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,',',‘: Background

Once ATF2 has accomplished its primary goal

 ATF2 provides highest quality GeV electron beam

e Techniques experiences of laser technologies with
electron beam

| > new possibility

e In previous ATF/ATF2 meeting

| > - up date of laser-physics
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« JFY 2008
— Budget proposal to JSPS but not successful

e December 2008

— started discussion to organize new working group
. making attractive scenario(solid +exotic)
. making reliable project plan

« March 2009
— Visited UK to discuss possible plan

« JFY 2009

— first local meeting at KEK April 22
— Second meeting May 27
-, .third one will be in July

T.Takahashi Hiroshima



,','E from meeting on Apr 22

Status of Intense laser technology
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In Japan )
+ 100TW, 10HzF BV H D74 TL—H— 23 H K HERCULES L—H—
K. Yamakawa, et al., Opt. Lett. (1998) 300TW /0.1Hz

e UG LY IYRTIPW, 20fsFALHT7A T ~102W/cm2MD EFRE
L—H—

M. Aoyama, et al., Opt. Lett. (2003)

ICUIL 2008 Tongli (China) Qcleber 20k 2008

>10%2W/cm
can be an
assumption
for study
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[ggg;gfﬁ . Hawking /Unruh Radiation
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:

Hawking radiation

Black Hole

http:/ | photon.qm.adsm.hiroshima-u.ac,jp



ml;i:cnsem Hawking Radiation for
Laboratety, accelerated observer

Black Wall constant proper acceleration

3
d = 7/ aIab

http:/ | photon.qm.adsm.hiroshima-u.ac,jp



1n . L .
1 Discussion is sill on going

e Unruh effectis

both view is correct,,,,,,, not just a QED phenomena
Important test of fundamental physics,

physics in acc. system
lab. test of Hawking effect

e toward the experiment

e  previous calculation used some unclear assumption
 not 3-dim calculation
e acceleration in the laser is not constant or infinite time
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- Experiment for Unruh radiation

T.Tauchi

Accelerating
Electron

/ Facilities at KEK

Nanometer electron beam at ATF2

Background

Radiati

adiation 1.3GeV energy

Unruh 37nm vertical beam size at IP
Radiation

4——__ Polarization Ultra-intense Laser beam in future

Filter

W\Mtur A = Tum

intensity >10%2W /cm?

Schematic Diagram for Detecting Unruh Radiation

o
AL

12 A conceptual design of an experiment for detecting
the Unruli effect.



Parameters of Unruh radiation with Backgrounds

Formulas by P.Chen and T.Tajima
P. Chen and T. Tajima, Phys. Rev. Lett. 83, 256 (1999)

critical Larmor | Unmh | Unrub/ —
proper time  radiation radiation Larmor
Unruh radiation only at ATF2
T=2n0/A @x/3) (12/1) rhea
) Thcdy Larmor Unmh
=2/ 8gws mC AW |y t0p(ay )t E. Ya KTy . B - — Unruh rad/KTy,
(y=a5 ;
g eV eV GeV eV eV | ev n,/e
MNew ATF2 BAIE-17 1.39E+02 548E-02 3.95E04 1.3 2644 3.03.E+04 B.EEEH]E\!.HEIEH]E 45]5!]3]
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pacmm POl oy B E)  x=dBhw o |- (2B, /mO) ) =4RDE g [ o
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—2yzhw Do X¥(xtl) —drehu
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New ATF2 0.746 0.01  1.24E-02 1.59E+01 0.02 2. ATE-02 3.13E+01 5.5BE+02
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Laboratory, -

Advance d S¢Iences o f Matter
|

another aspect of intense field

probe to pick up
effect of vacuum
polarization

vacuum polarization
not well tested In

macroscopic scale ~um

~ http:/ | photon.qm.adsm.hiroshima-u.ac,jp



cosmolgeal ' Vacuum we have probed so far

observation

g: Small
M: 0
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Birefringence by QED and others

Euler-Heisenberug effective one loop action

qéﬂ“ A(F, FAY 2 1(E, FY ] = 22 (B = B + 7(E-B))

.H'l- Al
45 m

Refractive index depends on polarization relation

hort distance B +£af U . 28 a’U
s, Tt as o,

EEO:O{W%}
e+ [/ _.iﬁ' f. ﬁ = 1 42}(105 le,r“m?_ E. B Aleksmudrov, A A Auwsel'ns, and A N, Moskalev, Sov

Fhys JETF &3, 6RO {1985)

Angegp~a?m*e  e~1[J/ pm®] — An~10-"
.ong distance

W,
u If light scalar ¢ and/or pseudo scalar ¢ are hidden in vacuum,
it may couple to photons
0| o #F, F*") o(F,F")
It would change the balance between 15t and 2" term,
oy, that is, the polarization dependence deviates from QED.

2009/05/27T@KEK Kensuke Homma 6



If we could manage to realize wire shape in vacuum

—~3mm

IDiffr'action

Angep~a*mte  e~1[J / um3] — An~107!!

. O/O

2009/05/727T @KEK Kensuke Homma 18



How to extract small phase retardation ?

Fraunhoffer diffraction at an infinite distance can be obtained
by lens at a short distance.

y Lens

[L . > W(XaYo) w(Xs,y4) W(X2,Yo)
| p

(AREE
d f

‘?y(ahfnﬂﬂq) :::(%fj_:}?:{yftxﬂuyﬂ)}

The diffraction pattern at the focal plane corresponds to
Fourier transformation of input shape of a refractive medium.
2009/0527T@KEK Kensuke Homma 12




CXPErimertidal setup
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,','E Summary

e ATF2 beam + intense field

* high quality GeV electron beam
 laser technology
— optical cavity with electron beam

e needs

 next meeting July (probably July 14)
» electron interaction in intense field  Bulanov JAEA
» Status of theoretical calculation for Unruh effect
 status and prospect for experiment

o test experiment TW laser + 40MeV e-

T.Takahashi Hiroshima



What can we discuss from macroscopic
vacuum under a strong electromagnetic field?

K,Homma
Birefringence via y—y scattering with photon probes:
* Higher order QED and possibly QCD

o Effect of hidden scalar field
(Extra dimensional effect etc.)

« Effect of hidden pseudo scalar field
(Axion type particles)

Physics of accelerating field with electron probes:
« Classical scattering such as Larmor scattering

« Unruh radiation (analogy to radiations from a black hole horizon)

2007/12/14 International Workshop IEI2007 19



Experimental test

Measure instantaneous variation of refractive index
In Electro-Optical crystal by external electric fields.
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Requirement to Laser

Intensity

> 1042 W/cm?

Wave length > 1 um

>tanding wave with linear polarization at |F

for larger a°, U

Lamor rac

nruh radiation « (a°)3

lation « (a°)2

Note : beam size at ATF2-IP, ox=2.8um, oy=37/nm
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