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Everywhere we look, we see 
~5x more gravity than expected.

-galaxies
-clusters of galaxies
-the Universe as a whole

Explainable only by 
hypothesizing a new, nearly

non-interacting type of matter.

Observed cosmological density 
(1.3 GeV/m3) could result from 

weak-scale interactions.

t [ns]

T [GeV]

ΩDM

Introduction

MDM = 100GeV/c2



W
IM

P

assuming mχ ≈ 70 GeV ,
~100,000 /cm2/sec

Introduction



< 5 interactions 
per ton per day

( σ < 3.8 × 10−44 cm2 )
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2.   CDMS II at Low Energies



2.  CDMS II at low energies
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Motivation:  DAMA, CoGeNT, CRESST
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A Nuclear Recoil 
Yield band is 

defined, using the 
-0.5σ  to  +1.25σ 
range to maximize 
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Total Phonon Signal = Recoil + Luke
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Baryons
orbit ‘together’
roughly circular orbits
small velocity dispersion

Halo DM
orbit ‘individually’
no circular preference
large velocity dispersion Vθ  (at out galactic radius)
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Must understand 
efficiency vs time
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Must understand 
efficiency vs time

2:  place limits on cut 
efficiencies, given this 

energy range
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constant trigger-efficiency

grey:  charge fiducial volume
black:  charge yield selection

3.  Annual Modulation



Multiples
Singles
Run 123 Nuclear Recoils
Run 124 Nuclear Recoils
Run 125 Nuclear Recoils
Run 126 Nuclear Recoils
Run 127 Nuclear Recoils
Run 128 Nuclear Recoils

0

2

4

6

T1Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

1.6 3.0 4.4 5.9 7.4
Recoil Energy [keVee]

T1Z5
1.6 3.0 4.4 5.9 7.4

Recoil Energy [keVee]

0

2

4

6

T2Z3

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T2Z5

0

2

4

6

T3Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T3Z4

2.7 5 7.3 9.6 11.9
0

2

4

6

T3Z5

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

Recoil Energy [keVnr]
2.7 5 7.3 9.6 11.9

T3Z6

Recoil Energy [keVnr]

NR band 
widened 
to ±2σ 

Multiples
Singles
Run 123 Nuclear Recoils
Run 124 Nuclear Recoils
Run 125 Nuclear Recoils
Run 126 Nuclear Recoils
Run 127 Nuclear Recoils
Run 128 Nuclear Recoils

0

2

4

6

T1Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

1.6 3.0 4.4 5.9 7.4
Recoil Energy [keVee]

T1Z5
1.6 3.0 4.4 5.9 7.4

Recoil Energy [keVee]

0

2

4

6

T2Z3

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T2Z5

0

2

4

6

T3Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T3Z4

2.7 5 7.3 9.6 11.9
0

2

4

6

T3Z5

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

Recoil Energy [keVnr]
2.7 5 7.3 9.6 11.9

T3Z6

Recoil Energy [keVnr]

Multiples
Singles
Run 123 Nuclear Recoils
Run 124 Nuclear Recoils
Run 125 Nuclear Recoils
Run 126 Nuclear Recoils
Run 127 Nuclear Recoils
Run 128 Nuclear Recoils

0

2

4

6

T1Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

1.6 3.0 4.4 5.9 7.4
Recoil Energy [keVee]

T1Z5
1.6 3.0 4.4 5.9 7.4

Recoil Energy [keVee]

0

2

4

6

T2Z3

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T2Z5

0

2

4

6

T3Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T3Z4

2.7 5 7.3 9.6 11.9
0

2

4

6

T3Z5

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

Recoil Energy [keVnr]
2.7 5 7.3 9.6 11.9

T3Z6

Recoil Energy [keVnr]

Multiples
Singles
Run 123 Nuclear Recoils
Run 124 Nuclear Recoils
Run 125 Nuclear Recoils
Run 126 Nuclear Recoils
Run 127 Nuclear Recoils
Run 128 Nuclear Recoils

0

2

4

6

T1Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

1.6 3.0 4.4 5.9 7.4
Recoil Energy [keVee]

T1Z5
1.6 3.0 4.4 5.9 7.4

Recoil Energy [keVee]

0

2

4

6

T2Z3

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T2Z5

0

2

4

6

T3Z2
Io

ni
za

tio
n 

En
er

gy
 [k

eV
ee

] T3Z4

2.7 5 7.3 9.6 11.9
0

2

4

6

T3Z5

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

Recoil Energy [keVnr]
2.7 5 7.3 9.6 11.9

T3Z6

Recoil Energy [keVnr]

3.  Annual Modulation



Multiples
Singles
Run 123 Nuclear Recoils
Run 124 Nuclear Recoils
Run 125 Nuclear Recoils
Run 126 Nuclear Recoils
Run 127 Nuclear Recoils
Run 128 Nuclear Recoils

0

2

4

6

T1Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

1.6 3.0 4.4 5.9 7.4
Recoil Energy [keVee]

T1Z5
1.6 3.0 4.4 5.9 7.4

Recoil Energy [keVee]

0

2

4

6

T2Z3

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T2Z5

0

2

4

6

T3Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T3Z4

2.7 5 7.3 9.6 11.9
0

2

4

6

T3Z5

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

Recoil Energy [keVnr]
2.7 5 7.3 9.6 11.9

T3Z6

Recoil Energy [keVnr]

Multiples
Singles
Run 123 Nuclear Recoils
Run 124 Nuclear Recoils
Run 125 Nuclear Recoils
Run 126 Nuclear Recoils
Run 127 Nuclear Recoils
Run 128 Nuclear Recoils

0

2

4

6

T1Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

1.6 3.0 4.4 5.9 7.4
Recoil Energy [keVee]

T1Z5
1.6 3.0 4.4 5.9 7.4

Recoil Energy [keVee]

0

2

4

6

T2Z3

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T2Z5

0

2

4

6

T3Z2

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
] T3Z4

2.7 5 7.3 9.6 11.9
0

2

4

6

T3Z5

Io
ni

za
tio

n 
En

er
gy

 [k
eV

ee
]

Recoil Energy [keVnr]
2.7 5 7.3 9.6 11.9

T3Z6

Recoil Energy [keVnr]

NR band 
widened 
to ±2σ 

3.  Annual Modulation



3.  Annual Modulation

Binning the exposure in time...
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Candidate Event 
Rate vs. Time

(each detector)
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Candidate Event 
Rate vs. Time

(detectors DC-
subtracted, then 

combined)
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Candidate Event 
Rate vs. Time

(detectors DC-
subtracted, then 

combined)
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CoGeNT
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3.  Annual Modulation

where        is the model prediction for det   , bin
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106-day phase
(CoGeNT Best-Fit)
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152.5-day phase
(Simple Halo Model)
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CoGeNT
CDMS
DAMA
assuming 
m=10 GeV/c2 

qNa = 0.3


