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WISPs: Axion and ALPs
● The  Peccei–Quinn solution to CP violation of strong interaction (dn is 

too small) results in an axion.

● In the early universe, cold axion populations arise from vacuum 
realignment and string decay.

● ALPs are predicted by several string theory motivated extensions of SM.

Axion-photon 
conversion requires the 
magnetic field [1,2] 

From Andrei’s talk in Patras18
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WISPs: Hidden Photon
● Hidden Photon (HP) as an additional gauge field U (1) which kinetically mixes with 

the SM’s U(1). 

● Mediator particle between invisible field and the observable field (SM).

● HP can convert to photon without the magnetic field. 

Mixing term 
between two U(1)s

Mass term of the 
hidden U(1)

Visible 
Sector
(SM)

Invisible 
Field

Kinetic 
Mixing

3



  

WISPs: Hidden Photon
● Hidden Photon (HP) as an additional gauge field U (1) which kinetically mixes with 

the SM’s U(1). 

● Mediator particle between invisible field and the observable field (SM).

● HP can convert to photon without the magnetic field. 

Mixing term 
between two U(1)s

Mass term of the 
hidden U(1)

Visible 
Sector
(SM)

Invisible 
Field

Kinetic 
Mixing

Arias et.al. (2012): HP can 
be dark matter.
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Haloscope Type Experiment
WISPs is everywhere

MassWISP ~ 10-7 - 10-2eV 

WISPs DM particle could be 
everywhere at a high density.

FIXED SPACE 

VOLUME
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Haloscope Type Experiment
WISPs is everywhere

MassWISP ~ 10-7 - 10-2eV 

WISPs DM particle could be 
everywhere at a high density.

Primakoff 
effect for 
axion and 
ALPs

Kinetic mixing 
for Hidden 
Photon.

Traces of WISPs can be tracked by 
searching for their signal in the form of 
the electromagnetic wave.

FIXED SPACE 

VOLUME
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WISPs search with Resonant Cavity
● Proposed by Sikivie (1983).
● A well-known techniques in search for the 

axion CDM. 
● Search for resonant frequency is 

narrowed in a single resonant mode 
(tunable).

● ADMX, CULTASK, HAYSTACK are focus 
on the axion DM. 

From [7]From [6] 7

axion
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From [6]

Arias et.al. (2012) shows 
that resonant cavity also 
sensitive to HP CDM. 

HP Resonator
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WISPs search with Resonant Cavity
Experiments, R&D in University of Hamburg

WISP Dark Matter eXperiment 
(WISPDMX) 

● DAQ allows WISPDMX take broadband 
spectrum of 500 MHz with high resolution.

● Broadband gain covers the large mass range of 
HP.  

Supported by DESY and MPIfR - Bonn
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WISPs search with Resonant Cavity
Experiment, R&D in University of Hamburg

Lowest Power Detectable by 
WISPDMX run I

The best candidate 
from the run I

Result from the WISPDMX’s First Science Run: 61.5 Hours of Data
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Maxwellian Profile 
for WISP gas.



  

WISPs search with Resonant Cavity
Experiment, R&D in University of Hamburg

The exclusion limit of the mixing constant χ to the mass of hidden photon.
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B.R.A.S.S.
Broadband Radiometric Axion Searches

Hidden 
Photon

Axion and 
ALPs

“Searching for WISPy Cold Dark Matter 
with a Dish Antenna”  [arXiv:1212.2970]
 

Antenna converts HP->photon

Detector

Halbach Array as Conversion Surface
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1300 <4004800

Conversion surfaceReflector (d = 2.5m)
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axion Broadband 
Receiver



  

Thank you for attention.
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