) a) ClassicalClassical optics : optics : v<<c,       v<<c,       b) b) RelativisticRelativistic optics:  optics:  v~cv~c
aa00<<1:<<1: δδxx onlyonly aa >>1:>>1: δδz >>z >> δδxxaa00<<1:   <<1:   δδx x onlyonly aa00>>1:  >>1:  δδz >> z >> δδxx

eA0 eE0a0 
eA0

mc2 
eE0
mc 2

nonlinearnonlinear δδz~az~aoo
22

linearlinear δδx~ax~aoo



Wakefield：a Collective Phenomenon

Kelvin wake

All particles in the medium participate = collective phenomenon

Colletive dynamics

(cf. individual
particle dynamics)

Wave breaks at v＜cNo wave breaks and wake peaks at v≈c

particle dynamics)

(Th d it

← relativity
regularizes Hokusai

(The density cusps.
Cusp singularity)



Intra-Operative Radiation Therapy (IORT)

NOVAC7
LWFA electron sources: technology transferred to company

CEA-Saclay 
i(HITESYS SpA)

RF-based

El Energy < 10 MeV

experim. source
Laser-based

El Energy > 10 MeV

vs.

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

Peak curr. 1.5 mA

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

Peak curr > 1 6 KAPeak curr.  1.5 mA
Bunch dur.     4 µs
Bunch char.  6 nC

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

Rep. rate      5 Hz
Mean curr.   30 nA

Rep. rate      10 Hz
Mean curr.   16 nA

Releas. energy (1 min)
@9 MeV (≈dose)

18 J

Releas. energy (1 min)
@20 MeV (≈dose)

21 J

(A. Giulietti et al., Phys. Rev. Lett.,2008：INFN)



Table-top Brilliant Undulator X-ray Radiation 
from LWFAo

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

Observed undulator
radiation spectrum

LWFA



Livingston Chart and Recent Saturation

→

→→

(S
uzuki, 2009)

(http://tesla.desy.de/~rasmus/media/Accelerator%20physics/slides/Livingston%20Plot%202.html)



1015
When can we reach 1 PeV ?: Suzuki Challenge

1013

1014
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ILCee--ee++ colliderscollidersee ee colliderscolliders

(Suzuki,2009)

Laser plasma accelerator
experimentsexperiments

09/3/9 10

2030 2040 2050 2060

V. Yakimenko (BNL) and R. Ischebeck (SLAC), AAC2006 Summary report of WG4



Evolution of Accelerators and their Possibilities （Suzuki,2008)

Ultra‐High

Accelerator

E=40 MV/m

Ultra High
Voltage STEM 

with 
Superconducting

RF cavity

2020s

ILC

RF cavity

ILC
2.5-5 GeV ERL

Superconducting L band linac
E=200 MV/m

2030s

Superconducting L-band linac

Decelerating structure

E th
Two-beam LC

Earth

Space debris

mm waves

E=10 GV/m

2040s
10cm‐10GeV Plasma Channel Accelerator

Earth-based space debris radar

09/3/9 11
Laser-plasma LC Table-top high energy

accelerator



‘Bridgelab’ goal =
Put SLAC on a football field
Initiatives considered, emerging: CERN, KEK, LBL, DESY, ILE,…

→

Laser acceleration =

SLAC’s 2 mile linac

Laser acceleration  
・ no material breakdown (→ 3/4 orders   

higher gradient);   however:
・ 3 orders finer accuracy andSLAC’s 2 mile  linac

(50GeV)
・ 3 orders finer accuracy,  and

2 orders more efficient laser needed



Brief History of ICUIL – ICFA Joint Effort
ICUIL Ch i d d A W (Ch i ICFA) d S ki– ICUIL Chair sounded on A. Wagner (Chair ICFA) and Suzuki 
(incoming Chair) of a common interest in laser driven 
acceleration Nov 2008acceleration, Nov. 2008

– Leemans appointed in November 2008 to lay groundwork for 
joint standing committee of ICUILj g

– ICFA GA invited Tajima for presentation by ICUIL and 
endorsed initiation of joint efforts on Feb. 13, 2009j

– 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) 

fon the findings
– ‘Bridgelab Symposium’ at L’Orme (Jan., 2011)



Mountain of Lasers
( )(average power)

←
 averrage poow

er

γγ collider 1KW

14
→ rep rate

(HEP Examples from ICFA-ICUIL JTF)
Friday 6pm Rochester: open JTF



Range of laser parametersg

・γγcollider ・

15



Suggestions to ICFA-ICUIL JTF
• Science efforts by US, Europe, Asia mounting to 

extend the laser technology toward HEP acceleratorsextend the laser technology toward HEP accelerators
• Technology efforts still lacking in developing suited 

( ) flaser 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 thisLead lab(s) necessary to lead and do work on this 

initiative
• ‘Bridgelab’ / test facility?• Bridgelab  / test facility?
• Other applications important (light sources, medical, 

l t t f i d f t )nuclear waste management, fusion, defense, etc.)
( Tajima; April 10, 2010)



Laser driven collider concept

a TeV collider

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

Case 1 TeV 10 TeV
(Scenario I)

10 TeV
(Scenario II)

Wavelength (μm) 1 1 1

Pulse energy/stage (J) 32 32 1

Pulse length (fs) 56 56 18

Repetition rate (kHz) 13 17 170

P k (TW) 240 240 24Peak power (TW) 240 240 24

Average laser power/stage (MW) 0.42 0.54 0.17

Energy gain/stage (GeV) 10 10 1

St l th [LPA + i li ] ( ) 2 2 0 06Stage length [LPA + in-coupling] (m) 2 2 0.06

Number of stages (one linac) 50 500 5000

Total laser power (MW) 42 540 1700

Total wall power (MW) 84 1080 3400Total wall power (MW) 84 1080 3400

Laser to beam efficiency (%)
[laser to wake 50% + wake to beam 40%] 20 20 20

Wall plug to laser efficiency (%) 50 50 50p g y ( )

Laser spot rms radius (μm) 69 69 22

Laser intensity (W/cm2) 3 × 1018 3 × 1018 3 × 1018

Laser strength parameter a0 1.5 1.5 1.5

19

g p 0

Plasma density (cm−3), with tapering 1017 1017 1018

Plasma wavelength (μm) 105 105 33



What is the optimum plasma density?
(N k ji 2011)

pe
p

c
m

ne

 24 0

2



• Plasma electron density n0 corresponds to frequency of RF cavity, which characterizes accelerator 

The electron plasma frequency:
(Nakajima, 2011)

y 0 p q y y,
performance .

• Minimizing the overall length of LPA linac

  bELLL  
stage

b
cstagetotal W

LLL 

Eb : the final beam energy
W : the energy gain in a single stageWstage : the energy gain in a single stage
Lstage : the single stage plasma length
Lc : the required coupling distance

C. B. Schroeder et al., PRST-AB 13, 101301 
(2010)

1
0
 nLEW dzstage

23
0
 nLL pdstage

For Eb =0.5 TeV, a0 =1.5, 
li di t L ≲ 1

The required operation plasma density ≈ 1017 cm-3

coupling distance Lc ≲ 1m 

pdstagec LLL ~
21NLL

• With minimization condition Selection of plasma 
density

• Plasma density is continuously tunable over the broad range.
• Plasma accelerator structure is not so expensive.

21
0 nNLL stagepdtotal

density
is not a big issue. 



Mean 
energy
Mean 
energy

Mean 
energy
Mean 
energy

R di i d i ff

Plasma density determined by beam 
quality and power requirement 

(Nakajima, 2011)

• Electrons accelerated by LPA undergo betatron
oscillations due to strong focusing force

Radiation damping effect

• Emission of synchrotron radiation results in
a energy loss and radiation damping with its rate. Energy

spread
Energy
spread

Energy
spread
Energy
spread

2
32

22

3
2

 FePx
 2

222  FP Rs 

N li dN li d

323 cmx 222 cmmc

s 1026.632 24 creR
cm 10818.2 1322  mcere

where

22 for the linear regime Normalized
emittance

Normalized
emittance

Normalized
emittance

Normalized
emittance

xKmcF 22
 2

0
22 2 mcexK c 

for the linear regime
with potential 0,characteristic channel 
width xc2pkK  for the blowout (or bubble)

30 GeV injection
30 cm plasma channel

30 GeV injection
30 cm plasma channel

p for the blowout (or bubble) 
regime

Power requirement for the linear collider

• Collision frequency: 0
2 nNf  

30 cm plasma channel
Ez = 37 GV/m
n0 = 1016 cm-3

30 cm plasma channel
Ez = 37 GV/m

n0 = 3x1017 cm-3

P. Michel et al., PRE 74, 026501 

0
for a constant required 
luminosity

• Beam power: 
21

0nfNEP bb 
• Average laser power ~  PffUP LLLavg  , ,

(2006)
Average laser power 

per stage: 21
0

21
0

1
00

  nnnn
• Total wall plug power 21

0nPNP avgstagewall 
From points of high quality and power cost,

choose plasma density of the order of 
1016 cm-3 



Design of multi-stage LWFA toward 100 GeV
(Nakajima, 2011)

Electron
Injector

Positron
Injector

10 GeV
stage

100 GeV
stage

Multi-
stage

100 GeV

LBNL-
BELLA
10 GeV

Energy gainEnergy gain
W [GeV] 10 1.8 10 100 10 x 10 10

Laser intensity
a0

2.0 5.5 1.0 2.0 1.0 1.4
0

Spot radius 
w0 [m] 31 10 64 80 64 90

Pulse duration 
[f ] 68 20 120 216 120 95L [fs] 68 20 120 216 120 95

Peak power 
P [TW} 130 100 137 865 10 x 137 563

P lPulse energy 
EL [J] 9 2 16 187 10 x 16 53

Plasma density 
ne [cm-3 ]

2.4 x 
1017 5 x 1019 2.8 x 1016 2.4 x 1016 2.8 x 1016 1.0x1017

e [ ] 1017

Plasma length
Lp [cm] 15 0.1 200 470 10 x 200 ~100

MaximumMaximum 
charge
Q [nC]

0.46 1 0.2 2 0.3

∗Stage energy gain of 10-100 GeV would be necessary for 1 – 10 TeV collider application 



Issues for LWFA ColliderIssues for LWFA Collider

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

strong acceleration (compactness)
small emittance (strong beam)small emittance (strong beam)
strong transverse force/large betatron oscillations
large quantum beamstrahlung effectslarge quantum beamstrahlung effects
miniature finesse issues

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

23



First LWFA Collider Study (1997)

24
Xie et al. AAC Conference Proc. (1997)

Also, Chattopadhay et al., Snowmass (1996)



Collider Physics I
Basic parameters and scalings of LWFA Collider in p g

Maximizing luminosity with constraintsof 
beamstrahlung , disruption, and γ emission

25
First paper on LWFA collider
Xie, M., Tajima, T., Yokoya, K. and Chattopadyay, S., Studies of Laser-Driven 5TeV 
e+e- Colliders in Strong Quantum Beamstrahlung Regime, 
(AIP Conference Proceedings, New York, 1997), 398, p. 233-242.



Collider Physics II
Optimization for LWFA Collider at IP

Xie et al (1997)

First LWFA Collider design
Collision parameter 

dependence
Collision energy 

spectrum

26
Physics under extremely strong quantum beamstrahlung regime  Υ ൐൐ 1   ሺthe shorter the bunch, the smaller Υሻ 



Collider Physics III
LWFA properties under multistage collider design

Fi t lti t d l f LWFA llidFirst multistage model for LWFA collider

27



Collider Physics IV
LWFA d l f llidLWFA model for collider
Stage accelerator matrix

Longitudinal dynamics

Transeverse dynamics

28
Cheshkov et al (2000)



Collider Physics V
Cumulative effects over multistagesg

Strong LWFA betatron oscillations lead to emittance degradation

29

Cheshkov et al (2000)



Collider Physics VI
Optimization for LWFA colliderp

Strategy of synchronous orbit operation

30



Collider Physics VII
optics of the LWFAoptics of the LWFA
collider stages

31
Chiu et al (2000)



Collider Physics VIII
Mi i i i f i h d WFA b ffMinimization strategy of emittance growth due to LWFA betatron effects

32Chiu et al (2000)



Etat de l’Art
HEEAUP 2005

1 M J

10  M J
LMJ/NIF

Wahoo

LIL100  k J

Laser Fusion
15MW

Linear Accelerator

m
pu

ls
io

n

1 k J

10  k J

LULI 2000
i  2000 150J/ 1Hz

Linear Accelerator
100MW

ne
rg

ie
 p

ar
 im

100 J

10 J

LULI

LULI 100TW

pico 2000 

100J/10Hz
Luli

150J/.1Hz
Jena

E

1 J

0,1 J

Commercial

104
10 210110 -110 -210 -310 -410-5

Taux de répetition (Hz)

104

G. Mourou (2005)



The bottleneck in highThe bottleneck in high--power power laserslasers isis
the average power !the average power !the average power !the average power !

Be ond Peta att means Kilo att“Be ond Peta att means Kilo att“„Beyond Petawatt means Kilowatt“„Beyond Petawatt means Kilowatt“

W. Sandner (2010)



Proposal to form a consortium to study high efficiency, high 
rep rate fiber laser system:

ICAN I t ti l C h t A lifi ti N t kICAN, International Coherent Amplification Network
“Solving the efficiency problem in high peak and high 

average power laser: an international effort”average power laser: an international effort
(Coordinator G. Mourou, submitted to the EU November 

25 2010)25, 2010) 

Now in a shortlist in EU (March, 2011)

35



Fiber vs Bulk lasersFiber vs. Bulk lasers

• High Gain fiber amplifiers allow ~ 
40% total plug-to-optical output 
ffi iefficiency 

• Single mode fiber amplifier have 
reached multi-kW optical power.
l b d idth (100f )• large bandwidth (100fs)

• immune against thermo-optical 
problems

• excellent beam quality
• efficient, diode-pumped operation

high single pass gain• high single pass gain
• They can be mass-produced at low 

cost. 

(G. Mourou)



Pump

SM Fiber Amplifier LMA Fiber AmplifierCAN (Coherent Amplifying
Network) Group

FA BPF

LMA Double-clad Yb-fiberIsolator

Yb-fiber

WDM

Pump
diode

PC

Network) Group

. FA AOM
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1:128

1:64
splitter

. .
.
.

.

.

.1:128
splitter

splitter

(Mourou)

~1-nJ ~100-nJ ~320-nJ ~1-μJ ~1-μJ ~1-mJ

+ ~20-dB
Gain

+ ~30-dB

Insertion
- 25-dB

Insertion
- 22-dB

Insertion
- 25-dB Gain

+ ~30-dB
Gain

+ ~22-dB
Gain

+ ~30-dB

(Mourou)

Stage I
(1 branch)

Stage II
(128 branches)

Stage III
(16384 branches)

Stage IV
(1048576 branches)

Stage V
(1048576 branches)

1-nJ 100-nJ 320-nJ 1-μJ 1-μJ 1-mJ



1 5 MW Fiber bundles (x100)1.5 MW Fiber bundles (x100) 
Because the transport fibers are lossless they will be assembled 
in a bundle just before the focusing optics. They will be

Electron/positron beam

all coherently phased.

Electron/positron beam

Transport fibers

~1mm

~10 cm

Length of a fiber ~5m      Total fiber length~ 5 104km (Mourou et al)



Nuclear Wake? PHENIX PRL 97, 052301 (2006)

2.5<pT
Trigger<4 GeV/c

1<pT
Assoc<2.5 GeV/c

3<pT
Trigger<4 GeV/c

1<pT
Assoc<2.5 GeV/c

Horner (STAR) QM2006

• BNL (and CERN) heavy ion 
collider: “monojet”
Co ld be ca sed b

PHENIX
0-12%

Au+Au 0-5%

• Could be caused by:
– Large angle gluon radiation (Vitev and 

Polsa and Salgado).

D fl t d j t d t fl– Deflected jets, due to flow (Armesto, 
Salgado and Wiedemann) and/or path 
length dependent energy loss (Chiu 
and Hwa)

near near

and Hwa).

– Hydrodynamic conical flow from 
mach cone shock-waves (Stoecker, 
Casalderrey-Solanda Shuryak and Teaney Renk

Medium
away away

Medium
Casalderrey Solanda, Shuryak and Teaney, Renk, 
Ruppert and Muller).

– Cerenkov gluon radiation (Dremin, 
Koch).

w y
Deflected Jets

away
Conical Emission

• Jet quenching: collective 
deceleration by wakefield?

LWFA th d M ld th d?
8 Aug 2007 ISMD                                    Jason 

Glyndwr Ulery
39

- LWFA method, or Maldacena method?



Wakefield even inside of a nucleus

Kelvin wake

All particles in the medium participate = collective phenomenon

Maldacena method: QCD wake
(Ch l /Y ff 2008)

Wave breaks at v＜cNo wave breaks and wake peaks at v≈c

(Chesler/Yaffe 2008)

← relativity← relativity
regularizes

(The density cusps.
Cusp singularity)

(Plasma physics vs.
String theory?)



Challenge Posed by DG Suzuki

Frontier science driven by advanced accelerator

compact ultrastrong a atto-, zeptosecondcompact, ultrastrong a , p

Can we meet the challenge? A. Suzuki @KEK(2008)



Theory of wakefield toward extreme energy 

2 2 2 2 2
0 0 0 02 2 ,cr

ph
nE m c a m c a

 
     (when 1D theory applies)

0 0 0 0 ,ph
en

  
 

In order to avoid wavebreak,106

107

V
) 1 TeV In order to avoid wavebreak,

a0 <  γph
1/2 ,

where104

105

ne
rg

y 
(M

eV

where
γph = (ncr / ne )1/2

101

102

103

E
le

ct
ro

n 
en 1 GeV

←experimental 

←theoretical

100

10E

1017 1018 1019 1020

(-3) Adopt:
2
0

2 ,cr
d p

nL a
 

  
  0

1 ,crnL a
 

  

Plasma density (cm-3) Adopt:
NIF laser (3MJ)

0 7P V0 ,d p
en  

  0 ,
3p p

e

L a
n


  

 
dephasing length pump depletion length

→  0.7PeV
(with Kando, Teshima)



Wakefield Acceleration for Compact EHECR

P.Chen.T.Tajima
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γ-ray signal from primordial GRB

(A
bdo, 

Energy-dependent 
photon speed ?
Observation of primordial

et al, 200

Observation of primordial 
Gamma Ray Bursts (GRB)

(limit is pushed up

9)

←
low (limit is pushed up 

close to Planck mass)

w
er energ

Lab PeV γ (from e-)

gy             

can explore this
with control

        higheer→



Feel vacuum texture: PeV energy γ

Laser acceleration → controlled laboratory test to see quantum gravity texture
on photon propagation (Special Theory of Relativity: c0)

Coarser,
llower energy
texture

Finer,
higher energy

c < c0

(0 1P V)

g gy
texture

PeV γ (converted from e- )
←(1PeV : fs behind)

← (0.1PeV)
1km



Attosecond  Metrology of PeV γ Arrivals

(Tajima, Kando,
PTP, 2011)

High energy γ- induced Schwinger breakdown (Narozhny, 1968)
CEP phase sensitive electron-positron accelerationCEP phase sensitive electron positron acceleration
Attosecond electron streaking
γ- energy tagging possible

Goulielmakis(2008)
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We may be simply driven by our ability to see !
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Light and weakly coupling
fields might evade detections 

Rest proton LC
LHC

RHIC

Log10(Energy Density) [GeV/fm3]

Strong coupling
Heavy m

High energy
collider 47

Homma, Habs, Tajima: to be published



Accessible subjects by highAccessible subjects by high--intensity lasersintensity lasers
① Laser-laser interactions: new particle search in vacuum① p

Laser-induced non-linear effect in vacuum ← Non-linear effect in crystal

Second harmonic generation

Birefringence

Higher harmonic generation

② Laser- interactions: non-perturbative aspect of vacuum② Laser- interactions: non-perturbative aspect of vacuum

48
( Homma)

QED tunneling Photon splitting (magnetor) QCD vacuum



Birefringence by QED in Birefringence by QED in eVeV rangerange
Euler-Heisenberug effective one loop action

])~(7)(4[
360
1 22

2

4






 FFFFLQED 

Euler-Heisenberug effective one loop action

e-
e+

O(10-42b) 

360 mQ

Refractive index depends on polarization relation

e+

1.42x106 J/m3

ELI(~200J per ~20fs)ELI( 200J per 20fs) 
can reach n~10-9~10-10

49( Homma, Habs, Tajima)



Phase contrast imaging of vacuumPhase contrast imaging of vacuum

Probe laser
0z z

ffpfpfp fp

)( )(

fpfpfp

),( 00 yx ),( yx 

Target laser arXiv:1006.4533[quant-ph]
K.Homma, D.Habs, T.Tajima

Phase Contrast
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Beyond photonBeyond photon--photon interaction in QEDphoton interaction in QED
])~(7)(4[1 22

2
 FFFFL  ])(7)(4[
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LQED 
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
  FFFF ~

QCD and low-mass scalar  and pseudoscalar  may change 4 : 7


Resonance in quasi-parallel collisions in low cms energy

If M~MPl k Dark Energy

√ｇ √ｇ


FFgM 1

If M MPlanck, Dark Energy
arXiv:1006.1762 [gr-qc]
Y. Fujii and K.Homma

Quantum anomaly
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√ｇ QCD-instanton, Dark Matterｇ mass m ｇ


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51arXiv:1103.1748 [hep-ph] 
K.Homma, D.Habs, T.Tajima
Accepted



Resonance production of light fieldResonance production of light field
-- how to reduce center of mass energyhow to reduce center of mass energy --how to reduce center of mass energy how to reduce center of mass energy 

Lorentz boost  2~0 ELorentz boost
ω

ω
~2ω

ω
 2~0 cmsE

2ω


ω
ω ω

•Frequency shift on the boost axisN f hift

Center of Mass System Quasi Parallel System

Frequency shift on the boost axisNo frequency shift

Low frequency photon in QPS is an ideal system !

•Lower Ecms by θ keeping ω constant 

20110413@Nagoya
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Kensuke Homma

Low frequency photon in QPS is an ideal system !



Degenerated FourDegenerated Four--Wave Mixing (DFWM)Wave Mixing (DFWM)
Laser-induced non-linear effect in vacuum <= Non-linear effect in crystal

 
Decay into 3ω can be induced by frequency-mixing.

y

+z
 

w0 3ω=2+2-1

 
Y. Fujii and K.Homma
arXiv:1006.1762 [gr-qc]
Submitted to Prog. Theo. Phys.

20110413@Nagoya 53Kensuke Homma
arXiv:1103.1748 [hep-ph] 
K.Homma, D.Habs, T.Tajima
Accepted by Appl. Phys. B  



HFS road to unknown fields:HFS road to unknown fields:
dark matter and dark energydark matter and dark energydark matter and dark energydark matter and dark energy

SHG
200J

/G
eV

] 200J
15fs

g/
M

  [
1/

QCD axion (Dark matter)DFWM

Lo
g 

g

DFWM
200J 1.5ns

200J
15fs
200J

Gravitational

200J 1.5ns(induce) 15fs(induce) 

K. Homma @ Bucharest
in ELI-NP workshop on 11 Mar, 2011

Coupling（Dark Energy)
p ,

54log m  [eV]
arXiv:1103.1748 [hep-ph] 
K.Homma, D.Habs, T.Tajima
To be published 



conclusions
• LWFA provides unique and new tool for a variety ofLWFA provides unique and new tool for a variety of 

applications
• Bridge between accelerator and laser communities• Bridge between accelerator and laser communities 

necessary-----a Bridgelab, ICUIL-ICFA collaboration
C llid h i i t l i it• Collider physics requirements: luminosity 
maximization,  small beam, large betatron, emittance 

ti t h h llpreservation:   tough challenges
• Driver laser for collider: a huge challenge, but 

possible technologies emerging
• Energy frontier with precision w/ a few shots possiblegy p p
• High field science approach: capability to explore 

undiscovered new fieldsundiscovered new fields
55



Centaurus A:

cosmic 
wakefield
linac?

Danke Schoen!


