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Axion

What is the Axion?
e QCD — ¢ vacuum — Strong CP problem (eg. neutron EDM)

e Peccei—Quinn mechanism:
global chiral U(1) + SSB
— NG boson + (1/3272f,)aF,F,
l l

axion resolves Strong CP

Searches/Limits:

e Experiments: Accelerator, Reactor, Nuclear transition, Telescope,

Solar axion, Laser, Microwave cavity, ...
e Astrophysics: Solar axion, Red giants, SN1987A

e Cosmology: €2, <1




Solar axion detection - the principle

Voruse 51, Numper 16 PHYSICAL REVIEW LETTERS 17 QoToner 1983

Experimental Tests of the *‘Invisible’” Axion
P, Sikivie
Physics Depavtment, Untversity of Flovida, Gatnesville, Flovida 32611
(Received 13 July 1983)

The axion helioscope.—The idea here is the same as the previous one but now applied to the solar
axion flux, In a strong magnetic field, solar axions convert to x rays. The change in three-momen-
tum is

magnetic field
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Tokyo Axion Helioscope aka
first result in 1997
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Tokyo axion helioscope - a start up
make it as simple as possible

Dedicated superconducting dipole magnet
v A. Ymamaoto(KEK)
Computer controled altazimuth
v no problem
Buffer gas for non-zero mass axions
Pressure-resistant X-ray window
X-ray detector in vacuum and low temperature



Buffer gas for non-zero mass axions

photon incident solar axion

Helium-4 does
hot liquefy
@l1atm, 6K.
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pressure setting with piezo valves

T=5.75K

Amy =2 meV
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X-ray detector
in vacuum and low temperature

16 x Hamamatsu S3590-06-SPL
High efficiency

with 0.5 mm thickness

Only 0.35um

inactive surface layer

Cold operation at T=60K
anchored at the radiation |
shield 7, EaEg-
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Photo gallery

e S

Sumico moved from an old building to a new one
in 2002.



Search results - exclusion plots
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Tokyo axion helioscope
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CAST

VS.

Sumico

to scale
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5-6 K
helium-4
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PIN photodiodes
~20kW (¥10k/d)
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Limitation and Hope

limit

gayy ] N1/8T- 1/8A- 1/4B- 1/2L- 1/2 N : background rate

T : running time
A : detector area

Smaller BL cannot be compensated by any other
factors.
— CAST wins

X-ray absorption and decoherence due to gravity are
nhot fatal in helium-4 buffer gas even with my=2 eV.

— Sumico might survive in 1< m_< 2 eV.



Hidden photon search - a by-product

Hidden Photon Detection Units

Ref: S. N. Gninenko et al., Phys.
Lett.B 664 (2008) 180

To]\:},«'o Axion Helioscope




Projects around the world

UH

m
n

SH PS
(Sol ar H dden Photon Search)

mirror VACUUM PIPE mirror



Hidden photon detection unit with
Sumico

* PMT with Low-dark-noise < 10Hz
* Low-cost parabolic mirror for a searchlight

dry ice
container

cold

finger,

focus




Preliminary exclusion limit
for live time=5,200s
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Tentative goal
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Hidden photon detection unit




Piggyback on Sumico




Anti-neutrino monitor of reactor operations

(RFPZa—-FUJ/EZSH-)
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RFF (REF) —a—FrJJ

(a} v, interactions in detector [1/{day MeV)]
(b) ¥, flux ar detector [10°/(s MeV cm”)]
(c) G(Ev'} [1(1'43 cmz]
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DNHOHNDOESE

Plastic Anti-Neutrino Detector Array
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XCDH

Tokyo axion helioscope, Sumico
Hidden photon search on Sumico

Anti-neutrino monitor of reactor operations
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