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Evidence for Dark Matter in Your Lab

P
a
to

,I
o
c
c
o
,B

e
rt

o
n

e
1
5
0
4
.0

6
3
2
5

you are here

dark halov
ro

t
in

 k
m

/
s

radius in kpc

S
o
fu

e
1
1
1
0
.4

4
3
1

• Local density

• Fly through Dark Matter halo,

• Detect scattering in laboratory target
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Axions and ADMX
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• Idea: effective strong CP violating term     is small 

because it’s a field. Corresponding particle is the Axion.

• Interaction strength 

• If                                          : a Dark Matter candidate  

• With                                           to prevent overclosure

• Detect via Primakov-effect:

Axions
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• Microwave cavity, up to 8T, down to 100mK

ADMX Resonant Axion Search
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• Microwave cavity, up to 8T, down to 100mK

• Very rich signature

ADMX Resonant Axion Search
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• Microwave cavity, up to 8T, down to 100mK

• Very rich signature

• Initial data this summer, then scan frequencies

ADMX Resonant Axion Search
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WIMP Search Basics
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Annihilation:

indirect searches

9

Thermal Relic Particles

Scattering:

direct detection

Production:

collider searches
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WIMP Scattering Basics
Coherent Scattering:

Rate:

few events per year, per kg or ton of target

or
low rates

Simple non-relativistic kinematics. Recoil:

low energies
Spectrum falls exponentially:
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Spectrum: Xe target, s =10-44cm2
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Acceptance necessarily drops to 0 at Er=0:

Measured signal is a bump after all.

mc= 1000 GeV

mc= 100 GeV

mc= 10 GeV
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WIMP Signal:

• Nuclear recoils

• Low energy

• Single scatter

• Homogeneous

Particle Backgrounds: Known in advance

• Mostly electronic recoils (b,g)

• Also at high energy (a,b,g)

• Also multiple scatters (g,n)

Detector artefacts: Sometimes surprising

• Surface events

• Pathological pile up

• Noise
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Discrimination: Need Information
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Ample information even at lowest energies:

• Scintillation S1 size and PMT pattern

• Ionization S2 size and PMT pattern

• Single/Multiple Scatter

• Electronic/Nuclear Recoil

• Vertex position

• S2 width

• Time
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XENON100 Candidate, E~3keVnr

S2

S2S1

S1
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• Sensitivity doubles every year (exceeding Moore’s law)

• Very good control of systematic uncertainties (%-level)

• Elaborate & versatile analyses (many other channels)

Outstanding Performance
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Spin-Independent Channel
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CRESST-II

SuperCDMS,

EDELWEISS

ruled out

LUX,

XENON

B
a
lt

z
&

G
o
n

d
o
lo

,R
o
s
z
k
o
w

s
k
i+

,

K
a
d
a
s
ti

k
+
,B

u
c
h

m
u

e
ll
e
r+

,B
u

rg
e
s
s
+

WIMP mass [GeV/c2]

W
IM

P
-n

u
c
le

o
n

 c
ro

s
s
 s

e
c
ti

o
n

 [
c
m

2
]

e.g. 

asymmetric 

Dark 

Matter

e.g.

Higgs 

mediated 

coupling



Rafael Lang: Direct Dark Matter Detection 16

CaWO4, Ge, Xe
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CRESST-II @Gran Sasso
Scintillating 300g CaWO4 calorimeters

scintillating

reflector

light

absorber

thermometer

threshold <20eV

CaWO4 

clamps

& target

phase

transition

thermometer

~10mK
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CRESST-II: Multi-Target Built-In

179Ta(M1)

Cu(Ka)

• 29 kg days

• Ca, O for light WIMPs, W 

for heavy WIMPs

• Threshold ~600eV

• Expect better limit 2015
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EDELWEISS & SuperCDMS
Segmented detector, up to 1.4kg Ge each & 60kg total

Germanium or Silicon calorimeters

Cooled to mK to collect phonons

Interleaved electrodes

for ionization
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577 kg days optimized for ~GeV WIMPs:

SuperCDMS first analysis
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CoGeNT 2013

> Order 

of magnitude

Expect            events

Observe 8 (11-3)

Excludes CoGeNT

(and CDMS-Si) excess

CDMSLite
Expect more data from

EDELWEISS and

CDMSLite this year
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Xenon Time Projection Chambers

bottom

PMT array

(S1, S2)

top

PMT array

(position)

gas xenon

liquid xenon

+

-cathode

anode

S1 S2

e-
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e-

drift time

Vertex position from S2 

hit pattern & drift time
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Detect even 

individual electrons 

liberated in an 

interaction:

Extreme Low-Energy Sensitivity
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LUX @Soudan
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first results: 85 live days, 118 kg

non-blind analysis, strongest limit to-date

expect re-analysis this month

& 300 days data late this year
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XENON100 Solar Axion Search 
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use ER background

to search for axions

coupling via

axio-electric effect gAe

exclude QCD axions

> 0.3 eV (DFSZ)

> 80 eV (KSVZ)

also derived limit on ALPs
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Expect XENON1T Data this Year
2000kg target, 2 orders of magnitude better sensitivity
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Marching Forward
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Marching Forward
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Effective Theory
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F Na Ge I Xe

• Vastly different sensi-

tivities of various targets: 

Variety indispensable

• Some require dedicated 

analyses

• Use relativistic or non-

relativistic operators?

• Present results for each 

operator individually?

F Na Ge I Xe
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• Single-phase liquid xenon

• 642 2.5” hex PMTs

• 830kg total, 100kg fiducial

• Position from PMT hit 

pattern; self-shielding

• Patched after initial run, 

data taking since Nov 2013, 

rate ~1 evt/keV/ton/day

XMASS @ Kamioka
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Inelastic Scattering
cross-check limits, measure halo

129Xe 129Xe* 129Xe+g40keV
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• Single phase liquid argon

• Acrylic vessel

• 3.6t argon total, 1t fiducial

• 255 8” PMTs

• Pulse shape discrimination

• 10-46cm2 sensitivity after 3 years

• LAr data this summer

DEAP-3600 @ SNOLAB
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• Bubble chambers

• CF3I or C3F8 targets: 

spin-dependent / light WIMPs

• Nucleate if                sufficient

detector blind (<10-10)

to electronic recoils

• Only integral energy spectrum; 

measure with different 

thresholds

PICO @SNOLAB (=COUPP/PICASSO)
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Photograph:

PICO Results 2015
Acoustic signal: Alphas pop 

louder than nuclear recoils, 

discriminate >98%
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PICO recent limit and outlook
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• Limits from 2.9kg C3F8 chamber

• 211 kg days total at 4 thresholds (3-8keV)

• 12 events observed (1 expected),

correlated with expansion cycles (corrosion particles?)

• Leading spin-dependent (proton only) limits

SD SI

Soon: >3000 kg days from 25kg CF3I chamber (PICO 60)
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Flavor-independent: 

complementary 

information

Assume Galactic Supernova

(10kpc, Basel/Darmstadt)

CC:              per ton

CNNS:        per ton

37

Yes, Even Supernovas 
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