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THE DAMIC COLLABORATION

» FERMILAB > U. Nacional del Sur

. I
» U Chicago » Centro Atomico Bariloche

H » U. Zurich

B | > LPNHE (Paris 6/7)

» U Michigan

B+l > snOLAB

B:B> UNAM (Mexico)

e > FIUNA (Paraguay)

E » UFR] (Brasil)

» 11 institutions
» 8 countries

» 39 collaborators



EXPERIMENTAL METHOD



DETECTION PRINCIPLE

coherent elastic scattering

3.77eV / e-h pair (T = 130K)
(Si band gap = 1.2eV)

Z

&

Light mass target: dR/dE « 1/ma

Low noise ~2e- = 7.5 eV —>low E threshold
(~ 0.06 keVee)




CCD TECHNIQUE PROS AND CONS

Pros Cons
» low E threshold » 1 detection signal
» spatial resolution (ionisation)
3D reconstruction » timing resolution ~ hours
> energy resolution » no directionality info

» compact and “cheap”
detector



3D RECONSTRUCTION

charge diffusion o along z axis

X
—

» 3D reconstruction

» surface event tagging
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ENERGY LINEARITY & RESOLUTION
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DAMIC CCD

3-phase
cCch Et'UEU;:ﬁ " » developed at LBNL (Microsystem lab)
] cleckdes originally for DECam
I A,
A I— «—Buried » Thick CCD: 0.675 mm
- l n—— p channel
= (10 k-cm) » 2.9¢ (5.8g)/ CCD
o Fllﬂgrlt{]—
sensitive > :

I“\? <, g, S T 7 8 (16) MegaPixels
- 'IEHT um) » pixel size: 15 x 15 pm

/ ) g g g | , Bias » High resistivity: 10-20 kQ).cm (low donor

Té?{'iﬁ?ﬁi’ﬁ ) voltage density—>fully depleted at 40V)

» low dark current (10'3 e- /pix /day at 120K)



RADIOGENIC BACKGROUND
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decay chain

» no effective discrimination ESsmE e Essen
nuclear vs electronic recoil |

» potential bkg from [ and y

188, 52605 %%7\ Lt
At=178d At<55h

(a) Triple o sequence (b) a—f3 coincidence

32Gj . 32P candidate
El = 1145 keV

At = 35 days

> unique spatial and energy resolution Decay—‘»“:’” —)

: point i
> observe decay chain from a E2 =3280 keV

single isotope

38 232 , article identification | X-ray/Sg
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32 . .
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READ OUT NOISE
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DAMIC AT SNOLAB
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» 2 km down a mine (6000m water equivalent)

> muon rate < 0.27 m> d”' (1p /m?every 3 days !)
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DAMIC DETECTOR

Si support

Kapton
signal cable ™%

Lead block

Copper
bar

Kapton
signal cable

. KCu box
with CCDs &=
p—

Cu vacuum
vessel

=
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k(E) / k(5.9 keV_)
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CALIBRATION
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Electronic recoil:

» linear response down to 40 eVee
(e- recoil with X-ray and LED at low
E)
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Recoil g%ergy / keV_
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> resolution of 54 eVee at 5.9keVee
(Fano factor of 0.133)

Nuclear recoil:

» fast neutron source (2-20 keVnr)

photoneutron (0.7-2 keVnr)
(Phys. Rev. D 94, 082007)

» Deviation from Lindhard model (at
low E)
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DAMIC BACKGROUND SPECTRUM
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Entries per bin

ANALYSIS STEPS
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1. data selection (E < 10 keVee, noisy pixel)

2. find hits with LL clustering algo. (comparison bkg vs bkg+signal)

3. exclusion of surface events

4. fit of the candidate spectrum
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RESULTS

This work
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» compatible background hypothesis (Compton scatt.)
> sensitivity at low mass WIMP ( mx< 10 GeV/c?)

> exclusion of a part of CDMSII signal with same target (S1)



STATUS OF OPERATION

» April 2016: installation of 6 new CCDs (8 total)

» replaced copper box and modules

» replacement of parts of the shielding with
ancient lead (Roman lead from Modane)

> cleaning and etching
> Issues appeared on 2 CCDs

» Tests/fix at Fermilab since then

» due to mechanical stress

» 10 CCDs (~60g) to be installed in January 2017
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FUTURE PLANS




DAMIC FORESEEN SENSITIVITY
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> target mass to kg scale

» detector threshold down to ~8 eVee (~ 0.3¢")

» background ~ 0.01 d.r.u.
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INCREASE MASS

» current mass: 5.8g /CCD (DAMIC100=>18CCDs)
» goal: increase CCD mass 3X (DAMIC1000=>~50CCDs)

» ~1mm with same fabrication process
~ few mm with new fabrication process (dev. at U. Chicago)

» larger format :4k x 4x —> 6k x 6k

kg scale DAMIC is feasible with current technology in a short time
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LOWER THE ENERGY THRESHOLD & BACKGROUND

» read out noise goal: <0.3e- (w.r.t. 2 now)
first amplifier optimisation skipper CCD

145577.15.15 CCD Read Noise vs. Integration Time 10
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» radio background goal: 0.01 d.r.u (w.r.t. 5 now)
\, .

» Use electroformed copper
> already one module in test

> eventually limited by s background
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DAMIC FORESEEN SENSITIVITY
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> target mass to kg scale
» detector threshold down to ~8 eVee (~ 0.3e)

» background ~ 0.01 d.r.u. “



CONCLUSION

» CCD is an efficient DM detector for low mass WIMP
» stable operation
» very good energy & spatial resolution

» After a phase of development / bkg reduction DAMIC has released
competitive limits

» Currently upgrading to DAMIC100
» Development for DAMICI1KG:
» electronics to reduce readout noise

» CCD fabrication to increase the mass

25



THANKS FOR YOUR
AITENTION



CCD

Wire bonds Clocks, Bias,and ~ Copper frame
Signal cable



SIGNAL HYPOTHESIS
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UNDERSTANDING BACKGROUND
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particle identification decay chain
E = 5.39 MeV E = 8.66 MeV
X-ray?! ¢ -5
n, WIMP? -
Diffusion
€ limited R i W,
At=178d At<55h
(a) Triple o sequence (b) a—P coincidence

32Gj - 32P candidate
| | Ei = 114.5 keV
At = 35 days
(o1 Yo)
Decay —; o
oint "
P Th.' E; = 328.0 keV

» Radiogenic background identification (2015 JINST 10 P08014)

» Th and U contamination

> °”Sj bkg estimation
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DM candidate spectrum




DAMIC FORESEEN SENSITIVITY

WIMP 90% exclusion limits
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> target mass to kg scale
» detector threshold down to ~8 eVee (~ 0.3e)

» background ~ 0.01 d.r.u.
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COMPARISON OF EXPECTED SENSITIVITY
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WIMP-electron cross-section / pb

Electron recoll

WIMP 90% exclusion limits
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Axion like particle

ALP CDM exclusion limits
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(also millicharged particles) ALP mass / eV



