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We make use of the EDELWEISS-III array of germanium bolometers to search for electron interactions
at the keV scale induced by phenomena beyond the Standard Model. A 90% C.L. lower limit is set on the
electron lifetime decaying to invisibles, 7 > 1.2 x 10** years. We investigate the emission of axions
or axionlike particles (ALPs) by the Sun, constraining the coupling parameters g,, < 1.1 x 10~!! and
Gae X G < 3.5 % 10717 at 90% C.L. in the massless limit. We also directly search for the absorption of
bosonic dark matter particles that would constitute our local galactic halo. Limits are placed on the
couplings of ALPs or hidden photon dark matter in the mass range 0.8-500 keV/c?. Prospects for

searching for dark matter particles with masses down to 150 eV /c? using improved detectors are presented.

DOI: 10.1103/PhysRevD.98.082004

I. INTRODUCTION

The EDELWEISS-III experiment, located in the
Laboratoire Souterrain de Modane (LSM), uses an array
of 870 g germanium detectors. Their instrumentation is
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primarily optimized to identify hypothetical keV-scale
energy depositions from nuclear recoils produced by elastic
scattering of weakly interacting massive particles (WIMPs)
that could constitute our galactic dark matter halo [1,2].
In addition, the experiment is also able to detect
electronic interactions generated by rare processes with
energy depositions down to keV-scale energies. The asso-
ciated sensitivity to such rare processes profits from the
large recorded exposure, the overall low-background envi-
ronment, and the specific detector technology. In particular,
the so-called fully interdigit (FID) electrode scheme allows
the identification of interactions inside the fiducial volume of
individual detectors and therefore suppresses backgrounds
from surface radioactivity down to the experimental energy
threshold. A measurement of the remaining fiducial electron

Published by the American Physical Society
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recoil background associated with radioactive processes was
presented and interpreted in [3]. In this article we present the
results of searches for rare processes induced by several
hypothetical phenomena, producing electron recoils in the
0.8-500 keV energy range.

Most search channels focus on axions or axionlike
particles (ALPs) emitted by the Sun or which would
constitute the local dark matter halo. We also present a
search for germanium K-shell electrons decaying into
invisible particles. Our results improve significantly over
the axion searches carried out with the EDELWEISS-II
detectors [4]. Other experiments also recently published
similar searches, using either liquid Xenon targets [5—10] or
crystalline detectors [11-14].

A. Solar axions

The first category of our search focuses on solar axions.
QCD axions provide an elegant explanation for the
observed lack of CP violation in the sector of strong
interactions. These pseudoscalar particles may have arbi-
trary masses m,, whose value is dictated by the Peccei-
Quinn energy scale f,. Their couplings to ordinary matter,
namely photons, electrons, and nucleons, depend on this
energy scale as well as on the exact realization of the axion
model. These interactions can be represented by the
following effective Lagrangian:

5:—1 FF +ig,@ iNys(g¥ 313N
1 Jar + igaceysea + iNys(goy + gont3)Na.

(1)

Here a is the axion field, F the photon, e the electron,
and N = (p,n) is the nucleon isospin doublet. The
parameters g,y are then functions of m, for a given
QCD axion model. They can, however, take any value
in the case of a generic axionlike particle not related to the
QCD sector. The Sun is a potential source of axions as long
as the axion mass is smaller than its inner temperature. The
solar axion flux is produced by different processes, each
associated with the above-mentioned couplings. In this
article we concentrate on two fluxes:

(1) Thanks to their couplings to electrons, axions are
produced via Compton-like, bremsstrahlung-like
and recombination/de-excitationlike processes. The
corresponding, so-called CBRD flux peaks around
1-2 keV, and its intensity scales as gZ,. It has been
calculated in [15].

(2) Fe, largely present in the Sun’s core, possesses a
first excited state at E* = 14.4 keV which may de-
excite through the emission of an axion. The
corresponding flux is monoenergetic, at 14.4 keV.
Its line intensity scales with the combination
(958> = (=1.19g0n + gow )

Solar axions can be detected thanks to the equivalent

of the photoelectric effect, i.e., the absorption of an axion
by an electron, with the following cross section:

Oue (E) = Ope (E) (2)

()

16zam?p 3

Here E is the total axion energy, identical to the electron
recoil, and g its velocity relative to the speed of light. o,
is proportional to the photoelectric cross section in germa-
nium o ,,, as the same form factor associated to electronic
wave functions is involved. In our calculations, we use NIST
data [16], complemented by [17] for energies £ < 1.3 keV.

The signals associated with both CBRD and ’Fe axions
are proportional to the product of fluxes times o,
convolved by the detector’s energy resolution. While the
S'Fe signal is an individual line at 14.4 keV, the energy
distribution of the CBRD signal has a relatively broad
shape in the energy range 1 < E <4 keV. The total
intensities of these signals scale as g%, (CBRD) and g2, x

(¢5)? (*Fe), respectively.

B. keV-scale bosonic dark matter

While the dark matter (DM) paradigm is more and more
strengthened by cosmological and astrophysical observa-
tions, the nature and, in particular, the mass of this physical
object is completely unknown. The most studied thermal
WIMP scenario naturally accomodates for masses in the
GeV-TeV range, but masses in the keV-MeV range should
also be explored [18,19]. Thermal relics with a mass
<4 keV are severely constrained by observations of cos-
mological structures at small scales [20], but much lower
values for the mass of dark matter are possible if its relic
density is driven by a nonthermal mechanism, as is the case
for axions and ALPs.

Dark matter direct detection consists in searching for
interactions of dark matter from our local galactic halo
directly inside an experimental device. In the case of dark
matter with a mass smaller than ~10 MeV/c?, current
direct detection experiments do not yet have the energy
threshold to measure its elastic scattering on ordinary
matter. However, if dark matter is made of bosons, then
its absorption can be measured down to much lower
masses. Here we will search for the absorption of bosonic
DM over a wide range of masses between 0.8 and
500 keV/c?. Given the relatively well-known local DM
mass density ppy =~ 0.3 GeV/cm® and average velocity
with respect to Earth, (v) ~1073¢ [21], the DM flux
reaching the detector is

pDM<U> ~90 x ]0121(67\7 em™2 x s L. (3)
m, my

b =

In order to quantify the intensity of the DM absorption
process, we consider two simple cases. If DM is an ALP,
then its coupling to electrons has the same expression as in
the case of QCD axions, and the absorption cross section is
identical to Eq. (2), with f = 1073 and E = m,c?. If DM is
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a dark photon, labeled A’, we assume it is effectively
coupled to the standard model at low energy through
kinetic mixing with photons, £ ~ xFF'. The absorption
cross section for electrons is then simply proportional to the
photoelectric cross section,

2
Owe(my) = 0po(E = myc?) x E 4)

The measurement of a monochromatic line of intensity R
at a given energy E can then be interpreted as a DM
absorption feature, with DM mass m, (my4/) equal to E, and
effective coupling g,, (k) proportional to v/R.

After extracting bounds on the absorption of DM with
mass > 0.8 keV/c? using EDELWEISS-III data, we
present future sensitivities to bosonic DM with a mass
down to 150 eV/c? based on projections with detectors
being currently developed.

II. EXPERIMENTAL SETUP, DATA
AND ANALYSIS

A. Setup

The EDELWEISS-III infrastructure and related detector
performance are described in [22]. The experiment is
located in the LSM, whose mean rock overburden of
4800 meters water-equivalent reduces the cosmic muon
flux to 5 muons/m? day. The active target at the time of
data taking relevant for this study consists of twenty-four
germanium detectors cooled down to 18 mK and sur-
rounded by a set of shields against radioactivity: namely
20 cm of lead against y rays and 50 cm of polyethylene
against neutrons. A muon veto made of plastic scintillators
surrounds the overall setup.

The detectors are 870 g, high-purity germanium
cylindrical crystals, whose surfaces are all covered with
ring-shaped, interleaved aluminium electrodes biased at
alternate values of potentials. The resulting electric field
separates the detector’s volume in two parts. Electron-hole
pairs produced inside the central, bulk volume are drifted
by an axial electric field and collected by fiducial electro-
des. Charges produced at a distance smaller than ~2 mm
from the surfaces are drifted parallel to the surface and
collected by fiducial and veto electrodes of a given side. In
addition, the total phonon signal produced by an interaction
is measured by two germanium neutron transmutation
doped (NTD) thermistors. In the end, ionization signals
permit the identification of fiducial interactions, and for
those interactions the phonon signals provide an ionization
yield measurement, and therefore permit the separation of
electron recoils from nuclear recoils. Finally, the combi-
nation of both ionization and phonon signals provides
an accurate energy estimator for these electron recoils,
expressed in keV.

B. Measured spectrum and interpretation

The data set and fiducial electron recoil spectra used in
this study are almost identical to those published in [3].
Here, we provide only a brief description of these data, and
highlight the differences with respect to [3], which consist
in improvements brought to the electron recoil energy
estimator. A total exposure of 1149 kg days is selected from
WIMP-search data recorded between July 2014 and April
2015. In this selection, 19 detectors are used and have an
online threshold of 2 keV or lower. From this 19-detector
exposure, a subselection of 289 kg days from 10 detectors
is also used with a maximal threshold of 0.8 keV.

Electron recoil spectra are built from a simple set of cuts
based on the reconstructed event signals, with respect to their
associated baseline resolutions o). On the one hand, selected
events have a fiducial ionization signal Ey > 3.50%,;. On the
other hand, we require that their signals on nonfiducial
electrodes be compatible with zero after a cross-talk correc-
tion is applied. Multiple-hit events are rejected, based on the
data from the complete 24-detector array.

The signals from individual channels are calibrated
based on the (8.98, 9.66, 10.37) keV triplet produced by
the cosmogenic activation of ®Zn, %Ge, and ®Ga, as well
as on calibration lines from a '33Ba source. The gains and
nonlinearities of phonon channels are calibrated as in [22].
In this study, we also correct for the nonlinearity of the
ADC used for the ionization measurements. This effect has
a 2% amplitude at 356 keV, and is well described up to
1.4 MeV by a quadratic term that was obtained from the
cosmogenic and '33Ba data, as well as the positions of the
peaks from U/Th contaminants.

For fiducial electron recoils at low energy, the optimal
energy scale EOP is a linear combination of heat and
fiducial energies with relative weights computed from
individual baseline noises as in [3]. However, above a
few tens of keV the energy resolution is severely degraded
by charge trapping, which spreads the reconstructed ion-
ization signals [23], as well as the phonon signals due to the
Neganov-Luke effect. We use the procedure described in
[23] to correct trapping effects on the fiducial electrode
signals by exploiting charge conservation and the residual
signals observed on the veto electrodes. The resulting
corrected ionization signal is labeled Ef;. In order to
optimize the resolution up to energies of a few hundreds
of keV, we therefore use the following empirical energy
scale:

wl/2 = 1 — ¢—(BOP/25 keV)*

(5)

By fitting the peak positions from radioactive and cali-
bration lines, we checked that the accuracy of this energy
scale is better than 0.4% for all energies considered. Again,
due to trapping the energy dependence of the resolution
for this estimator is of the form ¢ = 63 + (aE)?, where

E = wEg, + (1 —w)EOP;
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10*

10°

Rate (events/kg.day.keV)

10?
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FIG. 1. Low-energy electron recoil spectrum of the low-thresh-
old 10-detector subset. The continuous (dashed) line represents
the best fit model for the total observed rate R(E) [the corrected
recoil rate Rgp(E)], respectively. This is the same data as
represented in the inset from Fig. 2 in [3].

a = 1.23% for the stacked 19-detector data set and oy =
193 eV (157 eV) for the 19-detector (10-detector) data set.

The low-energy spectrum is modeled in the same way as
in [3]. A first component is a flat Compton plateau, whose
intensity is ~0.09 events/kg daykeV for the 19-detector
selection. Tritium beta radioctivity was also identified in
the fiducial volume of detectors, which originates from
cosmic activation of germanium during the time when
detectors were located at or close to the ground level.
The intensity of this background varies significantly
from detector to detector, and its integrated rate for the
19-detector set is on average 1.5 events/kgday. The shape
of this beta spectrum is modeled as in [3],

147 1

R(E) < (E+m,)(Qs—EP(1—e %) . (6)

The endpoint Q4 is 18.6 keV for tritium decay. Finally,
cosmic activation lines are identified from *’V (4.97 keV),
>Mn (5.99 keV), >Fe (6.54 keV), %Zn (8.98 keV), %Ga
(9.66 keV), and %37'Ge (10.37 keV). In the low-threshold,
10-detector data set, an unresolved system of L-shell lines
at 1.10-1.30 keV is also observed in association with the
K-shell triplet around 10 keV, as it is visible in Fig. 1.

For energies below ~1-1.5 keV, the measured spectrum
is also contaminated by a residual population of so-called
heat-only events [1]. These events of poorly understood
origin have no ionization signals except noise, but the
intensity of this background at low energy is such that some
of them still can pass the 3.5¢ ionization cut. In addition,
for energies close to 1 keV an efficiency correction must be
taken into account as described in [3]. The observed event
rate is therefore modeled by

R(E) = €(E) X Rgr(E) + Ryo(E). (7)
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FIG. 2. High energy electron recoil spectrum, before (top) and
after (bottom) subtracting its continuum component. In the
bottom figure, the continuous and dashed envelopes illustrate
the 1-o0 and 2-¢ statistical fluctuations, respectively. Identified
lines from radioactive decay chains are represented.

Rggr(E) is the corrected fiducial electron recoil rate, e(E)
is the efficiency loss from online trigger and analysis
thresholds, and Ry (E) is the leakage from heat-only
events. Since the distribution of ionization signals for
heat-only events is symmetric around zero, the leakage
rate above 3.5¢ can be estimated from the observed events
with a fiducial ionization below —3.5¢. We adjust the
energy distribution of these events with an exponential law
to model Ryg(E). As is shown in Fig. 1, the combined
effect of both efficiency and heat-only corrections is only
significant below 1 keV.

In the energy range 50 < E < 500 keV, the background
spectrum, presented in Fig. 2, is the sum of a continuum
and radioactive lines. Monte Carlo simulations are in good
agreement with the shape and intensity of the continuum
[24]. However, since we are searching for features localized
in a narrow energy range, we prefer to parametrize it using
an empirical cubic smoothing spline interpolation.

Radioactive lines were identified in the background data
after subtracting this continuum. As illustrated in Fig. 2,
all but one features above ~2¢ with respect to statistical
fluctuations are identified as lines from the decay chains of
232Th, 2*Ra and 2*U. Taking into account the relative
branching fractions in the decay chains, a simultaneous fit
of these different lines yields the rates of 3.0, 1.4, and
0.3 decays per kg day for these three chains. One excess is
not fully identified. It is compatible with a line at
E = (145 £ 0.5) keV, well above the energy and expected
intensity of the 143.8 keV line from 2°U. Given that its
intensity is particularly strong in three detectors located
close to each other in the setup, the most probable origin for
it is a local source of radioactivity. Possible hypotheses for
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contaminants as the origin of this line such as '*!Ce or 7?Zn
have half-lives that are too short compared to the 10-month
period over which the data were recorded.

Given the observed agreement between the data and
model over all the energy range considered, upper limits
can be placed on the intensity of potential exotic signals.

C. Signal search procedure

The signatures that are considered are either a mono-
chromatic line at fixed energy, with an intensity u expressed
in events per kg day; or a CBRD feature with a specific
energy dependence as described in the introduction and
with an arbitrarily normalized intensity u. All parameters
which describe the background and resolution model
presented in the previous subsection form a nuisance vector
0. The exact prescription for 6 as well as for the considered
energy range is adapted to each of the searched signatures,
so that only the relevant data and parameters are included.
A likelihood function L(u, 6) is defined from the measured
binned spectrum, based on Poisson statistics. A Gaussian
prior on one of the resolution parameters is also included in
L when relevant. Using the notations of [25], the adopted

test statistic is
_ L(u, o
:{ 21“(L<ﬁ, ) #=H (8)

0 u <.

»

)

)|
=

u

Here (2, 9) is the overall set of signal and parameters

which maximizes L, while 0 maximizes L for a fixed value
of p. In all fits we force the signal strength u > 0. In order
to derive 90% C.L. bounds on the signal strengths p as well
as sensitivity estimations in the case of absence of signals,
we compute the distribution functions for the test statistics
qus f(q,ln), and f(g,|0) by using appropriate asymptotic
formulas as provided in [25]. Based on extensive simu-
lations which take into account all background uncertain-
ties, we checked explicitly that these formulas are highly
accurate as long as the searched signal is not a line located
on top of an already known radioactive line. In that
particular case, the degeneracy between u and the radio-
active line strength 0);,. breaks down the underlying
assumptions. From the simulations, we find that the use
of the asymptotic formula generates a ~10% systematic
uncertainty on the signal strength upper bound, which
shrinks as soon as the energy difference between the
searched and radioactive lines is larger than the local
energy resolution. We therefore do not take into account
this source of uncertainty when computing upper bounds.
Finally to protect against downward fluctuations of the
background, we use the CL, prescription [26], so that the
quoted 90% C.L. upper bounds 4, are defined by

1= F(gyulu)yp = 0.1 x (1 = F(g,[0)yp)- ©)

Here F is the cumulative distribution function of the test
statistics. This prescription has a conservative coverage, so
that the bounds presented here are always at or above
90% C.L.

III. RESULTS
A. Electron decay

We start with a search for electrons decaying to invisible
particles, a charge conservation violating process consid-
ered theoretically, e.g., in [27,28]. If K-shell electrons in the
germanium crystal decay according to e — vy, the appear-
ance of a hole in this atomic shell would produce an
11.1 keV X ray. As a particular case of the generic line
search with the 19-detector set, our data yields the
90% C.L. bound u < 3.8 x 1072 events/kg day for such
a line. This translates into the following bound for the
lifetime associated with the process e — invisible:

7, > 1.2 x 10** years at 90% C.L. (10)

This is the same numerical value as that obtained by [11],
as EDELWEISS-III and the MAJORANA demonstrator
have very similar performance (energy resolution and
background) at 11.1 keV.

B. Solar axions

Since the CBRD signal is broadly peaked around 2 keV,
we combine both the 19-detector, 2-keV threshold dataset
and the additional 10-detector subset in the 0.8-2 keV
energy range together in the likelihood function. Due to
downward fluctuations visible in both independent spectra,
the derived upper limit is smaller than the average expect-
ation. The probability to obtain a limit lower than the
measured one is estimated to be 4%. The bound on the
arbitrary signal strength y translates into

Gae < 1.1 x 107" at 90% C.L. (11)

This value, together with the expected sensitivity, is
compared in Fig. 3 to both axion models and other
experimental bounds. This search excludes QCD axion
models with masses m, > 0.39 eV/c?> (DFSZ) or m, >
118 eV/c?> (KSVZ scenario). This is the best bound
obtained so far with germanium detectors. While better
sensitivities are obtained by dual-phase Xenon time pro-
jection chambers, germanium detectors would have the
capability to provide a spectroscopic confirmation of a
potential signal.

As a particular case of the generic line search, the
analysis of the 19-detector data set yields a bound u <
2.05 x 1072 events/kg day for a potential line at 14.4 keV.
This translates, for axions with a mass < 14 keV/c?, into
the following bound:
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FIG. 3. Limit on the axion-electron coupling g,, obtained from

the lack of observation of a CBRD signal. The green band
represents the 2¢ expected sensitivity. Other limits obtained from
similar searches are shown in black ([5,9,10]). The blue lines
show indirect bounds from the measured solar neutrino flux [29]
and from the observed tip of the red-giant branch [30].

Gue X T <35x 107" at 90% C.L. (12)

The variation of this bound as a function of m,, is shown in
Fig. 4, together with similar constraints from other experi-
ments. In particular, we notice that, as for the case of electron
decay, EDELWEISS-III and the MAJORANA demonstrator
yield nearly identical results. As for the CBRD channel,
experiments using Xenon detectors such as PandaX-II have
a better sensitivity, although germanium-based experiments

- - EDELWEISS-II
— MAJORANA demonstrator
— CDEX
PandaX-II
— EDELWEISS-III ‘

10-16 L

eff

Gae X9aN

1077}

0 2 2 6 8 10 12 14 16
m, (keV/c?)

FIG. 4. 90% C.L. bounds on the combination g,, X gff}f, as a
function of axion mass, derived from the absence of observation
of a 14.4 keV line. The green band represents the 1o expected
sensitivity. Other limits from similar searches are also shown
[4,10-12].

would provide a clearer spectral identification if a signal
were observed. In specific QCD axion frameworks, the
bound on the 14.4 keV intensity alone excludes the mass
ranges 6.6 eV < m, < 14.4 keV/c? for DFSZ axions, and
130 eV < m, < 14.4 keV/c? in the KSVZ scenario.

C. Bosonic dark matter absorption

The search procedure described in Sec. IIC is finally
used to set an upper limit on a generic line feature in the
0.8-500 keV energy range. The data sets, energy range of
the fits, energy binning choices, and background models
were adapted as a function of each of the scanned energies.
In particular, the 19-detector data set is used for line
searches above 2 keV, while the 10-detector subset is used
for line searches in the 0.8-2 keV range. The derived upper
bounds on line strength y are then converted into bounds on
the DM couplings. Figure 5 presents the bounds on g,,
(left) for the ALP scenario, and on « (right) for the case of a
hidden photon.

The constraints set over a wide mass range are com-
petitive with other searches, and yield a significant
improvement with respect to EDELWEISS-II. We also
extended the range of explored bosonic dark matter
masses up to 500 keV/c?, although other astrophysical
probes become particularly constraining in many scenar-
ios above 100 keV/c>—as illustrated by the V — 3y
bound in the case of vector DM, shown in Fig. 5 (right).
The EDELWEISS-III sensitivity and bounds are at the
same level as those from the MAJORANA demonstrator
in the 6-100 keV /c? mass range. In the 1-6 keV/c? mass
range, we provide the best constraints on bosonic dark
matter couplings from a spectroscopic germanium experi-
ment, and also extend the range of masses probed down to
800 eV/c?, below the threshold of Xenon-based detec-
tors. Remarkably, for hidden photons with masses smaller
than ~900 eV/c? our bounds and sensitivity to the kinetic
mixing « are at the same level of the stellar bounds derived
from anomalous energy loss in horizontal branch (HB)
stars [31].

IV. CONCLUSION AND PROSPECTS WITH
UPGRADED EDELWEISS DETECTORS

From the measurement of electron recoils in the fiducial
volume of EDELWEISS-III detectors, we have derived
constraints on several hypothetical processes beyond the
Standard Model, namely the emission of axions or ALPs
from the Sun, the absorption of bosonic keV-scale dark
matter particles from our galactic halo, and the electron
decay to three neutrinos. These bounds represent a signifi-
cant improvement with respect to previous EDELWEISS-II
results. For processes with an associated electron recoil
energy larger than 6 keV, the sensitivity and bounds
presented here are similar to those recently published by
the MAJORANA demonstrator experiment. In the case of
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FIG. 5. Left: Bounds on the ALP dark matter coupling to electrons g,, from EDELWEISS-III and other direct search experiments

([4,6,8—13]). Right: Bounds on the hidden photon DM kinetic mixing x from direct searches, including [4,6,8,11,14]. Astrophysical
bounds from [31] are also included for the hidden photon scenario. The green bands show the 1o sensitivity for EDELWEISS-III. The
green dashed lines are sensitivity projections for upgraded EDELWEISS detectors.

processes with deposited energies < 6 keV, we provide the
best limits from a spectroscopic germanium-based experi-
ment, and start to explore new parameter space for bosonic
DM scenarios with a mass below 1 keV.

In the near future, an upgrade of EDELWEISS detectors
will permit to extend the mass reach of bosonic DM
searches well below 800 eV. The 800 eV energy threshold
from this data set is indeed driven by the readout noise of
ionization channels, and by the phonon sensitivity of the
absorber-NTD system. Within the same infrastructure, we
plan to make use of high electron mobility transistors [32],
ideally suited for the readout of low-capacitance interleaved
electrodes, to read charge signals replacing the existing
JFETs. The reduction in the readout noise will permit us to
reject the background from interactions taking place near
the surface of the detectors down to 50 eV energy deposits,
and obtain a 35 eV RMS resolution on the ionization signal
for fiducial interactions. To improve the resolution in the
search of lines in the electron recoil spectrum, the heat
signal can be boosted by applying a bias of 20 V, a value at
which it was tested that the interleaved ring electrodes of
our 870 g units are operating properly. With this boost, the
300 eV phonon resolution obtained on present-day detec-
tors can translate into a 40 eV rms resolution for electron
recoils. By making use of both phonon and ionization
signals, a combined electron recoil energy resolution of
25 eV rms is expected. The clear identification of fiducial
electron recoils will be possible above 100-150 eV.

Based on these performances, we estimate the sensitivity
to bosonic dark matter absorption for a DM mass down to
150 eV/c?, with a 500 kg day exposure and assuming the
same background levels as measured with EDELWEISS-III.
This sensitivity is shown in Fig. 5 (dashed green lines). It will
permit to explore unknown territory in parameter space in the
mass range 0.1-1 keV. It will exceed stellar cooling bounds
from the Sun or HB stars in the case of hidden photons [31].
In the case of ALPs, it will approach the region of parameter
space (g,, <2 x 10713) which is consistent with an ALP

~

explanation for the white dwarf luminosity function [33].
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