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WIMP dark matter direct search experiments

Galactic WIMP Interaction in a
> .
terrestrial detector

velocity v ~ 200 km/s

local density p, Energy deposition
Nuclear recoil E,

keV - 10s keV energy deposition [ good for axions |
nuclear recoils [ not useful for axions, use electron recoils for axion searches]
very low event rate = low backgrounds, high exposures [ good for axions |

Many
technologies
(and data)
available




The solar axion flux
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= Carry out with WIMP/neutrino detectors searches in the same spirit as CAST,

but in general with sensitivity to higher-mass axions



Constraining gae from solar axions

Detection of Bremsstrahlung (+...) axions using axioelectric effect

e Axion mass= 0 keV
w Axion mass= 1 keV
Axion mass= 5 keV
Axion mass= 12 keV
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| spectral feature @ few keV |

Axio-electric cross section (barn/atom)
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EDELWEISS-II (Germanium)
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—lectron recoil backgrounds in WIM

P experiments

Xenon TPCs have the lowest background intensity
Germanium detectors have the best energy resolution and the best thresholds
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Constraints on gae from WIMP experiments
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EDELWEISS : JCAP11 (2013) 067
XMASS : PLB 724, 46 (2013)
XENON : PRD9O0 (2014) 062009



Constraining gay from solar axions

. Solar Primakoff flux ~ gay?

- Detection with CAST/IAXO : Primakoff conversion in big magnet
« pointing » to the Sun

- Detection with crystals : Primakoff conversion in the detector’s
electrostatic field ; Bragg enhancement ~ effective « pointing » to

the Sun
- Crystals vs CAST :

+ less sensitivity

- small detectors : no coherence loss effect for high axion masses



AXxio-Bragg-Primakoft detection
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AXxio-Bragg-Primakoft pattern
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-DELWEISS-II example

- Same electron recoil bg as before
- Crystallographic axis not known
(1 angle) !
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Constraints on gay from WIMP experiments

Sensitivity valid up to 200 eV -
at least : i
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Axion fluxes from the coupling gan

Axion coupling to nucleon L = iYnvs5(9%n + 9AnT3)UNDA

6.2 106GeV) (3F - D+ 25)
fa 3
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gun =—-78x107° (
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Nuclear deexcitation at high solar temperature : M1 transition of °’Fe generates
monochromatic 14.4 keV axions

ka\® Y .
D44 = (k—\) x 4.56 x 10%° (g'“f’\)z em gL,

Production in fusion reactions : p (d , 3He ) A : monochromatic 5.5 MeV axions

D= q)upp(w.»x/wy) =3.23X10"(g34x)* (P4 /Py)B;



Constraints on gan

Detection by axioelectric effect / Compton-
like process

= constrain gan X Jae OF JaN X Qay -

14.4 keV axions : low energy electron recaill,
DM expts

EDELWEISS-II : gao X gan® < 4.8 x 1017

Exclude 0.15 < ma < 14.4 keV (KSVZ
axions)

5.5 MeV axions : « high energy », neutrino
expts

Borexino : gae X gzan < 5.5 x 10713

Exclude ~10 keV < ma < 5.5 MeV (KSV/Z)
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Constraints on gan : data
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Searches for local axion-like DM

Assume ALPs constitute
local DM halo

Rpum(E) = ®pmoa(ma) x Zfi(E)MiTi
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Direct detection through i
. . ol
axio-electric effect : 10
monochromatic electron
recoil line @ E = ma

Searches mostly motivated
by an interpretation of the
DAMA anomaly
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Conclusions

Neutrino detectors known to provide good, « historical » axion searches ...
... 90 do WIMP detectors : similar, with lower energy reach.

The combination of all search channels (gae, gay) and experiments
(XENON100, EDELWEISS-II, Borexino) severely constraints QCD axions in
the whole ~ eV - MeV range, by directly searching for solar axions.
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