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Hidden Photon Dark Matter(HPDM)

« Hidden Photon: extra U(1) gauge boson
predicted in beyond the Standard Model
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« HP can be Cold Dark Matter(CDM)
via misalignment mechanism



Search region
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Search for HPDM in m,, ~ meV
using millimeter-wave technologyl
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Method O

Strength = =
9 EHP = mel X

« By kinetic mixing, HP can
have ordinary EM filed
Epp = xmy, X <«— HP vector field

. Eyp Oscillates free
electrons in conductor, Hy, ¢ HP
they emits converted light & p10-?

« Converted light released ‘

perpendicular to the
conductor surface due tc %

boundary condition

« Energy of Converted light
= mass of HP

6, ~ 0

Converted light

(ordinary EM wave) *



Method 2

« Focus converted light with a parabolic

MIrror, measure power spectrum | < HP
» Focused power IS Detector ‘pDM
Pcenter"’ XzAdish PpMm Conversion Plate
Agin: Effective area of the mirror P‘ A
ppy. Energy density of HPDM center
Search for signal from HPDM C T‘Virtted
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Experiment Setup @

HP

Schottky barrier diode

mixer(SBD) \ .....

155~220GHz

/ Corrugated Horn
Conversion Plate (connected to SBD)
600*600mm, Al
m,r = 0.6~0.9 meV |
_ _ Whole setup is in
Parabolic mirror anechoic chamber at
d500mm(area: 0.2m?), Univ. of Fukui
f=1500mm, Al
~

Parabollc mirror



Experiment Setup @

frE fir = |frr — 8XfLo| < 4GHz

(155~220GH?z)
> 9’ » oscilloscope
1 Amplifier

LO
fio = 20~27GHz

« Corrugate Horn
(Coupling with condensed signal ~ -2dB)
« SBD mixes millimeter-wave(fzr) with local oscillator

signal(f,p), downconverts to f;z(conversion loss ~ -40dB)
« Amplify SBD output(~36dBx2, total gain: ~ 72dB)
« After amplified, FFT by oscilloscope (region: 0~4GHz)



SBD
(large view)

oscilloscope
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Status of Data Acquisition

« Data acquisition: from end of Dec. 2016 to end

of Mar. 2017
»Need to measure wide range (155~220GHz)
v'Change f;, 20.00, 20.25,---,27.25GHz

»>0On/off measurement
“*Move SBD on/off focal point of parabolic
MIrror
—Sighal & BG spectrum
)

on
off

f\focused light



power [W/3.2x10"meV]

Spectrum shape

LO=23GHz—fr=184~188GHz
Red:on focal point Black:off focal point
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Measurement — Serial No. 15123009

Serial No. 15123010 | |
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Peak Search

- HPDM signal reflects its velocity distribution(Maxwell-
Boltzman dist.)

Flw) =
3
W — my’ _E w — m‘yl
Py6(w —myr)xz\/ —— W, exp (— o )
+aw? + bw + y, 8G
Py: Power of HPDM signal
0: Step function power

wo: dispartion const. (m,/x4e-/)

(Calculate from standard Halo model

velocity dist. of HPDM)
m,: Mass of HPDM

Peak search for each m.

_ Y T wo~4m, 1 x107 meV
using F(w)
(Py, a,b, y,:fitting parameters) - my w

Y




Limit to HPDM .
 Parameter P, is power detected by : H' ‘H] il WH ' HIH Il
oscilloscope. Convert into power of il H} i M Il “
converted light(Py,, ) coming from | | }
conversion plate s S

mass m,[meV]

(SBD conversion loss, gain of amp., are measured Horn couplmg is
calculated from expected focused light)

Py = AP,
ConversionLossX Gain X Coupling

Php i Aphp —

* Calculate upper limit(95%C.L.) of Py, from Py, + APy,

* X959%CL =

N =

Phposor,  1m? | 0.3GeV/cm3
4.5x1014 < hf;:/o o Am” } 9-3GeV/cm I)
107°W  Agish PDM

0.20 m?
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Expected Result

« Calculate the reaching sensitivity with all 3-month data
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Hidden photon mass m  [eV]
progress: New result will come out soon.
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Future plan

« SIS mixer
o Conversion Loss ~ -10dB
o IThermal noise
1/1000 of SBD
o 2 order high sensitive
search is possible!
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Summary

1. Search for Hidden Photon Dark Matter
predicted in beyond Standard Model

2. Combine Dish antenna method with

millimeter-wave technology, HPDM of mass
0.6~0.9 meV can be searched

3. We already have finished taking 3 month
data, and data analysis is in progress.
Sensitive to unsearched m,» = 0.6~0.9 meV

) Y
region

4. For future improvement, using low
conversion loss and low noise SIS mixer, 2
orders of magnitude higher sensitivity search
IS possible



