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This week’s Direct Detection Talks
Session Experiment Speaker

Tuesday Morning XENON100 E.Pantic

SuperCDMS J. Hall

XMASS K. Kobayashi

Wednesday Morning Neutrino Backgrounds T. Figueroa

LUX R. Gaitskell

XENON1T R. Lang

Thursday Morning DAMA/LIBRA P. Belli

KIMS Y. Kim

DM-Ice R. Maruyama

Saturday Morning COUPP R. Neilson

PandaX S. Stephenson

DM-TPC J. Battat

Saturday Afternoon DEAP/CLEAN K. Palladino

Future with Noble Liquid D. McKinsey

Future with Solid State Devices R. Schnee

+Axion Session
15 x 20-25min
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Preliminaries

Sun velocity vector pointing 
roughly to Cygnus

WIMP
from galactic halo

Target Nucleus
in laboratory

v~220 km/s v~0 km/s

ER~30 keVr

θR

WIMP

Elastic collision

ER =

µ2v2

mT
(1� cos ✓) vmin =

s
mTEth

2µ2

Assume WIMP is not only gravitationally interacting
M. W. Goodman and E. Witten, Phys. Rev. D 31, 3059 (1985).
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Preliminaries II

d�
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=
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2µ2v2
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dER
= NT
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d3v
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dER
vf(v, ve(t))

�SI =
4µ2

⇡
[Zfp + (A� Z)fn]

2 / A2

�SD =
32µ2

⇡
G2

F
J + 1

J
[aphSpi+ anhSni]2

WIMP-nucleus cross sections:

Better sensitivity
with high A 

Need nucleus with spin:
19F, 23Na, 73Ge, 127I, 129Xe, 131Xe, 133Cs (but no Ar!)

Need input from
Astrophysics

with scalar (SI) and axial-vector (SD) couplings:

Measure:
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Expected Energy Spectrum

10-3

10-2

10-2

10-1

• Elastic collisions with nuclei

• WIMP velocity ~10-3c

• Energy of recoiling nucleus is tiny : 
<50 keV 

• Rates are uncertain, since they 
depend on model

• Spectrum is featureless (no peaks) 

WIMP Scatt. Rates per 100kg per day
for different targets (Xe, Ge, Ar)
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MWIMP=100GeV
σSI=10-44cm2
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Minimizing Backgrounds

• Critical aspect of any rare event search - minimize backgrounds! 

• Purity of materials

• Copper, germanium, xenon among the cleanest with no natural occurring 
long-lived isotopes

• Ancient lead, if free of 210Pb

• Shielding

• External U/Th/K backgrounds

• Krypton and Radon mitigation

• Material handling and assaying

• Surface preparation, cosmic activation

• Underground siting and active veto

• Avoid muon-induced neutrons

• Detector-based discrimination

log(exposure)

lo
g(

se
ns

iti
vi

ty
)

BG free: ~t

BG: ~t1/2

Systematics
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Minimizing Backgrounds

• Critical aspect of any rare event search - minimize backgrounds! 

• Purity of materials

• Copper, germanium, xenon among the cleanest with no natural occurring 
long-lived isotopes

• Ancient lead, if free of 210Pb

• Shielding

• External U/Th/K backgrounds

• Krypton and Radon mitigation

• Material handling and assaying

• Surface preparation, cosmic activation

• Underground siting and active veto

• Avoid muon-induced neutrons

• Detector-based discrimination
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BG free: ~t

BG: ~t1/2

Systematics

Current state-of-the-art: <1 ev/(kg·yr)
Moving to: 1 ev/(ton·yr)
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Kamioka
Gran Sasso (LNGS)

Frejus (LSM)
SNOLab

SURF

Underground Labs with 
DM Experiments

Soudan
Boulby

Need at least 1000m rock (~3000 mwe) overburden
Reduces muon rate by ~105

Yangyang
JinPing

South Pole

Canfranc
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XMASS
XENON, DAMA

No Rep
DEAP/CLEAN,

COUPP
LUX

Direct Detection DM Expts
at  this meeting

SuperCDMS
No Rep

KIMS
PandaX

DM-Ice

No Rep
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Detection Techniques

DarkSide, LUX, PandaX, 
XENON, ZEPLINScintillation

~1keV/ɣ
few % energy

Ionization
~10 eV/e

20% energy

Phonons
10 meV/ph

~100% energy

CoGeNT, 
DM-TPC, DRIFT

CDMS,
EDELWEISS

CRESST-I

CRESST-II

ANAIS,DAMA, 
DEAP/CLEAN, 

DM-Ice, KIMS, XMASS

Superheated 
Liquids

COUPP, 
PICASSO
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Particle-dependent Response

χ, n

β,ɣ 

Image E.Pantic

CDMS, CRESST, DarkSide, 
LUX, XENON etc. 
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• Use ratio of fast-to-slow signal components

• Works well in 

• LAr, LNe

• But also in 

• LXe, NaI, CsI

Pulse Shape Discrimination 

Electron Recoil Nuclear Recoil

t t

Si
gn

al
 s

iz
e

DEAP/CLEAN, KIMS, 
DarkSide, XMASS etc. 

Possible to achieve very 
high ER/NR discrimination >10-7

Using scintillation light: 
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CaWO4

Solid State Cryogenic Detectors

• Cryogenic detectors @ sub-K temperatures

• Low energy threshold (<10keV)

• Excellent energy resolution (<1%)

• Differentiate NR from ER on Event-by-Event basis

• T3-dependence on heat capacity of dielectric crystal

• SuperCDMS, CRESST, EDELWEISS, … 

SuperCDMS@Soudan

R

TSuperconducting

Normal conducting

Transition Edge Sensor 

Interleaved ionization 
and phonon sensors
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Solid State Cryogenic Detectors II

• Germanium detectors @ 77K

• Sub-keV energy threshold, low intrinsic BG

• No ability to differentiate NR from ER on EbE

• PSD to discriminate surface from bulk events

• CoGeNT,  TEXONO

P-type Point Contact (PPC)

13



Patrick Decowski - Nikhef/UvA

Top PMT Array

Bottom PMT Array

Noble Liquid Detectors

• Good self-shielding, homogeneous 

• Relative ease to scale up to large mass and purify

• LXe and LAr good scintillators

• Single-phase

• DEAP/CLEAN, XMASS

• Use pulse shape discrimination

• Dual-phase

• Ionization and scintillation

• Excellent 3D position reconstruction (TPC)

• XENON, LUX, PandaX

12 

The Optical Cassette Design is Complete 

PMT 

3 reflector can shapes 
  - pentagon (12X) 
  - hexagon (20X) 
  - irregular hexagon (60X)  

Optical & SHV 
feedthroughs 

Conflat spool 

Tophat 

Centering ring, 
springs & bridle 

Acrylic (10cm) w/ TPB 

Courtesy J. Griego 9-10 December 2011 MiniCLEAN Panel Review 
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Scintillating crystals

• Reasonable light yield and energy resolution

• keV energy threshold

• DAMA/LIBRA [NaI(Tl)], KIMS [CsI(Tl)], 
ANAIS [NaI (Tl) ], DM-Ice [NaI(Tl)]

DM-Ice

DAMA

KIMS

2-6 keV

 Time (day)

R
es

id
ua

ls 
(c

pd
/k

g/
ke

V
) DAMA/NaI (0.29 ton=yr)

(target mass = 87.3 kg)
DAMA/LIBRA (0.53 ton=yr)

(target mass = 232.8 kg)
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• Superheated liquid in a metastable state

• Energy deposit can destroy metastable state 
forming bubbles

• Can make experiment only sensitive to nuclear recoils 
by adjusting P an T → threshold detector

• Distinguish α acoustically from other nuclear recoils 

• All experiments use some form of 19F

• Spin carried mostly by an unpaired proton → very 
good  sensitivity to SD interactions

• COUPP (CF3I), PICASSO (C4F10), 
SIMPLE (C2ClF5)

Dark Matter Searches Rick Gaitskell, Brown University, LUX / DOE

COUPP: Bubble Chamber
Superheated Fluid

• CF3I or C3F8

Bubble nucleation from particle interactions
• Temperature and pressure tuned to eliminate 
bubble production from ER
—ER have lower dE/dx

COUPP-4 demonstrated acoustic alpha 
discrimination
• 98.9% alpha rejection - alphas “louder” than NR

Figures from H. Lippincott, TAUP 2011

Superheated Liquid Detectors
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Direction Detection
• Experiments aim to simultaneously measure

• Recoil energy ER

• Reconstruct recoil track direction 

• Low pressure TPC

• Gas mixture (e.g. MIMAC): 70% CF4 + 30% CHF3 @ ~100mbar

• Sensitive to SD interactions

• Tracks are a few mm 

• DRIFT, DM-TPC, MIMAC

WIMP
from galactic halo

Target Nucleus
in laboratory

v~220 km/s v~0 km/s

ER~10-50 keVr
θR

WIMP

Elastic collision

5 liter

dR(t)

dER
! d2R(t)

dERd✓R

Daily directional 
modulation: forward-
backward asymmetry 
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Spin Independent Interactions
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DAMA/I

DAMA/Na

CoGeNT

CDMS (2010/11)

EDELWEISS (2011/12)

XENON10 (2011)

XENON100 (2011)

XENON100 (2012)

SIMPLE (2012)

ZEPLIN-III (2012)
CRESST-II (2012)

XENON100 (2012)
observed limit (90% CL)

Expected limit of this run: 

 expectedm 2 (
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ev.Lett. 109 (2012) 181301 
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MSSM incl. XENON (2012) ATLAS + CMS (2012)
DAMA no channeling (2008)
COUPP (2011)
KIMS (2012)
Simple (2011)
PICASSO (2012)

) bSUPER-K (2011) (b
)-W+SUPER-K (2011) (W

) bIceCube 2012 (b
z)-W+IceCube 2012 (W

 = 80.4GeV)W < mr for m-o+o (z

Spin-dependent Interactions
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 IceC
ube C

oll,  arX
iv:1212.4097

Proton 
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CoGeNT
P-type point contact high-purity Ge detector operating in Soudan

440g 
~330g fiducial

C
oG

eN
T C

oll, P
hys. R

ev. Lett. 107 (2011) 141301 - arX
iv:1106.0650
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Energy (keVee)
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CoGeNT Results
C

oG
eN

T coll, arXiv:1208.5737

Two independent data pipelines

“UChicago”

“UW”

40K

68Ge+65Zn (L-shell EC) 
cosmo activation

Extensive background investigation
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Extensive background investigation

442 live days, 2.8σ 
significance of modulation: 
light-DM, background or 

systematic effect?
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Two independent data pipelines

“UChicago”

“UW”

40K

68Ge+65Zn (L-shell EC) 
cosmo activation

Experiment continues to take data since 
June 2011… (i.e. 602 days and counting!)

Extensive background investigation

442 live days, 2.8σ 
significance of modulation: 
light-DM, background or 

systematic effect?
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Calendar Date (mm/dd/yy)
 12/31/09  04/02/10  07/02/10  10/01/10  01/01/11

Re
sid
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ls 

(%
)

-50

0

50

MINOS Far Detector Muon Data (x 10)
MINOS Hall  Data (x 1/2)
CoGeNT Data 

Period (days)
250 300 350 400 450 500

P
h
a
se

 (
d
a
ys

)

50

100

150

200

June 2

1 year

MINOS Muon
Data, 90% C.L.

MINOS Radon
Data, 90% C.L.

CoGeNT Data 68% C.L.

90% C.L.

MINOS - CoGeNT correlation

MINOS Coll, arXiv:1212.1776

CoGeNT annual modulation as due to Radon or 
Atmospheric muon flux modulation inconsistent at 3σ 

[17% amplitude CoGeNT signal vs ~2% muon flux variation]

MINOS is in close proximity to CoGeNT
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CoGeNT data

CoGeNT backgrounds

C4 Monte-carlo

C
-4 C

oll, arXiv:1210.6282

-C-4 Kos UCLA? 
-2013? 

• C-4: same technology as 
CoGeNT

• 10x larger Ge mass

• Lower backgrounds and thresholds

• In construction
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• Dual-phase LAr experiment

• Uses S1 vs S2 discrimination

• And Pulse Shape Discrimination

• Depleted Argon: 39Ar < 1% of Atmo Ar

• Produced in upper atmo due to CR

• 39Ar 1Bq/kg background

• Liquid scintillator neutron veto

• Uses existing CTF watertank as muon veto 
and neutron shield

• DS-50: 50kg (~33kg fiducial)

• First data in 2013, 3yr data taking

DarkSide-50
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DarkSide-5000

3yr

5yr

• DS-5000: ~3.3t active (~2.8t fid) LAr

• Scale up of DS-50, using same veto 
system

J.Xu NPB2012

558 3” PMTs
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Reach of Future Detectors
L. B

audis, P
hysics of the D

ark U
niverse 1, 94 - 108 (2012).

@ Mχ 50-100 GeV

Sat. afternoon
Future Noble Liq 

D.McKinsey
Future Solid State Dev

R. Schnee
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Reach of Future Detectors
L. B

audis, P
hysics of the D

ark U
niverse 1, 94 - 108 (2012).

@ Mχ 50-100 GeV

Wed. morning
Nu backgrounds

T.Figueroa

26



Patrick Decowski - Nikhef/UvA

Astrophysical Uncertainties
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Astrophysical Uncertainties
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Interpreting SD limits
Rate on nucleus→ Nuclear Model → WIMP-nucleon spin-dependent limits

R
at

io
 o

f n
eu

tro
n 

cr
os

s 
se

ct
io

ns

 

 

neutron
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Toivanen et al.
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Toivanen et al.
Mendendez et al.

30% variation

O(1000) 
difference!

Nuclear structure 
uncertainties

Xe specific case… (others?)

Affects interpretation of WIMP-proton SD limits. 
Measurements to help constrain nuclear models?

�p,n(q) =
3

4

µ2
p,n

µ2
A

2J + 1

⇡

�SD(q)

SA(q)
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What will 2013 bring?

• LUX running

• XMASS back running

• DarkSide-50 running

• COUPP-60… 

• DEAP-3600 Fall 2013

• CoGeNT? C-4? 

• DAMA running high QE PMTs since Dec 2010… 

• …[all the experiments that I missed or that simply quietly continue to take data] 

2013 will be an exciting Direct Detection DM year! 
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