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1The Universe



Axions, WISPs
and

Stuff



We started really simple ;-).

• Solving a few problems in one go…
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More motivation came from the the LHC…

Then Dark Matter 
is made of Axions!

Big Question:
Is it a Bose-Einstein Condensate?

Tests!!!
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Axion Dark Matter searches 

• The classic: ADMX

Till 2015 definitive search 
over large range!!!

New kids on the block!

Yale cavity search (x103)!

Potential search also at Cern
and perhaps UWA (roughly)!



Personal note…

Dark Matter could also be…
Hidden Photons

ADMX and Co can reach fantastic sensitivity!



Axion Helioscopes…

• CAST is going strong… 

towards higher masses towards the future
SUPER-CAST



Axion helioscopes…

• New experiments: SHIPS

• Improved understanding: Hidden Photon flux



Hints to test (also for LSW)

• From astrophysics

White dwarf cooling gives us: gae~2x10-13

Test with CAST
@ ~1 keV



Light Shining Through Walls

• First round of experiments are done!
• Achieved impressive sensitivity



Light Shining Through Walls

• Is gearing up for the future.
• Trying to beat CAST ;-).

• ALPS II 

• LIPSS 2

• Grim Repr

Think BIG!!

F=



Light Shining Through Walls

Is exploring new frequencies:
- Microwaves shining through walls

- Synchrotron radiation: XAX experiment
(next stage use 
full spectrum) 



Heavier WISPs

• Very interesting developments in the 
MeV-GeV range!
May be connected to 
Dark Matter

Small accelerators 
useful!

Many experiments in 
planning or underway!!!

Stay Tuned!!!



New Ideas and tests from Theory

• LSW via tunneling

• Astrophysical tests of ALPS



New Ideas and tests from Theory

• LSW via tunneling

• Astrophysical tests of ALPS

And always a surprise…

“It’s just like the Higgs mechanism 
but without a Higgs”



Intermezzo:
Particles that exist ;-)
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Measure dipole moments of

• Neutron

dn<few x 10-27 e cm

Precision tools



Measure dipole moments of

• Neutron
dnear future

n<few x 10-27 e cm

• Proton

• Do not forget electron: Recent 
measurement:

de<10-27 e cm

dtarget
p<10-29 e cm



Neutrinos

T2K: 13 0



Neutrino detectors can do something useful…

… search axions



Bouncing neutrons…

Bouncing ball            bouncing neutron

Test of 5th forces at m level!

Explore new possibilities!



Particles that exist…

…are a real pain for WIMP searches

• Understand background…
Do dedicated background
study!!!!

From where do all those neutrons come…



Great new detectors

• TES: Hope: Background free!!!!!!!!!!!!

• GridPix (all kinds of Pix)



Great new detectors

• TES: Hope: Background free!!!!!!!!!!!!

• GridPix (all kinds of Pix)

Impressive 78 slides in 20 minutes!!!



The Sun…

Konstantin is a steadfast disciple of the sun ;-)

We were introduced into his religion on Delos ;-)
Not only: The sun (and the moon) were born on
Delos

WISP WIMP

SPHINX



WIMPs



The attack…

• The time for the discovery of WIMPs 
has come

A large variety of experiments taking and 
publishing data!

LHC

XENON
CDMS WIMPs

CRESST
EDELWEISS

DAMA
CoGeNT

TEXONO

HESS
CTA



LHC can give us…

A candidate

But can’t tell us if enough was produced…

Need direct and indirect
detection!!



Indirect detection

• HESS

• CTA



Direct detection

• A variety of targets: Complementary
Important cross check!

CaWO4
NaI

Ge
Xe



Variety of detection schemes



Impressive sensitivity

+Dolan

10-18 b=10-9 fb



Impressive sensitivity

+Dolan

10-18 b=10-9 fb

The race for 
SUSY is on!



The challenge: go to lower masses

• Interesting region below 10 GeV

Low threshold technologies… e.g. TEXONO

Carefully reanalyze 
existing data.



Signals?

A lively discussion is underway…

Ohhhhh annual 
modulation

CDMSnix
XENONnix

modulated Muonnix
CoGeNTix
DAMAix



This will be resolved…

In a small town 
far far north

1%

I have always 
known that 

DM is 49.5% WIMP and
49.5% axion

The end



Last Words



Sorry if I forgot YOU…



4 years ago…

• We are (hopefully) witnessing the birth 
of a new field…

• Fundamental Physics @ Low energy

• Small scale experiments <<
• Complementary to Accelerators
• Clever Ideas
• More fun!
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Fundamental Physics @ Low energy

• Is not just walking… it’s running 

• Is growing… 
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1kg -> 1ton WIMP searches
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Fundamental Physics @ Low energy

• Is not just walking… it’s running 

• Is growing… 

• Racing LHC for DM

• Clever Ideas
• More fun!

1kg -> 1ton WIMP searches



Thanks to all for a great…



Patras goes West!

Hope to see you all at the…



Don’t forget:
Axion-Strategy Meeting 

(after coffee)


