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Production at colliders
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• If we assume that DM couple sufficiently strongly to the SM 
(as freeze-out suggest) we can probe it at colliders

• DM searches at the LHC fully underway!
• How to predict the signals and interpret the results? Three 

approaches:

1. EFT approach
2. Dark Matter Simplified Models
3. Complete models (e.g. SUSY)



DM simplified models
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Simple picture introducing a new mediator 

4 model flavors
• vector
• axil vector
• scalar 
• pseudoscalar

Phys. Dark Univ. 26 (2019) 100371



DM simplified models
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Caveat: DM is non-interacting with our detector!!: We need some object to trigger or otherwise we will lose these events

Option (a) (Mono-X)
include ISR particle which we can trigger on
Missing transverse momentum from DM
Searches:
• MonoZ
• MonoPhoton
• MonoJet/MonoV(hadronic)
• Monotop
• MonoHiggs
• tt+DM/
• bb+DM
• …

Option (b) (Mediator)
if the mediator can couple with SM then it can decay into SM
Can trigger on Z’ decay products (fully SM)
Searches:
• Dilepton resonance
• Boosted dijet
• Dijet w/ btag
• Dijet w/ ISR
• Dijet
• tt/bb resonance
• …



How does it look in the detector
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Experimental signatures:
• Energetic jet
• Large missing transverse momentum

Example:



Example: experimental results
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Number of events with 𝒑𝒑𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

CMS collaboration, “Search for new particles in events with energetic jets and large missing transverse momentum in proton-
proton collisions at  𝑠𝑠 = 13 TeV” , JHEP 11 (2021) 153 [2107.13021]
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Number of events with 𝒑𝒑𝑻𝑻𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

CMS collaboration, “Search for new particles in events with energetic jets and large missing transverse momentum in proton-
proton collisions at  𝑠𝑠 = 13 TeV” , JHEP 11 (2021) 153 [2107.13021]

+ stronger requirements on the jets + even stronger requirements on the jets



Example: experimental results
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ALLOWED ALLOWED

EXCLUDED
EXCLUDED

Up to now, no excess found → exclusion limits for models / parameters combinations (but theory space is enormous)



Production at colliders

Maria Martinez, CAPA & Unizar                                                                                                TAE 2023, Benasque

With a more global analysis, one  can determine an overall preferred DM parameter space (also for complete models) 

Axial-vector mediatorvector mediator

• LHC has complementary sensitivity to other searches (DD and ID)
• DM searches at the LHC fully underway
• No hints of DM so far showing up but still < 10% of total expected LHC data analysed

Some take-home messages:
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Dark Matter direct detection
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DM HALO (0.4  GeV/cm3)

250 km/s

𝜙𝜙 =
𝜌𝜌𝐷𝐷M
𝑚𝑚DM

𝑣𝑣 = 105
part

cm2 × 𝑠𝑠
100 GeV
𝑚𝑚𝜒𝜒

𝜌𝜌
0.4 GeV/cm3

𝑣𝑣
250 km/s



Direct detection: mass ranges & interactions
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Heat

Charge

Light

𝜙𝜙𝐷𝐷𝐷𝐷 ∼ 104 − 106 s−1 cm−2

𝑁𝑁𝑇𝑇 ∼
103×NA

A
nuclei/kg 

𝜎𝜎 ∼ 𝜎𝜎𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 ∼ 10−40 cm2

1 c/kg/y  − 1 c/ton/y

𝑅𝑅 ≈ 𝑁𝑁𝑇𝑇 × 𝜙𝜙𝐷𝐷𝐷𝐷 × 𝜎𝜎
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R ∝ σscatt

R 
(c

/k
eV

/k
g/

y)

Few counts per kgxyear!
Energy O(10keV)
No distinctive signatures
Target dependent



DM direct detection

M. Martinez. CAPA (U. Zaragoza)                                                                                 VIII Meeting on Fundamental Cosmology, Granada 2-4 Noivember  2022 23

Heat

Charge

Light

𝜙𝜙𝐷𝐷𝐷𝐷 ∼ 104 − 106 s−1 cm−2

𝑁𝑁𝑇𝑇 ∼
103×NA

A
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Experimental requirements
• Ultra low background
• low energy threshold

O(1-10 keV)

Desiderata:
• Distinctive signatures: 

annual modulation, 
directionality

R ∝ σscatt

R 
(c

/k
eV

/k
g/

y)



Spin independent / spin dependent couplings 
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As we have seen, there is a variety of well motivate DM candidates. How they couple to the SM is model dependent. 
Hypothesis: very heavy mediator-particles (i.e., contact interaction): 

�̅�𝜒Γ𝜒𝜒 �𝜓𝜓Γ′𝜓𝜓
In general, scalar, vector and axial-vector lead to the highest event rates. The axial-vector current becomes an interaction 
between the quark spin and the WIMP spin, while the vector and tensor currents assume the same form as the scalar 
interaction. So generically, only two cases need to be considered: 
1. the scalar (spin independent) interaction. Signal adds coherently ∝ 𝐴𝐴2 (additional assumption: same coupling for p & n) 

(typically dominates). 
2. the spin-spin interaction (the WIMP couples to the spin of the nucleus) (depend only on the unpaired nucleons)

𝜎𝜎0𝐹𝐹2(𝑞𝑞) = 𝜎𝜎𝑆𝑆𝑆𝑆0 𝐹𝐹𝑆𝑆𝑆𝑆2 (𝑞𝑞) + 𝜎𝜎𝑆𝑆𝐷𝐷0 𝐹𝐹𝑆𝑆𝐷𝐷2 (𝑞𝑞)

σSD0 =
μχN2

μχn2
σSD

4
3

J + 1
J

1
�a2

Sp ap + Sn an
2

σSI0 =
A2μχN2

μχn2
σSI σSD

p = σSD
ap2

�a2
σSDn = σSD

an2

�a2

WIMP parameter space: (𝑚𝑚𝜒𝜒,𝜎𝜎𝑆𝑆𝑆𝑆 ,𝜎𝜎𝑆𝑆𝐷𝐷
𝑝𝑝 ,𝜎𝜎𝑆𝑆𝐷𝐷𝑛𝑛 )



A more general approach: EFT
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Following an effective filed theory analysis (EFT) the various possible 4-point interactions can be described by a 
number of operators, assuming a heavy mediator (contact interaction) and nonrelativistic, independent of 
underlying high-energy models.

: Hermitian “transverse” 
velocity operator

SI

SD



Design of  a DM DD experiment
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We need a particle detector with
- Large exposure (mass × time)
- High A for SI coupling, 𝑚𝑚𝜒𝜒 ∼ 10 − 1000 GeV
- Low A for light Wimps (𝑂𝑂(GeV))
- Isotopes with 𝐽𝐽 ≠ 0 for SD
- Low energy threshold
- good efficiency in the low energy region
- good knowledge of the detector response to NR (quenching factors)
- ultra-low background at low energy for NR → particle discrimination!

𝑑𝑑𝑅𝑅
𝑑𝑑𝐸𝐸𝑅𝑅

=
𝑀𝑀𝑑𝑑𝑤𝑤𝑑𝑑𝜌𝜌𝜒𝜒

2𝑚𝑚𝜒𝜒𝜇𝜇𝜒𝜒𝜒𝜒2
𝜎𝜎0𝐹𝐹2(𝑞𝑞)�

𝑣𝑣𝑚𝑚𝑖𝑖𝑖𝑖

∞ 𝑓𝑓 𝑣𝑣, 𝑡𝑡
𝑣𝑣

𝑑𝑑3𝒗𝒗

Note: Energy resolution is not a “must”. Some DM DD experiments are not even able to determine the energy  of the recoil!

𝒗𝒗𝒎𝒎𝒎𝒎𝒎𝒎 =
𝑬𝑬𝑹𝑹𝒎𝒎𝑵𝑵

𝟐𝟐𝝁𝝁𝝌𝝌𝑵𝑵𝟐𝟐



Backgrounds: cosmic rays
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Cosmic ray-induced muons
- Increase the counting rate
- cosmogenic activation of materials
- muon-induced neutrons

Go underground!



DSNB, atmospheric: 0.01-0.05 ev/ton/y 
8B: 1000 ev/ton/y

Backgrounds
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𝛼𝛼,𝛽𝛽, 𝛾𝛾 material selection, shielding, particle 
discrimination techniques 

𝑛𝑛 𝑁𝑁 → 𝑛𝑛 𝑁𝑁 most critical (mimic WIMP signal). 
Shielding, active rejection (multiplicity)

𝜈𝜈 𝑒𝑒− → 𝜈𝜈 𝑒𝑒− ultimate background for ER recoils

𝜈𝜈 𝑁𝑁 → 𝜈𝜈 𝑁𝑁
(CE𝜈𝜈Ns)

ultimate background for WIMP search 
(neutrino floor → fog)

8B, DSNB and atmospheric neutrinos produce nuclear recoil that cannot be distinguished from WIMP signals!

the sensitivity of the experiments does not evolve as in a 
bkg free experiment, but much slower → lower limit in 
achievable cross-section (neutrino floor)



Underground laboratories
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Underground DD searches
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Xmass
Newage
Picolon

Cosine-100

PandaX
CDEX

Sabre-south

Anais-112
Trex

Drift/Cygnus
Edelweiss
News-G
Damic-M

Dama/Libra
Cresst
Xenon
DarkSide
Sabre-north
Cosinus

LUX / LZ
Pico
Deap-3600
Super-CDMS
News-G
Damic
Sensei



Experimental sensitivity @ 2023
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SD-n

SD-pSD-p

• Exclude WIMPs that would produce a measurable rate over known backgrounds
• Assuming WIMPs coupling only spin-independent (SI) or only spin-dependent to 

neutrons (SD-n) or protons (SD-p)

SI

7Be 𝝂𝝂
8B 𝝂𝝂

Credit: Ciaran O’Hare



The DAMA/LIBRA annual modulation signal
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SD-n

SD-p

Only one positive signal (surviving for more than 20 years…)

SI

Credit: Ciaran O’Hare



The DAMA/LIBRA annual modulation signal
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DAMA clearly sees 
an annual 
modulation at 
13.7𝜎𝜎 C.L.

P. Belli, EPS-HEP Conference July 2021

DAMA / NaI (1995-2002)
• 100 kg NaI(Tl) scintillators
• Eth = 2 keVee
• 7 annual cycles
DAMA / LIBRA ph1 (2003-2010)
• 250 kg NaI(Tl)  scintillators 
• Eth = 2 keVee
• 7 annual cycles
DAMA / LIBRA ph2 (2011-today)
• 250 kg NaI(Tl) scintillators
• Eth = 1 keVee
• 10 annual cycles

30 km/s



Testing the DAMA/LIBRA signal
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The parameter’s region singled out by DAMA/LIBRA is excluded by  
many DM experiments, but this comparison is model dependent.

To avoid any model dependence: USE NaI(Tl)



ANAIS-112 vs DAMA/LIBRA
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ANAIS-112: First model independet test of the DAMA/LIBRA signal (same target and technique)

PRD 103, 102005 (2021)

112 kg NaI(Tl) scintillators
@ Canfranc Underground Laboratory
In data-taking since August 2017
1 keVee energy threshold
Background @ ROI x3 DAMA/LIBRA 

3 years results

Best fit incompatible with DAMA/LIBRA at 3.3 (2.6) σ
Current sensitivity: 2.5-2.7𝝈𝝈



High WIMP mass
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• Double-phase noble elements TPC: Lux/LZ, PandaX, Xenon, DarkSide
• noble liquid (single pase): Deap, XMass

SD-n

SD-p

SISI

Credit: Ciaran O’Hare



Double-phase noble elements TPC (light + charge)
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Fiducial mass:

Reconstruction of the hit position 
• Top/bottom photomultipliers → (𝑥𝑥,𝑦𝑦)
• Drift time → 𝑧𝑧

The ratio S1/S2 is different
for nuclear recoils (WIMPs) 
or electron recoils
(background)

→ fiducialization (use only the inner (cleaner) part)

• ER Background rejection
• Fiducialization
• Possibility to reduce the threshold working only with

charge readout (no bkg discrimination!)

GAr,

LAr,



Present and future of  noble-TPCs
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DarkSide-50 
(50 kg LAr)

(decomissioned)

PANDAX-4T
(4 ton LXe)

STARTED IN 2021

Deap-3600 
(3.6 ton LAr)

ArDM (1 ton LAr)
(decomissioned)

ZEPLIN-III
(6 kg LXe)

(decomissioned)
LUX

(100 kg LXe)
(decomissioned)

Xenon nT
(5.9 ton LXe)

STARTED IN 2021

Xenon 1T
(1 ton LXe)

(decomissioned)

Ar
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DarkSide-50 
(50 kg LAr)

(decomissioned)

PANDAX-4T
(4 ton LXe)

STARTED IN 2021

DarkSide-20k (in construction @ LNGS)
(50 ton LAr , 20 ton fiducial)

Deap-3600 
(3.6 ton LAr)

ArDM (1 ton LAr)
(decomissioned)

ZEPLIN-III
(6 kg LXe)

(decomissioned)
LUX

(100 kg LXe)
(decomissioned)

LZ @ SURF
(7 ton-fiducial LXe)
STARTED IN 2021

Xenon nT
(5.9 ton LXe)

STARTED IN 2021

Xenon 1T
(1 ton LXe)

(decomissioned)

Future: DARWIN
(50 ton LXe)

Ar
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DarkSide-50 
(50 kg LAr)

(decomissioned)

PANDAX-4T
(4 ton LXe)

STARTED IN 2021

DarkSide-20k (in construction @ LNGS)
(50 ton LAr , 20 ton fiducial)

Deap-3600 
(3.6 ton LAr)

ArDM (1 ton LAr)
(decomissioned)

ZEPLIN-III
(6 kg LXe)

(decomissioned)
LUX

(100 kg LXe)
(decomissioned)

LZ (in construction @ SURF)
(7 ton-fiducial LXe)

Xenon nT
(5.9 ton LXe)

STARTED IN 2021

Xenon 1T
(1 ton LXe)

(decomissioned)

Future: DARWIN
(50 ton LXe)

Ar

Ar



Low WIMP mass (<10 GeV)
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A very low energy threshold is needed
to explore the low-mass region

• Cryogenic detectors: Edelweiss, CRESST, 
SuperCDMS

• CCds: Damic, Sensei
• High-pressure gas chambers: News-G

SISI

Credit: Ciaran O’Hare



DM-e scattering

Maria Martinez, CAPA & Unizar                                                                                                TAE 2023, Benasque



Cryogenic detectors & p-type Ge for low-mass
WIMPs
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33.4 gr 
Ge20x20x10 mm3

cristal (CaWO4, 
Al2O3, LiAlO2)

CRESST: 𝑬𝑬𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒎𝒎= 30 eVNR

PRD 100 (2019) 102002 
PRL 125 (2020) 14, 141301

EDELWEISS: 𝑬𝑬𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒎𝒎= 6 eVee

CDMSLite 𝑬𝑬𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒎𝒎 = 70 eV

PRD 99 (2019) 062001

600 gr SuperCDMS
detectors operated at 
high voltage 
→ Neganov-Trofimov-
Luke (NTL) amplification

CDEX 𝑬𝑬𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒎𝒎 = 160 eV

∼1 kg p-type
point contact Ge

PRL 123 (2019) 161301



CCDs for low-mass & e- scatteting: DAMIC, 
Sensei
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DAMIC @ SNOLAB: 42 gr Si (7 CCDs), Eth = 50 eV
Future: DAMIC-M (LSM) (1 kg)

SENSEI @ MINOS: ∼2 gr Si-CCD, Eth few eV
Future: 100 gr @ SNOLAB

WIMP–e- scattering
PRL 125, 171802 (2020)

OSCURA (O(10) kg), in development



Bubble chambers for SD-p
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Best DD SD-p limits come from bubble chambers experiments that use 
targets with F (highest sensitivity to SD WIMP-proton couplings)

Direct comparison DD /  ID 
neutrinos searches

Alphas are 
4x louder 
than 
neutrons!

2-4 GeV: PICASSO (3 kg C4F10 ) 
Astropart. Phys. 90 (2017) 85

5-100 GeV: PICO-60 (52 kg C3F8 ) 
PRD 100 (2019), 2 022001

> 100 GeV:  Icecube (𝜏𝜏+𝜏𝜏−)

• Freon in metastable superheated state
• Tune the chamber to be unresponsive 

to most backgrounds. Only recoiling 
nuclei produce bubbles!

• Tune the chamber to set a nucleation 
energy threshold



Beyond the neutrino floor: directionality
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mean recoil
direction
oscillates due to
the rotation of the
Earth

Annual modulation: 2-10% effect
Forward-backward asymmetry: 20-100% effect

The Earth experiences a wind of DM particles apparently 
coming from Cygnus.  The scattering is not isotropic in the 
galaxy frame → FORWARD / BACKWARD ASYMMETRY 

In general, 
can reject 
solar 
neutrinos

WIMPS NR



Beyond the neutrino floor: directionality

M. Martinez. CAPA (U. Zaragoza)                                                                                 VIII Meeting on Fundamental Cosmology, Granada 2-4 Noivember  2022 47

mean recoil
direction
oscillates due to
the rotation of the
Earth

Annual modulation: 2-10% effect
Forward-backward asymmetry: 20-100% effect

The Earth experiences a wind of DM particles apparently 
coming from Cygnus.  The scattering is not isotropic in the 
galaxy frame → FORWARD / BACKWARD ASYMMETRY 

In general, 
can reject 
solar 
neutrinos

WIMPS NR

CYGNUS COLLABORATION



Outlook & prospects
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• World-wide effort to detect DM “directly”. No signal by now

• DAMA/LIBRA positive signal not confirmed  at almost 
3𝜎𝜎 by ANAIS-112/COSINE-100 experiments

• Xe & Ar multi-ton experiments planned to reach the 
neutrino floor in the next decade

• Many new ideas/experiments to explore DM scenarios in 
the GeV (NR), MeV (ER), keV down to  eV (absorption) 
regions

• Beyond the neutrino fog? Directionality? → CYGNUS 
collaboration

F. Mayet et al, “A review of the 
discovery reach of directional 
Dark Matter detection”, Phys. 
Rep. 627, 1 (2016)
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DM annihilation / decay
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Juan A. Aguilar, Dark Ghost 2022

How much energy is dumped into the different particles depends on the annihilation channel & energy



DM annihilation / decay
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neutrinos

gammas

antimatter(*)

Juan A. Aguilar, Dark Ghost 2022

How much energy is dumped into the different particles depends on the annihilation channel & energy
(*) expected background is much lower for antimatter than for matter (but not negligible: positrons and antiprotons are 
produced through cosmic-ray collisions in the Galaxy)

3 kind of searches:



Products propagation
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CHARGED PARTICLES

PHOTONS / NEUTRINOS



Gammas/neutrinos flux @ Earth
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Adapted from Juan A. Aguilar & R. Gozzini, Dark Ghost 2022

spectrum J-factor

depends on the 
density profile!

Common choice: NFW



Secondary emission
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Charged particles from DM annihilation can also give rise 
to secondary photons, due to upscattering of ambient 
photons from starlight or the CMB, and synchrotron 
radiation from high-energy charged particles propagating 
in a magnetic field.

F. Calore, TAUP22

“Secondary” radiative emission induced by leptonic particles interacting with the environment



Relevant radiation mechanisms
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1 Sep 2017 C. Weniger - Indirect DM searches 



Sources for gamma ray searches
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J. Rico, Dark Ghost 2022



Sources (neutrinos)
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DM can be trapped in the Sun and annihilate. Only neutrinos can scape, and they would be a very clear signal of DM 

To calculate the annihilation rate, one 
assumes equilibrium with capture 
probability → related to 𝜎𝜎𝑠𝑠𝑠𝑠𝑤𝑤𝑑𝑑𝑑𝑑, same cross 
section as for direct detection 

(Ice-Cube)

Neutrino telescopes can also search for DM annihilation in the galactic center, but the most promising searches 
are for DM annihilation in the Sun



DM ID experiments: radio, microwave, x-ray, 𝛾𝛾′𝑠𝑠
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Slatyer’21

NOW NOW



Cosmic rays and neutrino telescopes
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Slatyer’21

NOW
NOW



Antimatter: AMS02
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Alpha Magnetic Spectrometer (AMS-02), a detector operating on the International 
Space Station (ISS).



Gammas from the space: FermiLAT
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J. Rico, Dark Ghost 2022



High energy gammas: HAWC & LHAASO
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LHAASO

Cascadas EM



High energy gammas : Atmospheric Cherenkov 
telescopes
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MAGICVERITAS

CANGAROO

J. Rico Talk 

FUTURE: CTA



Neutrinos: ICE-cube / Km3net
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Km3net (Under Mediterranean See) 

ICECUBE (South Pole)



Limits from dwarf  spheroidal galaxies
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Combined analysis: The Glory Duck project
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J. Rico, Dark Ghost 2022



Limits from the galactic center
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Neutrinos from the Sun
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→ Limits to the scattering cross-section (SD, SI), directly comparable with DD limits

(NOTE: Orca limits are projections)R. Gozzini, Dark Ghost 2022



Some signal claims
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The AMS-02 antiproton excess
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CURRENT SITUATION:
No excess observed above astrophysical 
background, when all uncertainties are taken 
into account → Only upper limits

But this plot does not take into account all the present 
uncertainties
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The Galactic Center GeV Gamma-Ray Excess
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- a new population of millisecond pulsars
- annihilating dark matter.

Five years of Fermi LAT data > 1 GeV

The GeV excess is there, but is it a DM signal? Today, the 
leading explanations for this Galactic Center Excess are: 

The excess
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7 keV sterile neutrino

Maria Martinez, CAPA & Unizar                                                                                                TAE 2023, Benasque

Status: Signal strongly constrained!

𝐸𝐸𝛾𝛾 = 𝑚𝑚𝑠𝑠/2

Bulbul et al. (2014), Boyarsky et al (2014), many subsequent studies

• Xray DATA from XMM-Newton, Chandra, Fermi-GBM, ….
• Excess at 3.5 keV
• Posible explanation: decay of a 7 keV sterile neutrino



Complementarity of  DM searches
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M. Cahill-Rowley et al. “Complementarity and Searches for Dark 
Matter in the pMSSM”, arXiv:1305.6921 

• The 3 searches are complementary
• The comparison is not direct, but we need a 

DM model

REGIMES: 𝑞𝑞 ∼ few KeV 𝑠𝑠 ∼ 2 𝑚𝑚𝜒𝜒 𝑠𝑠 ∼ few TeV

𝜎𝜎 INVOLVED: 𝜎𝜎𝑠𝑠𝑠𝑠𝑤𝑤𝑑𝑑𝑑𝑑 𝜎𝜎𝑤𝑤𝑛𝑛𝑛𝑛𝑣𝑣 𝜎𝜎𝑝𝑝𝑝𝑝𝑝𝑝𝑑𝑑 Adapted from M. Cirelli



Backup

Maria Martinez, CAPA & Unizar                                                                                                TAE 2023, Benasque



Distribution of final states
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How much energy is dumped into the different particles depends on the annihilation channel



Primary spectra
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e+

𝛾𝛾

𝜈𝜈

M. Cirelli et al, 
“PPPC 4 DM ID: A 
Poor Particle 
Physicist Cookbook 
for Dark Matter 
Indirect Detection”,
JCAP 1103, 051 
(2011) [1012.4515] 



Migdal effect
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The “Migdal effect” provides an additional signal which is larger than the normal one for low mass DM. 
Caveat: It has not been observed yet, by now it is only a hypothesis!

In our “naïve” picture of the WIMP scattering off nuclei we have made the implicit assumption that the electron 
cloud of the recoiling atom instantly follows the nucleus, so that ionization/excitation are only produced 
subsequently, as the recoiling atom collides with surrounding atoms.
However, it is known From neutron-nucleus scattering experiments that the sudden acceleration of a nucleus 
after a collision leads to excitation and ionization of the atomic electrons. The origin is found in the 
nucleus/electronic cloud dynamics:

In the Migdal approximation, immediately after the collision the nucleus moves relative to the surrounding electron 
cloud. The electrons eventually catch up with the nucleus, but individual electrons can be “lost”, leading to ionization 
of the recoiling atom

Migdal approximation: the electron 
cloud of the atom does not change 
during the nuclear recoil

M. J. Dolan, “Directly Detecting Sub-GeV Dark Matter with Electrons from Nuclear Scattering”, Phys.Rev.Lett. 121, 101801 (2018) [arXiv:1711.09906]



Migdal effect “predictions”
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“We showed that the ionization signals through the Migdal effect provide new detection channels for light dark 
matter with a mass in the GeV range. Since such signals are eliminated as background events in the conventional 
analysis of the dual-phase experiments, different analyses are required to cover such signals.“

M. Ibe et al, “Migdal effect in dark matter direct detection experiments”, JHEP03(2018)194 [1707.07258]



Migdal effect
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M. J. Dolan, “Directly Detecting Sub-GeV Dark Matter with Electrons from Nuclear Scattering”, Phys.Rev.Lett. 121, 101801 (2018) [arXiv:1711.09906]

Migdal approximation: immediately after the collision the nucleus 
moves relative to the surrounding electron cloud. The electrons 
eventually catch up with the nucleus, but individual electrons can 
be “lost”, leading to ionization of the recoiling atom

New detection channels (e-) for light dark matter with 
a mass in the GeV range. 

M. Ibe et al, “Migdal effect in dark matter direct detection experiments”, JHEP03(2018)194 [1707.07258]

NR
Electron signal!!

CAVEAT: EFFECT 
NOT YET PROVED 
EXPERIMENTALLY!!
(but maybe will be 
proved son by the
MIGDAL collaboration)



Xenon1T electronic excess
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No electron
recoil
discrimination

Background-
only Fit

From 1-7keV: 
expected: 232 
Observed: 285

Possible explanations:

PRD 102, 072004 (2020)



Xenon1T electronic excess not confirmed by
XENONnT
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No electron
recoil
discrimination

Background-
only Fit

From 1-7keV: 
expected: 232 
Observed: 285

Possible explanations:
Phys.Rev.Lett. 129 (2022) 16, 161805
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