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State	of	the	Art:	Photon	Detectors	

•  CRESST	Thermal	
Calorimeter	Light	
Detector		
–  (0809.1829)	
– 30mm	x	30mm	Si	wafer	
– Single	W	TES	(Tc	~10mK)	
–  	Sensi]vity:	8.5	eV	(σ	
baseline)	

18.08.2006 TES III  Workshop

Phonon detector
   300g CaWO4

Ø=40mm, h=40mm

Light detector
   Si

(30x30x0.4)mm3

 W thermometer

CRESST II prototyping phase
detector module

Is	there	a	need	for	something	be8er?	



Dark	Ma8er	



Dark	Ma8er:	Tes]ng	DAMA	

•  Completely	
inconsistent	with	rest	
of	the	field	
–  LUX	104	WIMP	Sca8ers	

•  No	smoking	gun	

Time	Dependence	of	Residual	Singles	Rate	in	2-4keVee	bin		

Rosc=0.0223	±0.0027	evt/keVeekgd		(CL	8.2σ)	 arXiv:08042741	
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Figure 2: Model-independent residual rate of the single-hit scintillation events, mea-
sured by the new DAMA/LIBRA experiment in the (2 – 4), (2 – 5) and (2 – 6) keV
energy intervals as a function of the time. The residuals measured by DAMA/NaI and
already published in ref. [4, 5] are also shown. The zero of the time scale is January
1st of the first year of data taking of the former DAMA/NaI experiment. The exper-
imental points present the errors as vertical bars and the associated time bin width
as horizontal bars. The superimposed curves represent the cosinusoidal functions be-
haviours A cosω(t − t0) with a period T = 2π

ω = 1 yr, with a phase t0 = 152.5 day
(June 2nd) and with modulation amplitudes, A, equal to the central values obtained by
best fit over the whole data, that is: (0.0215± 0.0026) cpd/kg/keV, (0.0176± 0.0020)
cpd/kg/keV and (0.0129±0.0016) cpd/kg/keV for the (2 – 4) keV, for the (2 – 5) keV
and for the (2 – 6) keV energy intervals, respectively. See text. The dashed vertical
lines correspond to the maximum of the signal (June 2nd), while the dotted vertical
lines correspond to the minimum. The total exposure is 0.82 ton×yr.
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Dark	Ma8er:	Tes]ng	DAMA	
•  Apples	to	Apples	test:	
requires	NaI	

•  Electron	Recoil/	Nuclear	
Recoil	Discrimina]on	

•  COSINUS	
– 1603.02214	
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Thermal link
TES - light detector

Light absorbing beaker

NaI(undoped) crystal

Reflective and
scintillating foil

TES - crystal
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Carrier crystal

Thermal link

Phonon
detector

Light
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FIG. 1. Concept of a COSINUS detector module consisting
of an undoped NaI target crystal and a beaker-shaped light
detector. Both detectors, operated at milli-Kelvin tempera-
tures, are read out by transition edge sensors (TES) and are
surrounded by a reflective and scintillating foil.

listed in legend and caption of 3. However, in order
to compare the results of these experiments with the
DAMA/LIBRA modulation signal one has to take into
account astrophysical assumptions as well as assump-
tions on the physics of the scattering process of the dark
matter particle with the respective target materials. A
pure modulation signal instead can be considered model-
independent and, thus, has the potential to give a unique
and robust signature of new particles. Nonetheless, fu-
ture investigations are of pivotal importance to under-
stand the origin/composition of the modulation signal
observed by the DAMA/LIBRA collaboration either be-
ing due to dark matter or a different, so far not under-
stood, physics phenomenon or background.

II. DETECTOR DESIGN

The objective of COSINUS (Cryogenic Observatory
for SIgnatures seen in Next-generation Underground
Searches) is the development of a cryogenic scintillat-
ing calorimeter using a NaI crystal as target - thereby
providing a NaI detector with the possibility for active
particle identification on an event-by-event basis thanks
to the dual channel detection approach.
Particles scattering in NaI crystals do not only create
phonons, but also scintillation photons. At temperatures
of few milli-Kelvin, both the phonon signal in the crystal
and the signal arising from the absorption of scintilla-
tion photons in a suitable light absorber can be detected
by the use of superconducting thin film thermometers:
As thin film technology is difficult to be directly ap-
plied to the hygroscopic NaI crystal, a carrier disk made
of a more robust scintillating material (e.g. CdWO4) is
planned to be used instead. The carrier disk (diam-
eter of (40-50)mm and about 1 mm thickness) is de-
signed to exceed in diameter the size of the NaI crystal

and carries the thermometer: A transition edge sensor
(TES) of CRESST-type consisting of a thin tungsten film
(200 nm, W-TES) directly evaporated onto the carrier
crystal. The target crystals of undoped NaI can weigh
up to ⇠200 g, depending on the achievable performance
in function of the crystal mass.
In order to efficiently reject any ↵-related background,
e.g. a recoiling nucleus, which could mimic a dark mat-
ter signal [7], there must not be any non-active surfaces
in the line-of-sight of the target crystal. An elegant way
to tag and reject such backgrounds is a completely active
surrounding of the crystal. Thus in COSINUS, the light
detector is planned to consist of a beaker-shaped work-
piece made from high purity silicon serving two purposes:
Scintillation light detection and a fully active surround-
ing of the target crystal. The beaker will exhibit dimen-
sions of about (40-50)mm in diameter and height, the
wall-thickness will be about 600µm. The front face of the
polished silicon beaker will be equipped with a W-TES,
optimized in size for the purpose of light detection. De-
spite being quite macroscopic devices, such kind of light
detectors have shown to be highly performing, achieving
a baseline noise of below � ' 10 eV1 [8]. For optimal
resolution and because of their low impedance, TESs are
usually read out with SQUID amplifiers [9].
With the help of a dedicated copper structure the target
crystal will be held inside the beaker-shaped light de-
tector. Since the carrier crystal is chosen to be slightly
larger in diameter than the target crystal and the light
detector, an almost 100% coverage of the target crystal
should be achievable. A schematic drawing thereof can
be seen in figure 1.

A particle interaction in the target crystal mainly in-
duces a thermal signal detected by the W-TES. This so-
called phonon-signal provides a precise measurement of
the deposited energy, independent of the type of particle
[7, 10], often referred to as unquenched channel.2 Inter-
actions which take place in the carrier crystal itself can
be discriminated from energy deposits in the NaI crystal
by pulse-shape analysis [8, 11].
Simultaneously to the phonon signal a small fraction of
the energy deposited in the NaI crystal is emitted in form
of scintillation light and detected by the high-purity sil-
icon light-absorbing beaker. The light signal allows to
identify the type of interacting particle, as the amount
of scintillation light strongly depends on it. Therefore,
the light to phonon ratio, referred to as light yield, is
characteristic for each type of event. Betas and gam-
mas produce the most light and get assigned a light yield
value of one by definition. Other types of particles (e.g.
↵-particles, neutrons inducing nuclear recoils off iodine

1 Two beaker-shaped light detectors were operated in CRESST-II
phase 2.

2 The measured energy in the crystal is independent of the par-
ticle, when the small fraction of the energy, escaping in form of
scintillating light, is taken into account.
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of the type of interacting particle. Taking into account
the aimed for energy threshold of 1 keV, this would result
in an improvement in detection threshold by a factor of
about 6 for Na-recoil events and a factor of about 20 for
I-recoils in comparison to the sensitivity demonstrated
by DAMA/LIBRA.
It deserves mentioning that we already achieved, by op-
erating two scintillating calorimeters based on CsI an en-
ergy threshold as low as 4.7 keV and 3.5 keV, respectively
[11]. Thus, such detectors already indicate an increased
sensitivity for nuclear recoil events in comparison to the
DAMA/LIBRA experiment with further refinements an-
ticipated for the future [11].

IV. PERSPECTIVE AND CONCLUSION

To estimate the sensitivity of the COSINUS detector
technology in the standard elastic scattering scenario we
simulate 10,000 data sets following the strategy outlined
in section III. Thereby, we assume e�/�-backgrounds
only, with a constant background level of 1 count / (keV
kg d) and a 40K-contamination of 600µBq. 4 For each
simulated data set a limit on spin-independent WIMP-
nucleus scattering is calculated.

Figure 3 depicts the result in the blue colored band
(1� confidence level), together with results from other
direct dark matter search experiments (see caption and
legend). As can be seen, competitive sensitivity to other
cryogenic experiments in the range of (1 to 10) GeV/c2
may be reached. To further gain for WIMP masses be-
low that range a significantly reduced threshold would be
mandatory, the sensitivity above O(10 GeV/c2) is clearly
limited by exposure.
The comparison of results from different experiments, as
depicted in figure 3, only holds under certain assumptions
concerning the dark matter halo and the interaction of
dark matter with Standard Model particles. This consid-
eration is further augmented by the use of different target
materials, as the impact of the mentioned uncertainties
significantly depends on the target material.
Obviously, material dependences will be ruled out in
the evaluation of COSINUS and DAMA/LIBRA data as
both are using a NaI-target. As figure 3 clearly shows, the
anticipated sensitivity of a COSINUS detector is about
two orders of magnitude below the interpretation of the
DAMA/LIBRA claim, assuming a standard dark mat-
ter halo and elastic WIMP-nucleus scattering (light-blue
regions in 3 corresponding to recoils off Na and I, respec-
tively [21]).
The enhanced sensitivity, thereby, is driven by two key

4 Such would acquire a dilution refrigerator in an underground site
furnished with adequate passive shielding to significantly reduce
amongst others the neutron background. Furthermore, an ac-
tive muon veto is mandatory to reject any muon-related induced
backgrounds in the experimental set-up and the detectors itself.

FIG. 3. Projected sensitivity for a NaI-based experiment us-
ing COSINUS detector technology (solid blue band, 1 � con-
fidence level (C.L.)) for spin-independent elastic dark matter
nucleus scattering. Recent results from experiments using
silicon and germanium targets are drawn in green [4, 22–
27], results from CRESST-II (CaWO4) are depicted in red
[14, 15, 28, 29] and exclusion limits using liquid noble gases in
magenta [30–33]. Limits drawn in cyan correspond to bubble
chamber technology and experiments with CsI target [34–36].
The light blue shaded regions correspond to the interpretation
of the DAMA/LIBRA (NaI(Tl)) modulation signal by Savage
et al. [21]. The benchmark point (blue cross) indicates the
mass and cross-section chosen for the simulated WIMP con-
tribution presented in III. Gray-shaded regions in parameter
space will be affected by coherent neutrino nucleus scattering
on NaI mainly originating from solar neutrinos [37].

factors. Firstly, the particle discrimination via the si-
multaneous measurement of phonon signal and scintilla-
tion. Secondly, the better energy resolution going along
with a lower threshold (of 1 keV, independent of the
type of particle). The latter is of special benefit due
to the expected exponential rise of the dark matter re-
coil spectrum towards low energies. Thus, even with a
moderate exposure, COSINUS technology has the po-
tential to add knowledge on the underlying nature of
the DAMA/LIBRA signal, in particular on the question
whether the signal originates from nuclear recoils or not.
For a hypothetical dark matter particle interacting with
the electrons of the target material the advantage of
particle discrimination vanishes, as the dominant back-
ground will also be found in the e�/�-band. However,
the excellent energy resolution and the low threshold still
persist. Thus, a potential future dark matter experiment,
increased in target mass and based on COSINUS tech-
nology, has promising prospects to give new insight on
the long-standing DAMA/LIBRA claim.

Requirements:	Large	area,	
high	QE	detector	with	single	
photon	sensi]vity	 100kgd	exposure	



Dark	Ma8er:	Exo]c	Coupling	Dark	Ma8er	
Orbital	Angular	Momentum	Coupling	

Vector	(Transverse)	Proton	Spin	Coupling	

•  Tradi]onal	ER/NR	DM	targets	all	
[even,	even]	low	angular	
momentum	nuclei:	Xe,	Ar,	Ge,	Si	

•  What	if	DM	couples	via	spin?	
What	if	DM	coupling	has	strong	
velocity	dependence?	(1405.6690)	

•  ~10kg	of	CRESST	like	Scin]lla]on	+	
Phonon	Detectors	for	ER/NR	
rejec]on	made	from	NaI	and	CaF2	
could	compete	with	much	larger	
experiments	

Requirements:	Large	area,	high	QE	
detector	

WH	et	al:	
1405.6690	

WH	et	al:	
1405.6690	



Dark	Ma8er	:	Light	Mass	

•  Historical	focus	on	WIMP	DM		
• Well	Mo]vated	DM	Models	with									
1keV	<	MDM	<	10GeV			

•  (KZ,	MP	et	al,	1512.04533)	

1048	GeV	
(Planck)	 (MACHO)	

10-22	eV	 ~keV	 1019	GeV	

	SuperCold	Bosons		

W
IM

Ps
	

	Thermal	Bosons		
	Thermal	Fermions		



Superfluid	He	Detector	
•  D.	McKinsey	(1302:0534)	
•  Superfluid	He:	Many	
Long	Lived	Excita]ons	
– Photons	&	Triplet	
Excimers:	~	18	eV	

– Phonons	&	Rotons:		1	
meV	

•  Photon	Detec]on	
Requirements:	Large	
area,	high	QE,	Single	
Photon	Sensi]vity	



Superfluid	He:	Natural	Roton	Amplifica]on	

•  Intrinsic	amplifica]on	of	rotons:	x10	via	helium	
atom	quantum	evapora]on,	then	adsorp]on	on	
bare	Si	mounted	in	vacuum	above	liquid	surface	
(HERON)	

•  Roton	Detector	Requirements:	Large	area,	high	QE,	
Ideally	Single	Roton	Sensi]vity			

	
	



Superfluid	He:	1keV-10MeV	Dark	Ma8er	

•  Off	shell	roton	produc]on(Kathryn	Zurek)	
•  Electronic	recoils	always	produce	at	least	1	photon	

–  Poten]ally	no	electronic	recoil	background	below	14	eV	
•  Detector	Backgrounds:	?			

–  Equilibrium	Detector:	No	dead	counts	

MN	

v MDM 

�E =
�P 2

2MN
⇠ 2M2

DMv2

MN

MN	

MDM 

MN	



	Neutrinoless	Double	Beta	Decay	
•  Most	sensi]ve	test	of		

–  lepton	number	conserva]on	
– Majorana/Dirac	nature	of	ν	

•  Central	to	most	theories	of	Leptogenesis	
•  Poten]ally	measures	ν	mass	



	DBD:	Cryogenic	Calorimeters	
•  Advantages:	

– Excellent	energy	resolu]on	
– Variety	of	target	isotopes	

CUORE	

•  Disadvantage:	Backgrounds,	
in	par]cular	degraded	alphas	
from	Cu	support	structure	

Cu	Housing	Detector	

CUORE-0:	PRL	115,	102502	(2015)		



Large	area,	High	QE	
Photon	Detector:	

– TeO2:	
•  100	eV	Cherenkov	
light	for	ββ	events	

•  10	eV	Sensi]vity	
– ZnMoO4	

•  3	keV	Scin]lla]on	
light	for	ββ	events	

•  Fast	sensor	response	
to	minimize	pileup		

–  ~1us	

Requirements:	Neutrinoless	Double	Beta	Decay	
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Figure 7: Simulated background spectra induced by 232Th (red) and 238U
(green) contamination in the Cu of the frames. The one induced by the 10 mK
Cu shield is similar in shape, but a factor ' 2 smaller. The background induced
by the unrecognized 2⌫DBD pile-up (blue) clearly dominates.

fraction of the untagged � events due to the ↵ escape and the
fraction of the untagged � events because they are out of the
maximum allowed delayed coincidence window.

Contribution due to the other “near sources” (i.e. the Cu
frames and the Cu 10 mK shield bulk contaminations) are eval-
uated considering both the 214Bi high energy �-lines and the
208Tl �’s cascade. The induced background spectra due to 232Th
and 238U in the Cu frames is reported in Fig. 7.

As can be seen from Tab. 4 and from Fig. 7, the main con-
tribution to the background is definitely due to unrecognized
2⌫DBD pile-up of 100Mo. The only way to reduce this back-
ground will be to reduce the size of a single crystal but, as we
shall see shortly, this would be useless for an experiment with a
mass of 11.22 kg of 100Mo such as the one here investigated.

5.4. Experimental sensitivity

The maximum sensitivity reachable by a 0⌫DBD experiment
corresponds to the “zero background” condition. This occurs
when (B · M · T · �) ' 1 [41], where B is the background level
per unit mass, energy, and time, M is the detector mass, T is the
measuring time and � is the FWHM energy resolution. For a
“standard” live-time for a 0⌫DBD experiment (i.e. 5 years), an
energy resolution of 5 keV and a detector mass of ⇠30 kg the
“zero background” condition will be reached with a background
of ⇡1.5·10�3 c/(keV kg y) .

Considering the di↵erent sources of background discussed
in the previous sections and summarized in Tab. 4, with the
detector array described above, for an enrichment of 90%, in 5
years of data taking we are able to fulfill the “zero background”
condition.

For such an experiment, for a neutrino mass of < m�� >=
100 meV we will expect between 1.7 and 13.9 counts of 0⌫DBD
depending on the Nuclear Matrix Element [42, 43, 44, 45].

6. Conclusions

We successfully tested two ZnMoO4 crystals as bolometers.
The separation achievable on the shape of the thermal signal
alone is much more powerful than the one obtained using the
information of the light detector and allows to reject ↵ events
to any desirable level. Furthermore we would like to point out
a very important consideration in favour of the pulse shape dis-
crimination. The light collection generally depends on the size
of the scintillating crystal, due to self absorption mechanisms.
Since the LY of the ZnMoO4 is rather small, this could imply
a decrease in the achievable discrimination power obtainable
through the light detection, moving from a few tenth grams
crystals to a few hundreds grams crystals. On the contrary, this
mechanism will enhance the pulse shape discrimination since
the self absorbed light signal will convert into heat, summing
up with the non-radiative de-excitations that makes possible the
↵ vs �/� discrimination.

Moreover, even without any kind of material selection, the
internal contaminations in 228Th and 226Ra are already at an
extremely low level, never obtained in any crystal compound
based on Molybdenum. The projection of these results to
a small-size experiment foresees a possible background level
close to zero.
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surement the lack of space prevented us from mounting the LD.
However this was not a problem, as the previous run convinc-
ingly demonstrated that the pulse shape analysis can provide an
extremely good ↵ background rejection without the need for the
light detection.

2.1. Data Analysis

To maximize the signal to noise ratio, the pulse amplitude
is estimated by means of an optimum filter technique [26, 27].
The filter transfer function is built from the ideal signal shape
s(t) and the noise power spectrum N(!). s(t) is estimated by
averaging a large number of triggered pulses (so that stochastic
noise superimposed to each pulse averages to zero) while N(!)
is computed averaging the power spectra of randomly acquired
waveforms not containing pulses. The amplitude of a signal is
estimated as the maximum of the filtered pulse. This procedure
is applied for the signal on the ZnMoO4 bolometer. The am-
plitude of the light signal, instead, is estimated from the value
of the filtered waveform at a fixed time delay with respect to
the signal of the ZnMoO4 bolometer, as described in detail in
Ref. [28]. The detector performances are reported in Table 1.
The baseline resolution, FWHMbase, is governed by the noise
fluctuation at the filter output, and does not depend on the abso-
lute pulse amplitude. The rise (⌧R) and decay times (⌧D) of the
pulses are computed as the time di↵erence between the 10%
and the 90% of the leading edge, and the time di↵erence be-
tween the 90% and 30% of the trailing edge, respectively.

Table 1: Technical details for the ZnMoO4 bolometers (cylinder and paral-
lelepiped) and for the LD. The cylindrical ZnMoO4 was measured twice, so we
reported the parameters also for the background run (Cylinder⇤). Rwork is the
working resistance of the thermistors. Signal represents the absolute voltage
drop across the termistor for a unitary energy deposition.

Crystal Rwork Signal FWHMbase ⌧R ⌧D

[M⌦] [µV/MeV] [keV] [ms] [ms]
Cylinder 3.7 140 0.6 17 50
Parallel. 4.7 320 1.2 8 33
LD 8.8 1700 0.16 4 11
Cylinder⇤ 2.5 200 0.7 17 48

After the application of the optimum filter, signal amplitudes
are corrected for temperature and gain instabilities of the set-up
thanks to a monochromatic power injection in the Si heater tak-
ing place every few minutes. The ZnMoO4 is calibrated using
the most intense �-peaks from the 232Th source, while the LD
is calibrated using the 55Fe X-ray doublet.

The FWHM energy resolution obtained on the cylindrical
(parallelepiped) crystal ranges from 2.5 ± 0.1 (2.4 ± 0.1) keV
at 238 keV to 3.8 ± 0.9 keV (7.6 ± 1.3) at 2615 keV. The
energy resolution on the 5407 keV ↵ + recoil line (due to a
weak internal contamination of 210Po ) can be evaluated only
on the long background run for the cylindrical crystal and gives
5.3 ± 1.1 keV. The FWHM energy resolution on the LD, eval-
uated on the 55Fe X-ray doublet, is 321 ± 9 eV. Experimental
resolutions are worse than theoretical ones in agreement with
the observed performance of macro-bolometers [29].

Energy [keV]
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Figure 2: The light-to-heat energy ratio as a function of the heat energy obtained
with the cylindrical crystal in the first run, during a 62 h 232Th calibration. The
upper band (ascribed to �/� events) and lower band (populated by ↵ decays)
are clearly separated. The 2615 keV 208Tl �-line is well visible in the �/�
band as well as a the continuum rate induced by the degraded ↵ source and the
5407 keV 210Po doublet in the ↵ band. The discrimination power is reported in
Sec. 3.

The light-to-heat energy ratio as a function of the heat en-
ergy is shown for the calibration spectrum in Fig. 2. �/� and
↵ decays give rise to very clear separate distributions. In the
upper band, ascribed to �/� events, the 2615 keV 208Tl �-line
is well visible. The lower band, populated by ↵ decays, shows
the continuum rate induced by the degraded ↵ source as well as
the 210Po doublet.

The Light Yield (LY), defined as the ratio between the mea-
sured light (in keV) and the nominal energy of the event (in
MeV), was measured for the most intense �-lines giving 1.10
± 0.03 keV/MeV and 0.78 ± 0.02 keV/MeV for the cylinder
and for the parallelepiped, respectively. These values are con-
stant from 0.2 to 2.6 MeV and are not corrected for the light
collection e�ciency. The LY of the cylindrical crystal is well
in agreement with the one reported in [14, 30], while the paral-
lelepiped shows a lower LY.

The Quenching Factor (QF), defined as the ratio of the
LY↵/LY�/� for the same energy release, was evaluated on the
5407 keV ↵-line and results 0.18 for both crystals.

3. ↵ vs �/� discrimination

As reported in [14, 15], Molybdate crystals can provide
↵ vs �/� discrimination by making use of the thermal infor-
mation only. In Fig. 3 the ideal signal shape s(t) for the two
event classes is shown together with the percentage di↵erence
s(t)↵-s(t)�/�. Pulse shapes are obtained by averaging pulses (ob-
tained in the same calibration measurement of Fig. 2) in the en-
ergy range 2610-2620 keV and aligned at the maximum. Dif-
ferences at a level of a few per mille are visible both in the rise
and decay of the thermal pulse 1.

1We will refer to pulses from the cylindrical bolometer throughout the rest
of the text. However, the parallelepiped bolometer showed consistent results.
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Building	a	Cryogenic	Large	Area	
Photon	Detector	

STEAL	FROM	
SUPERCDMS!	

•  x5	Larger!	
•  Much	Faster!	
•  Single	Photon	Sensi]vity	
•  (Single	Roton	Sensi]vity)	



Athermal	Phonon	Sensors	

Collect	and	Concentrate	
Phonon	Energy	into	W	TES	
(Transi]on	Edge	Sensor)	
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Noise	of	G23R	Test	Device	
•  Tc	=	52-53	mK	
•  	iZIP-IV	TES	Geometry	

Es]mated	Noise:	
TFN	+	Johnson	
Noise	

Sp	=1.5x10-17	W/rthz:		
•  Ge:	σpt		~	50eVt		
•  Si:			σpt	~	25eVt	
•  (15%	phonon	

collec]on	efficiency)	
•  Some	things	not	yet	

understood	G	is	x4	
bigger	than	expected	
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What	happens	when	we	shrink	the	
detector?	
•  Pulse	fall	]me	varies	
inversely	with	thickness!	

•  Phonon	energy	signal	
bandwidth	limited	by	
athermal	phonon	collec]on	

•  Energy	Resolu]on	scales	as	
thickness-1/2:		
•  25mm	->	1mm	
•  20	eV	->		5	eV	
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Prototype	Design	

Lower	Tc		
•  Improve	sensi]vity	
•  Smaller	bandwidth	

Op]mized	
Phonon	
Collec]on	Fin	
Design	



Conclusion	

• Mul]ple	uses	for	large	area	photon/
roton	detector	in	Dark	Ma8er	and	
Neutrino	Physics	

•  Stealing	should	be	easy!	


