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DAMIC - Dark Matter In CCDs

Evidence from astrophysics and cosmology of cold dark matter
Leading candidate: hypothetical WIMPs

Could produce keV-energy nuclear recoils when scattering elastically
o! target nuclei in the detector

Coherent WIMP-nucleus elastic scattering

DAMIC: bulk silicon of scientibc-grade CDDs as targets
| Low readout noise of CCDs
| Relatively low mass of the silicon nucleus
CCDS are ideal instruments for the identiPcation of nuclear recoils
from WIMPs < 10 Gev/lc 2
Damic Collab., Phys Letters, 201

Explore new regions of the WIMP parameter space
Study other dark matter candidates

DAMIC100 will exclude/conbrm hints of a 10 GeV mass WIMP without
ambiguities on energy threshold



CCDs as WIMP detectors

coherent elastic scattering
“X

The scattering of a DM
particle with a Sl nucleus
z leads to ionization

Charge carriers are
drifted along z direction
and collected at CCD
gates

Charge diluses asit
travels

We bt to the radial spread of the
cluster to estimate its  position in z
within the CCD bulk

Chavarria, Tiffenberg for Damic Collab., Phys. Procedia, 20314
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Particles detected (at ground level)

A Low energy electrons and
X-ray?g nuclear recoils: dilusion
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DAMIC at SNOLAB

Kapton
signal cable

Lead block
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# - # coincidences

Ultimate sensitivity of the experiment: rate of the radioactive
background that mimics the nuclear recoll signal from the WIMPs
The measurement of the Intrinsic contamination of the detector
Is fundamental

For silicon-based experiments the cosmogenic isotope  32Siis
particularly relevant, its decay spectrum extends to the lowest
energies and may become an irreducible background

|- :
210 Ph1! 210 Bij I 210 PO
64 keV 1.2 MeV
1., =5d Sequence of #s starting
In the same pixel of the
! ! CCD in dilerent images
322Gy R2py 32 G
227 keV 1.7 MeV
1., =14d

Damic Collab., JINST, 2015
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# - # coincidences

We have performed a search for 32Si and %°Pb in 57 days of data

32Gj - 32p candidate from data:

Ei = 114.5 keV
I £ = 35 days

(Xos Yo) *

E, = 328.0 keV

| E%ciency and acidental pairs: detailed Monte Carlo simulations

I
| 32Sj decay rate was estimated to be 80.%16150 kg *d' ' (95% CL)
| Similar procedure: upper limit on the 210 Ph decay rate

33kg ‘d' ! (95% CL)
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Number of pixels / area of bound box

$ particles
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Energy / MeV

$-# discrimination based

on shape of track.
Limits on contamination:

238U <5kg 1 dt =4 ppt
232Th <15kg * d* =43 ppt

Damic Collab., JINST, 2015
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Dark Matter search analysis

\NG(E)J! GaUE(X, y1 I*lX, |~ly’ | (Z))

Number of position of lateral
lonized e- energy deposition spread

| Fit 2D Gaussian in a moving 7x7 pixel window (baseline + peak)
| Get LL of of best bt

| Compare to bt to constant pixel values (null hypothesis)

| Calculate &LL = LL Br- LL const-pix

| Good candidates: large negative values of &LL
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Dark Matter search analysis

Exposure fol
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Dark Matter search analysis

Fit to data with WIMP model

1x1 data
Best-fit to data
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Dark Matter signal model;

Lindhard ionization e%ciency: k=0.15

Vo =220kms 1 V Earth = 232 kms 1
Vesc =544 kms * (=03GeVc 2 cm33

Data used:

36 days with 3 CCDs

¥ 2 x500'm (2.2 g),
¥1x675'm (2.9 0)

/ more days with 675 'm

Total exposure: ~0.3 kg.d

Best bt:

Mwivp = 26 + 46 GeV/c 2
"wimp = (7 £16)x 10 “ pb
Cbkg = 67 £ 13 dru
min(-logL) =-396.5

Null hypothesis
Cbkg = /4 £ 5 dru
min(-logL)=-396.1
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WIMP - nucleon cross-section / pb
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DAMIC100: 1009 of active Si in low-noise package inside
existent installation at SNOLAB

|l We have 24, 16 Mpix CCD's (675 'm, 5.9 g each)
| Dec 2014 : installation of the Pnal DAMIC100 Cu box
¥ new box bts 18 CCD in current vessel
¥ Installed three 8 Mpix CCD's (675 'm) to study backgrounds
| Feb 2015 : Added N 2 box to remove radon. Cu vessel etching.
| Mar/Apr/May 2015 . +1 CCD (tot 4), modibcations to internal CCD
array to study backgrounds.

| July 2015 : brst 16 Mpix DAMIC sensor packaged and tested
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WIMP 90% exclusion limits
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' SUPERCDMS (2014)

.. 14
\ N ... ~DAMIC(2012) DHMIC(ZO

CDMSII-Si(2013)

et

[
S

ot
—

-
©
X

w

-
o|

WIMP-nucleon cross-section / pb

-4
. DAMIC100(2016)
10 —_——
"#$%& ' V6(%6)*+,-./0
10-° CRESST (2014)
LUX(2013)\ -
-7 | ] ] ] ] ] | | | 'I. ------ I---‘_I ] ] | ] |
10, 10 10°

WIMP mass / GeV ¢ 2

16



Summary

CCDs are excellent particle detectors with a very low threshold
and high spatial resolution

CCDs are well suited to identify and suppress radioactive
backgrounds

DAMIC collaboration has used CCDs as  WIMP detectors
successfully.

Modest exposure (~ 0.3 kg d) can already probe new regions of
WIMP parameter space.

Progressive upgrades to study performance and backgrounds
yelded promising results

DAMIC100 well underway and should begin data taking by the
end of 2015.

Will be able to explore part of the CDMSII-Si signal region
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2381J chain
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232Th chain
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Timescale of short lived sequen%:?éRaZZ'Cléh 216Pg is ~ 1 min
(much smaller than exposure time)

Single cluster (in the bulk) with 18.8 MeV
No cluster with energy > 16 MeV was observed

232Th <15kg * d* =43 ppt
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Energy response

Mn Kgs = 5.89 keV

Mn K# = 6.49 keV pe from Si
[Suorescence X
ray absorption

Spectrum from  °°Fe source from back

63 eV RMS__, |
at 5.9 keV

103

102

pe from Mn K 1.7 ke
* X-ray absorptio -
|
THE M
5 1 L1/ BRI B S Y | F | T ——
Energy / keV 0 03 06 09 12 15 18 21

Energy measured by pixel / keV

| Main peaks: X-rays that deposit their full energy in the CCD, while the Mn
escape lines are due to partial energy deposits, where the subsequent Si

3uorescence X-ray (1.7 keV) escapes the CCD, absortion lendtm14

| Rarely: Buorescence X-ray travels far enough in the CCD (few attenuation

enghts) and leads to two distinguishable clusters.

| Demonstration of capability to resolve energy deposits 10srmofapart. 21




Best-fit ©
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