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e The DAMIC-M experiment:

o Physics reach $M
o Status of the experiment

e DAMIC-M design & background estimates

e Calibration measurements:
the Compton measurement



DAMIC experiment DAMIC-M experiment
at SNOLAB (Canada) at LSM (France)
201/ 2024

Aim: detect Light DM (WIMP, Hidden Sector) signals via

interaction with Si nucleus or e- in the bulk of CCDs

CCD array in
cryostat

poly+lead shield

LN2 cryocooler

DAMIC-M@LSM

(conceptual design) S o N 3




~100 K
Temperature Sensitive Mass
1d.ru”
<1e-
~200 SKIPPER CCDs ' '

Background Level \ 6000 pix X 1500 pix / Resolution (readout noise)
<idru <1e-

() 1d.ru = 1 decay/kg/day/keV
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part prototypes are tested
CCD production ongoing
Electronics designed, under test

Calibration with radioactive sources:

o neutron source: ongoing
Low Background chamber operating at LSM
(see J.P. Zopounidis's presentation)

Installation in 2024 Compton measurement setup @UChicago


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092001
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DAMIC-M design &
background estimates |\




detector materials

13,0% CCD bulk I for DAMIC-M (goal < 1 d rU)
Kapton cables and lead 26,0% ' better material selection and
H3 frc?m Si z?cti\l/ation or handllng
OFHC intrinsic Si32 Limit exposure time to cosmic
£9,0% rays (mostly Cu and Si)
Pb210 and Cu activation Pb210 on wafer & CCD ~  Limit the detector surfaces’
CCD surface

32,0%
Phys. Rev. D 105, 062003 (2022)
See M. Traina's presentation

wafers prior CCD fabrication)
Remove Si wafer surface (to
reduce surface Pb210)

- Chemical treatments of Cu, Pb
components to remove surface
Pb210

- New materials: Electro-Formed |

_ copper, low-background cables,
shielded shield durmg T

transportation CCD production -[
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https://arxiv.org/pdf/2303.10862.pdf
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DAMIC- M background estimate and design optimization %’7

B OFHC  oxygen-Free High thermal conductivity Copper  [Jj EFC Electro-formed Copper [} Ancient Pb

B Kapton

CCD stack

CCD stack

DAMIC-M
DESIGN
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External Pb shield (20 cm thick) Simulations to estimate design background level:

_________ Geant4 + custom detector response simulation

! Heat

o exchanger Vacuum can 7%

S | Cold shield 5.5%
L P
=
o) Internal Pb shield (ancient) L
% Vertical finger base <0.6d.r.u Acslﬁ;telﬁln;;P;
c Additional Pb shield (ancient) )
k) Additional EFCu shield
S ]

CCD Holder (EFC) External Kapton cables

&hield 50% 24.4‘7)

cosmogenic isotopes in Electro-Formed Cu assuming:
exposure time= 10 d , cooling time underground = 180 d,
experiment running time = 1 yr

Cold shield

(EFC)

kapton ca Background level goal within reach 11






e Parametrize Compton spectrum at low
energy (main source of background for
DM search)

e Provide detector calibration

g ‘ R—
Setup: : “ NG B : '
e Temperature: 126 K -_— RARE v
e ysource: Am241 (y Energy: 26.3 keV & _— ( z 8

59.5 keV) Am-241 source support

e 1skipper CCD (1k x 6k pixels) > .F K step

X U | Lystep 1.839 keV/
Readout: % - 0.15 keV lgl
i g | o
e 04 skips § 0.35é 2
e 0.7 e-readout noise (~2.6 eV) % 0.3 N E
. . . . c . F | -23 -
e binning: 4 pixels x 4 pixels S 1 %
0.2H H
L [l

Publication: Phys. Rev. D 106, 092001 s
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deposited energy [keV]


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092001
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counts [(3.74 eV) ]

. Si K shell Data vs Models:
. - agreement in the K-shell
region with Relativistic
3000 Impulse Approximation
- disagreement at L shell with
2500/ RIA:
- 7 241 Am spectrum - softening of the spectrum
2000 | ¥ Shecsl siluacton below 250 eV is observed
';' " SiL shell — G4AMC - confirmation of the
P00y el previous DAMIC
AR AR I e IR A AT s AT TN IS AT RSN B AT measurement [Phys. Rev. D 96,
0 0.5 1 1.5 2 Ene2r§5y KeV] 042002 (2017)] |
py— — - Better agreement with
full Geant4 (with RIA) simulation ab initio calculation (full FEFF code
of the experiment + custom quantum treatment) + detector

detector response simulation resolution 15




On our way towards DAMIC-M:

o CCDs are being fabricated and tested right now
Calibration measurements:
m Compton measurement (Phys. Rev. D 106, 092001):
e validation of skipper CCD performances
e characterization of important background source for DM
search down to 23 eV (unexplored region)
m Photo-nuclear scattering measurement: ongoing
o Design optimization and finalization
o Electronics being designhed and tested
Low Background Chamber: World leading exclusion limits on
DM-electron interactions (see J.P. Zopounidis's presentation)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092001
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