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Direct Detection

* Build a detector to identify the small
energy deposition of dark matter
scattering off SM particles

* Scattering off nuclei (elastic):
* The standard WIMP paradigm
* 1-1000 GeV DM masses
e 1-100 keV recoil energy

 Scattering off electrons (inelastic):

* Asin the case of a dark photon
* 1-1000 MeV DM masses
* 1-100 eV recoil energy

direct detection

thermal freeze-out (early Univ.)

Indirect detection (now)
e —

DM

DM SM

productlon at colliders
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Charge Coupled Devices (CCDs)

Pixel array v\y * Interaction with silicon produces free
charge carriers...

 ...which are drifted across fully-depleted

pixel X

e

region...
\ very little loss of charge

-  ...and collected in 15 micron square pixels...

exceptional position resolution

e ...to be stored until a user-defined readout

time after many hours.\
large exposures

* The method of read-out can be
\ / v optimized to improve read-out noise at

< > the cost of read-out time
15 um
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DAMIC at SNOLAB

1x1 data
moral TRerToRod 1x100 data
IDM data set « open » LED data
Backgound simulation : Temperature or Radon Issue
Coincidences searches % - -

Wimps Analysis

Jan Sept Jan Jan July

2017 2018 2019
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Particle Identification

Silicon band-gap: 1.2 eV
Mean energy/e: 3.8 eV

X —>

As charges drift across the CCD, they experience lateral thermal motion (diffusion)
proportional to vertical distance traveled (depth)

Above 1 keV, the event profile can identify the progenitor...

4 keV B At =4 days 41 keV B At= 10 days 4323 keV a
o ey Energy [keV]
1. Tight deposition: e A —
* nuclear recoil e ~0, e o
* low-E electron recoil 1 —— ‘ “1 ‘ "
3162 1 3162 4 3162 10
2. Elongated track: = - * } 0, | T =
* high-E electron recoil £ |- 2
i mUOn 1156 1 3156 3156 !
3. Large blob: : .
[ 3S2p 315 4 3152
alpha decay S330 5332 5334 5336 5338 <.1‘9| S342 5344 5346 58 $330 5332 5134 5336 5318 <1‘u/<u: 5344 5346 5048 S330 5332 5334 5336 53138 5340 5342 5344 5346 5248 10"
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Background Modeling

Part U-238 Ra-226 Pb-210 Th-232 K-40
Image d'un electron sans la diffusion (contenu en ADU) Image d'un electron avec la diffusion (contenu en ADU) CCD <0. 53 <0 43 <33 <0 4 < 004
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“r — . Outer lead shield <11 <13* 1560000 £ 430000 <0.4 <19
j: ’ 0000 Surface - - 7.241.0 x10~° /mm?/day - -
. 15000
29"0} 10000
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Binning determine its activity in
Image d'un electron en format 1x100 avec la saturation (contenu en ADU) Image d'un electronfen format 1x100 (contenu en ADU)
counts/kg/day (above)

60000

50000 s0f-

v 1
- -~ B * We simulate the various isotopes in
-0 i our detector and group them by

2 B & &

= decay chain (using GEANT)

* We constrain the amount of each
to assays of that component
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- Dominant components:

3H in CCD
Other CCD cosmogenic
Surface 210Pb
L y rays from copper

60

11.8 dru total
(mostly surface)

%]

0

v v v v

Background Modeling

40

Counts

30

* This gives us 50 templates in
energy-sigma for each detector 2
part + decay chain

 ..which we fit against the data
above 6 keV
* This implicitly assumes that we

have no DM signal above 6 keV
(DM mass > 10 GeV)

* Each component is allowed to
float within the uncertainty of
the respective assay

e We use the fit above 6 keV to

give us a background model for
our ROI (below 6 keV)...

10

Counts

0.2 0.4 0.6 0.8 1 12
LL_sigma.fVal
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Background Modeling

Monte Carlo
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DAMIC at SNOLAB Diffusion Model

Xy (M)
=
'S

preliminary...

Modeling Diffusion ¢ ..

* We calibrate depth (diffusion)
using events at the back of the
CCD and muons passing through 6

Ab? 22

aiy(z) =—Aln(l —bz) = Abz + + ...
Monte Carlo 4 ggIgsa:ogNgL?iD:gquion'
2 R

Il I _I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1

0 100 200 300 400 500 600

Depth (um)
] * We randomly sample our background model (in
Si fluoresence E-7)

...apply our diffusion model to fake events...

..paste onto blank images to account for read-
out noise...

...and output a background model in observed
% 1 2 3 4 5 6 variables energy-sigma
Energy (keV)
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Projections for nucleon coupling

10-36 WIMP Limits
; —— CRESST
* We then randomly - Comstite R3
. 10737 - —— DS50
sample this background f o
& —— DAMI 1

CDMS Il Si 90% Allowed Region
[ Sensitivity for DAMIC at SNOLAB

=

9
w
[oe]

model many times

* and see what limit we
would get with the fake
data (containing no

=

9
w
©o

WIMP-Nucleon Cross Section (cm

WIMP signal) 107
* to determine the 10
expected sensitivity of L
DAN”C@SNOLAB | - Ilbo IWIMPMaIss(GeVIc‘Z)I | . Ilbl
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Noise Identification

20, , . 10°
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* Measure leakage current for each CCD (2e’/day /mm?)
* Note: this is the lowest leakage current ever measured in a silicon detector

* Look for deviation from this leakage current which could be attributed to
dark matter electron scattering
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Limits on electron coupling

: \ — -protoSENSEI at MINOS | 10-28 7‘ — 1028 f

—DAMIC at SNOLAB

1030 — 1030 s Fpa(q) oc g2

10752 107521

—34 | 34 i s\
10 1 10 s\
. . . A “\ | . . . L 10*36 7‘ L . . . L . . . L ] 10*36 I L . . . L . . . L
10° 10 10? 10° 10* 102 10° 10! 102
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* Expect a paper on the arXiv SOON (in a matter of days/weeks)
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Skipper CCDs

Readout Noise [e ™ rms/pix]

* New method of Skipper CCD e,

readout has been developed by T T
LBN L for the SENSEI deteCtor"' B | I J.T'ifz:zl::j:;. Rev.I Lett. i19 151802 '(2017)| [arXivI:1706.I00028‘] :
* ...allowing consecutive non- 2000F of | | | R
destructive readout of a single : ol |
pixel 1500( )
i 20 1
e ...dramatically reducing read-out s | ‘
: : : £ 1000 1o} 1
noise to a fraction of a single S| ]
electron! i 0="75 776 777 778 779 |
5001 Sub-electron readout noise! -
* DAMIC now has Skipper CCDs in ; - single charge resolution
hand, and will show more soon 0 L . JTR —
Charge [e™]
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Projections for DAMIC-M

e The DAMIC-M detector (DAMIC at
Modane) will achieve background-free -8

10—35 S==

exposure of 1 kg-year above a
threshold of 2e using Skipper CCDs 1097
10—38é_
s <o ; CDMS-II Si
Ng 107%° E_ (2013) o AMIC (2016
S 109\ o, WA e
10—41%
02
S . o DarkSide-50
Preliminary design ' . e Oore(iEy) \ Xenon 019
v '. _ E experiments

1 10
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Projections for electron coupling
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Conclusions

* DAMIC at SNOLAB continues to produce excellent
physics
* Expect a paper on sensitivity to dark matter electron
coupling within a few weeks

* Expect a paper on sensitivity to dark matter nucleon
coupling within a few months

 DAMIC-M will improve on this by orders of
magnitude due to lower backgrounds, single
electron resolution, and much larger exposure

AR L

B 3
Yo LRI e
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Weakly Interacting Massive Particles

* Natural thermal production in the early s 07 omman ccnpmts epors 267 oo -
universe
* Freeze-out with annihilation cross 2 Increasing <o,v> |
section of order weak-scale gives g o 3 V
roughly the relic density -g \L

* Mass of order 1-1000 GeV = e
* comparable to ordinary nuclei é 1o \1/

* Weak-scale interaction would resultin =~ S
elastic scattering with ordinary nuclei
(1-100 keV) yot B R

* Note: for DAMIC, we are interested in the
low end of this range

x=m/T (time -)
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Coincidence Measurements

Bulk Contamination Surface Contamination

210Pb — 210Bj  Q=63.5keV  ty;
210Bj — 210Pg  Q =1161keV  tip
210Pg — 206Pg  Q =5407 keV  typ =

2G| —» 32p Q =224.5 keV tio=150y
32p _, 329 Q=1710 keV tio= 14.3d

oo [ ! = D
e o [T ey, 3

1060 f e ] | -ma . ﬁ. 1 200 | 1000 |

1050 [ (T8 3630 1 .I ‘m
; = u . 10 : I m 3 © 285 1 saz0 |

1030 — N --:‘ ‘ 102 = _ .. _.h"' . 280 : 1900 :_"n.“ll:é. °
> Egi= 110 keV > Epgi1=57 keV > E.q= 4.3 MeV > Egy =717 keV
> Eg,=361keV > Epg,= 376 keV > E=3.8 MeV > E,=3.62 MeV
> At=11.7d > At=14d > At=5.2d > At=32.3d

see A. Matalon presentation at LRT 2019 or A. Aguilar-Arevalo et al, JINST 10 (2015) P08014 [arXiv:1506.02562] for details
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lonization Efficiency

10F 'Ol
~ —¥— Dougherty (1992) A
~  —&— Gerbier et al. (1990) 4
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i Antonella (2016) 'w‘},.*

------- Lindhard, k=0.15 -
1 = _w,*,‘ ;5!
- RN
10} A.E. Chavarria, et al. PRD 94, 082007 (2016)

[arXiv:1608.00957]

T3]

1 I | | | | 1 | 11 I
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*

* Calibration performed
using SbBe source with
very low energy
neutrons (< 24 keV)

* lonization efficiency
calibrated down to 60
eVI!!
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