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Has DAMA found dark matter? 
•  Bigger and more advanced 

experiments continue to 
produce increasingly 
sensitive limits

•  We still have positive signals 
to explain away
–  CoGeNT, CRESST, CDMS-

Si may be the results of 
backgrounds

•  DAMA modulation (9σ+) 
remains unexplained
–  Is it dark matter? 

•  No compatible background 
hypothesis

–  More exclusion limits will 
    not answer this question
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FIG. 12: The 90% C.L. upper limit for spin-independent
isoscalar WIMP-nucleon cross section for the PandaX-I ex-
periment (red curves). Recent world results are plotted for
comparison: XENON100 225 day results [10] (black solid),
LUX first results [11] (blue), SuperCDMS results [14] (or-
ange solid), DarkSide results [13] (magenta solid), CRESST-
II 2014 limits [8] (brown dashed), and CDEX 2014 limits [16]
(solid violet). The claimed WIMP signals are shown as closed
contours: CoGeNT 2014 results (cyan solid), CDMS-II-Si re-
sults [9] (gold dashed), DAMA/LIBRA 3� contours (green
solid), and CRESST-II 2012 results (brown solid).

our limits strongly disfavor the WIMP interpretation of
the results from DAMA/LIBRA, CoGeNT, CDMS-II-Si
and CRESST-II. It is noteworthy that even with this
conservative treatment at low recoil energy, our results
still set a stringent limit at the low mass region, with a
tighter bound than SuperCDMS above the WIMP mass
of 7GeV/c2, and the best reported bound in the dual
phase xenon detector below a WIMP mass of 5.5GeV/c2.

The experimental sensitivity band is obtained us-
ing the same approach as above but with hundreds of
background-only toy MCs from which one obtains a dis-
tribution of “upper limits”. In Fig. 13, our upper limit
is overlaid with the ±1-� sensitivity band. Consistency
is observed, confirming no significant excess over back-
ground.

To study shape related systematic uncertainties sepa-
rately 4, we performed calculations of upper limits either
by setting PDE and EEE both at +1 or �1�. The re-
sulting limits are shown in Fig. 13. As expected, the
higher e�ciency would lead to tighter bounds in the
low mass region and vice versa. The (more aggressive)
upper limit obtained with dark matter PDFs generated
from the NEST-1.0 model is very close to that with the

4 The shape systematics could also be introduced into the fitter
via nuisance parameters. However, to explicitly show the size of
the e↵ects and to simplify the fitter computation, we chose to
apply these systematic variations “by hand”.

+1� PDE/EEE. These are sizable influences but these
shape e↵ects are comparable with the sensitivity band
and therefore do not change the main conclusion of our
results.

FIG. 13: PandaX-I WIMP search limit from the data (red
line) overlaid with the ±1� sensitivity band obtained from
toy MC (yellow) as well as the alternative upper limits using
either +1� or �1� values for the PDE and EEE, but with the
same NEST-0.98 model. For comparison, a few world leading
limits for the low mass WIMP are plotted for comparison:
LUX first results [11] (blue), SuperCDMS results [14] (orange
solid), and CRESST-II 2014 limits [8] (brown dashed).

CONCLUSION AND OUTLOOK

In summary, we report the low-energy dark matter
search results with the 54.0⇥80.1 kg-day full exposure of
the PandaX-I experiment. In this analysis, compared to
the first results, we made a number of improvements in
signal identification, background classification and rate
and shape estimates, a realistic but conservative treat-
ment on the e�ciency for very low recoil energy events, as
well as full likelihood fits to obtain the final WIMP search
limit. Observing no significant excess over background,
our results strongly disfavor the WIMP interpretation of
the results from DAMA/LIBRA, CoGeNT, CDMS-II-Si
and CRESST-II. Our bound is tighter than that from Su-
perCDMS above the WIMP mass of 7GeV/c2, and is the
lowest reported limit below a WIMP mass of 5.5GeV/c2

in xenon dark matter experiments to date, showing that
liquid xenon detectors can be competitive for low-mass
WIMP searches.
The results from PandaX-I are crucial in guiding the

future development of the PandaX program. The sec-
ond phase experiment, PandaX-II, constructed with a
liquid xenon target of 500 kg sensitive mass and lower
background materials for the cryostat and TPC, is un-
der preparation at CJPL. The PandaX-II detector is ex-
pected to improve both on the light and charge collection

PandaX 2015!
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DM-Ice
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DM-Ice250 North! DM-Ice250 South!
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DM-ICE17
(January 2011 – present)

DM-ICE37
(April 2014 – present)

DM-ICE250
(future)

First dark matter 
experiment in South 
Pole ice
-  Demonstrated viability 

and advantage of 
environment

R&D testbed for NaI 
detectors
-  Crystal background
-  Light yield
-  PMT/lightguide 

configurations

Science result
-  Definitive test of DAMA 

dark matter claim

DM-Ice17: Feasibility
[Southern Hemisphere]

DM-Ice37: R&D
[Northern Hemisphere]

DM-Ice250: Set limits 
[Southern Hemisphere]
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•  Phased program designed to maintain DAMA’s 
sensitivity to dark matter signal
–  NaI(Tl) of similar size, threshold as DAMA

•  Run in both hemispheres to decouple WIMP 
modulation from seasonal backgrounds



Canfranc
Yangyang

Boulby

Global NaI(Tl) Collaborative Effort
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Canfranc
Yangyang

Boulby

Global NaI(Tl) Collaborative Effort
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ANAIS DM-Ice KIMS& &
55 kg in Yangyang array
Crystal R&D at Boulby

52 kg in Yangyang array
Liquid Scintillator veto

113 kg array
External muon veto
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preliminary

•  Combined NaI(Tl) analysis effort
•  220 kg total mass across experiments

•  Y2L: 100 kg initial mass will upgrade to 150 kg
•  June 2016 run start
•  2 years to probe DAMA result



DM-Ice17

•  Deployed December 2010
•  >99% uptime after June 2011

•  2 detectors located 2457 m deep
•  Optically isolated from the ice

•  14 cm dia. x 16 cm NaI(Tl) crystals

Lake Louise Winter Institute 2016 Hubbard
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DM-Ice17 Background Model
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Low Energy Background Model
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Remote Calibration
•  Cosmogenic activation provides a calibration source 

for the remotely deployed detectors
–  Short-lived isotopes are identified by their energy and 

decay time
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DM-Ice17 Muon Events
Muon Flux
•  Flux of 2.93 ± 0.04 muons/

crystal/day with a 12.3 ± 
1.7% modulation amplitude

IceCube Coincidence
•  93% of DM-Ice Det-1 muons are 

coincident with IceCube events
•  DM-Ice location information 

lowers misreconstruction rates 
and improves location 
reconstruction through IceCube
–  Little impact on astrophysical 

parameters
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Muon-Induced Phosphorescece
•  Large energy depositions in NaI(Tl) 

induce long-lived phosphorescent 
decay

•  Sharp increase in photon rate, 
correlated with muon energy 
deposition, that produces low 
energy pulses and slowly decays
–  Pulses are tagged by noise cuts

Lake Louise Winter Institute 2016 11Hubbard
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5.5 ± 0.5 s 
decay time	

Largest events 
induce tens of 
millions of photons	
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Modulation Analysis
•  Modulation amplitude is consistent at all energies with both no 

modulation and the DAMA/LIBRA signal
–  Fit forces a June 2nd phase; 1 year period

•  DM-Ice17 environment is stable
–  Temperature is stable to <0.3°C
–  Calibration stable to <0.2% after accounting for light yield changes
–  No time dependence observed in energy resolution, detector deadtime, 

cut efficiency, or muon-induced event rate
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DM-Ice Exclusion Curves
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Gains from DM-Ice37

June 4, 2015 Antonia Hubbard 14

•  2-18.3 kg crystals tested at 
Boulby Underground Lab

•  NaI(Tl) improvements
–  3 dru above noise energies
–  Goal from DAMA: 1 dru

•  Significant PMT 
improvements

•  Improved threshold, 
resolution

Crystals 40K [mBq/kg] 210Pb [µBq/kg] 228Ra-208Tl 
DM-Ice17 17 1500 160 

DAMA 0.6 24.2  8.5 

In progress 1.5 188 2 

preliminary

Cosmogenics
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Conclusions
•  DM-Ice17 has performed better 

than expected
–  Established South Pole as a 

good environment for NaI(Tl) 
detectors

–  Longest direction detection 
exposure behind DAMA

–  Measured muon modulation 
and phosphorescence, 
cosmogenic activation, and 
performed modulation analysis

•  DM-Ice37 achieved 
backgrounds to levels able to 
probe DAMA

•  DM-Ice55/KIMS/ANAIS will 
come online June 2016
–  2 years to probe DAMA result
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Scintillation Mechanism

Conduction band

Valence band

Activator 
excited states

Activator 
ground state

Quenching
Band gap

Scintillation 
photon Traps
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Muon Identification
•  Muons are identified through pulse shape 

discrimination and energy deposition!
– Alphas decay faster than gammas and muons!
– Muons exhibit a MIP energy deposition!
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Coincident Events

Lake Louise Winter Institute 2016

Det-2

Det-1 Det-2

Hubbard

Det-1 DM-Ice17 Det-2
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Detector Stability

10/30/15 Zachary Pierpoint (Yale University), DNP 20/12

3.5-yr consistent dataset

•  Temperature stable to <0.3° C !
•  Calibration stable to <0.2%!
•  No evidence for time dependence in:!

–  energy resolution!
–  detector deadtime!
–  cut efficiency!
–  muon induced event rate!

preliminary	

preliminary	

Calibra'on	Offset	

%	Energy	Resolu'on	

Temperature	



Event Rates in the Region of Interest

10/30/15 Zachary Pierpoint (Yale University), DNP 21/13

preliminary	

preliminary	

Subtract	off	linear	component	

Correct	for	Cut	Efficiency	

•  Rates decrease by ~10% over 3.5 years!
•  Exploring possible explanations (tritium?)!

preliminary	



10/30/15 Zachary Pierpoint (Yale University), DNP 22/12

modula'on	amplitude	

~Oct.	1	
	

	
~Apr.	1	

~Jul.	1	 Jan.	1	

DM-Ice17	4-6	keVee	(BF,	68%,	95%,	99%)	

preliminary	

DAMA/LIBRA,	2-4	keVee	(99%)	
			analysis	on	data	from	arXiv:1308.5109	

Annual Modulation Allowed Regions
•  Comparing sinusoidal modulation to 

background subtracted event rates!
•  Phase fixed to 1 year!
•  Log-likelihood comparison to best 

fit produces likelihood contours!
•  Same procedure on the DAMA 

region with maximal modulation 
provides a scale!

preliminary	

DM-Ice17	4-6	keVee	
Best	Fit	1-year	modula'on	



DM-Ice37 Background Reduction
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