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Intense laser, especially high peak power laser
Multi-photon process in atomic transition
Laser wakefiled electron acceleration

Laser driven ion acceleration and its medical
application

High field interaction with the energetic
guantum beam by the accelerator



10 TW Laser system in 80’s
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High Lase

* By packing some optical energy in a
ultra-short pulse, ultra-high peak power
can be generated instantaneously.

o Ultrafast high field science

N

Temporal power

Time Time Time

(Instantaneous power) = (optical energy)/(pulse duration)



Optical damage by self-focusing

T MOPA : Master Oscillator Pulse Amplifire

g Laser - Laser R
& 0SC Amp. g
B I

, peak power
ith a small energy

Ultra-short
Pulse OSC

\X\Refractivity: n=n,+n,I(x]) * y  Self-focusing - Optical damage
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Optical intensity 1(]x])
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Stretched with grating pair Pulse compresstion
-> pulse stretcher with grating pair

N\ \

High Peak Power Generated!

Pulse Stretcher Pulse Compressor
Short Laser
Pulse .
0SC Amplifier
= A ..
E A principle of CPA
A
|
'\ y 3 | 9 >

Time
Transition of Pulse Shape

Strickland and Mourou, Opt. Comm. (1985)
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10TW class CPA laser in Osaka Univ. 2004
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Fig. 1. Increase in peak power and focused

irradiance of small-scale (area, 1 cm?) lasers.



KPSl in JAEA leaded the ultrashort
high peak power laser
development

e TO00TW, 10Hz Ti:sapphire laser
K. Yamakawa, et al., Opt. Lett. (1998)

e Single shot type1 PW., 20fs Ti: sapphire laser
M. Aoyama, et al., Opt. Lett. (2003)






Amplitude 200 TW commercial machine

Propulse 15 200 TW LASER SYSTEM, INRS: OPTICAL LAYOUT

Propulse 16
Propulse 14 - . < =
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10 PW-class laser LFEX
in ILE Osaka Univ. LFEX for fast ignition in ICF




If 1TW laser pulse is focused,
what happens ?

1 trillion watt
= 10'8W/cm? (2. 7x1072y/m)

10 micrometer area

Coulomb field Zigzag motion

in a hydrogen atom Center of Sun (quiver motion)

Wz

E(t)=E,sinmt

electron

-e Nucleus
\A \\ -e electron
dp:Bohr radius \
e/ag? 5.1x10'V/m Central Temp. :15 million K Kinetic energy
Black Body Temp:cT# Up: 100keV (A: 1um)

16 2
3.5x101%W/cm 2.9x10YW/cm? Velocity ~ c¢/2



*Normalized vector potential:
a, ~ 0.8 X 10°( I[W/cm?])%->A[um]
I: Optical intensity. A: Wavelength

Ex. When we focus 1 TW to

Zig-zag motion affected by the magnetic field.

E(t)=E,sinwt v v v

00 05 10 15 20 25 3.0

Longitudinal displacement (um)
14

10 um size, S — a]
18 5 = - ay 3
| becomes 101¥*W/ecm? > a,~1 = — 2,03
a,>1 & ’ |
- Electron motion becomes § \
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‘ T. Tajima and G. Mourou, Phys. Rev. ST Accel. Beams 5 031301 (2002)
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Multiphoton lonization ?

lonization Energy

6 Photons Absorption

Energy of Photoelectrons
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Coulomb Potential

Ground State



Multiphoton lonization of Ne Atoms
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High Harmonic Generation with Multiphoton lonization

Keldysh parameter: y > 1

Above Threshold lonization

13th Harmonic

13 Photons Absorption :
Generation

—

Coulomb Potential

Ground State

lonization Energy




K. Komdo uxo. Plys. Rov. A49 3881 (1994)
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Higher harmonics generation
with a plateau in the spectrum
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Harmanic Mumber

In 1991,Stanford Univ. group has observed
over 100% order harmonics with TW Ti:S laser.



lonization Energy

Tunneling lonization

Keldysh parameter: y< 1
— lonization Time < One Cycle

Ground State

Suppressed Coulomb Potential

-------- Lo >0

Tunneling lonization



High Harmonic Generation with Tunneling lonization
Two Step Quasi Static Model by Corkum

P. B. Corkum Phys. Rev. Lett. 71, 1994 (1993)
15t Step: Tunneling lonization

2nd Step: Classical Motion in Optical Electric Field

Electron Excursion
x >> (Bohr Radius)

<
>
Returning Electron Recombines
% to Ground State with Radiation
|

D High Harmonic Generation



Nonlinear QED: E-e-\_=2mgc’

Av, : gain bandwidth
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o : transition cross-section
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Electrons can be accelerated
‘ > 1018 W/cm? ‘ by laser wakefield .

Wakefield

«— —

|

Ejection of electrons
by a ponderomotive force

T. Tajima and J. M. Dawson, Phys. Rev. Lett. 43 267 (1979)

>10 GV/m
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SPrlng -8 LINAC was used for calibration

| Length: 140 m
_Electron Energy: 1.2 GeV




Imploding Laser
Gekko X1l Laser 6 beam

Cylinder shell target

o

Collimater

Magnet pair

Length of Plastic cylinder : 3 mm
Imaging Plate

Electron Spectrometer




Electron energy spectrum

. 19 3 N. Nakanii et al., Appl. Phys. Lett. 93, 081501 (2008)
Electron density at the center: 2.7 X 10'° cm To be published in Phys. Plasmas

—Signal —Signal
Noise Level Noise Level

200 400 600 800 1000 1200
Electron Energy [MeV] Electron Energy [MeV]

Above 600MeV 3.6 X 10 cm™ 400MeV
electrons generated 4.2 X 10% cm3 350MeV



GeV electron beams from a

centimetre-scale accelerator

W. P. LEEMANS'*', B. NAGLER!, A. J. GONSALVES?, Cs. TOTH!, K. NAKAMURA'-2, C. G. R. GEDDES',

E. ESAREY'*, C. B. SCHROEDER' AND S. M. HOOKER?

"Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, California 94720, USA

2University of Oxford, Clarendon Laboratory, Parks Road, Oxford 0X1 3PU, UK

3Muclear Professional School, University of Tokyo, 22-2 Shirane-shirakata, Tokai, Naka, Ibaraki 319-1188, Japan
*Also at: Physics Department, University of Nevada, Reno, Nevada 89557, USA

te-mail: WPLeemans@Ibl.gov

Nature Physics 2 696 (2006)
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High peak power laser can derive the energetic protons

2 10000
=
~ 1000
2
«w 100
S
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Proton Spectra
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0.1
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Proton Energy (MeV)

Integral Joules Above E

PW laser with plasma mirror
M. Perry et al. Opt. Lett. 1999

Second grating

Fig. 2. Pulse compressor and single-beam target chamber.

R. Snavely et al. Phys Rev. Lett. 2000

VOLUME 85, NUMBER 14 PHYSICAL REVIEW LETTERS 2 OcTtoBER 2000

Intense High-Energy Proton Beams from Petawatt-Laser Irradiation of Solids
R.A. Snavely."? M. H. Key.! S.P. Hatchett,) T.E. Cowan,! M. Roth.>* T.W. Phillips,! M. A. Stoyer.,! E.A. Henry,!
T.C. Sangster,! M. S. Singh,! S.C. Wilks,! A. MacKinnon,! A. Offenberger,** D.M. Pennington,! K. Yasuike>*
A.B. Langdon.! B.F. Lasinski,! J. Johnson,® M.D. Perry.! and E. M. Campbell!
! Lawrence Livermore National Laboratory, University of California, P.O. Box 808, Livermore, California 94550

~ 60 MeV proton generation

Fast ions

Laser

Electron
Blow-off cloud

TNSA




Particle beam cancer therapy do not require
surgery treatment

Medical innovation

70y.0. Male

Gingiva ca. SqCCa Proton 65GyE/26fr/5.2w

T4NOMO

7

\

5 Months after

e
Before




Development of laser driven cancer therapy machine
at Photo Medical Research Center (PMRC) in JAEA

OBy using a ion beam generated with high peak power laser
We can make a compact ion beam cancer therapy machine.

100m Over 100 M US$
for construction

It can be set at a comparatively large hospital.

~10 M USS for construction

30 K USS (advanced medical technology)
> 10K USS (1.73)
If Health insurance support = Patient’s Fee 3 K US$




Laser driven cancer therapy machine:
Setting up in Japan with a usual type

8 places | ion beam cancer therapy machine

Innovation
10 years after now

Additional

JaC/A ) .

o Laser driven ion
L IR Beam cancer therapy machine

%%O 7 O%OO At any time, for any body, at anywhere

Tk High QoL * Quick social rehabilitation
* Medical treatment as an outpatient




Interaction between the optical high field
and the thin solid target for psec and fsec pulses

ELEIMNNM  Thin foil target fsec thin foil acceleration

um in thickness
T, ~ (y—1)m_c? :Electron quiver energy

- o

psec fsec Laser
Laser Thin foil

a2 T In((rooo/Ap)+1))
lonization — Plasma formation ax = spot/ ©*D

Electrons Electrons Ex. M. Nishiuchi et al.
Phys. Lett. 2006
Protons Heavy ions

t electrons pul| protons
Quasi neutral plasma
bt/
electrons

protons J

Non charge neutral plasma

ons Electrons

° ->Protons
(Test particle)

Acceleration field
dynamical ly chan

l Stat|c acceleration field

N

electrons

Ex. J. Fuchs et al.
Nature Phys. 2006

Ernax~ 2 T [In(w t+((w,t)2+1)°5)]2 hcceleration length~r .,

protons

E
i




Problem remains to be solved for the application
of ultra-high intensity lasers in high-field physics

v Principal issue with multi-terawatt laser experiments
Modern Ti:sapphire chirped-pulse -

amplification (CPA) lasers reach A\ \deal pulse
o | Vi

However, in the laser systems, a 1
background of the amplified
spontaneous emission (ASE) can
generate unwanted plasmas before
the main pulse arrives on the target.

v' Objective

Plasma generation threshold i

To develop E X :

laser supporting multi-terawatt power 1010 e e

. - . 2 3 4 5 6 I

level with an OPCPA preamplifier in 1 10 10% 10° 10 10> 10° 10
Ti:sapphire laser system Time [fs]

5

1016 | — ﬁ
D
..""""

1014 |

1012

Laser focused intensity [W/cm?]




*Making higher contrastby Double CPA
O N

nd high power OPCPA frontend
H. Kiriyama, et al., Opt. Lett. (2008)
| o
0.1 .
'_"r.a 'ﬂ
0.01 Fi i
—n gﬁl.; |I| I',
3 =3 Saturated OPCPA | Z 02 J_al :'a
=  1E-4 i |
= e T
2 1E-5 ;
o
S 1es |
M
.‘ r "f .
£ {hotd
' MNon-saturated OPCPA
B9 Lo o o o v ——
-40 20 0 20 40

Delay [ps]

Fig. 3. (Color online) Temporal contrast of the amplified
pulse. Inset, recompressed amplified pulse intensity
autocorrelation.



With booster amplifier, the contrast ratio is larger that 101°

1

107 § | — without pumping FA
10-2 @ with pumping FA (~10 J)

10
10
105
10©
107
16+
109
1(Q-10
10-1

10-12
-500 -400 -300 -200 -100 O 100 200

Intensity [a.u.]

Delay [ps]
May 15, 2010 / Vol. 35, No. 10 / OPTICS LETTERS

High temporal and spatial quality petawatt-class
Ti:sapphire chirped-pulse amplification
laser system

. . o L a s doso L . 1 .1 . 1 1 1 1
Hiromitsu Kirivama, ™ Michiaki Mori,” Y. Nakai, T. Shimomura,” H. Sasao, M. Tanoue, S. Kanazawa,

D. Wakai,' F. Sasao,! H. Okada,' I. Daito,' M. Suzuki,' S. Kondo,' K. Kondo,' A. Sugiygma.'
P. R. Bolton,! A. YDkG}’HlTlﬂ.l H. Daido,' S. Kawanishi,! T. Kimura,? and T. Ta]'imaJ
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M. Nishiuchi et al., JAEA

Experimental Setup

m TOF spectrometer

1/e2 15um x 7um




M. Nishiuchi et al., JAEA

Al Thm foil target shot

Up to 8MeV

Proton [1/msr/MeV/shot]
=)
Proton [1/msr/MeV/shot]

m e |
) v MWWM% ]\W\WIW\/ . WWMIWWW
IR éEnergfs [Met]: W16 18 20 2 4 éE ;'3 y 1;2/] 416 18 20

Up to 10MeV

Proton [1/msr/MeV/shot]
Proton [1/msr/MeV/shot]

2 4 6 8 10 12 14 16 18 20
Energy [MeV]:




Proton number keeps almost same level

Proton number [1/msr/MeV/shot]

10°

10°4 \

10’
10° 3
10° 4

10° 4

1033
10° 4

> 10° protons/msr/MeV/shot
with 3-4 J on Target

8 10 12 14 16 18 20
Proton Energy [MeV]

M. Nishiuchi et al

., JAEA



Spatial distribution measurement

(CR-39 stack (Al 2um))
& Determination of Max. energy

Measurement available up to 20MeV
Al 13um CR39 RCF

Magnetic slider £ |
For CR-39 stack
" measurement

A port | 777 N "\
:toward TOF ) | ‘

" M. Nishiuchi et al., JAEA



Beam pattern measurement for 2um Al target

1#H (100um CR39)  2#%xH (110um RCF) 3% B (100um CR39) 4%t B (110um RCF) 5# 8 (100um CR39) 6% B ( 110um RCF)

4.5~5.4MeV 5.4~6.4MeV 6.4~7.0MeV

7B (100um CR39) 8% H ( 110um RCF) 9% B (100um CR39) 104X B (100um CR39) 11# 8 (100um CR39) 12#% B (100um CR39)

4}

il 9.4~9.9Mev " }9.9710.5MeV

154 B (100um CR39) 1644 B (100um CR39) Etch pits at the rear side of 16" CR-39

13#2 B (100um CR39) 14%tH (100um CR39)

| 11.8~12.4MeV" | 12.4~12.9MeV" | 12.9%13.4MeV | 13.4%13.9MeV |

Half angle ~5deg

M.Nishiuchictal, JAEA Max. Energy is 14MeV



How much accelerated energy is required?

Stopping rage of proton for water

10

=

Range in Water (cm)

0.01

Proton Energv (MeV)



How many protons are required for killing tumor cells?

Let us assume 10Gy for killing tumor cells
10Gy=10J/kg > 107 2J/g > 10~ ?%)/cm?3

1 cm size tumor/10MeV
(When proton stops, the energy is decreased to ~10 MeV.)

- 1072 /107 eV-> 6 X 10° protons

Patients stay only during ~10 min. =600 sec
Then, 1cm tumor: ~ 107 protons/sec

Even for 1cm tumor, at 10 Hz > ~10° protons/shot
at 100 Hz - ~ 10~ protons/shot




Proton number is enough at sub 10 MeV!

~10° protons/msr/MeV/shot at sub 10 MeV

AE is assumed to be~1MeV
Half angle: 5 deg - 24 msr

N2

2.4 X 10° protons/shot with 102°°W/cm?
It is comparable with ~10° protons/shot for 100MeV

If this condition is repeated with 10 Hz,
10 min exposure gives 10 Gy on 1cm tumor
just under the skin !




M. Nishiuchi et al., JAEA
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Optimum thickness for the J-KAREN at this moment is Al ~2um

Plasma mirror system has to be installed !
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Max. Proton Energy (MeV)

100

10

Max. Proton energy increases
as a function of laser intensity

Cancer therapy
Fast Ignition
Physics in HED

SRELENBUE D01 B L B R R B R R R

~ With Comparatively .~
~ TLLNL, USA Large Laser system, - - @ @ Niche therapy
= 2RAL, UK 7 i
| s 0L France R ) s % | Eye diseases

4CUOS, USA S, 0@ __ ~¢”
L— SILE, Japan ! ® ~-- - =1 Useful iIsotope production
= °LOA, France LT - % / = i i
E P, Germany 3et-- K =l PET isotopes, Nuclear Physics
= SCRIEPI, Japan s ® it 2
[ 9TokyoTech, Japan R4 0@ P 7
~  10MPQ, Germany //’ P -
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L 11)AEA, Japan 2~ (8] ilg R P |on implanter
E L7 ®0 ¥ - =0 Injector for accelerator
L // @/// . . u
B )/ o P With Comparatively -] -
' _ - Small Laser system Modified from

= \ - -1 M. Borghesi, et al., (2006)
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Laser Intensity (W+*cm2=um?)



Coherent Acceleration was demonstrated
by MunChen group (from Tajima, Habs, Yan, Rev. Accel. Sci. Tech., 2009)

CAIL (Coherent Acceleration of lons by Laser)
—> Radiation Pressure Regime (Laser Piston) by proposed Bulanov and Esirkepov et al.

- ~e= .. lin.
--:: %. H circ
Laser > AN . lin
(circ. pol.) 9 : 5 e &
lons é 10 * o '.a_;l;_ SIS
> | B R
%o 2 .L ...... ]
5 | & )
5 A
Electrons = . :
a0~0 O 5 10 15 20 25 30 35 40 45 50
o= (nel ) / ( nc)\) Target target thickness (nm)
Current is power-law, characterized by a:coherence parameter 0.7 J Ti:S with Plasma M

T 2.9-40 DLC
J(E)=—3,(1~E/E,,)" A

Smax.i — {2{1 + 1} Q Ig

By Tajima-sensei’s Power Point




Other approach for getting enough ion energy

Y. Fukuda et al. Phys. Rev. Lett. 103

Cluster target 165002 (2009)

Cluster

At present, conversion efficiency is low.
We need more studies for using this method. Max.18 MeV/u was achieved with
only 150 mJ Ti:S laser!




200MeV-class ion can be generated with 100 TW-class laser

Y. Fukuda et al. 31st ECLIM ¢ 6-10 September, 2010 - Budapest, Hungary .’
300 ¢

200 |
100 |

LR
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>
s T */ /
Qv
= 10 =/ ‘
& 2 Cluster target T
) - :
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v = :
_5 Ions V\\
< LlE = oo /
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1
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"\\Cluster ‘/ Thlgn foil (TNSA)
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Laser intensity (W+*cm2=um?)

100TW to 10um size > 10?°W/cm? = 200MeV/u can be reached ! 49
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T. Nakamura et al., Phys. Rev. Lett. 105, 135002(2010).
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10%2 W/cm? was achieved in 2004 at Univ. Michigan

December 15, 2004 / Vol. 29, No. 24 / OPTICS LETTERS 2837

Generation and characterization of the highest laser intensities
(1022 W/cm?2)

5.-W. Bahk, P. Rousseau, T. A. Planchon, V. Chvykov, G. Kalintchenko, A. Maksimchuk,
G. A. Mourou, and V. Yanovsky

FOCUS Center and Center for Ultrafast Optical Science, Universify of Michigan, Ann Arbor, Michigan 48109-2099

(@) (b)

We have demonstrated that bv focusing a 45-TW
laser beam to a spot size of 0.8 um a record peak infen-
sity of 1 ¥ 10°° W,/cm* can be reached. To obtain such
() (d) a tight focus with an excellent Strehl ratio of 0.9 we use
an /0.6 paraboloid and correct it bv a 96-actuator de-

formable mirror,  Applications for such high intensity

o ™ b
- ‘vrw-' a®

Fig. 3. (b), (d) Comparison of focal spot calculation and
{a), (c) measurement with a 12-bit CCD camera at the regen
level. (c), (d) Before correction: (a), (b) after correction.
(b}, (d) Calculated by use of measured phase and amplitude
profile after focusing.
51



V. Yanovsky, et al., Opt. Express 16 2109 (2008)

Here we rep the upgrade of the HERCULES laser to 300 TW output poweq at 0.1 Hz
repetibion rate. To our knowledge, this 15 the first nonlb-100TW-scale laser at hugh repetihon

rate. By using adaptive optics and £'1 parabola we
focal spot comresponding to mprecedented mtensity

n%—ei 107 Wiem® |

beam mtoa 13 p
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During At:1.3 X 102! sec
The energy state cannot be determined!

Rest mass of electron
AE=mc?: 0.511 MeV E

Characteristic time determined m¢
by the uncertainty principle
At=h/AE: 1.3 X 1021 sec —me

X, Y Z

Moving length during At
Ax=c At=390 fm
- Compton length
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When we assume E, is the electric field, in which the
energy of electron becomes mc? during Ax

acceleration. ,
eEoepAX =mC

A pair creation might happens under ultra-strong
electric field!
m-c

Schwinger field : Eoeo = o 1.3 X 108 V/m
e
Ax

Ex. [ ——@
1018W/Cm2 9 2.7 X 1012V/m Laser field: Eqep

= Z
eEqepAX=mc



Property of laser light: Good coherence of time and space

¥

Concentration of optical energy in time and space

¥

Ultra-intense optical high field can be generated !

SOVIET PHYSICS JETPF YOLUME 139, NUMBER 2 AUGUST, 1964

QUANTUM PROCESSES IN THE FIELD OF A PLANE EL ECTROMAGNETIC WAVE

AND IN A CONSTANT FIELD, I

1. INTRODUCTION
A. 1. NIKISHOV and V. L. RITUS

Lebedev Physical Institute of the Academy of Sciences of the USSR THT‘: H"-"H.ﬂﬂhi]il]r' of powerful light beams from

lasers offers in principle new possibilities for
investigati rar : ocess. The
J. Exptl. Theoret, Phys. (U.S.8.R.) 48, 176796 investigation of various quantum pr
study of quantum effects 1n a very large eleciro-
magnetic wave field should make it possible to
o s . obtain new information on the nature of the inter-
A. I. Nikishov and V. I. Ritus,

actions of the particles participating in these
Sov. Phys. JETP 19 529 (1964) processes. The dependences of these processes

Submitied W JETP edilor July 30, 1963



In 1997, 2 step multi-photon Breit-Wheeler process has
been observed at SLAC

D. L. Burke, et al., Phys. Rev. Lett. 79 1626 (1997).

46.6 GeV Electron beam
- 29.2 GeV y-ray
(Inverse Compton scattering)

=
=
T

Pl +PCAL
, “-rnns i NE, NE
Pee jl / otons

__ _Photon
7 EC37—2 .
/ scattered [ ~ 455 Geve >

dur'ﬂp magnet 009 0.1 02 0.3
1 at laser focus

Laser‘ |ntenS|ty:1.3 X 1018 W/Cm2 FIG. 5. Dependence of the positron rate on the laser field-

strength parameter n when the rate 1s normalized to the number

no of positrons / no of Compton scatters

f Compt tters mferred from the EC37 itor. The solid
9 ao~0.36 Wavelength 527 nm Ene ?gq;h{;n;%i?;on ehI:seed s:?rrlnth: nmnerriléglmiﬁ:egmtfcjf :_:f

the two-step Breit-Wheeler process. (4) followed by (2). The
9 Y ~ O 1 dashed line represents the simmulation for the one-step trident
Y ' process (3).

Trident process: e+nho—>e+e” +e*  Nol

2 step Beit-Wheeler process: €+ niw, >€+how  ho+nho, —>e" +e-  Yes! »



50 GeV Linac in SLAC
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Inverse Compton scattering

Photon 7w k Photon i®' K

=)

—
o .\
E

Electron e~ E, v (p) lectron e~ E', p’

Pair creation by photon-photon interaction

Photon 71w k Photon @' —y

. ¥
L) :’ I’Ql
8, d, sew o8
. f‘ sen o8 ’:
:‘ sen ¢ %
f‘ ses o8 " .
LIRS ) 0=

Positoron et E, —v (—p) ‘\

— U U
lectron e™ E', p
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Invariant parameter Y

en L\
Electron—Photon Y = 38 \/<(FW P ) > Eoeo =

ho E ho
y-ray—Photon Y, =2a0( ha)z j{ . ] =2 ][ . ]
mc® A mc Eoep A MC

Y =1, the interaction becomes effective.

ex. 102°W/cm? at 0.8 um and 1GeV y-ray
> Y, ~0.08
At SLAC experiment, 10'¥W/cm? at 0.53um
and 30GeV y-ray
- YY ~ 0.2



Pair creation cross section by pertubative non-linear QED
for the interaction between the optical high field and y-ray

o = 27N 2 [ a [ 2 3%(2)+(2u —1)(J2n1(Z)+J2n+1(z)—232n(z))J

Y g u\/u(u—uno) a,
_ (kk')’ < ' _n 2m2(1+a2) m2(1+a2) 2a(1+a2)
U aa)) wew) T YT ew Y

2 2
7 = 48, V$+a° /u(un —u) Here we assumed head on collision.

SLAC experiment Extremely high field
ho of optical field 3.52 eV 1.55 eV
he of y-ray 99 GeV 2 GeV (Still SPRing8 Inv.
Comp.)

optical field Int. 5X 101"W/cm? 2.5 X1022W/cm?

a, 0.32 100
¥ — 22, (h)(e)

(me*) 0.17 2.35

Head on collision
case
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SLAC experiment Extremely high field
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Simple questions by a laser researcher

e AE~1 MeV corresponds to At ~ 102! sec, which is the
time scale of vacuum beak down.

The frequency of 1GeV y —ray is ~10%4Hz
The frequency of 0.8um laser light is ~101°Hz

- When the optical field interacts with the vacuum,
dose the optical field interact with the vacuum as a
photon quantum?

e Rather interact with the vacuum as the DC electric
field?

* |If so, we need not treat this interaction as the multi-
photon process.



Frontier study by fusion of laser and accelerator

Laser: ex. High average power
High peak power

Accelerator: ex. High efficiency
with ERL

*Photon collider

*Bright g-ray source

" Interaction between ultra relativjstic high field and
quantum beam from high energy\accelerator




PIF 2010 has been held this Nov. at KEK
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http://atfweb.kek.jp/pif2010/



Sooner or later, the experimental
study with the GeV-class
accelerator and the PW-class high
peak power laser could be
exciting!



