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SNGLAB

Particle Identification
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Data taken at Fermilab (sea level, no radiation shielding)
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S%B DAMIC-SNOLAB

Detection of point-like energy deposit from nuclear recoils
induced by WIMPS interactions in the bulk of CCDs.

cCh
coherent elastic scattering
- pixel
lz

Charge-Coupled Device (CCD)

16 Mpix, 15 pm x15 pm,
675 um thick, 5.9 g mass

&

3.7 eV to create e-h pair

_X, Sensitivity to DM masses
< 10 GeV (nuclear recoil)
y ] u N ~ eV (electron recoil)
- - ) ° R&D program (2013-2015)
remm:;ﬂ;?':;:;ﬁ;i:" Maie 409 detector commissioned in 2017
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SNlAB  DAMIC CCDs

exquisite spatial resolution  § wesfms . a muon thru a DAMIC CCD
X - 16100~
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Law energy Electron 1600 :
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50 pixels

CEEEIL o,, = Z : fiducial volume definition
0
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Energy measured by pinel [keV]

par.ticl.e identification and background characterization

“pixel charge
10°L distribution

extremely low noise and dark current

lowest dark current ever measured
in a silicon detector:

5x1022 A/lcm? (at 140 K)

(improved wrt R&D phase where 0 = 2 e- and
current = 10-21 A/cm2 at 100 K)
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SN AB

Selected Results
WIMP DM
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sr@@s Current Status

» Seven CCDs in stable data taking;
40 g detector

One CCD sandwiched in ancient lead

A data set (7.6 kg day) collected with full
spatial resolution (1x1 binning), optimized
for background characterization and
measurement (32Si, 210Pb)

* A second data set being collected (so far
4.7 kg day) with best energy threshold
(1x100 binning)

binning: charge of several pixels are added before readout

some loss of spatial
resolution but improved
signal to noise (same
readout noise but more
charge in a binned pixel)

. o- event
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Event Selection

» Pedestal and correlated noise subtraction
(hot pixels among several images masked)

» LL fit of the signal in a moving window

across the image

&l_l_ ==(Zﬂ = D(Zs

flat noise f ‘t Gaus signal + flat noise
E i —— data
“ — blanks
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DLL cut: < 0.001 bkg events from
exponential fit of the “blanks” distrib
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Sl*éh\B Surface Background Rejection
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Events [0.03 pix’)

Accaplanca Efficiency

Backgrounds
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Reconstructed clusters
After fiducial cut
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Background on front/back
surfaces of the CCD

Bkg model compared to data
(50/25/25 of bulk/front/back)

Acceptance for bulk events
(from MC simulations)

Energy threshold : 50 eVee
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Sl*t:'%% Energy Spectrum Above 2 keV
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= 5 dru in fiducial region, consistent between CCDs

a factor of = 3-4 lower than our previous background level
= 2 dru for lead sandwiched CCD
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//
3"9@3 Low Energy Data 0.05 - 2 keV %

Two example events (data + fit)
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* NOTE: CDMS Il silicon potential signal obtained with a 7 keVnr
threshold (= 2 keVee)
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SN AB
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Expected Sensitivity
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Exploring for the 1st time the CDMS signal with the silicon target
and a much lower energy threshold (0.6 keVnr ~ 0.05 keVee)
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spgj\g DAMIC-M at Laboratoire Souterrain de Modane

+ Largest CCD ever built
(6k x 6k x Tmm, mass 20 g)

- Skipper readout for sub-eV noise

- Bkg reduction to a fraction of dru
(improved design, materials, procedures)

E 2000+ il 14 : )
4 d e ' fot 6k x 6k CCD, 1mm
| i f thick, 20g
1500 | Ik
1000} I | 1 ﬁ ﬁ
: == v 777 rlﬂ';j T ] )
so0l o=0.06¢e! ]
] , r , Wafer-layout by
ol ; - Jfl‘mh , S R J.Holland (LNBL)
SENSEI R&D @ Fermilab Charge [e™] 1st skipper CCDs (10g) at UW in summer for testing

lan Lawson CAP Annual Congress June 2018

@

15



a, lc m? |

| 0—35
10—36
| 0—3?
1 0—33
10—39
1074
1 {]—41
10—42
| 0—43

107+

Expected DAMIC-M Sensitivity to Dark Matter

WIMP search

IIIIII|T| IIIIII|'|'| IIIIIIII| TTTIT

CDMS-II Si
(2013)

DAMIC-M (1 kg y)

Xenon
experiments
1 1 1 1 I 1

1030 gor—r—rpem

DM-electron scattering via
ultra-light hidden photon

10—31
10—32
10-33
10—34
10—35
10—36
10—37
10-33
10 39
10740
10—41
10—42

su®
at

""""
L ]
%

.....

T, [em?]

.........

DarkSide-50
(2018)

| 10

10+

lan Lawson CAP Annual Congress June 2018

XENONI10

m, [MeV]

16



Sht:'j%\B Summary and Outlook

DAMIC operating with 40 g detector since 2017.
* Collect exposure: ~ 4.6 kg-d so far,
expect to have ~ 13 kg-d by end of 2018

High quality data:
* 50 eV threshold
* Low noise (dominated by readout)
* Few dru background

These data will provide essential information for the next generation of silicon detectors.
* Spectrum below 2 keV
* Cosmogenic and radiogenic backgrounds in silicon
* CCD dark current at lowest temperature

Next phase: a kg size DAMIC detector at LSM, France
* Alarger skipper CCD will be characterized in early 2019 in the SNOLAB-DAMIC experiment
* DAMIC-SNOLAB will continue to run while DAMIC-M is designed and built

lan Lawson CAP Annual Congress June 2018

“

17



SN AB

DAMIC Collaboration

Argentina: Centro Atomico Bariloche

Brazil: Universidade Federal do Rio de Janeiro

Canada: SNOLAB

Columbia: University of Santander

France: LPNHE Paris, Laboratoire de I’ Accélérateur Lin¢aire (LAL),
Laboratoire Souterrain de Modane/Grenoble (LSM)

Denmark: Niels Bohr Institute, University of Southern Denmark

Mexico: Universidad Nacional Autonoma de M¢éxico

Paraguay: Universidad Nacional de Asuncion

Switzerland: Universitat Ziirich (UZH)
United States: Fermilab, U. Chicago, U. Michigan, U. Washington, PNNL
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Nuclear-recoil lonization Efficiency in Silicon
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deviation from Lindhard theory observed — crucial for low-mass WIMP

searches with silicon detectors
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SN AB

Number O Fixels

Hidden Photon Search

~1 week of data with 1 CCD.
Leakage current 4 e- mm-2 d-1.
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SN AB

BB Coincidences

64 keV 1.2 MeV
T12=5d

57 days of data in 1 CCD:

0.22 MeV 1.7 MeV
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JINST 10 P08014 328i - 32P candidate

210pp < 37 kg'd"
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328j = 80, kg'd-’
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Ei = 114.5 keV

At = 35 days

—
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Decay —
point ﬁ

-

E> = 328.0 keV
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DAMIC Background Characterization
E=6.8 MeV

AUNID= 480, EXTID= 6, clustar_id= 1345
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Readout Flexibility

Pixels can be readout in “groups” and the total charge

estimated in a single measurement.

Less pixels but same noise per pixel!

1x10}

1xlw

55Fe from back: Loss of x, y and :
Data shows z information ¢

clear

Improvement in

energy
resolution.

a-f3 coincidence

Energy [keV]
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3'@@3 DAMIC-1K Sub-e- Noise

 Skipper readout

d

novel charge readout approach which results

In single electron resolution

. ——
dd ~ . "

‘?E 0 - Conventional readout

:21 : be Reference Signal

ﬂuatlll'lg Qlate\ I_ Vegrain = 22V
"""""" R Rl Ut
o] TN |

move charge back and forth

......

)v‘

low frequency noise

Non-destructive measurement of
the charge!

Skipper readout

o et e e ] e ] (e ] e i Sl e ] ) o e o o e

Measure the charge fast (kill 1/f ”
noise) and N times (noise = 1/4VN) RS

SENSEI R&D Fermilab
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