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Evidence for
Dark Matter in
the Universe
❖ Galaxy Rotation Curves

❖ Lensing

❖ Cluster Virialization, Mergers

❖ CMB Anisotropies

❖ Etc.
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T. Lin, arxiv:1904.07915

Detection of particles produced by the annihilation of SM
particles

Detection of electronic/nuclear recoils

Search for missing
transverse energy

WIMP Waning,
Nearly Excluded



An alternative to the
Wimp paradigm :
The Hidden Sector

❖ The SM is not complete
(neutrino, dark matter, …)

❖ New Interactions may exist !

❖ Simple natural extension of the
Standard Model : new U(1)
symmetry

❖ Dark QED

❖ Electroweak extension

❖ Leads to MeV-scale Dark Matter
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Pierre FAYET, “The U BOSON as a generalized DARK PHOTON”

Symmetry breaking

Modification of the Z boson's
coupling constant and a new
gauge boson in the electroweak

theory

Olivier Deligny, DAMIC-M internal note



Damic-M in Dark Matter research
❖ Direct Dark Matter experiment

❖ Skipper-CCD detectors

❖ Single electron detection capability
❖ For low-mass dark matter :

 < 





❖ Sub-electron readout noise

❖ World-leading limits on hidden sector Dark
Matter

5Alvaro E. Chavarria, “The search for dark matterwith DAMIC-M”
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T. Lin, arxiv:1904.07915

Max Planck Institute for Nuclear Physics

MeV

Alvaro E. Chavarria, “The search for dark matter with DAMIC-M”



The data
❖ ~8 days of DAMIC-M LBC data

❖ 4 CCDs→ 4 images of 6560 ×
6148 pixels

❖ ~.9 104 kg.year exposure

❖ 500 skips for ~0.17

7Portion of the image from CCD 1



Image masking
❖ Hot region (large 1e- rate)

❖ Defects generating charges
continuously

❖ Clusters of high-charge pixels
(>5 e-)

❖ Cross-talk between CCDs

❖ 79.75% of data are kept
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Pattern
analysis and
exclusion
limits
❖ Searching for {11}, {111} or {12}/{21} events

❖ ~.9 104 kg.year exposure

❖ ~13.5 expected events / 14 observed

❖ Comparison with observed events
❖ Background is compatible with observations

❖ No evidence for Dark Matter

❖ Dark matter could be hidden in our events, even if
they are compatible with the background

❖ Feldman-Cousins table provides confidence interval
limits for Poisson distributions
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Observations are compatible with the
prediction based on the DC



Annexe
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Dark Matter
production
scenarios
❖ Multiple production scenarios :

❖ Freeze-in/out

❖ Gravitational

❖ Etc.

❖ Freeze-out assumption : thermal
equilibrium in early universe

❖ Freeze-in assumption :
production from thermal bath
species over time

❖ 2  
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Freeze-in setup



Freeze-In
Production in
a Dark QED
Sector
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Modification of the Z boson's coupling constant and a
new gauge boson in the electroweak theory

Computation of the matrix element



Classical CCDs
❖ interaction ionizes the medium
and generates charges

❖ Charges are trapped in potential
wells

❖ Then, the charges are moved line
by line, pixel by pixel, toward the
serial register

❖ Measurment of the charge on
each pixel in the sens node
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Skipper-CCD
❖ Multiple non-destructive charge
measurments

❖ Readout noise divided by 
❖ Sub-electron reading noise

❖ Allows us to explore small
energy deposits

14arxiv:1706.00028
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Clustering and
high charge
pixels

❖ Clustering
❖ We mask two pixels before and after the
cluster, and one pixel above and below

❖ High charge pixels
❖ We mask two pixels before and after the
cluster, and one pixel above and below
it
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