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Evidence:
• Galaxy	Rotation
• CMB
• Lensing
• …and	many	more

Interactions:
• Gravity:	YES	(matter)
• EM:	NO	(dark)
• other:	maybe?
– Weakly	Interacting	Massive	Particles
– Dark	Photon	Mediator
– Axions

Dark	Matter
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Begeman,	et	al.	MNRAS	249	(1991)

Planck	Collaboration,	
A&A	594,	A11	(2016)
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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
• 1-100	keV recoil	energy

• Scattering	off	electrons	(inelastic):
• As	in	the	case	of	a	dark	photon
• 1-1000	MeV	DM	masses
• 1-100	eV	recoil	energy
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Charge	Coupled	Devices	(CCDs)

• Interaction	with	silicon	produces	free	
charge	carriers…
• …which	are	drifted	across	fully-depleted	
region…

• …and	collected	in	15	micron	square	pixels…

• …to	be	stored	until	a	user-defined	readout	
time	after	many	hours.

• The	method	of	read-out	can	be	
optimized	to	improve	read-out	noise	at	
the	cost	of	read-out	time

very	little	loss	of	charge

exceptional	position	resolution

large	exposures
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DAMIC	at	SNOLAB
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Particle	Identification
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~σx

~σy

4	keV β 41	keV β 4323	keV α

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

• 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…

1. Tight	deposition:	
• nuclear	recoil
• low-E	electron	recoil

2. Elongated	track:	
• high-E	electron	recoil
• muon

3. Large	blob:	
• alpha	decay	
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Background	Modeling

• We	assay	each	component	to	
determine	its	activity	in	
counts/kg/day	(above)	
• We	simulate	the	various	isotopes	in	
our	detector	and	group	them	by	
decay	chain	(using	GEANT)
• We	constrain	the	amount	of	each	
to	assays	of	that	component
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11.8	dru total	
(mostly	surface)
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preliminary…

• This	gives	us	50	templates	in	
energy-sigma	for	each	detector	
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

• We	use	the	fit	above	6	keV to	
give	us	a	background	model	for	
our	ROI	(below	6	keV)…

Background	Modeling
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preliminary…

Background	Modeling
Monte	Carlo
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DAMIC at SNOLAB Diffusion.

DAMIC at SNOLAB Diffusion Model

Modeling	Diffusion
• We	calibrate	depth	(diffusion)	
using	events	at	the	back	of	the	
CCD	and	muons	passing	through
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preliminary…

preliminary…

• We	randomly	sample	our	background	model	(in	
E-z)…

• …apply	our	diffusion	model	to	fake	events…
• …paste	onto	blank	images	to	account	for	read-
out	noise…

• …and	output	a	background	model	in	observed	
variables	energy-sigma	

Si	fluoresence
back	surface

22Na

Monte	Carlo
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Projections	for	nucleon	coupling
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• We	then	randomly	
sample	this	background	
model	many	times
• and	see	what	limit	we	
would	get	with	the	fake	
data	(containing	no	
WIMP	signal)
• to	determine	the	
expected	sensitivity	of	
DAMIC@SNOLAB
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Noise	Identification
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• Measure	leakage	current	for	each	CCD	(2e-/day	/mm2)
• 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
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• Expect	a	paper	on	the	arXiv SOON (in	a	matter	of	days/weeks)
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Skipper	CCDs
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• New	method	of	Skipper	CCD	
readout	has	been	developed	by	
LBNL	for	the	SENSEI	detector…
• …allowing	consecutive	non-
destructive	readout	of	a	single	
pixel	

• …dramatically	reducing	read-out	
noise	to	a	fraction	of	a	single	
electron!

• DAMIC	now	has	Skipper	CCDs	in	
hand,	and	will	show	more	soon

J.	Tiffenberg et	al,	Phys.	Rev.	Lett. 119,	131802	(2017)	[arXiv:1706.00028]

Sub-electron	readout	noise!				
à single	charge	resolution
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Preliminary	design

Projections	for	DAMIC-M
• The	DAMIC-M	detector	(DAMIC	at	
Modane)	will	achieve	background-free	
exposure	of	1	kg-year	above	a	
threshold	of	2e- using	Skipper	CCDs
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FDM =	1 FDM∝ 1/q2

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
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Weakly	Interacting	Massive	Particles
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• Natural	thermal	production	in	the	early	
universe
• Freeze-out	with	annihilation	cross	
section	of	order	weak-scale	gives	
roughly	the	relic	density
• Mass	of	order	1-1000	GeV

• comparable	to	ordinary	nuclei
• Weak-scale	interaction	would	result	in	
elastic	scattering	with	ordinary	nuclei	
(1-100	keV)
• Note:	for	DAMIC,	we	are	interested	in	the	
low	end	of	this	range

G. Jungman et al. JPhysics Reports 267 (1996) 195-373 221 

Using the above relations (H = 1.66g$‘2 T 2/mpl and the freezeout condition r = Y~~(G~z~) = H), we 
find 

(n&)0 = (n&f = 1001(m,m~~g~‘2 +JA+) 

N 10-S/[(m,/GeV)((~A~)/10-27 cm3 s-‘)I, (3.3) 

where the subscript f denotes the value at freezeout and the subscript 0 denotes the value today. 
The current entropy density is so N 4000 cmm3, and the critical density today is 
pC II 10-5h2 GeVcmp3, where h is the Hubble constant in units of 100 km s-l Mpc-‘, so the 
present mass density in units of the critical density is given by 

0,h2 = mxn,/p, N (3 x 1O-27 cm3 C1/(oAv)) . (3.4) 

The result is independent of the mass of the WIMP (except for logarithmic corrections), and is 
inversely proportional to its annihilation cross section. 

Fig. 4 shows numerical solutions to the Boltzmann equation. The equilibrium (solid line) and 
actual (dashed lines) abundances per comoving volume are plotted as a function of x = m,/T 
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Fig. 4. Comoving number density of a WIMP in the early Universe. The dashed curves are the actual abundance, and 
the solid curve is the equilibrium abundance. From [31]. 

Jungman,	et	al.	Physics	Reports	267	(1996)
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Coincidence	Measurements

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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Ionization	Efficiency
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A.E.	Chavarria,	et	al.	PRD	94,	082007	(2016)
[arXiv:1608.00957]

• Calibration	performed	
using	SbBe source	with	
very	low	energy	
neutrons	(<	24	keV)
• Ionization	efficiency	
calibrated	down	to	60	
eV!!!


