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Observations
from starlight

Evidence for
Dark Matter in ot
the Universe T
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Mass scale of dark matter

(not to scale)

QCD axion WDM limit
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T. Lin, arxiv:1904.07915

Detection of electronic/nuclear recoils

direct detection

Detection of particles produced by the annihilation of SM
particles

thermal freeze-out (early Univ.)

indirect detection (now)
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DM

DM SM

Search for missing
transverse energy

productmn at colliders
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Dark Matter
production
and the Wimp
Miracle

Multiple production scenarios :

+» Freeze-in/out
«» Gravitational

< Etc.

Weak-Scale Cross Section and
mpy - WIMP Miracle

The Waning of the WIMP ?
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New bosons expected to mediate new interactions

New spin-1 bosons <>

new gauge symmetries beyond SU (3) x SU(2) x U(1)

Simplest possibility

An alternative to the
Wimp paradigm :
The Hj_dden SeCtor new gauge coupling (g”) <> intensity of new interaction (o< g")

Pierre FAYET, “The U BOSON as a generalized DARK PHOTON”

SU(3) x SU(2) x U(1) X extraU (1)

The SM is not complete

(neutrino, dark matter, ...) . 5 1 i, Symmetry breaking
Dy = 9 —igTaW, — 5¢'YB, — 58"XC,, /\'
New Interactions may exist ! B 3 .
y Modification of the Z boson's Ay = sinbyw Wy, + cosby By,
Simple natural extension of the coupling constant and a new Z, = cos{cosby WE’ —cosgsinfy B, —sing Cy,
auge boson in the electroweak I e . 3 o xo .

Standard Model : new U(1) gaug theory A, = singcosfw Wy —singsinfw By + cos¢ Cy.
Symmetry eA(T Y, X) = eQ,

« Dark QED Y ’ X

< Electroweak extension 87(T5,Y,X) = gcosfwcosg Ts + &' sin By cos & 5 +8"sing 57

Y X
(T3,Y,X) = gcosOwsiné Tz + ¢’ sinfwsiné& - + ¢"” cos& —=.
Leads to MeV-scale Dark Matter gn(Ts, Y, X) = geosbwsing T +g'sinfwsing 5 +g"coss 5

Olivier Deligny, DAMIC-M internal note




Damic-M 1in Dark Matter research

+»» Direct Dark Matter experiment

+» SKipper-CCD detectors

2 ! W e
*» Single electron ion ilit A module
« Single electron detection capability Y | - AW | oL G
s For low-mass dark matter : KT B | ancient ./
MDM ' lead \
Erarger < 4 Epm

Mrarget | \

+» Sub-electron readout noise

Vacuum

< World-leading limits on hidden sector Dark  Siastd SR
Matter

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




Mass scale of dark matter

(not to scale)

QCD axion WDM limit unitarity limit
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productmn at colliders

Max Planck Institute for Nuclear Physics
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Image masking

Hot region (large le- rate)

Defects generating charges
continuously

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

Cross-talk between CCDs

87% of data are kept
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Expected Observed

Pattern HDUL 676 3
analysis and

HDU 2 657 5

HDU 3 6.7 13

eXC1u S io n e - - “.:“ - - - - HDL 4 .0l 4
limits

Searching for {11} events

4 HDU of 6560*6144 pixels DM-e exclusion limits

— Freeze-in

3.3g.day / HDU _ —— limit from QEDark |

Poissonian Dark Current give ~6
expected {11} patern events

Unexplained excess in HDU 3

Consistency between DC estimatiosn
an observations
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* No evidence of Dark Matter
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