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Various fields/sectors are hidden in our vacuum

1036 K 1030 eV 10-37 m
- Planck Scale ? T
104K | 102V Discovered | =f=10"%'m
@) Virtual electrof...
4 —ﬁ‘— , Higgs Field are occupied 1017
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Higgs quantum
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m(a)= peV —100 MeV (10 * wide range)

arXiv:1303.4758
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Particle Physicist View: Collider at various ECMs

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

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

~1 meV

CAST

p-----------‘-d

—4 U 2 4 6
Log(mass ALPS / ECM eV)

Laser+Magnet




Non-linear effect of the vacuum NyBTSUR? f24E
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This process is seriously suppressed by a*and highly suppressed by electron mass m.

The expected cross section 0=1.8 X 107° [m?] for w=eV Too small!!
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Wide range of Light Sources are developed/used

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

SACLA*-Spring8

\ |/
-)‘\(-

Various combinations
of these light sources
cover various ECM for survey

Gyrotron + FP resonator
E>100kW 1026 Photon
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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 2
s
Incoming outgoing 2
Light Light S
o0
=
o
>
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, = kgyXB?
kc=4.0X1024[T?]

- Evidence of

QED vacuum

PLVAS try to
discover VMB
Signal? Noise?
is observed

Sensitivity to Axion Like Particles

102 LPS A
 puas
107°E :
1075 ; // //

S i

[ - L~
10"?\//;

: ; Predicted limit
10-7—\.\,.,h - o i o i W

= if predicted QED
ool vd oo Valuglis observed

107 107 1072 107"

migss[eV]




OVAL experiment at U. Tokyo

L: Light path length

Pulsed Magnets Concept View

Sensitivity An & B2L,

Target spec
P Detector
L=0.8m i
0.1Hz \} i N )
E 1’ | J/ Fa ry-perot Cavity
uiif|{ 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 . e
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 Racetrack magnet Quick Recharge system

$5.3mm: pipe: Light path  with Cu High repetition O(1)Hz
11T 20cm OK - 15T is ready Now -> 20T future

Control Units
L/’ﬁ

l_,.-ﬁ

. Magnet is relnforced

with Stainless case

(Force 40 Mpa is =
generated at magnet ON)

— ... Prototype has - _
= 1 been =
2 Jtested well

= :

1= : |

; f
.'E =

c :

C e

o :
= QI C=3.0mF, V=4.5kV, 15kVA 13
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Power of
- Transmission

Observed Noise

Why do we choose the pulsed magnet?  Benefit1
10 = P i i ave.
8;— Signal is much much smaller than BG.
°E- But we know the signal shape - fit & pickup signal
:; Shape is important. @
oF PVLAS SC stable Magnet is used.
3 4 6 7 8 9 10 1
Imsl._,
x10°°
7E= Automatic
g%: Recover after
EEZ Signal Vibration vibration
fg: expect propagate with sonic velocity. Axives later|
0E- 1 here . 1 1 [ 1 1
3 4 6 7 8 9 10 11
N [ms]
f Finesse 30,000 before Beneﬁt 2
;0—3 - Finesse 30,000 after
E Requirement .
Fast pulse -> High Frequency
107
10_55 { . » High Noise background @ low Frequency
10_6' | F=30,000 Cavity Noise OK

10°

3
10°y,

Next Study with F=300,000 1
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The first test result N . |
Current Status with just 100 pulses is published O sSigna

was observed

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

s 107"

= -

_5 10-7 ;— °

5 Student’s master thesis

o 10F OVAL(2016)
c =
QO 107 _ , | _ Factor
a0 = PVLAS found OVAL(2017) | 300 less
= 107 4 Signal of new physics? "
q“:’ 8 * Unknown noise? e
o 107F | | to PVLAS
(- -
= = —— OVAL :
GC) 10-723 ;_ == Puased Magnet T
'S ] "= Dipole Magnet QED prediction
G s %~ SC Magnet A |
qq_) 10 E_ — QED expected valve
8 1025 b,_l,,l 1 ,l,,l,l,l 11 l,l, L1 ,l,l 11 L,l,,l L 1 l 1 L,l,l,,J,l,,_,l, lJ | . 8 l,l,,l AL L l 11

2010 2011 2012 2013 2014 2015 2016 2017 2018 201[9 )
Year
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meV®single Photon Counting (Polarization) AA\H EA%R(Z% > T, T—~8
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-1 +1

ROBITE

V.G. Veselago,
Sov.Phys. Usp.10,509 (1968)

D.R. Smith and N. Kroll,
Phys. Rev. Lett, 85, 2933 (2000)
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Astrophysical hints for axions

 Gama ray telescopes like MAGIC or HESS observe HE photons
from very distant sources...

Jary ~ 10712210710 GeV~!
me < 10700-7) ey

Y

ALP:

Q

B
source IGMF

2>



- BRI L F

@ -IOOKEHE
SOORRBFORRE | | ot frtt L.
& -REIRITTEBHFE— || SD2O%H

R | UDIt+5
AL DHTD

.H%E%i?;)l/ . /I*/ %*ﬁ% =

‘BT AR FEELT
BTN > AR

-BEZZNDIRERFE

EEE(I:“J’J“X%@E ) SRR FOHK

26



BHO R TIFHIEIESILE->TILVS ?

[GEE5EBHIZE TELT-
EEDIBHIE?

» Bt
- 3 1 2 .0

AL ATy s
t.\_"".;_g‘\.‘lll' ,:.’”1
AT e _3. "':,.;{

..' 2t - .
At e
AN

i ’ EHFTRILF—

e, T ey

HTLHRF7
SRS E

BHDH MO ME? ?
COULNDHREE?

T hAE—

mEiEIZ L

O. s f

iR IEF

27



FHTFHH DRI
. 4 N

ARITTILZELY

4RI s e
+SPINZZRA el
4
Z  ERE
\ SBLHDERDT—IL /
>
X
TAD AR FER
1 8t G
RW _ER 9. +Agw = i TW

\¢

VaJ

R: REVTRILMN? HHEREOEN
R: 1DUMZELVA?  (double metric) FH{fi/RIED N
R: Eifgh? O—LYLREDMHI (Planck scale level? )

28



1A) mg=ma (FH/RE)DIRE KYPETH? AEVDEW 2

ARorA=rY LABEC

spin1vs ¥ DFEMRBODLLERTESLMN?
RYEDFEMmRE?

1A-2) PsSMBECTE ST E7

F—313

~

ITIVT7ILDENTR TV -DZ
AE PR F - RILF DEDTONGZND ?

1B) A—LIYARZEDOHEN (BEIRILE-FEHE)

E2=P2+m2+E25n (E/Mpjanci) 2
ni&. AN)o74—

A—LUYREENTEGENA?

_nh#
HATE
PoTULVS

o

29



1=r9 LLOBEC

Rk

W
NRADRIZZESTHZ & THRE

&= K E
\ - : .
Phys. stat. sol. 4, 3419 (2007)

FEERIIC L <O - T

BN
5 5 A
N3RE
—*H}“—-» /

mE T

o+ Lmlt




zBIR

T<10KH»2n>107¢cm3

BECHH1E,

& ED

Ps IRk

K)

10° o I N N B B
10—9 107 10° 102> 10" 10107
FRSRRE
L—H—Bi %
(@R —Y—

FRFEDHE)

Temp;erature (K)

10°

Ty T T

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

BECERSURE T

alb—

1 | 1 1 1 |
200 400 600

Time (ns)

2 avIZ &k BPsAH DM




R

u

1 8t G
; _ERg"W +A8W = s Tw

r=

BEETUOVILT

(AA)TRI)ILF—- 9012(F FAHSTEEZOH 2

SIS OERTAER

ANF—

NIV

SEERIK 3He DM T

SHOBEZEDE L wH/ABBE O 3—TJ1—R
— R IRREEF NFORE

INSWEEZTAHZENENTELY 5> EFEVT—OFHHE

32




2) D5 E

S NZTETH?

IMJ@DCavity r=1cm
IR

+[C Y+

INAIRT— RN E BT
L—4—

IHOOKEAFRERX
FEhHRTUIYIL

(E/r)/ (M(HREk)/R)= 1024

Mach-Zehnder
FiHET (EARK)
1024 ?

UltraCold
thif+F 55+ 2

Y& D High Power & High Precision @iy 75 M {8l m

MBEFATT

ETM: End Test Mass

BV E

EMEEDRE 108 DFETZEEST

) Photo Detector

33



Focused Intensity (W/cm?)

105W/cm”2 (Zyb#h) >  BHI/EHDLTULNMFZALY
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F—213

peV-meV
Single

Photo counting
Polarzation

1611.02427

Implementation Qubit(s)
Neutral atoms
Atomic vapor Atomic spin
Cold clouds Atomic spin
Trapped ion(s)
Long-lived
electronic state
Vibrational mode
Rydberg atoms
Rydberg states
Solid state spins (ensembles)
NMR sensors Nuclear spins
NV® center ensembles  Electron spins
Solid state spins (single spins)
P donor in Si Electron spin
Semiconductor Electron spin
quantum dots
Single NV® center Electron spin
Superconducting circuits
SQUID* Supercurrent
Flux qubit Circulating
currents
Charge qubit Charge
eigenstates
Elementary particles
Muon Muonic spin
Neutron Nuclear spin
Other sensors
SET? Charge
eigenstates
Optomechanics Phonons
Interferometer Photons, (Atoms,

Molecules)

Measured
quantity(ies)

Magnetic fleld,
Rotation,
Time/Frequency
Magnetic fleld,
Acceleration,
Time/Frequency

Time/Frequency
Rotation
Electric fleld, Force

Electric fleld

Magnetic fleld
Magnetic fleld,
Electric fleld,
Temperature,
Pressure, Rotation

Magnetic fleld
Magnetic fleld,
Electric fleld
Magnetic fleld,
Electric fleld,
Temperature,
Pressure, Rotation

Magnetic fleld
Magnetic fleld

Electric fleld

Magnetic fleld
Magnetic fleld,
Phonon density,
Gravity

Electric fleld

frequency

DC-10CGHz

DC-10GHz

THz
MHz
DC, GHz

DC
DC-GHz

DC-GHz
DC-GHz

DC-GHz

DC-10GHz
DC-10GHz

DC-10GHz

DC-100 MHz

Force, Acceleration, kHz-CHz

Mass, Magnetic
fleld, Voltage
Displacement,
Refractive Index

Initalization

Optical

Optical

Optical
Optical
Optical
Optical

Thermal

Thermal

Readout
Optical
Optical
Optical
Optical
Optical
Optical

Pick-up coil
Optical

Electrical

II-111

111

II-111
II
II

II-111

II
II

I

Electrical, Optical Electrical, Optical I-11

Optical

Thermal
Thermal

Thermal

Radioactive decay Radioactive decay
Bragg scattering Bragp scattering

Thermal

Thermal

Optical

Electrical

Electrical

Optical

-1
II

r PEFFIHE
~+ Bl & 5181

II
II

Cold Atom
Fibat

II-111




Novel pyramidal
MOT
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Retroreflector
Tilt sensor
Vibratson isolator stage
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