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Outline

Dark Matter

DAMIC-M Experiment

The prototype : LBC’s latest result

DAMIC-M Construction update

2025/8/25 H.Lin, LEPTON 2025, Madison, WI 2



Dark Matter

Dark matter explains astronomical observations from galactic to cosmological scales
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Searching for Dark Matter

Strategies:
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Searching for Dark Matter

%\10' P P =1 = DAMIC-M, this work
Benchmark models:
universe cools —
two DM production scenarios
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Searching for Dark Matter with CCDs

Scattering Physics: o
Energy deposition as low as eV scale:

Low energy threshold required!

More Kinematically matched to » o
y Energy deposition of 1 GeV DM in silicon
electrons PRS- P
X X 13—2[\ — et = 2 : 101[
_ 10\ ultralight mediator !
= 1071 vore 1 5107
gD — =} C _p‘o ,
, b | e
A ~ _Derenzo et al. | 5& 1040
ee {\M |
S R O I N Si
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
e e w [eV] w [eV]
. PRD, 104(2021)095015
AXION Light DM WIMP (2021)
* — I I | #
meV eV keV MeV GeV TeV PeV 10 M ,
Wave-like Particle-like Black hole
H.Lin, LEPTON 2025, Madison, WI 6

2025/8/25



DAMIC M EXpe rlment DArk Matter In CCDs at Modane

Made from silicon
>10kQcm, n type

CCD array in

-~ cryostat

eV energy threshold

poly+lead shield

Especially sensitive for the sub-GeV hidden sector DM! LN2 cryocooler

Operated at the Laboratowe Souterrain de Modane (LSM)

-

ornre du He,lus

R Kilo ram-vear exposures Tunnel routier de Fréjus Altitude 3933
g y P FRANCE H ITALIE
~1700m Rock Overburden
« Background target: <1 dru (event/day-kev-kg)
« ~eV level energy threshold
N J
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Charge-Coupled Device

Energy deposition CCD’s surface: pixelated CCD clocks
Pixel array *\y
State 1
/ pixel =4
State 2
675 pm
I State 3
zZ
¥ ) State 7
15 um clocking direction «—
« 670 um thick, 1.6k x 6k pixels (15 x 15 um?) * Slow readout and low noise
- High resistivity silicon wafer « Single electron resolution from skipper readout
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Charge-Coupled Device

Energy deposition CCD'’s surface: pixelated

CCD image

- 4
Pixel array oS-~ _
Low-energy Electron
/ p | xe I /Xy candidates
675 pm é
i a

15 um -
5 10 15 20 25 30
Energy measured by pixel [keV]

« 670 um thick, 1.6k x 6k pixels (15 x 15 um?) * Slow readout and low noise

Single electron resolution from skipper readout

» High resistivity silicon wafer
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Charge-Coupled Device: Skipper readout

Energy deposition

Pixel array ‘\y
/ pixel =4

dip gm, || ersum

I lonizing ~ carriers
particle

Fully depleted
substrate

15 pm

« 670 um thick, 1.6k x 6k pixels (15 x 15 um?)

* High resistivity silicon wafer

2025/8/25

2000
1800

1600

Count [/0.2 ADU]

1400
1200
1000
800
600
400

200

Skipper readout
- 2 / ndf 49.45 / 49
~ dl Prob 0.4552
= Constant 668.5 = 8.1
- Mean 1.002 + 0.001
- Sigma  0.07221+ 0.00052
= Single electron resolution !
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« Slow readout and low noise

« Single electron resolution from skipper readout
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Prototype: Low Background Chamber

* Prototype detector installed
and operating at LSM;
Commissioning started by  osaans s
Feb 2022

CCD controllers and power supplies

« 2 CCD modules with 26 g
target mass

« Shielded by: HDPE + Ancient
lead OFHC Cu+ Electro
formed Cu

Support structure Vacuum pump and pressure gauges

Previous result (2023, first constraints on DM-e scattering): PRL.130.171003
and (2024, daily modulation): PRL. 132 (2024) 10, 101006
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Prototype: Low Background Chamber

Oct 2024- Jan 2025 Science RUN 2 * 1.3 kg days’ exposure (10 times larger)

(thls presentatlon)' * Significant single electron rate suppression (by a factor of ~50)

« Background: 10 dru -> 15 dru (shield partially open to improve the electrical
grounding)

* Energy resolution: 0.2 e~ -> 0.16 e-

2 Damic-M CCD modules:

» 6144* 1536 pixels for each CCD
4 CCD glued on each modules
* 6300 columns* 16 rows

Continuously readout from one
amplifier for each CCD;

Box with two CCDs
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LBC Latest Result

 Very Low dark current !

single electron rate: 2.4 — 3.1* 10 “e"/pixel/image(1668s), ‘ Nearly background free in the ROI
only a few electrons/pixel every year !

Excellent CCD performance: ~95% of the data survive the cut T

*established with 130 g*day data (D1) -> blind analysis for rest 1.3 kg*day of the data (D2)

3500

3000

2500

*  Mask “Hot Columns” by number of pixels with charge >1 e-

2000

*  Clusters identified -> mask clusters found always at the same position eliminate possible cross talks 558

1000

*  Mask the pixel following a high charge one to reject the trailing charge

1500 2000 2500 3000 3500 4000 4500 5000

*  Mask Pixel with unstable performance in the multiple skip measurements P
J sel

« A more stringent hot columns/rows mask Step ccbIb ccb 2D
1+2 0.9862 0.9820
. 3 0.9747 0.9724
° Mask isolated columns 4 0.9746 0.9722
5 0.9431 0.9492
6 09414 0.9474
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LBC Latest Result: Pixel pattern analysis

Data Selection: dark matter candidates of 2to 5 e-

5 0.11 0.10 -0.14 -0.05 0.24 0.07 0.11 -0.11 0.16
For Clusters <6 e-
0.29 -0.15 0.02 0.21 0.21 -0.09 0.01 0.13
Recognize patterns: {1,1}; {2,1}; {1,1,1}; {3,1}; {2,2}; {2,1,1} 0.01 -0.15 -0.02 -0.02 0.26 0.13 0.09 0.23 0.18 -0.17
042 -0.10 0.10 0.11 0.08 0.26 0. 29 0.14 0.08
7 -0.13 -0.17 0.26 0.14 0.33 -0.21 0.11 0.02 -0.15 0.07
* DM candidates
1,24 0.06 -0.13 0.12 0.29 -0.04 0.03 0.07 0.18
Pattern p
* Radioactive background | | (11 21 {a .08 -0.12 0.09 -0.10 0.10 0.24 0.21 0.13 0.09 0.08 0.07 0.15
P
B 141.4 0.111 0.042
(scaled from the 2.5-7.5 keV B;-;ul 0.039 0.039 0.016 22 -0.30 0.05 0.17 -0.23 -0.18 0.17 -0.36 -0.37 -0.33 -0.31 -0.19
data and Geant4 simulation) 31} 122} 211
D, 1 0 0 2 0.02 -0.29 -0.05 -0.16 0.10 0.09 0.27 0.08 0.08
BY 0.019 2.5% 107 5.8x 107
By 0.052 0.011 0.035 . 19 0.08 -0.12 0.20 0.21 -0.03 0.42 -0.10 -0.16 0.30 -0.03
* Random coincidences
-0.13 -0.09 -0.36 -0.18 -0.18 0.16 0.26 0.19 -0.11 0.10
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LBC Latest Result : DM-e interaction

DAMIC-M 90% C.L. upper limits on DM-e interaction

Ultra light mediator Heavy mediator
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PRL, 135(7):071002, 2025.
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DAMIC-M Detector

Kg*year target exposure! (T -7

I

1] I

|

|

|
Vacuum & : B i | S
Electronics I !I |I

|

Feedthrough

Radio-pure flex
EPJ Tech. Instrum., 10(1):17, 2023.

Ancient Lead

E.F. Copper

Phase I:Array of 26 CCD Modules

Lead & Poly Shield Cryocooler (340 g silicon target)
(Partially shown) (CCD operated at ~130K)
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Coming Soon: DAMIC-M

Canada =

-----

* Modules fabrication has been done at UW (Seattle),
following strict background controlling protocols

(paper to be submitted)

Array of 26 CCD Modules
(~340 g silicon target)

‘4% Shiclded container [ %
¥ made of 18 ton of iron w

i . i « Surface exposure of silicon strictly limited (shipping
+ Customed low radioactive flex cable reducing the background by a budget ~ 2 weeks); Customed shielding container
factor of 20 (232Th) and 84 (238U) EPJ Tech. Instrum., 10(1):17, 2023. reduce the a ctivati,on during shipping to ~5%

@l = . ;
- . — T —— = N

» E.F copper produced and machined underground at SURF
(MAJORANA) and Canfranc
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Coming Soon: DAMIC-M

- DAMIC-M Module underground
test is on-going now at LSM

~ =~ P = e
—_—T 4.‘ NE——— = oA
> /.

Test stand set up in the LSM clean room to validate
the module performance

e Y U8 . Assembly and commissioning
‘ B~ of DAMIC-M detector is
happening soon!

Feedthrough box designed by
the JHU group for th e detector’s
electronics readout

/S - JHU group: DAMIC-M module test, module a‘rray
' assembly, etc.

* Lower background !
15 DRU® < 1 DRU

* Kg*year target mass
(one order of magnitude higher)
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Summary

The DAMIC-M prototype for the first time excludes a wide range of the bench mark model
of the hidden sector dark matter with the DAMIC-M’s CCD module implemented
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Summary

« The DAMIC-M prototype for the first time excludes a wide range of the bench mark model
of the hidden sector dark matter with the DAMIC-M’s CCD module implemented

- DAMIC-M aims at a target exposure time of 1 kg-yr and a target background rate of a few
0.1 event/day-keV-kg; It is happening soon!
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Thank You
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Back Ups
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LBC Science RUN 2: other models
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" ,]D—11

10714

10—15

10—15

Dark photon absorption

Hidden Photon

Migdal effect

D AMIC-M, this work —
e SENSEI {2025) ~ —
=== XENONRT (2025} ===
= = =« SUperCDMS (2025) -
R XENON10

1 D—EQ
1 0—33

1 D—SG
1 0—3?
1 D—SB

DAMIC-M, this work

SENSEI (2025)
SuperCDMS (2023)
DarkSide-50 (2019)

« XENONAT (2019)

Pandax-4T (2023)
CRESST (2019-2024)
SuperCDMS (2020)

Migdal
Fom=1

Mg (eWcz)
PRL: doi.org/10.1103/2tcc-bqck
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Major contributors to bkg in cryostat

Vacuum can shield - 0.063 d.r.u

Kapton Cables - 0.06 d.r.u

Sc46
15% Co57 TI208
1,2% 1,9%
Pb212
1,5%
Co60 Pb214
31,8% 14,9%
K40
44.0%
Bi214
Fe59 23,0%
1.7%
Ac228
3,1%
Co58 Pa234 Th234
232% 2,9% 4,6%

Vacuum can - 0.045 d.r.u

Sc46
0,9%
Co60
19,9%

Bi210
14,6%
Pb214

0,3%
Bi214
0,5%

FeS9
1.1%

6,4% ’ -
Mns4 if Vacuum can in

= Luvata Cu: 1.43 d.r.u

CoS56
54%

16,3%

CoS57
30,6%
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