





Effective coupling to photon

Our targets and table of contents

m(a)= meV - 1MeV (10° wide range)
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Our target is just below
thermal production 10MeV

No rigid model exits except for
axion for such a light region :
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Introduction: Why is light used?

The Higgs Boson is discovered in 2012 at LHC

Discovery of the Higgs boson shows that

our vacuum is filled with the strange

qguantum field (in pool with Weak charge)

Higgs field is hidden in our vacuum.
We collide gluon and gluon
then excite this hidden filed.

This is the Higgs Boson. Photon can used instead of gluon.

Energy
Energy is given to the vacuum

by gluon or W boson collisions
at LHC

—

Space* time

—

Higgs field hidden
in vacuum

The energy excites the field.

Energy
Exited state =

The Higgs Particle

Space-time



Various fields are hidden in our vacuum

Energy scale

1034 K
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Corresponding wave length

—— 103" m
Planck Scale ?
GUT field —
Discovered = 10%’m
Virtual eIectm.P_
Higes Field are occupied
58 10°Ym
QCD Field 0 A
QED Field| | 7 V| H-
<>
107 m
Dark Eenergy ?
Axion Dilaton ? —

Higgs quantum
filed

gamma-ray

X-ray
Visible light

Microwave

Photon has a good potential to survey these
fields, because of spin and property of anti-. 5
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Wide range of Light Sources are developed/used

meV(THz) eV (Laser) KeV (X Ray)

SACLA=Spring8

\ |/
-y‘\(-

Various combinations
of these light sources
cover various ECM for survey

Gyrotron + FP resonator
E>100kW 107%° Photon
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. ] Facility is big,
Rule violation? But the experimental setup/hall

- bk - ». Light Shining through
e : > Walls (LSW) @
Spring8

| hope
Clear !!

WWT41LT18855L-WN



Particle Physicist View: Collider at various ECMs

1) X-ray + X-ray ECM~ 10keV

2) Visible Laser + X-ray ECM ~ 100 eV

> ~1 meV
; -]O’“-C‘A‘SI“‘“ ------g.-;‘-'/-"-/--f:---- .....'. .............
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Laser+Magnet




What is QED background?
Non-linear effect of the vacuum

Photon does not couple to photon itself.
! ! But virtual electron-positron pair exists
in our vacuum. (This is the QED vacuum)
e Photon-photon scatter through this loop.

It is BG for hunting of a new field.
but It is also a very interesting target
Nobody see yet (ATLAS report recently)

do 139a* (u,‘ )“ (3 + cos? 6)?

it — = —— . CoOs™“ I~

QED prediction dQY  (180m)?m?2 \m
This process is seriously suppressed by a*and highly suppressed by electron mass mé.

The expected cross section 0=1.8 X 107° [m?] for w=eV Too small!!

Enhanced by 24 order of magnitude for 10KeV X-ray comparing to visible lights.



Particle Physicist View: Collider at various ECMs

4) Positronium

QED

.....................................

0 :i 21 6

QED BG is serious
for Vs > 100 KeV

Positronium is e* e bound state
Ps is et e- collider
(Low energy limit)

, TeV region
Log M (V) LOg(ECM) 14TeV-100TeV
Thermal gq collider
Photon collider ee collider WIMP can bé

< > <:> covered compleéy:>
arXiv:1901.02987




1] Vacuum Magnetic Birefringence with Pulsed B vS~1meV

QED vacuum View

virtual e*e-

Incoming
Light

outgoing
Light

O Magnetic Field B

New Physics =
ALPs %
- =« P == 2‘
E
Incoming outgoing 2
Light Light &
Q0
=
=3
>
o
O

D

Magnetic Field B

Refraction index n changes on the
direction of the magnetic field B
(Birefringence) -> Polarization is affected.

An =n;-n; =k, XB?
K or=4.0 X 1024[T2]

- Evidence of

QED vacuum

102 LPS A
3 > IpviasL
107°E :
10.5=? 3 / /
10"’2?\ //;

: ; Predicted limit

E;—J: \\\ s IT predicted (QEU
ool vd ool Valugisobserved
107* 107 1072 107

midass[eV]

PLVAS try to
discover VMB
Signal? Noise?
is observed

Sensitivity to Axion Like Particles




OVAL experiment at U. Tokyo

L: Light path length

Pulsed Magnets Concept View

Sensitivity An o B2l

Target spec
B 15T Detector
L=0.8m
0.1Hz | Ve \} i o J
m I ,‘ Fa ry-perot Cavity

Target spec F = 650,000
[=3.2m, 5mW

Polari meter is
used to pickup signal

High Finesse Fabry-Perot Cavity
Effective L in B =520 Km

Strong Magnet (15T) is used

High repetition pulsed magnet Noise control (similar to GW
is used. detector) is also crucial

It is different from PVLAS.
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Pulsed Magnet | ;. etrack magnet Quick Recharge system

$5.3mm: pipe: Light path  with Cu High repetition O(1)Hz
11T 20cm OK - Next 15T will be ready soon

Control Units
f/%

l_,.-ﬁ

. Magnet is relnforced

with Stainless case

(Force 40 Mpa is =
generated at magnet ON)

— - _ Prototype has e .
= — been >
2 Jtested well

= -

;: -

= f
..p ~

& 3

C e

2

2 — 4l ‘_l | '51'5 C=3.0mF, V=4.5kV, lskVA 13




Everyone is surprised with

Pulsed Magnet ?!?

( ﬁ 4y Y=20kA Cable

‘ N — Magnet is
!’ operated
in L. N, for

cooling 77K




Do not be ambitious !!]
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Why do we choose the pulsed magnet?
easeremind-detection-of-Gravitational-Wave.

E

o0

Power of
- Transmission

Observed Noise

Dl

Benefit 1

10 — Fl1
8;— Signal is much much smaller than BG.
6 = But we know the signal shape - fit & pickup signal
:; Shape is important.
oE PVLAS SC stable Magnet is used.
3 4 5 6 7 8 9 10 1
Imsl._,
x10°°
7E= Automatic
4= . Recover after
EEZ Signal Vibration vibration
E: expect propagate with sonic velocity. Axives later
0 1 here . 1 [ 1 1
3 4 5 6 7 9 10 11
N [ms]
f Finesse 30,000 before Beneﬁt 2
;0—3 — Finesse 30,000 after
E Requirement .
i Fast pulse -> High Frequency
107E
o [ o L High Noise background @ low Frequency
oL F=30,000 Cavity Noise OK

il

10°

3
10°y,

Next Study with F=300,000 1
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FP and Magnet in Clean Booth

Experimental Setup @ U.Tokyo

Testmg Quantum Eleclm—Dynamws with =
} Pulsed Magnef and Premsmn Dplws 22
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The first test result

Current Status with just 100 pulses is published No signal
was observed

Eur.Phys.). D71 (2017) no.11, 308

o 107"

= 3

5 107 -

S Student’s master thesis

v 0k OVAL(2016)
o 10°9 r _ , f | Factor
ap PVLAS found OVAL(2017) 300 less
o — 1 20| . M ? o, e
qth 0 s i ¢ Signal of neV\{ physics sensitive
s el Unknown noise? t0 PVLAS
a8 3 |
cC -
O 10% =
4(—:3 = -8 OVAL I
.G_J 10—23 E_ == PuJaecd Magne! . .
.L_) = = Dipole Magnet QED pred|Ct|0n
G o4 B ~%— SC Magnet 7 | |
HQ_J 10 E_ w— QED expected valve
8 105b_llllllllllllllllllllllllllLllll_llllllllllllllll

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
[Year]
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Status of Preparation for the Next Step

Magnet
Length

Pulse
length

Finesse

Run time

2017
[T}
0.2[m]

1.2[msec]

350,000

Goal Gain
15[T] 3
0.8[m] 4
4.8[msec] 2
650,000 2

100 [pulse] 200 [days] 14

Status for Goal
Soon [Cu->CuAg]
Easy

Upgrade power
unit (Add Capa.)

Ready
Stability test Yet.

Factor ~3000 can be gained.



Status @2020

o 107"
E =
5 107 k- Student’s
- master thesis
v 0k OVAL(2016)
S 0k T —T— -
a0 PVLAS found OVAL(2017)
s 107k * ¢ Signal of new physics?
D = Unknown noise?
5 10—21 - :
(- -
O 10%E
E E —o— OVAL T
Q_J 10-23 — —— Pused Magne! J . .
'S == Dipole Magnet N QED prediction
el | SCMane | Observe |
Q E_ — QED expected valve . .
S E7 | | | birefringence |
92010 2011 2012 2013 2014 by QED effect *201[3 ]
ear
*Confirm / reject
Excess @ PVLAS 20




[2] Search for the photon scatter at SACLA VS~10keV

We performed to search for o T— A ,f.j_;_{:f -
photon-photon collision Bl
at SACLA(X-ray FEL).

¢¢¢¢¢
......

Just collide? Not so easy!!

3 challenges

A) Photon Luminosity is crucial.
B) To collide photon to photon, control the optical path accurately
in space and in timing.
C) Understand background events and reject them drastically.
Signal is very very small. On the other hand, BG is huge.

21



A) How to gain Photon Intensity; Upstream

~//V Optical Hatch EH2 EH4

SACLA Channel cut

1111 = ==
LINAC Z | \
[I]]] KB mirror
Undulator Total external V / \
Be

reflection mirror

to cut higher Harmonic Monitor

<> 6 X 10''photons/pulse@11keV, Pulse frequency is 30-60Hz.
<> Beam width is 200pm X 200um (FWHM), and a pulse length is short
as 10fs(=3um)

<> Monochromatic spectrum (bandwidth 80eV ->63meV) is obtained
using the channel cut in which Si (4,4,0) Lattice is used.
E=10.985keV

<> Using the KB mirrors, beam is squeezed into 1 um (Horizontal)

— High Intensity is obtained.

22



B) How to Split and Collide X-rays

Laue diffraction is used; Laue-Type interferometer is used;

Si (4,4,0) Crystal Lattice is used. 3 blades (t=200um) are cut
0,=36" for 10.985keV incident X-ray
Injected X-ray is split into

transmit and diffractive. Both efficiencies are about 10%

from a single crystal of Silicon.

Schematic view

diffractive

Incident

&

Lattice

23




B’) How to collide X-rays

Beam splits into two using the blades, and collide here.

Optical path (both in space and time) is guaranteed,
Q because of the single crystal.

Detector

/.

Laue-Type interferometer

Beam

from SACLA

Horizontal is

concentrated 1um

Vertical is not,

for the
diffraction

<€

PIN detectors
monitoring intensities

pulse by pulse

<€

Vertical SOVer‘ 3 Blades (t=0.2mm)

Nice idea y




C) Background suppression (Energy information )

Dominant background is the stray photon of the incident X-ray. (E~11KeV)

Collision is not Head-on ( the collision angle is 72 degree), then the CM
system is boosted forward. The energy of signal photon becomes 18-20 keV.

signal coverage:17.4% Background events are
X ray E=18-20keV suppressed by

the energy information

Environmental radiation

backgrounds are rejected |€—<

by the timing information .
between signal and beam 72

Boosted

Incident beam
(10.985keV)
2

5



Result

X-ray Energy [keV]

Energy|kev|

30

25

20

15

10

@ Potential source of pseudo signals
1)pileups of two stray X rays

: ~0.01 pileups are expected
2)accidental coincident of

environmental X rays

:0.43 £ 0.03 BGs are expected

Phys. Lett. B 763 (2016) 454

—  Energy
- window : ) |
B ° ' stray Xrays
- | 11 keV | _
- | -.;;-:-"-;:;;;\.1 | ° No signal was observed
- environmental © o dLens |
- Xrays o i ° o o o
- | " Time window | |
1 ~0.5 0 0.5 1
Timing [us]

X-ray timing (0: SACLA X-ray pulse)[us]



No signal
was observed

o (m?)
8

0

1

Log

Cross-section

@
=3

A
=)

¢
=)

»
S

4
(==

Previous |, i .
Searches .
R —— \

______ QED effect
......... i prediction Lo

-2 0 2 4
leV 100eV  10KeV

Upper-limit on the cross-section(95%CL)

1.9 X 10?7 [m?]
~10 4 fb

We have performed
twice in
2014 and 2016

The first results at
X ray region.

; ; : . : But still need
1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 SenSitiVity Of 1015_1020
Log,, Ef,,s ev) to observe the QCD

Axion / QED vacuum

Photon Energy at CM

Why so becomes worse? Arrowed E Width of “Laue scatter” is too narrow
80eV -> 63meV 1/1000 * 2% (2 Laue scatter) -> 10 > photon loss / each -




B’) How to collide X-rays

Beam splits into two using the blades, and collide here.
Optical path (both in space and time) is guaranteed,
Q because of the single crystal.

Detector

/.

Laue-Type interferometer

< Beam

from SACLA

Horizontal is

concentrated 1um

Vertical is not,

for the
diffraction

PIN detectors
monitoring intensities
pulse by pulse

<€

Vertical Sovnkn 3 Blades (t=0.2mm)

Not Nice idea ;




Next Step : SACLA+SPring-8 head-on collision

2% Collide Here

_ [/ No Laue Scatter [

Riken has a plan for material science.
We are developing the methods to collide with each other.
Control path and timing is in progress.
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[3] X-ray - Laser scatter at SACLA VvS~100eV

~ squeezed Pump laser | 500TW 25fs
e 8 I, Laser (800nm)
" E=8 KeV 1>102 W
Diffracted S|jts
Provides XFEL X-ray
CACLA detector
High intensity X-ray E=1eV
focusing optics ) ~10m Scatter angle ~ 30urad

Performance of the SACLA
- Photon number : 6x10' photons/pulse @10 keV
- Pulse width : <10 fs
- Beam size after focusing -> 1 um

Performance of the 500 TW laser
- Wave length  : 800 nm
* Pulse energy : 10)J
* Pulse width : 30fs

« Rate : 1Hz 500 TW laser
- beam size is squeezed upto 1um (in commissioning nov\ﬁo




How to detect?

X-ray is scattered (small angle)
deiffracted JE2

~ x (E 2 —2(Bwb
Tcosd D707 + 202) (Bw)?e : Scattered
—I;I 0.8 20
' o ~60purad
-~ 2 High Energy E S, - H
o Wi wx E = 0.6
we = ‘ 5 queezed both -
wi + 2’wX High Flux J 8 0_4:_
High Power W E o
PRD 94, 013004 (2016) % s
0_.... FURTIRT I SN TN WU N TNNT WU S NVNNT S ST (NN VN UYWAY ST S U S ST S
Probe X-ray laser - [purad]
(Gaussian beam) Pulse energy :

Photon flux : J Beam waist :

Photon energy : E ~60urad
Beam waist :wy
Probe laser Slit is
- = -— Tsed
QED view: Strong Magnetic B makes to pickup
signal 31

Inuniformity of index



The first test experiment has been performed at SACLA (2017)

Focus Point
Beam size 10u

Instead of 500TW laser, 2.5TW test laser is
used for test
{

y [pixel]

-

2 3. Collision|
. » i N '-‘~'

:
.

L B i
& G- -
| '

p e
"o "4 '
L




Timing is estimated with GaAs film
X-ray hits
GaAs film Plasma
Plasma is N
produced — C—

—

Probe XFEL

e s GaAs film
OK within 2ps (5 pym)

Position is estimated with Zn thin film

-

Laser micros

7 S ) 3 -3 O\

laser transmittance [a.u.]

1.5
1.4
1.3
1.2
1.1

0.9
0.8

GaAsTiming_rough

4ps

JIIIllllIllllIlllIIIIIIIIIIIIIIIIIIIIIII

Falling time °. v o

.
.
*% o
L] °
lllllllllll]ll Illl llllll [ llllll

make laser trans. worse

The same timing!

Z [um)

03888883

N

N L
28 26 24 -22 -20 -18 -16 -14 -12 -10

cope image after expose  cumage=s

Laser timing [ps]

Center is
OK within 10pum

70

z [um]




But Background level is still high Layout of setup

f80 m
A

260 pur

X-Ray is focused here, path is : 94 m
limited by 2 slits
1.3m 4.2 m

< >¢

14 m
>

/
"A/\»j\
Probe XFEL A

178um v

YV\/* \/ | slitd

Slit1 Slit?
X ray lens

n
o+
x

Sildebgnclj regio'n lBG+nsilg (90%|C.L.)

FTTTrrni

Scattered X-ray is suppressed
By the Slits (S3, S4).

10 -6 suppression is necessary,
But still about 104,
diffraction at the edges
contributes to BG.

22 1 4 PR T - |,

[photons/pulse/50fs]

Detected X rﬂ

0 .1 34 2
Laser timing t.. [ps]



The first search has been performed with 2.5TW laser + SACLA
Focusing size ~ 10um (This is the first result for X-ray+Laser)

Cross-section

€ X-ray+Laser (VD)

; 20— .............................................................................
c".’.’ : ° ._ o

S B o X-ray+X-ray

..................................................................................................

Submit soon

AN ....................... Blg improvement ...............
' iS necessary :
= 5 2 e 4 P 6

Log (Center of Mass Energy of gamma gamma system) ..




Next Step for Optics

L

2
2 900 —1200
~ 800
700 150
Laser 600 | Close to
500 1,00 Diffraction
400 limit Clear
300
20850 500 600 700 800 900 100011001200
< X Tptxe >
wepopose shaper
for XEEL (quadratic) on diffractive

(Gauss distribqtion)

Focus point 36



Shaper is made with Si
(lon etching)

A

[photons/umj

........ 30|Jrad |
gaussian .

=

o
—
()
T ....;..].J.uu'l}....;.].1.”||;'...4..|.

simhlation
; ; ; Shaper
108 ...................... e = 500nm(RM

Shap ryvlt out foughne SS

—1 000 —500 0 500 1000
[um]

X-ray

Roughness ~ 20 nm
then BG suppress
by 1010

37



[4] Using Atom (Positronium)

Positronium is quite different from the other Hydogen-like atom

C) Energy Level

T \°
0-Ps I o-
e‘u ue‘

Mix with photon
87GHz

A) Rare decay
v’ > y X(ALPS)

B) Decay rate

Triplet State

Orthopositronium

Singlet State

Vacuum

et

Parapositroniim

0-Ps has the same
guantum number as
photon.

It is the excited photon

p-Ps has the similar
guantum number to
vacuum. ( Higgs field not)
It is the excited vacuum.

Dominant decay mode
0-Ps > 3y
A=7.039979 us!

Dominant decay mode
p-Ps 2> 2y
A=8032.50 us? e



A) Exotic decay

e source

e+e- collider

Nal counter

(68 Ge-Ga )

4 |II
wca ael'()gc_l )& —

PRL 66 (1991) 2440 (my master theS|s)

Plastic
Scintillator

Csl —

|
12Zmm |
‘)

—— >~ Acryl stopper

//.| Mirror
7 Ge detector
/ “is covered

Lol ‘| *—Ge cl-,hc,uor

‘J_‘ Wlt veto counter
AUR -

y Y
© .ﬂ ) CsI counter ~
N\
0-Ps —
ik
e’ Uq ............. - XO F . /

PMT

e

Coaxial Nal counter

- 4 Vacuum container
X: Scalar, PsudoScalar, Axial Vector Trigger PMT
Basic decay mode = [ g-2 limit A
_ : : 10°
0-Ps => 3y s seriously suppressed due to 53 :
many vertex of a and Phase space. é
Sensitivity to a(eeX) becomes high. S w0 )
coupling to electron - Orito et al. \ rd
: : oL S '
Search for event in which = 10"} .
: : : i - Current g2 limit
0-Ps looks like to decay into single y % thisexperiment \
~ 10 F N A\
Sensitive to upto 1MeV 8 - SL A'ZJ
(I(EEX) <101 » 1 beam dump\
For Heavier region 10— 10" J0° 10°
Beam dump is maybe better Mx (keV)39




B) Decay r

Red shows our results
and consist with QED

Of

0-Ps -3y decay rate

ate Measure values were much shorter than QED
prediction 25 years ago (Positronium lifetime puzzle)
-> Now we solve this problem (thermalization)

a?)

J. Ph

Phys. Lett. A69, 97 (1978)

ys. B11, 743 (1978)

My Ph.D thesis £)

H—@)

H

H

Phys. Rev. Lett. 49, 525 (1982)

I

Nuovo Cimento 97A, 419 (1987) Phys. Rev. Lett. 58,1328 (1987

—eo—

Phys. Rev. A40, 5489 (1989)

H—e—H

Phys. Rev. Lett. 65, 1344 (1990)

—e—i

Phys. Lett. B357 ,475 (1995)

—

—+  Phys. Lett. B572 ,117 (2003)
e~ Phys. Rev. Lett. 90 ,203402 (2002)

b+« Phys. Lett. B671,219 (2009)

7.02 7.04 7.06

Decay rate(usec™)

Now accuracy is O(a?)

without O(of) QED prediction
correction with O(c?) correction

Phys.Lett. B357,475 (1995)

Phys.Rev.Lett. 90, 203402 (2002)

Phys.Lett. B572,117 (2003)

Phys.Lett. B671,219 (2009)

<«—— combined result

7.037 7.038 7.039 7.04 7.041 7.042 7.043
Decay rate (u sec™)

Please remind that o-Ps is
Bound state, QED prescription is different
from Free particle. NRQED 40



Mixed with Photon Dark photon

contributes?

C) Energy Level

203GHz

There was 15ppm(40) discrepancy
between QED prediction
and measurements

Previous experimental O(’ina”") QED

average Mixed with Vacuum
a
Old method
b | —C— Mixed unknown filed

contributes?

PR SR T N (N T N A R R R T S
203.386 203.388 203.39 203.392 203.394 203.396
Ayes (GHz) 41



C) Energy Level new results

We perform new measurement with new method. Now accuracy is O(OLZ)
The result is consistent with QED and reject previous

results. (Unfortunately!!!) obtain tight

constrain on ALPS

Previous experimental 0(a3|na-1) QED
average

2?7
a(eeX) <10-16

using QM
27?77

(OJS

Old method

b —e—

Need calculation with

Phys.Lett. B734 Quantum Field Theory (QFT)

(2014) 338 Not Quantum Mechanics(QM)
° They are mixing with

Photon and Vacuum,

also unknown new particle.

AR A S SRR HN S R T MR AR R R R SRR
203.386 203.388 203.39 203.392 203.394 203.396
Ayes (GHz) 2



First transition between o-Ps -> p-Ps with M1 transition

o [kb)

Excited Photon
Forbidden in the relativistic limit

5 -—' T | T | A :T l LI I LI I LI I LI I LI l—t
. BW resphance is ]
40- firstly qbserved ¢ 7
I 1F | ]
. 1F 74\ .
10 1F / \+\ ]
- 1 [Qﬁ-—' _l. l 11 1 1 l 1 1 1 l 1 1 1 l L1 1 1 l 111 lT
180 182 201 202 203 204 205 206
Frequency [GHz]

HES =203.39 = 0.18 GHz
width=11.2 = 2.3 /nsec
A= (3.7 £0.5) * 108 /sec

1700 mm

-> excited vacuum + Photon(203GHz)

{ Lf a source
(100KW) is developeél _—

plastic

scintillator COPPer

photomultiplier mirror

Gaussian

Fabry-Pérot[:I

gold mesh mirror_~» _I o L'I

& silicon substrate

1 op View piezoelectric
stage

gas chamber —_
(neo-C;H,, 1atm )

pyroelectric
detector

520 mm

Phys.Rev.Lett. 108 (2012) 253401
PTEP 2015 (2015) no.1, 011C01

photomultiplier

Accuracy will be improved
with positron beam to form Ps
powerful Gyrotorn



@ -
Next step 101
L,A18 /
=108 ;
> i N
Ps BEC 5 1y .
G415 o1/
5107F RD P
A VoW o)
1) High intensity positron beam | = 96 o
2) Silica nano processing _f_,:’ 1ol ?/39 / /’ Current records
with cooling S 10°“E P P YA
3) Laser cooling -/ ' 4 V4
with new optics of /' /’
10°F /’ /’ To realize BEC
v j We make
L i i 18 -3
105 // high density Ps (108 cm™)
- / cool down 14K
In progress - ,/ within 100 nsec
Within a few(several?) years al
10 1 1 L 1 L I

107 107 10> 10° 10" 1010°
Temperature (K)

* First BEC with anti matter

* Massive Photon Laser? J.Phys.Conf.Ser. 791 (2017) no.1, 012007

h



Why? Ps-BEC

1. Measure anti-matter gravity 2. 511 keV gamma-ray laser
by atom-interferometer

Orthopositronium

Intensity of Ps blinks by changing o +
[ Parapositronium

path length |
SIOW “ § (Df=203 GHz
/LH'H"» I < Source Y. ,
.‘I/ QgL -‘/
Vo e
ji Vacuum
Fact / Phys. Rev. A 92, 023820 (2015)
* Deceleration by gravity shift * 0-PsBECtop-Ps by 203 GHz RF
phase of Ps in different paths * p-Ps BEC collectively decays into
* Path length 20 cm to see gravity coherent 511 keV gamma-rays
effects with weak-equivalent O Probe with x10 shorter
orinciple wavelength than current x-rays

Phys. stat. sol. 4, 3419 (2007) 1] Macroscopic entanglement



[5] Extend to 10-100 MeV collider?
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* Emittance is important for such a low energy e+e- collider Tabletop Slze
e Linear Collider Technology can be used: About 10M USD

15 Years Ago, | consider with an accelerator expert at KEK Not so expensive
Using asset of ILC 46



Many proposal are submitted for European Strategies

to cover here \

Log1o X

Cold Dark Matter

Logqo Mx[eV]
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4 *SuperSymmetry
Space "time * Unification of Gravity and

S u m m a ry quantum theory

) . * Extra-dimension
*Birth of Universe
*Dark energy

» After Higgs Boson discovery, P ,,,/-‘/" Particle

“Vacuum” becomes one
of the frontier field (maybe related to DM)

>
”~

» Many fields are hidden in vacuum. P
. P g YT . o
Photon is key technology to ' Higgs (Origin of mass)
Vacuum *Spontaneous Symmetry
probe the vacuum. Breaking -> Evolution of

» Using Photon, three different energy regions the Universe

(10KeV, 100eV, 1meV) are explored with the different technologies.
» Positronium is also good tool to probe light new particles.

» Space/time (Gravity for particle) is also exciting (Next time)

Only some part of our researches are shown:
http://tabletop.icepp.s.u-tokyo.ac.jp/TabIetop_experiments/Eninsh_Home.htrySI



Collaborators

Particle Physics U. of Tokyo ICEPP
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Laser U. of Tokyo  Photon Science Center
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X ray SACLA, Spring8 Riken

K.Tamasaku, K.Sawada, Y.Inubushi, M.Yabashi,
T.Yanai,T.Yabuuchi, T.Togashi, T.Ishikawa
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A. Matsuo, H.Nojiri, K.Kindo
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THz light Source U.of Fukui FIR-UF

: ] ’ T.ldehara, |. Ogawa, Y.Tatematsu
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Positron beam
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X-ray has advantages to probe the QED vacuum

<> Cross-section has the strong dependence on ®; (w/m_)® 6% power!!
Enhanced by 24t order of magnitude for 10KeV X-ray comparing to visible lights.

<> Previous searches have been performed using visible/infrared light.

Many filed may be & FT T T T T T T T T
. . € -20F Hughes 1930 —
hidden in the vacuum. Y ] . :
Let’s use different w, and c 301 =
: 0 . ’

Explore a new regions. g 405 Moulin 1996 /\_:
<> X-ray is vey interesting & -50r Bernard 2000 S uth -
O n ]

(1) Squeeze upto ~ O(1) nm 60E B
(2) Go straight - .
(3) Easy a single photon counting. '703_ | LokeV B
- e —

((1)-> intensity i R B
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2)(3) -> to control backgrounds
(2)3) 5 ) Photon energy w Eems'(€V)



Next Step : Soft mirroring?
SACLA+SPring-8 head-on collision

If Laue/Bragg scatter
is used, very narrow Energy
width is necessary(63meV).
Can we use more loose
mirroring valid for

the wide width (like

mosaic crystal or
multi-Layer Bragg)?

New idea / New Optics

are necessary to use all
photons(1012) from the XFEL.

SACLA+SPring-8 co-operation

In EH5: SACLA and SPring-8 will be synchronized

in near future.

From Spring8 ~103 photon/pulse 40ps (pulse

intensity is 10° weaker than SACLA)

All photons from SACLA/Spring8 can be used.
*50nm focusing can be used in head-on collision
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Then we can reach the
QED vacuum or discover

a new unknown field(Axion, Dilaton). 55



Paraphoton (Hidden photon) | Axion Dilaton
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5. [C] Using collision of X-ray and Strong Magnet
at Spring-8 (Axion/Dilaton like particle)
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X ray 9.5KeV
3*10%3 photon/s

| 8T magnet 0.2m *2 My e cut &

8T magnet 0.2m * 2

Xﬁ here
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-I---) Reconverted
With magnet
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High Voltage

10T Magnets are used (4 units)

L.Ne is used to cool magnet down
100L/h is exhosted.

3mF Condenser bank
30KJ (1HZ rep.)
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Sensitivity is for 0.1 eV
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High intensity positron beam is in progress in Sansoken

5keV, 108 e*, 50 ns, ® 5 mm

t 5keV, 4 x 10° e*, 50 ns, ®6 um
Positron I l .
‘Accumulator | \ T

i
1
\.

t

Many-stages brightness enhancement
Details in the next and N. Oshima’s talk

—
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Ps is made and cool down to 100K with

Optimized void size 50-100 nm to ,
Idea 2 : Nano-processing by

® Make thermalization rapid on silica glass wafer
® Reduce pick-off annihilation

® Avoid quantum limit of cooling
and Dicke narrowing

Efficient Ps trap by

® Material of high Ps
High transparency at UV conversion efficiency
® High porosity
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Idea 2 : Nano-processing

By imprinting on SiO,-
composite and sintering
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Laser Cooling (Special optics have to be developed)

Ps laser cooling requires some special features
we are developing original system. Will be available in 2018.

1. Long pulse duration : Already done.
2. Broad linewidth : Elements are ready, now in testing.

Piezo
controls X ¥ 729 nm pulses
cavity length | ¢ gl 1S
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