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Overview

Axion

|

B Important old problem
B Candidate for dark matte

J

Optical Interferometry

Apply!

ETM: End Test Mass

ETM

X
%
Q ITM: Input Test Mass \
~.
Z
IT™ (,a\'"“
e _?e(°‘
\ 2 VXON

a
/ PRM: SEM: Signal Extraction Mirror
Power Recycling Mirror

) Photo Detector KAG RA

B Most recent technological innovation such as gravitational wave detectors
B Possible to test a tiny tiny signal of phase modulation

—-> Pioneering a new phase of axion search!

2/22



What is Axion?

QCD Axion | (Peccei & Quinn, 1977, ...)

A pseudo NG boson of PQ mechanism in order to
solve the strong CP problem in QCD physics

Lqcp D QGG, 0] < 1019
0 —>0g=0+9¢/f <1

Axion-like particles (ALPs, string axion) | (witten 1984, ..)

A plentitude of axion-like particles provided by the
compactifications of extra dimensions

M A scalar field with small mass, tiny interactions

— candidate for cold dark matter

3/22



Conventional Way for Axion Search

B Axion generically couples to photon via the topological term

gjﬁ aFWFW = go0l - B

a : axion
v : photon
B : magnetic field

B Axion is converted into photon under the background
magnetic field (“axion-photon conversion”) 4/22



Axion-photon Conversion Experiments (1)

Axion Haloscope | ® ADMX (Axion Dark Matter eXperiment), HAYSTAC

® MADMAX (MAgnetized Disc and Mirror Axion eXperiment)
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B A resonant haloscope using a strong magnet.

M |t can probe the power signal of QCD axion dark matter with mass around peV ~ meV.
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Axion-photon Conversion Experiments (2)

Axion Solar Telescope
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® CAST (CERN Axion Solar Telescope)
® |AXO (International Axion Observatory) : Next generation of CAST

B A telescope to search for axion particles thermally produced in the Sun.
B The strong magnet converts the solar axion flux into X-rays.

B Possible to probe the axion-photon coupling with broad mass range.
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Astronomical Observation of Axion-Photon

nasa-fermi-mission
B Axion-photon conversion will modify the spectrum of cosmic rays.

B The prediction depends on the uncertainty of magnetic field in the cluster background.



Overview of Target Spaces
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The problem is...

B In order to get better sensitivity, the more powerful
superconducting magnets would be needed.

%CLFHVF'UJV — ga,fyCLE-B * u *
h 5 “ \ | & _

B |n parallel with these experiments, we might as well suggest another
(perhaps more economical?) experimental approach to axion DM.
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Axion DM Search
without the external magnetic field

QZ” aF,, F" = goaE - B

a(t) = ag cos(mt + 0,)
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Modulation of Photon Polarization

B Axion dark matter differentiates the phase velocities of the circular-polarized photons

CL/R = \/1 + gcwCI;Oma, sin(mgt + ;)

B This velocity difference provides the rotation of linear-polarized photon
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slightly oscillates!
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Axion Search with Resonant Cavity

K.Nagano, T.Fujita, Y.Michimura, IO

Laser

=

Detection port (b) Detection port (a)

B As a carrier wave, we input the linearly-polarized monochromatic laser light.

B The linear cavity consists of front and end mirrors. The cavity is kept to
resonate with a phase measurement.

B The signal is detected in detection port (a) or (b) as polarization modulation.
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Inside Cavity

B Electric vector inside cavity is represented as the superposition of reflected beams:

__________________________________________
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Inside Cavity

B When the resonant condition is met, the beam is accumulated inside cavity:
tlEoeikt L R 1+ Z5¢(t) 0 1 1
Ecav t) = . =
() ].—7“17“2 (e © ) 0 1—25§b(t) \/§ 1
t
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Frequency Response in Signal
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B The SNR for axion DM is improved with the measurement time
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Potential Sensitivit
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The problem is...

M In order to apply our method to the real GW detector,
some optics need to be added for detection port. %y

B As a geometrical demerit of linear cavity, the sensitivity is lost
by a parity-flipping effect on the reflection of mirror.

@ @ In case 171 ~ L_,1
< the rotation signal is most accumulated
@ ® since the oscillatory turning point

>, matches with the reflection-timing.

the rotation signal is not so accumulated...
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Axion DM Experiment

with Y.Oshima, TWatanabe, Y.Michimra, K.Nagano, 10, T.Fujita, M.Ando @TOkVO UniverSity

DANCE: Dark matter Axion search with riNg Cavity Experiment

(DANCE Act-1: Proto-type experiment)
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B A bowtie-like mirror configuration
can sustain the rotational
orientation of photon polarization
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First Data of DANCE Act-1 (2020.8)

frequency (Hz)
1072 101 10° 10! 102 10°® 10*% 10°

-4
£ 1071
o 0
_— -7 ] : :
8 = 10 83 First Data (assuming 1-year obs. from now)
I 107° -
O % 102 DANCE Act-1 (target sensiti\ﬁyb -
- -10 ] — .
107+ — - — ’-‘écurrent CAST limit
2L e —" P
O — 1012 7
< o —-13 ” M87 (2017
Q- O‘g 10 , SN19(87A (;015)
é — 107%™ DANCE /, —— CAST (2017)
-15 - m= s DANCE Actl (L=1m, F=3e+03, P=1W)
'9 10 — - — - m= s DANCE (L=10m, F= 1le+06, P= 100 W)
é 10—16 — DANCE Actl 20200826 (1 year)

10_17 1 LB LA AL | LA | LB ALL | LI AL ALL | LALLM | LA A ALL | LB ARAL | v """'I
10-1710°16310-1510"1410°1310°1210°11 10710 109
axion mass m; (eV)
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Summary & Outlook

0 We suggest an experimental scheme to search for axion dark

matter with the linear optical cavity used in gravitational wave
detectors.

[0 We found that these sensitivities can reach beyond the
current limit with a wide range of axion mass and our new
scheme can coexist with the observation run for gravitational
waves.

[0 We also suggest a tabletop experiment to search for axion DM.

[ Achieving the target sensitivity of DANCE is still ongoing...
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Summary & Outlook

[ Possible to probe QCD axion DM by interferometers?

O Application of our scheme to other projectable axion
experiments? (e.g. LSW experiment)

[J Constraining axion DM birefringence from astrophysical or
cosmological measurements? (e.g. CMB)

1 Vector dark matter search with optical interferometers
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