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We only understand 4% of the universe.

Standard Model of Cosmology

(NASA)
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What do we know about Dark Matter?

optically dark

density ~ 0.3 GeV/cm3

dark matter particle mass: 
unknown

interactions: very weak

O(100)

RHUL   Jocelyn Monroe                                                                                                                       May 4, 2011



H
EP

A
P/

A
A

A
C

 D
M

SA
G

 S
ub

pa
ne

l (
20

07
)

strong

e.m.

weak

ne
ut

rin
o?

gravity

el
ec

tro
n

 t-
qu

ar
kmasses

 

Dark Matter 
Candidates

interaction 
strengths

RHUL   Jocelyn Monroe                                                                                                                       May 4, 2011



χ

Direct Detection  
Signal: χN ➙χN’ 

Backgrounds:
n N ➙ n N’ 
γ e- ➙ γ e-’ 
N ➙ N’ +  α, e- 

ν N ➙ ν N’ 
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χ
Heat

Ionization
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χ
Heat

Ionization

Scintillation

Direct Detection  
Signal: χN ➙χN’ 

Backgrounds:
n N ➙ n N’ 
γ e- ➙ γ e-’ 
N ➙ N’ +  α, e- 

ν N ➙ ν N’ 
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Spin Independent:
χscatters coherently off of 
the entire nucleus A:  σ~A2

 

Spin Dependent:
only unpaired nucleons contribute 
to scattering amplitude: σ~ J(J+1)
  

N N

χ χ

kinematics: v/c ~ 8E-4!
q2 = 2mT Erecoil

ED =
1
2

mDv2

r =
4mDmT

(mD +mT )2

Erecoil = EDr
(1− cosθ)

2

 WIMP Scattering 

D. Z. Freedman, PRD 9, 1389 (1974) 
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SI vs. SD
Savage et al.,

arXiv:0808.3607

Ellis et al.,
arXiv:0808.3607

Nuclear physics uncertainties are important!
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SI vs. SD
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Measurement

energy of 
recoiling 
nucleus 

energy range of 
the experiment

quenching Q = 
dE_ionization/dE_total

detection 
efficiency

dark matter & target
particle masses

dark matter
density

interaction cross 
section

integral over dark matter
velocity distribution

expected signal rate 
(per unit detector mass 
per unit time):
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CDMS
Edelweiss

Picasso

Xenon100
LUX

DEAP/CLEAN

COUPP

DRIFT

Newage

CoGeNT

ZeplinIII

XMASS

KIMS

Dama/LIBRA

WARP
ArDM

ANaIS

CRESST

IGEX

CRESSTII
ROSEBUD

DMTPC

Ionization!

Scintillatio
n!

Heat!
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Outline

1. Dark Matter Direct Detection Overview

2. Review of Spin-Independent Results

3. Review of Spin-Dependent Results



Spin-Independent Cross Section Limits
1 event/
kg/day

1 event/
100 kg/day

1 event/
100 kg/
100 days
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Complementary with High-Energy Frontier

need 100-1000
dark matter events
to measure mass,
cross section

Many Results Here,
Only 2 strongest shown
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A Long Way to Go... 

  10-28 cm2: σ(total inelastic pp at TeVatron)

   10-35 cm2:     σ(gg ➔ H) at LHC (Standard Model)

    10-39 cm2:      σ(single top) at TeVatron

     10-40 cm2: σ(ν QE)     at T2K 

σ(DM coherent scattering)?     10-47 cm2 

   10-37 cm2:     σ(gg ➔  H) at TeVatron (Standard Model)

       10-43 cm2: σ(ν NC Elastic)     for geo-ν 

         10-45 cm2: σ(ν-e Elastic)     for solar ν

N
ot

 to
 S

ca
le

  10-24 cm2: σ(neutron-A elastic scattering)
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1. Null Results

2. Near-Future
    Searches

3. Signals?
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Spin-Independent Cross Section Limits
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Many Results Here,
Only 2 strongest shown



83Kr background from air leak, 
taking new data after purification
(since June 2010) 

expected 1.8+/-0.6 events, saw 3
(28% background probability)

new quenching measurement

projected sensitivity: 
1E-45 cm2
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Xenon100 Status 
and Outlook

Energy [keVnr]
10 20 30 40 50

(S
2/

S1
)-

ER
 m

ea
n

10
lo

g

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

S1 [PE]
5 10 15 20 25 30 35

Energy [keVnr]
1 2 3 4 5 6 7 8 910 20 30 40 50 100

Le
ff

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Energy [keVnr]
1 2 3 4 5 6 7 8 910 20 30 40 50 100

Le
ff

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35 Arneodo 2000
Bernabei 2001
Akimov 2002
Aprile 2005
Chepel 2006
Aprile 2009
Manzur 2010
Plante 2011

(E. Aprile)

arXiv:1104.2549v2 
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Xenon100 Status 
and Outlook
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XENON100 (2011) Buchmueller et al.

arXiv:1104.2549v2 
48 kg x 100 days
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ZeplinIII Status and Outlook
Background	
  expecta0on	
  in
1-­‐year	
  dataset,	
  in	
  a/c	
  with	
  veto
and	
  realis0c	
  signal	
  acceptance:
®0.4±0.1	
  neutron	
  scaAers
®2.4±0.2	
  electron	
  recoils

•	
  Main	
  challenge	
  is	
  to	
  achieve	
  the	
  same	
  
•discrimina0on	
  power	
  as	
  in	
  FSR	
  with	
  new	
  
•phototubes	
  (poorer	
  op0cal	
  performance)

(H. Araujo, IOP)
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  in	
  FSR	
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•phototubes	
  (poorer	
  op0cal	
  performance)

(H. Araujo, IOP)

expected 
sensitivity
matches 

Xenon100
current
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CDMS Status 
and Outlook

(E. Figuroa)

arXiv:0912.3592v1

arXiv:0907.1438v1
annual modulation
analysis: 440 kg-day, 
2-8 keVee, no evidence 
(disagrees with DAMA
rate at 6.8 sigma,
or, x2 at 90%CL on 
modulation amplitude)
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CDMS Status 
and Outlook

projected 15kg@
SNOLab sensitivity
matches Xenon100
projected

(E. Figuroa)

arXiv:0912.3592v1

arXiv:0907.1438v1
annual modulation
analysis: 440 kg-day, 
2-8 keVee, no evidence 
(disagrees with DAMA
rate at 6.8 sigma,
or, x2 at 90%CL on 
modulation amplitude)



1. Null Results

2. Near-Future
    Searches

3. Signals?
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Many Results Here,
Only 2 strongest shown
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LUX (Noble Travails at DUSEL) (R. Gaitskell)
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DUSEL timeline uncertain now, planned LUX 300 kg detector 
installation underground in 2012



DEAP/CLEAN (Single Phase Detector Program) 

DEAP-1 (7 kg)   μCLEAN (4 kg)   MiniCLEAN (300 kg)   DEAP-3600 (3600 kg)  CLEAN(100T)

2006 2007 2011 2014

DEAP-3600: first tonne-scale detector, great dark matter discovery potential!   

DEAP-3600 (1 tonne fiducial)
construction: 2011-2013
run: 2014-2019

MiniCLEAN (150 kg fiducial)
construction: 2010-2011
run: 2012-2014 

current experiments

theory

2018
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CLEAN (10 tonne fiducial)
proposal: 2016
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MiniCLEAN

• pulse shape discrimination against 39Ar       
e- backgrounds at 1:108 level

•no E fields, ~no pile-up 

•maximize light collection, demonstrated         
6 pe/keV Lippincott, et al., arXiv:0911.5453

•if there is a signal, verify A2 dependence 
by swapping targets (Argon/Neon)

Reconstructed Photo-Electrons
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background
simulation:

energy,
radius,
fraction of 
prompt
photons

-neutrons
-alphas
-electrons
-gammas

-neutrons
-alphas
-electrons
-gammas

-neutrons
-alphas
-electrons
-gammas

QPMT

electronic recoils         nuclear recoils

92 8”
PMTs

70oK 
cryostat

water
shield
outside

150 kg
Argon 
(Fiducial)

Lippincott, Phys.Rev.C78:035801 (2008)
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Construction Progress

SNOLAB Cube Hall

MiniCLEAN
anchors

MiniCLEAN
top access

10T gantry crane

DEAP-3600
top access

Outer Vessel

SNOLab Infrastructure

Inner Vessel

Veto Tank
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1. Null Results

2. Near-Future
    Searches

3. Signals?
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Many Results Here,
Only 2 strongest shown



DAMA/LIBRA: Annual Modulation June-December 
event rate 
asymmetry 
~2-10%DAMA/Libra positive result, 

>8σ, not seen by others Drukier, Freese, Spergel, 
Phys. Rev. D33:3495 
(1986)

Eur. Phys. J. C56:333-355 (2008)

Modulation signal of 
0.0116 ± 0.0013 

cpd/kg/keV in 2-6 keVee,
with 1.17 ton × yr,

13 anual cycles
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CRESST-II expected 9 events, observed 32

update expected soon...

W. Seidel,
IDM2010

(W
. S

ei
de

l, 
ID

M
20

10
)
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CoGeNT

ATICCDMS

W. Seidel,
IDM2010

arXiv:1002.4703

0912.3592v1

W. Seidel,
IDM2010

(J. Collar)
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CoGeNT 2

ATICCDMS

W. Seidel,
IDM2010

0912.3592v1

W. Seidel,
IDM2010

(J. Collar)
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CoGeNT@APS2011 (May 2, 2011)

ATICCDMS

W. Seidel,
IDM2010

0912.3592v1

W. Seidel,
IDM2010

(J. Collar)

Soudan mine fire: 
detector warmed up, opened the box to check the data (442 days  x 440 gm)

result: 2.8 sigma annual modulation! (~3 events/day) “paper next week”

consistent in phase 
with DAMA/LIBRA

May be first 
independent
confirmation
of DAMA signal!
BUT, inconsistent
with Xenon, CDMS

plan: install
4-tower (O(2kg))
detector set in 
Soudan in 2012

(debate: arXiv:1103.3481v1)
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interesting development: directional 
detectors are starting to catch up...

Spin-Independent Cross Section Limits

PICASSO:
superheated bubble detector,
optical + acoustic readout,
taking ~16x exposure in SNOLab

COUPP:
“, CF3I bubble chamber,
4 kg detector (3 events, “exp.” 0)
background is internal neutrons,
re-instrumented, taking data 
exposure at SNOLab

SIMPLE:
acoustic readout of superheated
droplet detectors in GESA,
14 kg-days (0.2 kg C2CIF5),
14 events observed, FC limit
with background subtraction

arXiv:1101.1185
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test astrophysical origin of 
candidate signal with
sidereal asymmetry ~ 20-100% in 
forward-backward event rate.

Direction Modulation Cygnus

Spergel, Phys. Rev. D37:1358 (1988)

search for a dark matter source!

Recoil Kinetic Energy (keV)

020406080100120140160180200

)LAB
!

Cos(

-1-0.8
-0.6-0.4

-0.20
0.20.4

0.60.8
1

Ev
en

ts
 /k

g 
/ d

ay

0
0.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18

(A. M. Green, B. Morgan,                 astro-ph/0609115)
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DRIFT: in Boulby (UK), wire readout, CS2 CF4 gas, 
negative ion drift, competitive kg-day exposure

Directionality Around the World

NEWAGE: in Kamioka, μ-pattern 
gas detector readout, CF4 gas, first 
directional dark matter limit!

K. Miuchi, et al., Phys.Lett.B654:58-64 (2007)

DMTPC: (Boston)
in WIPP (US), 
CF4 gas, CCD readout, 
vector direction tag

MiMAC-He3: (ILL)
above-ground R&D,
He3 gas, MicroTPC 
readout, A-dependence

S. Burgos et al., Astropart. Phys. 28, 409 (2007)

D. Santos, et al., J. Phys. Conf. Ser. 65, 021012 (2007)
D. Dujmic, et al., NIM A 584:337 (2008)
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DRIFT 
collaboration

(DMTPC)

& electron current

e

+V

-V

Photon Signal

Electron/Ion Signal

CCDχ

χ

(DRIFT)

(NEWAGE)

low pressure
gas (0.1 atm)

Detection
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NEWAGE limit
(Kamioka)

DMTPC limit
(surface)

1m3 at WIPP
projected
sensitivity

S. Ahlen et al., 
arXiv:1006.2928

DRIFT,
IDM2010

COUPP,
IDM2010

directional 
results

1D results

Next steps for DMTPC: low-background detector, 
         DMTPCino at WIPP (1m3) 

K. Miuchi et al., 
Phys.Lett.B686:11-17
(2010)

Spin Dependent Directional Dark Matter Detection
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Many Results Here, only 2 
strongest non-directional shown



Conclusions

The nature of dark matter is a hot topic today, the “low-background 
frontier” may be on the verge of a discovery.

The liquid argon program will be the first to reach 1 tonne! Scalability 
and new approaches to backgrounds are key.  May need directional 
detectors soon to test astrophysical origin of candidate signals.

Stay tuned...

Hot off the presses: first independent confirmation of DAMA/LIBRA?  
Appears inconsistent with Xenon100 and CDMS, how reliable is 
energy scale at 2 keVee? Now time to focus on systematic uncertainties.
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Indirect Dark Matter Searches

PAMELA
arXiv:0810.4995

χ   χ  

e+   e- 
?

ATIC

Fermi LAT arXiv:0905.0025

dark matter? local astrophysics?



CDMS

Search at low energy threshold arXiv:1011.2482v1
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Setting a Limit in the Presence of Background

σA            vary      until (90% of the time) 
         theory predicts observed maximum

    gap between background events
S. Yellin, Phys. Rev. D66:032005 (2002)

Yellin gap method: a way to make a “zero-background” measurement 
over a restricted range of an experiment’s acceptance (zero signal too)

energy
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Scalability: Single Phase

Liquid argon dark matter target,
scintillates ~30,000 photons/MeV! 

Background Strategy:
identify, reject electronic
backgrounds via pulse
shape vs. time difference

Dark Matter Signal:
measure recoil energy 
deposited as scintillation
photons vs. time

QPMT

electronic recoils      nuclear recoils

Lippincott, Phys.Rev.C78:035801 (2008)

Boulay and Hime, 
Astropart. Phys. 25, 179 (2006)
(2006
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Directional Detection Future

  Eventually: large detector, 10-46 cm2 sensitivity, 
                    sited at DUSEL?

1 ton of CF4 
@50Torr

DMTPC Observa
tory     

         

16 x 16 x 16  m
3

CMS: 

15 x 15 x 22 m
3

SNO: 

21 x 21 x 34 m
3

MiniBooNE:

6 x 6 x 6 m
3

detector size for 10-44 cm2 SI sensitivity

SuperK: 

40 x 40 x 40 m
3
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