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Detection of electronic/nuclear recoils

Detection of particles produced by the annihilation of SM
particles

thermal freeze-out (early Univ.)
indirect detection (now)
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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 Hidden SeCtor new gauge coupling (¢”) <> intensity of new interaction (ox %)

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

SU(3) X SU((2) xU(1) X extraU (1)

The SM is not complete

(neutrino, dark matter, ...) Symmetry breaking

: i i
Dy = 9y — igTzW, — 58 YBy — 58"XCy,

New Interactions may exist !

e 3 .
Modification of the Z boson's Ay = sinfyw Wy, + cosfw By,
auge boson in the electroweak ' . 3 o e .
Standard Model : new U(1) gaug theory Ay, = singcosOw W, —singsinfw By + cos& Cy.
symmetr
y y gA(T‘31 YI X) - eQ/
« Dark QED Y , X
< Electroweak extension 32(T3r Y,X) = gcosbwcos( T3 +g' sin By cos ¢ D) +g'sin§ 5

Y X
(T3,Y,X) = gcosOwsiné Tz + ¢'sinfBywsiné — + ¢” cos & —.
Leads to MeV-scale Dark Matter ga (T3, Y, X) = g 3+8 > +8 5

Olivier Deligny, DAMIC-M internal note




Damic-M 1in Dark Matter research
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Direct Dark Matter experiment
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Skipper-CCD detectors

*» Single electron detection capability g™ ey
5 Fon=(c /) == DAMIC-M, this work 510_30: Fou =1 == DAMIC-M, this work )
~ ' = = =+ DAMIC-M, this work QEDarK) ~ E « DAMIC-M, this work (QEDark
% For low-mass dark matter : ALy N :3@&&%%“05 = Qi
Banciider soézogg 10 3 ' ' Banclide: sofrzo%gs
MDM 10_32 XENONNT (2 225§ i . 10—62 ;r “‘ ‘\‘ ..... )ég{zeggeéined%o 9,2025)
ETarget < 4M Epm 10k
Target 1074k
10-35:
+* Sub-electron readout noise L
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** World-leading limits on hidden sector Dark 105
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Alvaro E. Chavarria, “The search for dark matterwith DAMIC-M”




Mass scale of dark matter

(not to scale)

thermal freeze-out (early Univ.)
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The data

~8 days of DAMIC-M LBC data

4 CCDs — 4 images of 6560 x
6148 pixels

~2.9 10~* kg.year exposure

500 skips for 0~0.17e¢~

Portion of the image from CCD 1



Image masking

Hot region (large le- 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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Attendu CCD1 | CCD2 | CCD3 | CCD4
[11] 32 2.6 4.9 2.8

(111} 1.10°% [ 7.10% [ 2.1073 | 8. 107%
(21}, {12} | 5.10% [ 4.10% [ 9.107% | 4. 107°

Pattern
analysis and

Observations are compatible with the
prediction based on the DC

1 bt Observé CCD1 [ CCD2 ] CCD3 ] CCD4
cXCluSion (a0 3 3 g 0
o o {111} 0 0 0 0
11 ltS R1L{121 | 0 0 0 0
Searching for {11}, {111} or {12}/{21} events 2 73
_ 0 0,00, 2.44] | [0.00,0.92] | [0.00. 0.92] | [0.00, 0.92]
- 4
29 LU hgyear sxpeei s 2 [0.53, 5.91] | [0.00, 1.05] | [0.00, 1.06] | [0.00, T.
4 [1.47, 8.60] | [0.00, 1.36] | [0.00, 1.39] | [0.00, 1.42]
~13.5 expected events / 14 observed 6 | [221, 11.47] | [0.00, 1.52] | [0.00, 1.55] | [0.00, 1.59]
_ _ 8 [3.96, 13.99] | [0.00, 2.06] | [0.00, 2.11] | [0.00, 2.16]
Comparison with observed events 10 | [5.50, 16.50] | [0.00, 3.20] | [0.00, 3.27] | [0.00, 3.35]
R Background is compatible with observations 12 [701, 1900] [0.00’ 509] [000’ 519] rQ 00 5301
% Noevidence for Dark Matter 14 | [8.50, 21.50] | [0.00, 7.41] | [0.00, 7.50}— Frocsonin 7
16 [999, 2399] [0-00, 990] [000, 999] — ﬁ?gnﬂ] pour ”l:?:
Dark matter could be hidden in our events, even if 8 [11.47, 26.16] | [0.00, 12.07] | [0.00, 12.16] | \ + 77 Signal powr 1 =37

they are compatible with the background

Feldman-Cousins table provides confidence interval
limits for Poisson distributions

L
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m, [MeV]
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ds? = dt? — a®(t)(dx? + dy? + dz?)

_of ., adf
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scenarios o .
21 fd3p| E| = fdﬂldﬂzdﬂ3dﬂ4(2ﬂ)4é§))(; Pi)X
Multiple production scenarios : A/l £ ) £ f)lMissal® = f fa(1 £ 1)1 £ f3)|Mass 1ol
Freeze-in/out
Gravitational Eq ; Eq
— ovdn, dn.
Etc. < gy >= f - X, ad
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Freeze-out assumption : thermal dx _ Hx £\ T 3 AT o
equilibrium in early universe Freeze-in setup \v Y = n x = My
s’ T
Freeze-in assumption : Yy _ _<ov> ., 1+ lfﬁ) L _Sov> o 22 2
production from thermal bath dx Hx 5 3 hdl Hx % s = 4—5g*s(T)T3, h= gcff(T)3—0T4
species over time 3 -
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a Dark QED

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

N

3 1 0 0 w3 8a = eQ
Sector 1o 1 ; o
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A |
C 0 0 —=)\C
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Classical CCDs

interaction ionizes the medium
and generates charges

Charges are trapped in potential
WES

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

\
Pixel array
/~ pixel “x

T

: O* 675 pm
lonization
Fully active
volume

15 um

¥

- *

Shift charge one
column to tha right

serial register

sens node
parallel register
amplifier

Shift charge in serial register

one pixel down (3 times)

|
<|_

i parallel register
ampolifier

serial register

dois
|auueyd

dojs
|auueyd
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RG L
Vyq = —22V
0G J dd
SG L
H3 Vvideo
H2 DG
H1 floating gate
\, ’7 Vdrain = -22V
— — 1
A S M i W

...............
| et —— | (.B

_______

<—> move charge back

Skipper-CCD and forth

Readout Time [ms/pix]

"é‘- 10l 2 IC: 1 l(l)"‘ I(l)'
Multiple non-destructive charge P
measurments % 2000f- i
& . (b) ﬂ E
L 1800
Readout noise divided by /Ng $ 1600f—
% Sub-electron reading noise S 1400F- A
1200 1o o 1 0
- Samples per Pixel
Allows us to explore small 1000f-
energy deposits 800k =o0re
600 |—
400
200f J \
0l AT WO O 111.,1.AA4
-0.5 0 0.5 1 1.5 2
Charge [e-]

arxiv:1706.00028 14
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-0.17 0.09 0.44 0.06 -0.06 0.03 -0.09 0.05
0.16 0.03 0.29 0.10 -0.01  -0.01 0.00
0.42 0.22 0.05 0.34 0.27 0.26

C lu S te rin g an d GO nz 48.65 - 16.17 -0.14 -0.19

0.00 -0.09 0.03 022 -0.09 0.06

(]
lg C a I g‘ -0.05 -0.11  0.02 008 -0.11 -0.12 0.05 -0.06 -0.07
[ ] 1 0.28 011 -017 046 -0.12 0.20 005 -0.15 -028 -0.18

-0.17 -0.15 009 044 006 -006 0.03 -009 001 -015 0.05 -0.17  -0.11 -0.15 0.09  0.44 -0.06  0.03 -009 001 -015 0.05

0.16 0.11 0.03 0.29 0.10 -0.10 -0.01 -0.01 0.05 -0.14 0.00 016 -0.05 0.11 0.03 0.29 -0.10 -0.01 -0.01 0.05 -0.14 0.00

0.42 ! -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -0.35 0.26 0.42 0.01 0.15 .16 0.22 0.05 0.05 0.34 0.10 027 -035 0.26

Clustering 0.03 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -0.19 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00

’:‘ We mask tWO p|xe|s before and after the 0.32 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 -98.00 0.04 0.13 0.32 0.00 0.14 4 -95.00 -0.09 0.09
cluster, and one pixel above and below 0.05 002 -010 008 -011 -012 005 -006 -0.07

-0.05 -0.11 0.02 -0.10 0.08 -95.00 0! -0.06

0.28 011 -017 046 -0.12 0.20 0.05 -0.18 0.28 011 -0.17 046 -0.12 -95.00

High charge pixels

<  We mask two pixels before and after the 017 011 -015 009 044 006 -006 003 -009 001 -015 005
cluster, and one pixel above and below
it

016 -0.05 0.11 0.03 0.29 0.10 -0.10 -0.01 -0.01 0.05 -0.14  0.00
0.42 0.01 -96.00 -96.00 -96.00 -96.00 -96.00 -96.00 -96.00 -96.00 -0.35 0.26
-95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00 -95.00
032 -96.00 -96.00 -96.00 -95.00 -96.00 -96.00 -96.00 -96.00 0.04
-0.11 0.02 -0.10 0.08 -95.00 -0.12 .0 -0.06  -0.07 -0.20

011 -017 046 -0.12 -95.00 0.05 -0.18  0.12




