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Dark Matter(s) 



Axion(-like particle) Dark Matter 



Hidden photons 
•  Extra U(1) gauge bosons 
•  Interact by mixing with the photon 

•  Essentially all I say for ALPs can be 
adapted and works for HPs (often better) 



Hidden Photons… 

Can also be Dark Matter! 



Detecting ALP/WISP 
Dark Matter 



Use a plentiful source of axions 
•  Photon Regeneration 

axion 
(dark matter) 

Photon  
(amplified in resonator) 



Signal: Radiofrequency peak 

Virial velocity  
in galaxy halo! 

RF 
Receiver 



An extremely sensitive probe!!! 



An extremely sensitive probe!!! 



Encircling the axion… 

SN1987a

SN g-burst

EBL

X-Rays

Telescopes

xion

HB
Helioscopes HCASTL Solar n

KS
VZ
ax
ion

Beam
Dump

LSW HALPS-IL

H
al
os
co
pe
s

ALPS-II
REAPR

TeV
Transparency

IAXO

ADMX-HF

ADMX

Dish
Antenna

YMCE

WD cooling hint

axion CDM

ALP CDM
Intermediate string scale

-12 -10 -8 -6 -4 -2 0 2 4 6
-18

-16

-14

-12

-10

-8

-6

Log Mass @eVD

Lo
g
Co
up
lin
g
@Ge

V
-
1 D



@ DESY + Bonn: WISPDMX 



IAXO as facility 



IAXO facility 
•  IAXO provides large magnetized volume 

 è useful for ALP DM search 

Insert long thin cavities 



Broadband  
Search Strategy 



Dark Matter Antenna 

Antenna converts axion->photon 

Light concentrated in center 

Detector 

 
 
 

Probes here; 
very sensitive!! 

B 



The FUNK experiment 

Recycle Auger mirror 

First measurements in  
the next few months 

Could detect  
hidden photon DM!!! 



A Dream for Astrology ehhm Astronomy 

VDM =0 VDM≠0= 

Screen 

•  Emission from moving dark matter 

•  A picture of the DM-velocity distribution 



Electricity from Dark Matter ;-). 
•  Photon Regeneration 

axion 
(dark matter) 

Photon  
(amplified in resonator) 



Beyond Photon  
Couplings 



Light bosons can couple to fermions 
•  Goldstone bosons naturally couple to 

fermions (charged under the symmetry) 

•  E.g. Family symmetry changing e into µ 

 Interestingly these couplings are not 
 very constrained from astrophysics! 
 (not enough energy to make µ s 



Plenty of room for dark matter 



 
ALPs as DM mediators 



ALPs can mediate to DM 

•  Pseudo-scalar coupled ALPs can serve as 
mediator for light thermal DM 

•  Early Universe 

•  Direct detection strongly suppressed 



DM in an interesting area  



ALPs@SHIP 



Looking for heavier ~GeV ALPs 
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Couplings to two photons 

Two-photon  
signal 



Sensitivity 
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Sensitivity 
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Couplings to fermions 

•  Production via ALP-pion mixing 
 
 
   è 
 
 
 
   è 

Off diagonal mass term  
è mixing 



Decay  
•  ALP can decay into °°,ee or µµ 



Sensitivity 

10-2 10-1 100 10110-9

10-8

10-7

10-6

10-5

10-4

10-3

10-2

10-6

10-5

10-4

10-3

10-2

10-1

100

101

mA @GeVD

f A
-

1
@Ge

V
-

1 D

g Y

K+Æp++X
BÆK+inv

BÆK m+m-

BaBar

CHARM

SHiP

B S
Æ
m+
m-

K
LÆ
p0

l+
l-

BBN constraints

Probes  
High  

underlying  
scale 

Thermal equ. 10GeV 



ALPs 
@ 

Old and New Colliders 



The Hole!!! 
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ALPs @ LEP Three photon signature 
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ALPs @ LEP Two photon signature… 
•  Lower mass limit from photon separation 
•  This is not necessary:  2=1 
  (for close photons) 
        èUse Two photon searches  
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Hole plugged! 



ALPs @ LEP Two photon signature… 
•  Lower mass limit from photon separation 
•  This is not necessary:  2=1 
  (for close photons) 
        èUse Two photon searches  
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Future ee 



Can do even better 
•  Coupling usually to Hypercharge 

•  Allows process  



Significantly better… 
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Conclusions  



Conclusions 

•  Extremely sensitive + cool 
       Dark Matter experiments 

 

•  Fixed Target @ MeV to GeV Energies 
 
 
 

•  Colliders can do their share: LEP, LHC, FCC 
 

•  Time to also look for different interactions 
 (e.g. fermions, flavor changing etc) 

•  Stay tuned for discovery!!!!!!!!!!!!!!!!!!!!!!!!!! 

WISPDMX 



X 


