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Searching for low mass WIMPs with SuperCDMS

and the neutrino background
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Fig. 1. Observed circular velocities representing the rotation curve of the Galaxy. Open triangles: HI tangent velocity method
(Burton and Gordon 1978); Rectangles: CO tangent (Clemens 1989); Reverse triangles: HI tangent (Fich et al. 1989); Diamonds:
CO and HII regions (Fich et al.1989, Blitz et al. 1982); filled triangles: Demers and Battinelli (2007); Circles: HI thickness (Honma
and Sofue 1997a,b); Big circle at 13.1 kpc: VERA-parallax, proper motion and velocity (Honma et al. 2007). All data have been
converted to (R0,V0) = (8.0, 200.0 km s−1). The plotted data are in table 1.

qualitatively reproduced, but we show that the amplitude
is not reproduced. This is because that the bar is a radial
perturbation of mode 2, whereas the ring is a local and
radial perturbation yielding a rapider change of density
and potential gradients.

4. Galactic Mass Components

For constructing the model rotation curves, we used
fundamental galactic mass components, which are the
bulge, disk, and halo. We also introduced some pertur-
bations representing the discrepancies between the obser-
vations and calculated fundamental curves. We describe
individual components below.

4.1. Bulge

The inner region of the galaxy is assumed to be com-
posed of two luminous components, which are a bulge
and disk (Wyse et al. 1997) . The mass-to-luminosity
ratio within each component is assumed to be constant,
so that the mass density distribution has the same pro-
file. The bulge is assumed to have a spherically symmetric
mass distribution, whose surface mass density obeys the
de Vaucouleurs law, as shown in figure 2.

The de Vaucouleurs (1958) law for the surface bright-
ness profile as a function of the projected radius r is ex-
pressed by

logβ = −γ(α1/4 − 1), (5)

with γ = 3.3308. Here, β = Bb(r)/Bbe, α = r/Rb, and

Bb(r) is the brightness distribution normalized by Bbe,
which is the brightness at radius Rb. We adopt the same
de Vaucouleurs profile for the surface mass density:

Σb(r) = λbBb(r) = Σbeexp

[

−κ

(

(

r

Rb

)1/4

− 1

)]

(6)

with Σbc = 2142.0Σbe for κ = γln10 = 7.6695. Here, λb

is the mass-to-luminosity ratio, which is assumed to be
constant within a bulge. The total mass is calculated by

Mbt = 2π

∫ ∞

0

rΣb(r)dr = ηR2
bΣbe, (7)

where η = 22.665 is a dimensionless constant. By defi-
nition a half of the total projected mass (luminosity) is
equal to that inside a cylinder of radius Rb.

We here adopt a spherical bulge. In fact the differences
among circular velocities are not so significant for minor-
to-major axis ratios greater than ∼ 0.5 (Noordermeer
2008). The volume mass density ρ(r) at radius r for a
spherical bulge is calculated by using the surface density
distribution as (Binney and Tremaine 1987; Noordermeer
2008),

ρ(r) =
1

π

∫ ∞

r

dΣb(x)

dx

1√
x2 − r2

dx. (8)

Since the mass distribution is assumed to be spherical,
the total mass enclosed within a sphere of radius R is
calculated by using rho(r) and the circular velocity as
Vb(R)=

√

GMb(R)/R. Obviously, the velocity approaches
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Direct detection of Dark Matter

From precision cosmology (CMB, BAO, ...): 
!
~26% of the matter/energy content of the 
universe if made of non baryonic Dark Matter

From rotation velocity measurement of galaxies: 
!
Spiral galaxies are embedded in Dark Matter halo 
that outweights the luminous part by a factor ~10

Data

Stars

Dark Matter

Local Dark Matter density:  0.3±0.1 GeV/cm3

Candidate WIMP: Weakly Interacting Massive Particle 
!
- Stable

- Neutral from charge and color

- Massive GeV - TeV

- Weak interaction

The WIMP miracle
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Direct detection of Dark Matter

Dark Matter production

χ"

WIMP-nucleus elastic scattering

Dark Matter 
annihilation

Julien Billard (IPNL)
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Standard (energy)

masse = 10 GeV

masse = 20 GeV

masse = 50 GeV

10 Zb WIMP sur Ge

A simple and featureless exponential…

Directional (energy + direction)

Solar System rotation around the Galactic center

Anisotropic WIMP flux inducing an anisotropic recoil 
distribution in Galactic coordinates

Direction of the nuclear recoils as the ultimate 
proof of a Dark Matter detection

Flux Recoils

(l=90, b=0) J. Billard et al., PLB 2010

Direct detection of Dark Matter
Direct detection challenges: 
- Low event rate: R < O(10) evts/kg/year 

- Background reduction: active + passive


- Mean recoil energy: ~ O(10) keV
Goodman & Witten (PRD 1985)

Julien Billard (IPNL)
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The SuperCDMS experiment

Julien Billard (IPNL) 21 institutions



Soudan 

Underground 

Laboratory

780 m (2090 mwe)
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Surface

«The Icebox»

base temp. ~ 50 mK

Poly and lead shielding Muon veto

Data acquisition

and monitoring
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The SuperCDMS experiment

Julien Billard (IPNL)
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The SuperCDMS experiment

Cryogenic semiconductor detectors looking for 
WIMPs

WIMP

Julien Billard (IPNL)
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WIMP

WIMP

E field

Charge/Phonon sensors

Charge/Phonon sensors

The SuperCDMS experiment

Julien Billard (IPNL)
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e-e-

h+

E fieldprompt phonons

The SuperCDMS experiment

Charge/Phonon sensors

Charge/Phonon sensors

Julien Billard (IPNL)
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e-e-

h+

E fieldprompt phonons

The SuperCDMS experiment

Charge/Phonon sensors

Charge/Phonon sensors

Julien Billard (IPNL)

Etotal = Erecoil + Eluke

= Erecoil + EQΔV1
3 eV



133Ba 
calibration γ

252Cf 
calibration n

12

133Ba

surface events

Electron recoils have a higher ionization yield than nuclear recoils

Surface events have a reduced ionization yield and can mimic nuclear recoils

Y = Eq/Er

The SuperCDMS experiment

Julien Billard (IPNL)



• Upgrade from CDMS II, in continuous 
operation since spring 2012 at 
Soudan Underground Laboratory


• 600g Germanium detectors measure 
ionization and non-equilibrium 
phonons

13

Figure 11-15: Side 1 of the iZIP4. Here, Al is blue, W is purple, and ↵-Si is green.

180

phonon sensors (0V)

ionization electrodes (±2V)

• interleaved sensors reject surface 
events

• ionization guard rejects sidewall events

• phonon channels reject sidewall 
events, provide 3D position estimators

• 15 detectors = 9 kg target mass
75 mm

The SuperCDMS experiment

Julien Billard (IPNL)



Low-mass Region (without SuperCDMS)
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LUX 

CDMS II Si 

XENON10 S2

EDELWEISS (LT)
CDMS II Ge

CRESST II

DAMA/LIBRA
CDMS II Ge

CoGeNT

What can we say about low-mass dark matter “hints”?

direct comparison 
with Ge target

Julien Billard (IPNL)



Strategies for Light WIMP Searches
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Recoil energy [keV]
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Lowering the energy threshold is the key for light WIMP searches

1. CDMSLite: Amplification of the signal to reduce the effective threshold

Julien Billard (IPNL)



CDMSlite: “low ionization threshold experiment”
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P.N. Luke et al. NIM A289, 405 (1990)

• Measure charge with phonons, and increase 
voltage to amplify signal


• Lose background discrimination, but achieve 
lower ionization energy threshold

max. amplification

set by breakdown
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69V

e-

h+

Prompt phonons

Luke phonons

Luke phonons

Etotal = Erecoil + Eluke

= Erecoil + EQΔV1
3 eV



CDMSlite: Run 1
3

one side of a two-sided detector. There was an ∼ 8% vari-
ation over time, which is believed to be due to humidity-
dependent leakage currents in the CDMSlite electronics
(an offline test confirmed that changing humidity leads to
significant changes in leakage currents). The 10.36 keVee

line was used to correct for the gain variation and to set
the overall energy scale. Time periods when this line was
not intense enough to monitor the gain, because of the
length of time since the last neutron activation, were re-
moved from this analysis, removing 3.2 days of live time.
Immediately after biasing the detector, exponentially de-
caying leakage currents were observed, with time con-
stants that varied from a few minutes to tens of minutes.
Time periods up of to four of these time constants were
excluded, costing 2.2 days of live time. After applying
these data-selection criteria, the remaining WIMP-search
exposure was 10.3 live days.
A number of event-selection criteria were applied to

these data. Events with time-coincident signals in the
muon veto detectors were removed in this analysis.
Multiple-scatter events, for which at least one other Su-
perCDMS detector had reconstructed energy more than
3 σ above noise, were rejected. Electronic glitches, the
majority of which cause multiple detectors to trigger,
were removed. A class of small electronic glitches that
triggered only single detectors was observed. These glitch
pulses are sharper than phonon pulses originating from
particle interactions in the detector, so events matching
a glitch pulse-shape template were also rejected. Events
in which low-frequency noise triggered were removed by
requiring the pulse rise time to be consistent with those
measured during calibration with ionizing radiation. The
combined WIMP detection efficiency for these criteria,
calculated from pulse-shape Monte Carlo simulations,
133Ba calibration data, and randomly triggered events
spread uniformly throughout the physics run, is 98.5%
for phonon pulses above 110 eVee.
The trigger efficiency was measured using low-energy

events that passed these event-selection cuts. The effi-
ciency was calculated with 133Ba calibration events trig-
gered by another detector and verified with similar events
from the WIMP-search data. Because of the larger
available counts, the calibration data were used to de-
rive the final trigger efficiency. In this measurement,
50% efficiency was reached at 108 eVee. Low-frequency
noise dominated the trigger rate below ∼ 100 eVee, well
above the 14 eVee baseline resolution limit. The analysis
threshold was set to 170 eVee, and the trigger efficiency
is 100% at, and above, this energy. Figure 1 displays the
measured spectrum up to 12 keVee. The inset in Fig. 1
shows the combined veto, event-selection, and trigger
efficiencies, with the energy spectrum of WIMP-search
events from 0.1 to 1.6 keVee. The spectrum shows two
main activation lines at 1.29 and 10.36 keVee, along with
lines corresponding to cosmogenic activation: 8.98 keVee

(68Ga) and 9.66 keVee (68Zn). No other significant lines
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FIG. 1. Recoil energy spectrum of WIMP-search events, after
application of event-selection cuts. Inset: Low-energy spec-
trum in terms of raw counts (blue); also shown is the analysis
efficiency. Both are expressed in keVee. The analysis thresh-
old of 170 eVee is indicated by the vertical dot-dashed line.
The resolution of the 1.3 keV line is 43 eVee (1σ).

were found [35]. Furthermore, the rate under 1 keVee did
not increase significantly after neutron calibration. The
spectrum is relatively flat at low energies; however the
average level is different above and below the 1.29 keVee

line. The average rate is 5.2 ± 1 counts/keVee/kg-day
between 0.2 and 1 keVee, and 2.9 ± 0.3 counts/keVee/kg-
day between 2 and 7 keVee. Further precise statements
about the energy spectrum are limited by the low number
of counts in the data presented here.
To use the energy spectrum shown in Fig. 1 to search

for WIMPs, it must be converted to a nuclear-recoil-
equivalent energy scale, with units denoted as keVnr.
We do so assuming 100% charge collection for every
event. The number of charges created by nuclear recoils
is smaller than that for equivalent-energy electron recoils.
This “quenching” can be parametrized as a reduction in
the number of charges produced as Neh = EnrY (Enr)/εγ ,
where Y is the ionization yield, which measures the ion-
ization energy per recoil energy, and is defined to be unity
for electron recoils. The phonon energy can be converted
to a nuclear-recoil-equivalent energy scale (Enr) using the
equation

Enr = Eee

(1 + eVb

εγ
)

(1 + eVb

εγ
Y (Enr))

(3)

The ionization yield is not measured in this experiment,
so a theoretical model is used. The most commonly used
yield model is from Lindhard [3, 36], given by the follow-
ing formula for a nucleus with Z protons and with atomic
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• Operated stably at 69V or 24x 
amplification (only 12x due to 
electronics limitations) for 2 weeks


• Acquired 6 kg-days


• Ionization energy calibration with EC 
lines at 1.3 keVee and 10.4 keVee

Julien Billard (IPNL)

• Must assume NR energy scale


• 170 eVee threshold => 860 eVnr


• Great sensitivity to 6 GeV WIMP!

860 eVnr!

170 eVee!



CDMSlite: Run 1 Results

LUX 

CDMS II Si 

CDMSlite


PRL 112, 041302 (2014)

XENON10 S2

EDELWEISS (LT)
CDMS II Ge

CRESST II

DAMA/LIBRA
CDMS II Ge

CoGeNT

18Julien Billard (IPNL)



Run 2 Run 1
raw exposure 4 months 15 days
baseline noise 8.3 eVee 13.3 eVee

resolution @ 1.3 eVee 30 eVee 50 eVee
threshold 80 eVee (preliminary) 170 eVee

background 
discrimination

reject sidewall surface 
events none

CDMSlite can also use radial phonon info

to reject backgrounds!
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CDMSLite: what’s next?

Julien Billard (IPNL)



Strategies for Light WIMP Searches
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Lowering the energy threshold is the key for light WIMP searches

1. CDMSLite: Amplification of the signal to reduce the effective threshold

2. Low Threshold analysis: Improve exposure and extend background ID to low energy

Julien Billard (IPNL)
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• Use 7 detectors with lowest trigger thresholds (~1.6 keV - 5 keV)


• 577 kg-d of exposure (Oct. 2012 - July 2013)


• Blind analysis optimized for exclusion

Lowering the analysis thresholds down to the experiment’s trigger thresholds

Low Threshold analysis

Julien Billard (IPNL)



Calibration and Energy Scale
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252Cf calibration dataEt = Er + EL

Er = Et - EQ(Et)ΔV1
3 eV

• Fit mean ionization energy as a function 
of total phonon energy for nuclear recoils


• Systematic uncertainties propagated into 
final limit using a MCMC approach


• Most detectors consistent with or slightly 
below Lindhard
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charge propagation

recoil phonons

Luke phonons4V

Julien Billard (IPNL)



210Pb

210Po

206Pb

210Bi

22.3 y

5.01 d

138.4 d

80%: β 17.0 keV

20%: β 63.5 keV

100%: β 1161.5 keV

100%: α 5.3 MeV

13.7%: conv. e 42.5 keV + Auger e
3.5%: conv. e 45.6 keV + Auger e
4.3%: γ 46.5 keV

103 keV

210Pb

210Po

206Pb

210Bi

22.3 y

5.01 d

138.4 d

80%: β 17.0 keV

20%: β 63.5 keV

100%: β 1161.5 keV

100%: α 5.3 MeV

73.0%: conv. e 30.2 keV
17.2%: conv. e 42.5 keV
4.4%: conv. e 45.6 keV
5.4%: γ 46.5 keV
29.5%: x-rays 9.4-15.7 keV

103 keV

58.1%: conv. e 30.2 keV + Auger e’s
+ 22.0%: x-rays 9.4-15.7 keV
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External gammas Internal activation lines210Pb “surface events”

• from radioactivity in shielding and 
cryostat

• L-shell capture from 68,71Ge, 65Zn, 
68Ga

• betas and 206Pb nuclei from 210Pb 
decay chain


• events are located on detector 
face and sidewall surfaces from 
222Rn contamination

approx. signal region
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Low Threshold analysis

60.3%: conv. e 30.2 keV 
14.3%: conv. e 42.5 keV 
23.6%: γ 10.8 keV 
4.3%: γ 46.5 keV

Julien Billard (IPNL)



• Total phonon energy 
• Ionization energy

• Phonon « r-partition »

• Phonon « z-partition »

approx. signal region

external gammas
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Low Threshold analysis
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BDT inputs

Background model: pulse simulation

Signal model: 252Cf NR events 
reweighted to match 5, 7, 10, and 15 
GeV WIMP

BDT output

summed over detectors

Construction: 1 BDT per detector

!
Optimization: set cuts simultaneously to 
minimize expected 90% CL upper limit on 
WIMP-nucleon cross section

10 GeV WIMP

σ = 6 x 10-42 cm2

WIMP (10 GeV)

Sidewall 206Pb

Sidewall β

Face β

1.3 keV line

Gammas

from

210Pb

simulation

accept

Low Threshold analysis

Julien Billard (IPNL)

SignalBack.
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Total phonon energy [keV]
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Low Threshold analysis

Julien Billard (IPNL)
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Total phonon energy [keV]
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Low Threshold analysis
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• Background consistent with 
expectations overall and on most 
individual detectors


• Shorted ionization guard on T5Z3 
may have affected background 
model performance—further 
study ongoing


• Background model accurate in 
full preselection region 

• Future 210-Pb calibration data to 
reduce systematics and enhance 
the sensitivity of the experiment
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Low Threshold analysis

Julien Billard (IPNL)



LUX 

CDMS II Si 

CDMSlite

XENON10 S2

EDELWEISS (LT)

CDMS II Ge

CRESST II

DAMA/LIBRA

CDMS II Ge CoGeNT

set 90% CL upper limit with optimal interval method (no background subtraction)
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expected sensitivity
difference due to 

high-energy events 
on T5Z3

band includes systematics from 
efficiency, energy scale, trigger efficiency

Low Threshold analysis

SuperCDMS LT


PRL 112, 241302 (2014)

Julien Billard (IPNL)



Neutrino background

30

WIMP

Neutrino

Julien Billard (IPNL)

Based on: 	 - J. Billard, L. Strigari and E. Figueroa-Feliciano, PRD 89 (2014)

	 	 	 - F. Ruppin, J. Billard, L. Strigari and E. Figueroa-Feliciano, PRD 90 (2014)
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Neutrino background

The neutrino flux at an Earth based detector:

Solar neutrinos

CNO neutrinos
DSNB neutrinos
Atm. neutrinos

Geo neutrinos are negligible

Julien Billard (IPNL)
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Neutrino background

Neutrino interactions with Dark Matter experiment target material

• Coherent neutrino scattering (CNS):

!"

Ν

$ $

Ν
• σ: Cross Section 
• Er: Recoil Energy 
• Eν: Neutrino Energy 

• Gf: Fermi Constant 
• QW: Weak Charge ~ A 

• mN: Atomic Mass Neutral current

No flavor-specific terms!!! 
Same rate for νe, νμ, and ντUltimate background to direct detection

Julien Billard (IPNL)
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Neutrino background

Neutrino interactions with Dark Matter experiment target material

• Coherent neutrino scattering (CNS):

Depending on the Energy threshold, the CNS background can be very high!

!
- 1 keV threshold -> 100 evt/ton/year on Ge detector
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Neutrino interactions with Dark Matter experiment target material

WIMP or neutrino??

Neutrino-electron 
background


!
negligible for Ge cryogenic detectors


BUT

problematic for Xe based detectors

Introduction to the neutrino background

Julien Billard (IPNL)



35

In the case of a perfect spectral matching, we expect the sensitivity to scale as:

Saturation regime 
2 orders of magnitude

Discrimination 
High stats8B

Impact on direct detection sensitivity

WIMP discovery potential:                        (J. Billard, F. Mayet and D. Santos PRD 2012) 
- 90% probability to get a 3 sigma or more WIMP discovery significance


- Computed using a profile likelihood ratio test statistic


Julien Billard (IPNL)
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Neutrino background
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Neutrino background
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Julien Billard (IPNL)

• First detection of CNS! 
• Solar neutrino physics  
(J. Billard et al., arXiv:1409.0050)
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How to bypass this neutrino-induced saturation of the sensitivity? 

!

1. Diminution of the systematic errors will lower the saturation regime


!

2. Add directional information! Solar neutrinos and WIMPs have 2 very different angular 

distributions (P. Grothaus et al, PRD 90 (2014)), 2D and 1D directionality (J. Billard, PRD 91 (2015)) 

!

3. Annual modulation? seems possible! (J. H. Davis arXiv:1412.1475) 

!

4. Target complementarity: combining data from several experiments.

Julien Billard (IPNL)

Neutrino background
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Results from target complementarity 
Considering a 6 GeV WIMP mass and a fixed systematic of 16% for 8B neutrinos


Total number of neutrinos equally distributed amongst each target nuclei

No more saturation regime in the SD-p case with Xe+Ge+Si -> no waste in exposure!
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Neutrino background

Experiments should combine their data!
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Conclusions SuperCDMS LT analysisCDMSLite

Neutrino floor

Julien Billard (IPNL)

• First detection of CNS! 
• Solar neutrino physics  
(J. Billard et al., arXiv:1409.0050)
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End



Future Perspectives: SuperCDMS @ SNOLAB

42

• Larger detectors: 1 kg 100 mm 
diameter crystals


• More detectors: 110 kg array        
(92+6 kg Ge + 11+1 kg Si)


• Deeper location: move to SNOLAB


• Cleaner: intensive materials screening 
program and active neutron veto 

• Lower threshold: lower Tc of transition-
edge sensors improves baseline noise


• Smarter analysis: exploit lessons 
learned Soudan analyses

100 mm diameter
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Figure 14: Conceptual design of the SuperCDMS SNOLAB cryogenics and shielding system. The dilution refriger-
ator on the left side of the diagram provides the cooling for the thermal cans surrounding the detectors (center). A
vacuum bulkhead and heat sinking vessel (E-tank) is shown on the right. An active neutron veto detector lies inside
the lead shielding, which is surrounded by a massive polyethylene and water shield.

properties that allow construction of such large cans. The inner four cans are removable as a unit,
to allow detector installation to occur in an ultra-clean, radon-reduced environment. The outermost
can defines the vacuum space, and rests upon the base shielding layers.

The next layer outwards is planned to be an active scintillator neutron veto detector, described
in more detail in Section 4.4. If further R&D proves that this system is either unnecessary or
impractical, it will be replaced by high-density polyethylene to provide moderation of any neutrons
resulting from residual radioactivity in the cryostat or inner shielding.

Surrounding the scintillator is a layer of ⇠23 cm thickness consisting of lead, in interleaved
castings of a size suitable to be brought into SNOLAB. The lead will come from known sources that
have low U/Th contamination. Its purpose is to reduce the flux of gamma rays entering the setup
from external sources to an acceptable level.

The lead shield will be surrounded by a thin metal sheet, which is impervious to radon di↵usion.
The area within will be constantly purged with dry nitrogen to prevent radon daughter deposition
on surfaces that could be seen by the detectors.

Finally, an outer layer of ⇠60 cm of high density polyethylene and water, will reduce the neutron
flux from the external sources. Polyethylene is the traditional choice, because it is easy to work
with and provides mechanical support. We will almost certainly use it as the base shielding that
supports the SNOBOX. However, water shielding is more economical for the top and sides of the
outer shield. Plastic water tanks suitable for shielding are available from a commercial firm and
have already been used at SNOLAB.
4.4 Active Shielding
Although our current best estimate of the neutron-induced event rate at SNOLAB indicates that
SuperCDMS can run nearly background-free with only passive shielding for a period of several
years, it will not be possible to screen every component of the detector system su�ciently to ensure
that the necessary radiopurity levels are achieved. An active veto with a high e�ciency for tagging
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Soudan
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Improvement of the candidate event selection using Boosted Decision Trees

• Decision trees are a set of linear cuts in 
multidimensional space to optimize signal/
background discrimination

Low Threshold analysis

• Construction of a « forest » of trees where 
misclassified events are given a higher weight 
for the following decision tree (boosting)

• Reduces the dimensionality of the parameter 
space to a single variable «BDT score »  
!

• We used between 3 to 5 nodes and between 
400 to 1000 trees (no overtraining)

Julien Billard (IPNL)
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Quality
+ Thresholds

+ Preselection

+ BDT

• Remove periods of poor detector performance

• Remove misreconstructed and noisy pulses

• Measure efficiency with pulse Monte Carlo

Quality

Thresholds

Preselection

BDT

• Trigger and analysis thresholds 1.6-5 keVnr

• Measure efficiency using 133Ba calibration data

• Ionization consistent with nuclear recoils

• Ionization-based fiducialization

• Remove multiple-detector hits

• Remove events coincident with muon veto

• Optimized cut on energy and phonon position 
estimators


• Estimate BDT+preselection efficiency using 
fraction of 252Cf passing 

Includes ~20% correction, from Geant4 simulation, 
for multiple scattering in single detector

Low Threshold analysis

Julien Billard (IPNL)



Electric Field in T5Z3

h+ outer event

can look

like inner!

45Julien Billard (IPNL)
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Background model: pulse simulation


Signal model: 252Cf NR events reweighted to match 5, 7, 10, and 15 GeV WIMP

WIMP (10 GeV)

Sidewall 206Pb

Sidewall β

Face β

1.3 keV line
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Low Threshold analysis

Julien Billard (IPNL)

Optimized discrimination:


Boosted Decision Trees
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Low Threshold analysis

• 1 BDT classifier per detector 

• Each detector has a BDT cut that has 
to be optimized 

• Set detector BDT cuts simultaneously 
to minimize expected 90% CL upper 
limit on WIMP nucleon cross section 

• Final cut is the logical OR of all the 
BDT cuts optimized for WIMPs of 5, 7, 
10, and 15 GeV

range of 10 GeV 

BDT cut

WIMP (10 GeV)

Sidewall 206Pb

Sidewall β

Face β

1.3 keV line

Gammas

Julien Billard (IPNL)


