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Hidden Photon Dark Matter(HPDM)
• Hidden Photon: extra U(1) gauge boson 
predicted in beyond the Standard Model 
theory
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Standard 
Model

• HP can be Cold Dark Matter(CDM)
via misalignment mechanism
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Search for HPDM in 𝒎𝜸0~	meV
using millimeter-wave technology!



Method ①

• By kinetic mixing, HP can 
have ordinary EM filed 
𝐸89 = 𝜒𝑚/:	𝑋

• 𝐸89 oscillates free 
electrons in conductor, 
they emits converted light
• Converted light released 
perpendicular to the 
conductor surface due to 
boundary condition
• Energy of Converted light 
= mass of HP
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Method ②
• Focus converted light with a parabolic 
mirror, measure power spectrum
• Focused power is
𝑃CDEFDG~	𝜒1𝐴HIJK	𝜌MN
𝐴HIJK: Effective area of the mirror
𝜌MN:   Energy density of HPDM

Search for signal from HPDM

HP

Converted 
light
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Detector
Conversion Plate

Parabolic mirror

𝑃CDEFDG

𝐴HIJK

𝜌MN

Frequency of signal → 𝑚/:
Power of signal    → 𝜒



Experiment Setup ①

Conversion Plate
600*600mm，Al

Schottky barrier diode 
mixer(SBD)
155~220GHz

𝑚/0 = 0.6~0.9	𝑚𝑒𝑉

Corrugated Horn
(connected to SBD)

6

Parabolic mirror

HP

Parabolic mirror
Φ500mm(area: 0.2𝑚1)，
f=1500mm，Al

Whole setup is in 
anechoic chamber at 
Univ. of Fukui



Experiment Setup ②

• Corrugate Horn
(Coupling with condensed signal ~ -2dB)

• SBD mixes millimeter-wave(𝑓UV) with local oscillator 
signal(𝑓WX), downconverts to 𝑓YV(conversion loss ~ -40dB)
• Amplify SBD output(~36dB×2，total gain: ~ 72dB)
• After amplified，FFT by oscilloscope (region: 0~4GHz)

LO
𝑓WX = 20~27𝐺𝐻𝑧

𝑓YV = |𝑓UV 	− 8×𝑓WX| < 4𝐺𝐻𝑧

SBD

𝑓UV
(155~220GHz)

Amplifier
oscilloscope
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Al conversion plate

Parabolic mirror
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SBD
(large view)
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Status of Data Acquisition
• Data acquisition: from end of Dec. 2016 to end 
of Mar. 2017
ØNeed to measure wide range (155~220GHz)

üChange 𝑓WX 20.00, 20.25,…,27.25GHz
ØOn/off measurement

vMove SBD on/off focal point of parabolic 
mirror
→Signal & BG spectrum
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Spectrum shape
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LO=23GHz→𝑓UV=184~188GHz
Red:on focal point Black:off focal point

BG: thermal 
noise of SBD

Considering freq. band of amp.,
use a part of the spectrum for 
analysis

𝜔 [meV]
184 184+3.5	[GHz]

This part

Gain of Amp.



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

𝐹 𝜔 =

𝑃c𝜃 𝜔 −𝑚/0 ×2
𝜔 −𝑚/0
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+𝑎𝜔1 + 𝑏𝜔 + 𝑦c
𝑃c: Power	of	HPDM	signal
𝜃: Step	function	
𝜔c: dispartion	const. (𝑚/0×4e-7)

(Calculate from standard Halo model
velocity dist. of HPDM)

𝑚/0: mass of HPDM
Peak search for each 𝑚/0

using 𝐹 𝜔
(𝑃c, a,b, 𝑦c:fitting parameters) 11
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• Parameter Pc is power detected by 
oscilloscope. Convert into power of 
converted light(P��	) coming from 
conversion plate

Limit to HPDM
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(SBD conversion loss, gain of amp., are measured. Horn coupling is 
calculated from expected focused light)

P�� ± ΔP�� =
Pc ± ΔPc

ConversionLoss×	Gain	×	Coupling

• Calculate	upper	limit(95%C.L.)	of	P�� from	P�� ± ΔP��
• χ��%�� =

4.5×10<�� 	
P����%
10<1@W×

1m1

A����
×
0.3GeV/cm@

ρ��

�
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• Calculate the reaching sensitivity with all 3-month data

• Analysis in progress: New result will come out soon.

Expected Result
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• SIS mixer
oConversion Loss ~ -10dB
oThermal noise 

1/1000 of SBD
o2 order high sensitive 
search is possible!

Future plan
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Expected
(Present setup)

Expected
(Future setup,

Narrow mass range, 
high sensitivity)

GM	refrigerator

SIS



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 = 0.6~0.9 meV 
region

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