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1. Introduction + SuperCDMS

2. DarkSide/DEAP/DArT – Vicente Pesudo

3. LZ and MIGDAL– Elías López Asamar

4. ANAIS – María Martínez

In this session…
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A theorist’s PARADISE…. an experimentalist’s PURGATORY
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Direct Detection experiments

(Underground*) detectors to look for “invisibles” 

- weakly-interacting (that traverse the Earth)
- Neutral (or millicharged)
- Cosmological or astrophysical origin
- Stable enough

Interactions are (to say the least) rare

- Background attenuation (cleanliness + shielding)
- Increasing target size
- Increasing search window (lower energy thresholds)

Background/signal discrimination

- Discriminate nuclear recoils (NR) and electron recoils (ER)
- Morphology of the signal (energy spectrum)
- Time-dependence (annual modulation)
- Directionality

Ionisation
Scintillation
Phonons (heat)
Bubble nucleation
…
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DIRECT DARK MATTER SEARCHES:
What can we measure?

303/04/2019

NUCLEAR SCATTERING 

• “Canonical” signature
• Elastic or Inelastic scattering
• Sensitive to m >1 GeV

ELECTRON SCATTERING

• Sensitive to light WIMPs

ELECTRON ABSORBPTION

• Very light (non-WIMP)

EXOTIC SEARCHES

• Axion-photon conversion in the
atomic EM field

• Light Ionising Particles
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Conventional direct detection approach (WIMPs)

<latexit sha1_base64="2S/ydGxBjGpy8OonxIujoTqG8Jc="></latexit>
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Particle (+ nuclear) Physics

The scattering cross section contains the details about the microphysics of the DM model
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These operators contribute to six types of response105

functions, as well as two types of interference. The spin-106

independent response is denoted M and is typically the107

strongest of the six functions since it is related to the108

number of nucleons in the target nucleus. The main con-109

tribution to this response comes from the standard spin-110

independent operator O1, but it also contains higher-111

order contributions from operators 5, 8, and 11. There112

are two spin-dependent responses, ⇥� and ⇥��, which cor-113

respond to projections of spin parallel and perpendicular114

to the momentum transfer. A linear combination of these115

two responses yields the standard spin-dependent opera-116

tor O4. Many of the other operators also appear in one117

of these two responses. The � response, a novel type of118

response introduced in the e⌅ective field theory, is related119

to the net angular momentum of an unpaired nucleon and120

contains contributions from operators 5 and 8. A second121

novel response is ⇤��, which is is sensitive to the product122

of angular momentum and spin. This response tends to123

favor heavier elements and is the dominant response for124

O3. The last response considered in the e⌅ective field125

theory, ⇤̃�, contains contributions from operators 3, 12,126

and 15. ⇤̃� is discussed less frequently in the literature127

since it is di⌃cult to find a model that produces this128

response, but we consider it here for completeness.129

The e⌅ective field theory also includes two operator-130

operator interference terms: ⇥�� andM⇤��. ⇥� interferes131

with � because responses which are dependent on veloc-132

ity are sensitive to properties such as angular momentum133

which depend on the motion of the nucleon within the nu-134

cleus. This interference term is particularly significant for135

germanium, which has large responses to both ⇥� and �.136

The ⇥�� response contains interference between O4 and137

O5, as well as between O8 and O9. In addition, since138

both M and ⇤�� are scalar responses, interference be-139

tween the two can be significant, especially for elements140

like xenon which have large responses to both. The M⇤��
141

response contains interference between operators O1 and142

O3, operators O11 and O12, and operators O11 and O15.143

The strength of an EFT interaction is governed by nu-144

merical coe⌃cients associated with each of the operators,145

one for each operator and isospin. These coe⌃cients are146

here labeled c�i with i indicating operator number and147

� = 0 or 1 indicating isoscalar (cp = cn) and isovector148

(cp = �cn), respectively. They are generalized versions149

of fn and fp and can take on any value, positive or neg-150

ative. The coe⌃cients appear as c�i c
� 0

j in the interaction,151

indicating that operators interfere at most pair-wise.152

This paper discusses the Fitzpatrick et al. e⌅ective field153

theory in the context of current and proposed direct de-154

tection experiments. We present exclusion limits on EFT155

operator coe⌃cients using the optimum interval method.156

We discuss the di⌅erences in energy spectra that arise for157

arbitrary EFT interactions and examine how this energy158

dependence may a⌅ect future experiments if WIMP can-159

didate events are observed. We also consider the vari-160

ation in interaction strength across the elements com-161

monly used as direct detection targets and discuss pos-162

sible ways of exploring interference using experimental163

results. Finally, we discuss the implications of this e⌅ec-164

tive field theory for the G2 direct detection experiments.165

EXCLUSION LIMITS ON A SET OF EFT166

OPERATORS167

The strength of the interaction in the EFT frame-168

work is governed by a set of 28 numerical coe⌃cients169

corresponding to the 14 operators, one for each isospin.170

Other work has attempted to find global fits in this many-171

dimensional EFT parameter space using combined data172

from many direct detection experiments [21]. However,173

since the parameter space is large and relatively uncon-174

strained by current experiments, we choose to calculate175

exclusion limits on the coe⌃cients for individual EFT176

operator for three di⌅erent target elements: germanium177

(SuperCDMS LT and CDMS-II), silicon (CDMS-II), and178

xenon (LUX). This is the first EFT experimental result179

that includes all three target elements that will be used180

in the G2 experiments. In addition, the optimum inter-181

val method provides a more accurate calculation of the182

limits since it includes information about the candidate183

event energies and energy-dependent detection e⌃ciency184

that is lost in likelihood methods that consider a single185
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FIG. 3. Co-added energy spectrum from 100 simulated experiments (blue histogram) assuming the dark matter interaction
proceeds according to the isoscalar O3 operator for a 10GeV/c2 (left) and a 300GeV/c2 WIMP (right). The detection e⇥ciency
is assumed to be independent of energy. The smooth cyan, magenta, and black curves show the expected spectrum for the
standard spin-independent rate for several WIMP masses, while the dashed dark blue curve shows the O3 spectrum from which
the simulated experiments were sampled.

FIG. 4. Distribution of 90% confidence level upper limits calculated using the optimum interval method for the simulated
experiments discussed in Sec. 3 and shown in Fig. 3, sampled from the event rate for isoscalar O3. Shaded blue bands show
the 68% and 95% confidence level uncertainty on the distribution. The zero-background Poisson limit is shown in magenta.

ulated experiments sampled from the spin-independent
distribution in black.

The distribution of limits on the spin-independent
cross section for the simulated experiments sampled
from the O3 energy spectrum deviates from the zero-
background limit shown in magenta as well as from
the mean limit derived from similar simulated experi-
ments sampling from the spin-independent rate. As ex-
pected, the simulated-experiment limits are weaker than
the zero-background limits due to the presence of can-
didate events. However, because the energy distribu-
tion of the candidate events sampled from O3 is di�er-
ent than the expected spin-independent rate, the limits

also deviate from the expected shape for the true spin-
independent experiment.

In the 10GeV/c2 case, we expect the limit to be weak-
est around a mass of 10GeV/c2, where the rate expected
by the limit algorithm matches the observed event rate.
However, because the observed events due to O3 scatter-
ing are skewed towards higher recoil energies, the limit
tends to be weaker at larger WIMP masses where the
tail of the spin-independent event rate extends to higher
recoil energies. For the 300GeV/c2 case, the distribu-
tion of limits agrees with the Poisson zero-background
limit at low masses; the observed events occur at recoil
energies that cannot be produced by a low-mass WIMP.

Discriminating a DM signal… Energy Spectrum

DM particles leave a recoil spectrum which is “exponential” if the interaction is 
momentum independent (general assumption in spin-independent analysis)

Light WIMPs expected at 
very low energies

Favours light targets and…

Low-threshold searches

Low-threshold also useful to 
distinguish unconventional 
spectra (momentum-
dependent)
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Discriminating a DM signal… Annual Modulation

An annual modulation is expected due to the seasonal variation of the Earth’s 
velocity inside the DM halo.

4

ergy regions: [2-6] keV and [1-6] keV, to allow direct com-
parison with the DAMA/LIBRA results. The values of the
modulation amplitude observed by DAMA/LIBRA, S

DAMA

m
,

are 0.0102± 0.0008 and 0.0105± 0.0011 cpd/kg/keV in the
full exposure for [2-6] keV and using only phase-2 data for
[1-6] keV energy region, respectively [8]. We expect results
derived from [2-6] keV to be more robust because our data se-
lection efficiencies strongly go down below 2 keV, increasing
the risk to be affected by unknown systematics.

We evaluate the statistical significance of a possible modu-
lation in our data by a least square method in the time-binned
data. The efficiency-corrected rate of events surviving the cuts
in [1-6] and [2-6] keV energy regions is modelled as

R(t) = R0 +R1 · exp(�t/t)+Sm · cos(w · (t +f)), (2)

where R0 and R1 are free parameters and t is fixed to the
value obtained from our background model in the correspond-
ing energy range. We also fix the period (w = 2p/365 d=
0.01721 rad d�1) and the phase (f = �62.2 d, corresponding
the cosine maximum to June, 2 when taking as time origin
August 3), while Sm is fixed to 0 for the null hypothesis and
left unconstrained (positive or negative) for the modulation
hypothesis. This allows a direct comparison with the results
from the DAMA/LIBRA analysis with 1 free parameter [8].
We present the best fit for both hypothesis for 10-day time
binning in Figure 2. In order to highlight the presence or ab-
sence of modulation, we plot the data with the constant and
exponential terms subtracted. For the sake of comparison, in
the plot we show the modulation measured by DAMA/LIBRA
(green lines).
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FIG. 2: ANAIS-112 data in the energy windows [1-6] keV (bottom
panel) and [2-6] keV (top panel) surviving all the cuts and efficiency
corrected [26]. Data is displayed after subtracting the constant and
exponential functions fitted to Equation 2. Fits are also shown in the
same way, both in the modulation (3 free parameters) and the null
hypothesis (2 free parameters). c2 and p-values displayed allow the
comparison of both hypothesis, and DAMA/LIBRA results on mod-
ulation amplitude in both energy windows are shown in green [8].

In both energy regions the null hypothesis is well sup-

ported by the c2 test, with c2/NDF = 48.0/53 for the
[2-6] keV (p-value = 0.67) and c2/NDF = 62.0/53 for the
[1-6] keV regions (p-value = 0.18). The best fits for the modu-
lation hypothesis are Sm =�0.0044±0.0058 cpd/kg/keV and
�0.0015± 0.0063 cpd/kg/keV for [2-6] keV and [1-6] keV,
respectively. In both cases, p-values are slightly lower
than those of the null hypothesis (0.65 and 0.16, respec-
tively). The best fits are incompatible at 2.5s (1.9s ) with
the DAMA/LIBRA signal.

The statistical significance of our result is determined by
the standard deviation of the modulation amplitude distribu-
tion, s(Sm), which would be obtained in a large number of ex-
periments like ANAIS-112 with the present exposure. Then,
we quote our sensitivity to DAMA/LIBRA result as the ra-
tio S

DAMA

m
/s(Sm), which directly gives in s units the C.L.

at which we can test the DAMA/LIBRA signal. At present,
our result s(Sm) = 0.0058 (0.0063) cpd/kg/keV for [2-6] keV
([1-6] keV) corresponds to a sensitivity of 1.75s (1.66s ) to
the DAMA/LIBRA signal. In Ref. [28] we found an analyti-
cal expresion to calculate s(Sm) at a given exposure from the
measured background and detection efficiency. Figure 3 (dark
blue lines) displays our sensitivity projection calculated fol-
lowing Ref. [28] for the two studied energy ranges, whereas
the blue bands represent the 68% uncertainty in S

DAMA

m
as re-

ported in Ref. [8]. In the calculation we take into account the
ANAIS-112 live time distribution, the background reduction
expected due to decaying isotopes and the statistical error in
the detection efficiency. The black dots are the sensitivities
derived in this work, including a systematic error estimated
by changing the time-binning from 1 to 20 days, and consid-
ering the systematics in the efficiency [26]. The results per-
fectly agree with our estimates, confirming the ANAIS-112
projected sensitivity to the DAMA/LIBRA result. A 3s sen-
sitivity should be at reach in 4-5 years of data-taking.
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4 [1-6] keV real time (y)
0 1 2 3 4 5 6

1
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)
σ
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FIG. 3: ANAIS-112 sensitivity to the DAMA/LIBRA signal in s
C.L. units (see text) as a function of real time in the [2-6] keV (upper
panel) and [1-6] keV (lower panel) energy regions. The black dots
are the sensitivities derived in this work, s(Sm). The blue bands
represent the 68% C.L. DAMA/LIBRA uncertainty [8].

Finally, Figure 4 presents the best fit amplitudes, Sm, cal-

This signature is currently being currently probed by detectors such as ANAIS.
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Constraints on the DM-nucleus scattering cross section

Single or double phase noble gas detectors excel in searches at large DM masses
XENON1T, LUX, Panda-X (Xe), DARKSIDE, DEAP (Ar)
Easily scalable

LUX 1608.07648
33500 kg day

XENON1T 1805.12562
362000 kg day

DEAP 1707.08042
9870 kg day

DARKSIDE 1802.07198
~10000 kg day

Ar

Xe

PANDAX 1708.06917
54000 kg day
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Constraints on low-mass WIMPs

CDMSlite, SuperCDMS, Edelweiss, CDEX (Ge), CRESST (CaWO4), NEWS-G (Ne) complete the search 
for WIMPs at low masses. 
Low-threshold experiments (with smaller targets) are probing large areas of parameter space
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Low-mass DM searches at SuperCDMS

1. Athermal (Si) surface detector

2. HVeV (Si) detector



Detectors with eV-scale threshold can probe light WIMPS through Nuclear Recoils

9.9 g day exposure

The signal model (for MeV-scale 
WIMP DM particles) contains trigger 
threshold and efficiency 

2007.14289

Large (cosmogenic) backgrounds –
search limited to 22h 

“Athermal” Silicon detector on surface 
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�E = 4.92± 0.01 eV resolution
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ET = 20.7 eV threshold

Signal model 

(SLAC Sep. 2018)

1 
m

m

3.81 cm
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Sensitivity to “WIMP” DM reaching ~10 MeV

9.9 g day (Si) 2007.14289

• Plans to operate 
underground to reduce 
Compton background

• This detector not optimal 
(too much surface vs 
volume reduces the 
resolution) but 
demonstrates the 
potential

• Future detectors ~ 1cm3
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Excite bound electrons into excited states (in liquid 
noble gas experiments) or promote them to the 
conductive band (in solid state detectors)

Semiconductor detectors with sensitivity to single 
electron-hole (e−h+) pairs can be competitive with 
bigger experiments

5

neh:278

hneh(E�)i =

8
><

>:

0 E� < Egap

1 Egap < E� < ✏eh
E�/✏eh ✏eh < E�

(2)

where Egap = 1.12 eV and ✏eh = 3.8 eV [19]. The prob-279

ability distributions in the first two cases are delta func-280

tions, while in the third we generate distributions with281

a variety of di↵erent Fano factors, F (10�4, 0.155 [20],282

1), to estimate our sensitivity to the unmeasured distri-283

bution width at low energies. Finally, we convolved the284

predicted e�h+ pair spectrum with the experimental res-285

olution of 0.1 e�h+ pairs. An example signal with this286

ionization model applied is superimposed on the mea-287

sured spectrum in Fig. 3.288

The signal induced by ERDM was calculated accord-289

ing to the formalism in Ref. [3] in which scattering rates290

accounting for band structure in Si are tabulated for sig-291

nal modeling. The di↵erential scattering rate is given by292

the function293

dR

d lnER
= Vdet

⇢DM

m�

⇢Si
2mSi

�̄e↵
m2

e

µ2
�

Icrystal(Ee;F�) (3)

where �̄e↵ encodes the e↵ective DM-SM coupling, µ� is294

the reduced mass of the DM-electron system, and Icrystal295

is the scattering integral over phase space in the crystal296

(as defined in Ref. [3]). We integrated this di↵erential297

spectrum with Eq. 2 to get the expected quantized spec-298

trum, applying the same energy resolution smearing as299

for the dark photon signal.300

We determined 90% upper confidence limits from our301

data without background subtraction using the optimum302

interval method [21, 22], with the modification that we303

removed regions of the background > 2� from the quan-304

tization peaks. Given that both of the signals studied in305

this paper produce a quantized output, this ensured that306

the optimum interval method considered only the data307

likely to resemble the signals studied. Figure 4 shows308

the optimum interval limits for dark photon absorption309

and ERDM coupling via light and heavy mediators. The310

line width of the limit curve represents the sensitivity to311

variations in the choice of Fano factor and is negligible.312

DISCUSSION313

Even with this conservative analysis, DM parameter314

space in the mass range of 0.5–5 MeV/c2 that was con-315

sistent with previously known experimental and observa-316

tional bounds has been excluded. Furthermore, due to317

the minimal overburden at the experimental site (60 cm318

of concrete plus atmosphere), these limits are robust even319

for highly interacting DM candidates as long as such DM320

remains present in the local galactic environment [23–321

25]. Models such as these have been hypothesized to322

FIG. 4. Limits on dark photon absorption compared to the
results from DAMIC, XENON10 and XENON100 [7, and
references therein] (top) and limits on ERDM compared to the
XENON10 results [8] for heavy (middle) and light mediators
(bottom). The line width is a measurement of the systematic
uncertainties due to varying the Fano factor in the ionization
model between 10�4 and 1, as well as from uncertainties in the
photoelectric cross section for dark photon absorption. For
signal models as well as additional astrophysical constraints
see Ref. [1].

explain recent astronomical observations [10], and thus323

these surface-facility direct detection limits may augment324

other astrophysical constraints once DM survival proba-325

bilities and atmospheric absorption are more fully quan-326

DM particles with MeV mass can lead to 
electron recoils in the eV range

me

me
2

DAMIC, SuperCDMS and SENSEI

Electron recoil data allows to test very low DM masses
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CDMS HVeV
First generation Si HVeV detector (0.93 g)   - 1 x 1 x 0.4 cm3

SuperCDMS 1804.10697
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First generation Si HVeV detector (0.93 g) - 1 x 1 x 0.4 cm3

4.00

Phonon
Sensors

10
.0
0

10.00

A B

Bias
Grid

Fiber
Optic

CDMS HVeV

SuperCDMS 1804.10697

The measurement of single e−h+ pairs brings 
the threshold to the ~3 eV scale

Excellent resolution ~ 3% of single e−h+  pair
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CDMS HVeV

• Above-ground Search with 
an improved 2nd generation 
detector

1.2 g day exposure
(North Western  Apr. 2019)

SuperCDMS (HVeV) 2005.14067

resolution
threshold

<latexit sha1_base64="eEKHeccpY8T94NVaUaH6obVI8Nc=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7EdFGCIhgmYB5QHZZZieTZMjM7DIzK4RlG//Axh+w0EIRWz/B0k78GSePQhMPXDiccy/33hPGjCrtOF9WbmFxaXklv1pYW9/Y3LK3dxoqSiQmdRyxSLZCpAijgtQ11Yy0YkkQDxlphoOLkd+8IVLRSFzrYUx8jnqCdilG2kiBvecp2uMouITn8Bh6MPUkh6SRBXbRKTljwHniTkmxslz7/ri/e6wG9qfXiXDCidCYIaXarhNrP0VSU8xIVvASRWKEB6hH2oYKxIny0/EDGTw0Sgd2I2lKaDhWf0+kiCs15KHp5Ej31aw3Ev/z2onunvkpFXGiicCTRd2EQR3BURqwQyXBmg0NQVhScyvEfSQR1iazggnBnX15njTKJfek5NRMGmUwQR7sgwNwBFxwCirgClRBHWCQgQfwDF6sW+vJerXeJq05azqzC/7Aev8Bz5eY9g==</latexit>

�E = 3 eV
<latexit sha1_base64="fWR4rGT4v2YV1WzH1qwTNFgBzpk=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBZBEEtSFN0IBRFcttAXNGmYTCft0MmDmYlQQsCNH+DGT9CFC0Xc+gMu3Yk/4/Sx0NYDFw7n3Mu997gRo0IaxpeWmZtfWFzKLudWVtfWN/TNrboIY45JDYcs5E0XCcJoQGqSSkaaESfIdxlpuP2Lod+4JlzQMKjKQURsH3UD6lGMpJIcfefSSaopPIdG4RhaMLG4D0n7qNc+TB09bxSMEeAsMSckX1qsfH/c3z2WHf3T6oQ49kkgMUNCtEwjknaCuKSYkTRnxYJECPdRl7QUDZBPhJ2MfkjhvlI60Au5qkDCkfp7IkG+EAPfVZ0+kj0x7Q3F/7xWLL0zO6FBFEsS4PEiL2ZQhnAYCOxQTrBkA0UQ5lTdCnEPcYSlii2nQjCnX54l9WLBPCkYFZVGEYyRBbtgDxwAE5yCErgCZVADGNyAB/AMXrRb7Ul71d7GrRltMrMN/kB7/wHjNpl4</latexit>

ET = 0.4 e�h+
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sub-gap infrared 
photons 

• Background events from
charge leakage and sub-
gap infrared photons



Direct Detection of MeV Dark Matter
DAMIC at SNOLAB 1907.12628
SuperCDMS HVeV 1804.10697

SENSEI 1901.10478 
XENON10, Essig et al 1206.2644

- MeV boson or fermion DM thermally produced (e.g. 
secluded models)

- Light Freeze-in DM Boehm Fayet 2004
Essig et al. 2016
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1 Egap < E� < ✏eh
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where Egap = 1.12 eV and ✏eh = 3.8 eV [19]. The prob-279

ability distributions in the first two cases are delta func-280

tions, while in the third we generate distributions with281

a variety of di↵erent Fano factors, F (10�4, 0.155 [20],282

1), to estimate our sensitivity to the unmeasured distri-283

bution width at low energies. Finally, we convolved the284

predicted e�h+ pair spectrum with the experimental res-285

olution of 0.1 e�h+ pairs. An example signal with this286

ionization model applied is superimposed on the mea-287

sured spectrum in Fig. 3.288

The signal induced by ERDM was calculated accord-289

ing to the formalism in Ref. [3] in which scattering rates290

accounting for band structure in Si are tabulated for sig-291

nal modeling. The di↵erential scattering rate is given by292

the function293
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d lnER
= Vdet

⇢DM

m�
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�
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where �̄e↵ encodes the e↵ective DM-SM coupling, µ� is294

the reduced mass of the DM-electron system, and Icrystal295

is the scattering integral over phase space in the crystal296

(as defined in Ref. [3]). We integrated this di↵erential297

spectrum with Eq. 2 to get the expected quantized spec-298

trum, applying the same energy resolution smearing as299

for the dark photon signal.300

We determined 90% upper confidence limits from our301

data without background subtraction using the optimum302

interval method [21, 22], with the modification that we303

removed regions of the background > 2� from the quan-304

tization peaks. Given that both of the signals studied in305

this paper produce a quantized output, this ensured that306

the optimum interval method considered only the data307

likely to resemble the signals studied. Figure 4 shows308

the optimum interval limits for dark photon absorption309

and ERDM coupling via light and heavy mediators. The310

line width of the limit curve represents the sensitivity to311

variations in the choice of Fano factor and is negligible.312

DISCUSSION313

Even with this conservative analysis, DM parameter314

space in the mass range of 0.5–5 MeV/c2 that was con-315

sistent with previously known experimental and observa-316

tional bounds has been excluded. Furthermore, due to317

the minimal overburden at the experimental site (60 cm318

of concrete plus atmosphere), these limits are robust even319

for highly interacting DM candidates as long as such DM320

remains present in the local galactic environment [23–321

25]. Models such as these have been hypothesized to322

FIG. 4. Limits on dark photon absorption compared to the
results from DAMIC, XENON10 and XENON100 [7, and
references therein] (top) and limits on ERDM compared to the
XENON10 results [8] for heavy (middle) and light mediators
(bottom). The line width is a measurement of the systematic
uncertainties due to varying the Fano factor in the ionization
model between 10�4 and 1, as well as from uncertainties in the
photoelectric cross section for dark photon absorption. For
signal models as well as additional astrophysical constraints
see Ref. [1].

explain recent astronomical observations [10], and thus323

these surface-facility direct detection limits may augment324

other astrophysical constraints once DM survival proba-325

bilities and atmospheric absorption are more fully quan-326

21SuperCDMS (HVeV) 2005.14067

Heavy dark photon

Light dark photon



DAMIC at SNOLAB 1907.12628
SuperCDMS HVeV 1804.10697Direct Detection of MeV Dark Matter

- Dark Photon (kinetic mixing and axioelectric coupling) 

SENSEI 1901.10478 

Direct Detection of eV Dark Matter

XENON10, Essig et al 1206.2644

- MeV boson or fermion DM thermally produced (e.g. 
secluded models)

- Light Freeze-in DM Boehm Fayet 2004
Essig et al. 2016

SuperCDMS (HVeV) 2005.14067 22



SuperCDMS (iZIP) 1911.11905

DARK PHOTONS ALPS

Improves previous constraints (iZIP)
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Summary

24

• Low-threshold devices (ET~eV) are excellent probes of low-mass DM, testing 
more general models (freeze-in, ALPs, dark photons)

- Nuclear recoil searches allow to constrain ~10 MeV scale DM 

- Electron inelastic scattering sets limits on MeV candidates 

- Electron absorption probes eV scale ALPs and Dark Photons



… we’ll have to keep trying 
until we get a better result.
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