Conclusions




Axions, WISPs

Stuff




We started really simple :-).
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+ Solving a few problems in one go...

Z from GUTs, weak CP, strong CP
axions, and the ©# problem,
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More motivation came from the the LHC...

What if the LHC does NOT find new physics
The Nightmarg Segnario

Then Dark Matter

is made of Axionsl!




More motivation came from the the LHC...

Then Dark Matter
is made of Axions!

Big Question:
Is it a Bose-Einstein Condensate?
Testsll




Axion Dark Matter searches
- The classic: ADMX
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Axion Dark Matter searches
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Axion Dark Matter searches

* The classic: ADMX

New kids on the block!

Sn1987a

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

Till 2015 definitive search
over large rangelll




Personal note...

Dark Matter could also be...
Hidden Photons

ADMX and Co can reach fantastic sensitivity!
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Axion Helioscopes...

- CAST is going strong...

towards higher masses  towards the future
SUPER-CAST
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Axion helioscopes...

* New experiments: SHIPS

Fresnel lens

Hidden Photons...

Logye(m/eV)




Hints to test (also for LSW)
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Light Shining Through Walls
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* First round of experiments are donel
+ Achieved impressive sensitivity
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Light Shining Through Walls

+ Is gearing up for the future.

Trying to beat CAST ;-)
|

150 kW

ALPS II 12 + 12 HERA

F= 40000

LIPSS 2

Photon
Regeneration

Grim Repr

Think BIGI—




Light Shining Through Walls
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Is exploring new frequencies:
- Microwaves shmmg through walls
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(next stage use
full spectrum)




Heavier WISPs

* Very interesting developments in the
MeV-GeV rangel
May be connected to
Dark Matter

Small accelerators
useful!

Many experiments in
planning or underway!!!

Stay Tuned!!!




New Ideas and tests from Theory
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* LSW via tunneling




New Ideas and tests from Theory

+ LSW via tunneling

AN

+ 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




Measure dipole moments of

d <few x 10 27, e cm

Mechanicalfshocks

Precision tools




Measure dipole moments of
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* Neutron
i -27
dnear future <few x 10-27 e cm

« BNL, USA: proton « COSY/IKP, Jiilich/Germany
‘ ic” ri deuteron ring: JEDI
* Proton ~Mmagic ring | cereen e

measurement:
d <1027 e cm




Neutrinos

T2K: 0,52 O




Neutrino detectors can do something useful...
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... search axions

External water tank —, Stainless Steel Sphere
Water Nylon Outer Vessel
Ropes > Nylon Inner Vessel
s Ak - Fiducial volume
Internal —
PMTs —

Steel plates
for extra
shielding




Bouncing neutrons...

Bouncing ball

Test of 5th forces at um levell

mm) Explore new possibilities!




Particles that exist..
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..are a real pain for WIMP searches

x107

-y

From where do all those neutrons come...

‘Muon rate in .LNGS*

Muon intensity (nm’ s)™

- y
2007 ! 2008 i
n " | - 1 1 L

2500
Progressive day since 1*' Jan, 2001

Neutron spectra entering cavern at 4850 level

new sim with new MuNuclear

10 older sim

° U nde rstand bac kg rou nd co® “ The ;i\:r;r;sfirs;céi:r;swrj;‘ied overall rate by 0.2%
Do dedicated background
studyllll

and 55% for KE > 100 MeV
The new muon nuclear process raised overall rate
10™ by 21%
at all energies

Neutrons/em’/s/50MeV
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kinetic energy (MeV)



Great new detectors

+ TES: Hope: Background freelllllllliii
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Great new detectors

+ TES: Hope: Background freelllllllliii

opt +1
Superconductor film ] C, T,
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Absorber }

Sink at T,




The Sun..

fascinating ..mystery “.

We were introduced into his religion on Delos ;-)

Not only: The sun (and the moon) were born on

_
SPHINX







The attack...

*+ The time for the discovery of WIMPs
has come

A large variety of experiments taking and
publishing datal




LHC can give us...

A candidate

SEARCH AT LHC FOR PROCESSES LIKE E.G.
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Need direct and indirect
detection!!
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Indirect detection

NGC6388
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— — Initial NFW profile

— — Initial NFW profile + IB
—— Final profile

—— Final profile + IB

Thermally-produced DM
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Direct detection

University of Durham

+ A variety of targets: Complementary
Important cross checkl




Variety of detection schemes

COUPP
PICASSO
Phonons
CDMS
EDELWEISS
Charge
GERDA XENON
MAJORANA LUX, ZEPLIN
WARP, ArDM

CoGeNT

University of Durham

Tracking:
DRIFT, DMTPC,
MIMAC, NEWAGE

CRESST
ROSEBUD

Light

DEAP/CLEAN
DAMA, KIMS
XMASS




Impressive sensitivity
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Impressive sensitivity

University of Durham

\

A
\
i\
)
-

LY e

\ \ _‘- ‘/' } 2
‘I\."xh-_/'.{ COWLICN [)\\-\I
"
\
N
." .
.I\ X \‘\ 1\

b
<
=

DAMA/Na

—_—

o
"
&a

j—
—
—
'

—_

L

—_— — -

XENON100 (2010) |

The race for‘ /\\ \ Buthmueller et :

) 1 1 | | l‘\‘ ‘R‘\-—--LJ—’J: ] +ﬁ9llan
SUSY is on! D 50 100 200 300 400

wIMP Mass [GeV/c’]

&
3]
—_—
=
2
>
-
75
7
s
B4
o 10
=
S
=
2
Z.
ﬁl
>
—
=




The challenge: go to lower masses

* Interesting region below 10 GeV

Low threshold technologies... e.g. TEXONO

P4
Proprietary
Implanted

L Contact
L Passivated Surface

N+ (Li-diffused) Contact

vd
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Carefully reanalyze B IO iy
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Signals?

A lively discussion is underway...

Ohhhhh annual

CDMSmx ,
XENONix CoGeNTix
modulated Muonnix  DAMAIX




This will be resolved...

1 L

In a sall town
far far north




Last Words




Sorry if I forgot YOU..




4 years ago...

+ We are (hopefully) witnessing the birth
of a new field...
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laser power 1 kW 150 KW

magnets 0.5+ 05 HERA 12+ 12 HERA
reg. cavity power

built-up L 40000

1kg -> 1ton WIMP searches




(pd)
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Fresnel lens Fresnel lens

Hidden Photons...

Detector I Detector 11

WIMP-Nucleon Cross Section [em”]

The race for. —2 . "-“ Buchmueller et

- — + ‘Dqlan

s SUSY is onl 730 00 200 300 400

Mass [GeV/eT]




Thanks to all for a great..
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shop on AXions,
MPs and WISPs

26 June - 1 July 2011
Mykonos (GR)

Programme
- The physics case for WIMPs, Axions, WISPs

- Review of collider expenments

- Signals from astrophysical sources

- Direct searches for Dark Matter

- Indirect laboratory searches for Axions, WiSPs
- Direct [aboratory searches for Axions, WISPs

- New theoretical developments
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Patras goes West!
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The 8t Patras Workshop on Axions, WIMPs, and WISPs
Chicago USA 2012

.[effer?on Lab




Don't forget:
Axion-Strategy Meeting

(after coffee)




