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Outline

<» The EDELWEISS-IT experiment in a
nutshell -> Valentin Kozlov's talk for more
details

<> The EDELWEISS Ge hybrid detectors
% Different axion sources

% Axion detection with EDW Ge
detectors

» New results on different channels

% Conclusions ( - : .
E. Armengaud et al. - in preparation



EDELWEISS-II in a nutshell
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EDELWEISS-II =) ~ 50 people / 4 countries I I — -

It is located at the Underground Laboratory of Modane.

Main goal: direct detection of WIMPs with Ge
double-readout (heat + ionization) detectors
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<> EDELWEISS experiment shows that this e : e -
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<+ EDELWEISS has obtained competitive
results in the search for WIMPs, also in
the controversial low-mass region.

< The low raw background achieved (including
electron recoil signals) close to threshold
makes EDELWEISS an interesting set-up

to search for axions and ALPs.



The EDELWEISS hybrid detectors
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2" generation - ID400 - used in this analysis - Keep the EDW-I NTD phonon detector
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Active recoil discrimination
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Axions? Why not...

<+ One can use Ge detectors originally built for WIMP dark matter (or Ovfp)

<+ Beauty of the method: it is possible to piggyback on the existing Ge

experiments

EDW is also sensitive
to electronic recoils
down to 2.5 keV
Lo
Excellent electron
recoil background at
low energies (use
fiducial volume
discrimination)
L
AXions can generate
an electronic recoil:
we can detect or
constrain axions
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Axion searches - Different studied sources

1) The Sun

Primakoff production (g,)

Nuclear de-excitation (°7Fe) (gn)

Bremsstrahlung and
Compton scattering (g,.)

Axio-recombination and
Axio-deexcitation (g,,)

L

2) The Galactic halo
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9ay = 109 GeV, g,, = 101 and g,\2ff= 107
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New flux evaluation by J. Redondo

10

8
Energy (keV)

12

We are sensitive to different axion-couplings to particles

Hypothesis: Axions make up all of galactic dark matter and they have a mass in

the keV region.
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Axion detection with Ge hybrid detectors

1) Axio-electric effect 2) Bragg's diffraction
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Summary table: production & detection

Production

Primakoff channel
gAy

Compton, Bremsstrahlung,
axio-
recombination&deexcitation
9Ae

Solar ’Fe de-excitation
JaeXgan®

Axions as dark matter

Detection

Bragg diffraction
gAy

Axio-electric
effect

9ae

Axio-electric
effect

9ae

Axio-electric
effect gy,

Signature

Energy depencence
and time correlator

Energy dependence
(spectral bump)

Energy dependence
(line @ 14.4 keV)

Energy dependence

(line @ m,)



Data selection: EDELWEISS-II

Axions can trigger an electronic recoil:

event selection in the electron recoil
band

Use of the fiducial volume to
discriminate surface events

Selection of periods with good baseline
on heat and fiducial ionization:
homogeneous data set of 450 kg d

Define "best” energy fiducial estimator
by combining heat and fiducial ionization

Threshold definition: impose online
trigger efficiency > 50% and other cut
efficiency > 95%

3 detectors have a threshold @ 2.5 keV
2 @3 keVannd 5 @ 3.5 keV. FWHM at

low energy is 0.8 keV.
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An example: the 14.4 keV case (1)

Production:14.4 keV monochromatic
axions emitted in the M1 transition of

57Fe nuclei
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Detection: axio-electric effect

R, =®,,x0,xW xe¢

We assume a Poisson background and
construct a likelihood function
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An example: the 14.4 keV case (2)
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Model dependent limit ==

Limits on g,, assuming values predicted by
the DFSZ and KSVZ models for the
couplings g%,y and g3,

Assumptions: S = 0.5 for the flavor-
singlet axial vector matrix element in both
models and cos? Pyrs; = 1 for the DFSZ
model.

ZAe
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Dark Matter axions

Hypothesis: Axion make up all of galactic dark matter and they have a mass
in the keV region.

15
Va 9-107  keV i The flux does not depend on any axion

(I)DM = Ppum = 2 -1 coupling.
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10°

Signal: a line at the axion mass in

the recoil spectrum w:10.10: oama .-
o o EDELWEISS
g, <1.05x10™* @ m, =12.5 keV =
0T E CDMS
10—13_ Ll 1 1 Lo 1 1 Lo |

10 10?
Axion mass (keV)



gs. limits with the EDELWEISS-II data
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ga limits: EDELWEISS-II & the others

---- model dependent limit
RED curves - EDW results
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ga,: Primakoff effect

Production: Primakoff process in the Sun
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Detection: Bragg diffraction in Ge

crystals

The typical transferred momentum
has a wavelength close to the
interatomic spacing

A Bragg pattern arises -> strong
enhancement of the signal
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The expected rate in 1 day
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The statistical analysis

The vertical axis of the bolometer tower is aligned with the [001] axis of
each detector (one degree precision) BUT the individual azimuthal
orientation a of each detector was not measured. Axion rate averaged over time

= Build a time A ER(EJ)_@J

correlation function

events
4

8, 10° Dependency on the azimuthal orientation

Combine all 10 detectors with unknown
orientations:

Real data — MC simulation of the experiment’
— Scan over orientations and possible
couplings

— Rule out coupling from the
comparison between simulation and
real data.
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g4, limits with the EDELWEISS-IT data
g, <2.13:10” GeV"
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Conclusions (1)

Bkg data from the EDELWEISS-II detectors, originally used for WIMP
search, have been used to constrain the couplings of axion-like particles
within different scenarios.

Production Detection  Coupling limits
Primakoff channel Bragg diffraction g,,<2.13x10-° GeV-!
gAy gAY
Compton, Bremsstrahlung, Axio-electric Ga.<2.56x10-11
axio- effect
recombination&deexcitation Jhe
9ae
Solar °”Fe de-excitation Axio-electric GaeX9ganf<4.7x10-17
9aeXganTf effect
9Ae
Axions as dark matter Axio-electric ga.<1.05x10-12

effect gy, @ 125 keV



Conclusions (2)
EDELWEISS-II data: axion mass limits

Channel 57Fe C-B-RD Primakoff
KSVZ 154 eV<m,<14.4 keV 269 eV<m,<40 keV ~ 5.73 eV<m <200 eV

DFSZ  7.93 eV<my14.4 keV  0.914 eV<m <80 keV  14.86 eV<m <200 eV
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