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A p-type point-contact germanium detector.



CoGeNT
Dark Matter makes no distinction between

 the surface and bulk of the detector.

Backgrounds, e.g. from low-energy photons, could interact 
more with the surface than the bulk.
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CoGeNT Events

Dark Matter

Bulk

Surface

Background

CoGeNT Collaboration, 
Physical Review D 88, 012002 (2013)

Define the surface by the transition region.

We know these events are background, 
and so need to remove them.



CoGeNT and DM
CoGeNT claims to have observed Dark Matter recoils.

CoGeNT Collaboration, 
Physical Review D 88, 012002 (2013)



CoGeNT and DM
CoGeNT claims to have observed Dark Matter recoils.

LUX

Mass [GeV]

LUX claims the opposite.

CoGeNT Collaboration, 
Physical Review D 88, 012002 (2013)



CoGeNT Spectrum
Naively the low-energy region looks consistent with DM.

Spectrum from
8 GeV DM particle

We need to take a closer look.

Data from CoGeNT Collaboration (arXiv:1401.3295) after 1136 live days.



An Event in CoGeNT

CoGeNT Collaboration, Physical Review D 88, 012002 (2013)

Voltage increase 
implies an event of 
approximately 2.5 

keV energy.

An event is not 
instantaneous,

 but occurs over some 
finite time.



Rise-times of Events

0.5-0.9 keV Events 1.3-1.7 keV Events

Fit Log-normal
distributions



Rise-times of Events
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distributions



Rise-times of Events

0.5-0.9 keV Events 1.3-1.7 keV Events

Bulk Surface Fit Log-normal
distributions



CoGeNT Spectrum
What fraction of these events are from the surface?



Rise-time Ratios
Bulk

Surface

Bulk

Surface
R(E) =

Number of bulk events

Total number of events



Rise-time Splines

Draw a cubic spline through the points to obtain a functional form 
for the ratio.

We need to parameterise this ratio and its uncertainty, but have no 
theoretically motivated function.



Removing Surface Events

X

=

Surface and 
Bulk events
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only

Fraction which
are bulk
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Removing Surface Events

Let us apply this 
spline directly to the 
data, to effectively
remove the surface 

event contamination.

X

=

Surface and 
Bulk events

Bulk events
only

Fraction which
are bulk

R(E)



Removing Surface Events
Can remove the L-shell X-ray peak to give an 

essentially flat spectrum.

Bulk  fraction  R(﴾E)﴿



Likelihood analysis
Is there a Dark Matter signal here?

P(dE |m,σ,R) =
N�

i=1

λki
i e−λi

ki!
Define a Poisson 

likelihood
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Likelihood analysis
Is there a Dark Matter signal here?

P(dE |m,σ,R) =
N�

i=1

λki
i e−λi

ki!
Define a Poisson 

likelihood

λi = fi(m,σ) + bi
Signal

Bulk Background
(neutrons, gammas and 

resistor background)



Likelihood analysis
Is there a Dark Matter signal here?

10 GeV DM

Likelihood ratio 
test implies less 
than one-sigma 

evidence for DM.

λ = −2ln

�
Likelihood(σmax)

Likelihood(σ = 0)

�



Rise-time splines revisited

Which spline do 
we choose to 
remove the 

surface events?
Does it matter?



Likelihood analysis
Is there a Dark Matter signal using this new spline?

10 GeV DM

Approximately 3 
sigma evidence for 

DM with this 
spline.

Whether or not 
CoGeNT have 
discovered DM 

depends crucially on 
this functional choice.



Nuisance Parameters
Dot not choose a spline, let the data make the choice for us.

Apply Bayesian analysis.

P(m,σ|dE)P(dE) =

�
P(dE |m,σ,R(E))P(R)P(m,σ) dR

Marginalise over the 
choice of the surface-to-

bulk ratio R.
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Nuisance Parameters
Dot not choose a spline, let the data make the choice for us.

Apply Bayesian analysis.

P(m,σ|dE)P(dE) =

�
P(dE |m,σ,R(E))P(R)P(m,σ) dR

Marginalise over the 
choice of the surface-to-

bulk ratio R.

P(dE |m,σ,R) =
N�

i=1

λki
i e−λi

ki!

Need to define a prior 
for R, and an effective 

parameterisation.



Nuisance Parameters

P (dR|yi) = exp



−
�

j

(dj − S(xj))2

σ2
j





Use the fit of the spline to data on R as a basis for the 
prior (a data-driven analysis).



Nuisance Parameters

P (dR|yi) = exp



−
�

j

(dj − S(xj))2

σ2
j





P(yi|dR) =
P(dR|yi)P(y1)P(y2)P(y3)P(y4)

P(dR)

Use the fit of the spline to data on R as a basis for the 
prior (a data-driven analysis).

Use this Posterior as a Prior for the marginalisation.

So all splines are considered, but some are down-
weighted in the analysis.



P(m,σ|dE)P(dE) =

�
P(dE |m,σ,R(E))P(R)P(m,σ) dR

P(m,σ|dE) ∝
�

P(dE |m,σ,R)P(m,σ)P(dR|yi)
�

i

P(yi) dyi

Nuisance Parameters

Marginalising over R(E) becomes a marginalisation over the knots:

knot
position



P(m,σ|dE)P(dE) =

�
P(dE |m,σ,R(E))P(R)P(m,σ) dR

P(m,σ|dE) ∝
�

P(dE |m,σ,R)P(m,σ)P(dR|yi)
�

i

P(yi) dyi

Nuisance Parameters

Marginalising over R(E) becomes a marginalisation over the knots:

In practice we need to discretise this integral:

P(m,σ|dE) ∝
�

knots

P(dE |m,σ,R)P(dR|yi)P(m,σ)

Spectrum
Likelihood

Rise-time
Likelihood

The various splines parameterise our uncertainty
 on the surface events.

knot
position



Marginalisation
P(m,σ|dE) ∝

�

knots

P(dE |m,σ,R)P(dR|yi)P(m,σ)
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Marginalisation
P(m,σ|dE) ∝

�

knots

P(dE |m,σ,R)P(dR|yi)P(m,σ)

Marginalise by summing these terms.



Results
Have summed over many possible functions for the surface 

events, by varying the positions of the two lowest energy knots.

No evidence for 
Dark Matter. 
Define 90% 

Bayesian limit 
by integrating 

under the 
Posterior.

We obtain similar 
results from a

profile likelihood.



Comparison of Results
Why is our result so different from CoGeNT’s own?

CoGeNT Collaboration, 
Physical Review D 88, 012002 (2013)

The CoGeNT collaboration 
used an exponential fit, with 

no good theoretical basis.

1− Exp[−α · E]



Exponentials and Splines

 We need to look at 
the 807 Live days

data of CoGeNT in 
order to compare.

Data points from:
CoGeNT Collaboration,  Physical Review D 88, 012002 (2013)



Exponentials and Splines

 We need to look at 
the 807 Live days

data of CoGeNT in 
order to compare.

The exponential 
fit underestimates 
the uncertainties 
on the bulk event 

fraction at low 
energy.Data points from:

CoGeNT Collaboration,  Physical Review D 88, 012002 (2013)



Analysis with 807 Days
CoGeNT’s exponential choice for surface event removal.

8 GeV



Analysis with 807 Days

Blue spline is just as good a choice as the exponential and 
gives no low energy excess and so no DM recoil signal.

CoGeNT’s exponential choice for surface event removal.

8 GeV



Analysis with 807 Days

Huge low
energy uncertainties

wash out any 
potential signal.

Extend to all possible spline choices.



Analysis with 807 Days

CoGeNT
Exponential,
which gave
their 90%

ROI.

Huge low
energy uncertainties

wash out any 
potential signal.

Extend to all possible spline choices.



Conclusion
✦ CoGeNT is an experiment looking 

for Dark Matter nuclear recoils.

✦ The large surface event background 
rises at low energy, like a light DM 
recoil signal.

✦ Uncertainties in this background 
make a statistically-significant claim 
of DM detection difficult.

✦ The CoGeNT region of interest 
results from a biased analysis, and 
has no statistical meaning.



Conclusion
✦ CoGeNT is an experiment looking 

for Dark Matter nuclear recoils.

✦ The large surface event background 
rises at low energy, like a light DM 
recoil signal.

✦ Uncertainties in this background 
make a statistically-significant claim 
of DM detection difficult.

✦ The CoGeNT region of interest 
results from a biased analysis, and 
has no statistical meaning.

Thank You



Back-up Slides



Aalseth et al., arXiv:1401.6234

Comparison of Results II
CoGeNT seem to disagree with themselves.



Potentially a similar issue.



Potentially a similar issue.

Taking only the extreme 
values of the error bars.

Summing over all 
background choices 

between the error bars.



Potentially a similar issue.

Using extreme values 
only is not the same as 

using all possible values.

Taking only the extreme 
values of the error bars.

Summing over all 
background choices 

between the error bars.

5 x 10^(-42) cm^2

11.4 GeV



Large bins would be a problem for our analysis also.

Comparison of Results II
The analysis of arXiv:1401.6234 uses only the extrema of 
the errors for the surface events, again biasing the analysis.



Rise-time cuts
Try to remove 

the surface 
events with a 

cut.



Bayes Factors

Calculated for the 807 live days data.

B =

�
dσ

�
dmP(m,σ|d)

P(m,σ = 0|d)



Frequentist profile likelihood

Overall p-value of approximately 0.57. So data are consistent 
with background within one-sigma.

λ = −2ln

�
Likelihood(σmax)

Likelihood(σ = 0)

�


