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Dark matter search with noble Liquids TPCs

Large, scalable, homogeneous 
and self-shielding detectors

Prompt (S1) light signal after 
interaction in the active volume

Charge is drifted, extracted into 
the gas phase and detected as 
proportional light (S2) 

- charge/light depends on dE/dx 
- good 3D position resolution

=> particle identification
=> fiducial volume cuts
+ self-shielding
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Xe (A=131); λ = 178 nm
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The XENON Experiment

XENON100 XENON1T

In conventional shield at LNGS
2008 - 2012; taking science data

In water Cerenkov shield at LNGS
2011- 2015; construction to start in 
second half of 2012
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Future: XENON1T

1 ton fiducial mass
(total of 2.4 ton LXe)
Drift length = �90 cm
100x background reduction
compared to XENON100
Shielding: 5 m water
around the detector
Titanium cryostat
Low radioactivity photosensors

Timeline: 2011 - 2015
TDR submitted to LNGS in
October 2010:
recently approved

Teresa Marrodán Undagoitia (UZH) Dark Matter Grenoble, 21/07/2011 26 / 31

XENON1T                        

 Total of 2.4 ton LXe (1 ton fiducial)

 Drift length ~1m

 100x background reduction with respect to 
     XENON100

 Enclosed by a 5m water shield (passive and 
     active muon veto)

 Timeline 2011 - 2015
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The XENON100 Detector
161 kg of ultra-pure liquid xenon (LXe), 62 kg in the active target volume

30 cm drift gap TPC with two PMT arrays (242 PMTs) to detect the prompt 
and proportional scintillation signals
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UZH XENON Activities

Detector calibration (leading the calibration WG)

Background studies (MC simulations and background predictions)

Data acquisition system, trigger, electronics

Analysis (co-leading the analysis effort, together with Columbia)

Material screening (leading the screening WG)

For XENON1T: TPC design/construction (with Columbia/Rice/UCLA), photosensor testing  
(with UCLA/Columbia) and calibration, screening (with MPIK) and DAQ (with Nikhef), light 
collection efficiency Monte Carlos

In our UZH laboratory: tests of a 83mKr calibration source (with the Xürich detector), 
measurement of the light yield of low-energy electronics and nuclear recoils (Xürich), R&D for 
XENON1T and DARWIN (with MarmotX)
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XENON100 Materials

All detector and shield materials were screened with dedicated, ultra-low 
background HPGe facilities at LNGS and selected according to their radio-purity

More than 60 components screened 

Results available (Astropart. Phys. 35:43-49, 2011  arXiv:1103.5831)

L. Baudis et al., JINST 6 P08010, 2011 

Gator at Soudan

Gator at LNGS

GeMPI at LNGS

The Gator HPGe facility at LNGS

Gator’s background spectrum
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October 6, 2011

Erratum: Study of the electromagnetic background in the XENON100
experiment

[Phys. Rev. D 83, 082001 (2011)]

XENON100 Collaboration

The spectrum of 2⌫ �� decay of 136Xe was scaled incorrectly in Fig. 11 on page 082001-8, and
the displayed histogram corresponded to a half-life of 5.5⇥1020 years, instead of 1.1⇥1022 years
as was quoted in the figure caption. Even though the background contribution from this source
was overestimated by a factor of 20, the impact of the mistake is irrelevant for the prediction
of the total background in XENON100, and all conclusions drawn in the original paper remain
unchanged.
In the meantime, the 2⌫ �� decay of 136Xe has been observed by EXO-200, with a half-life of

(2.11±0.04±0.021)⇥1021 years [1]. The background expected from this half-life is shown in Fig. 1.
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FIG. 1: Background spectrum from measured data and from Monte Carlo simulations in the 30 kg fiducial

volume without veto cut. The thin black dashed histogram shows the theoretical spectrum of the 2⌫ double

beta decay of

136
Xe, assuming a half-life of 2.11⇥10

21
years [1].

[1] N. Ackerman et al. (EXO-200 Collaboration), arXiv:1108.4193.

XENON100 Backgrounds: Data and 
Predictions (UZH PhD thesis, A. Kish)

Data versus Monte Carlo simulations (no MC tuning, input from screening values for 
U/Th/K/Co/Cs etc of all detector components); no active liquid xenon veto cut  

Background is 100 times lower than in XENON10 (the previous XENON phase)

XENON100 collaboration, arXiv:1101.3866, PRD 83, 082001 (2011)

2νββ

85Kr 222Rn
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XENON100: Recent Results

Green/yellow bands: 
1- and 2-σ expectation, based on 
zero signal

Limit (dark blue): 
1.5 - 2 σ worse, given 2 events at 
high S1

Limit at MW = 50 GeV: 
7 x 10-45 cm2 (90% C.L.) 

WIMPs are assumed to be distributed in an isothermal halo
with v0 ¼ 220 km=s, Galactic escape velocity vesc ¼
ð544þ64

$46Þ km=s, and a density of !" ¼ 0:3 GeV=cm3.
The S1 energy resolution, governed by Poisson fluctuations
of the PE generation in the PMTs, is taken into account.

Uncertainties in the energy scale as indicated in Fig. 1, in
the background expectation, and in vesc are profiled out
and incorporated into the limit. The resulting 90% con-
fidence level (C.L.) limit is shown in Fig. 5 and has a
minimum# ¼ 7:0& 10$45 cm2 at a WIMP mass ofm" ¼
50 GeV=c2. The impact of Leff data below 3 keVnr is
negligible at m" ¼ 10 GeV=c2. The sensitivity is the ex-
pected limit in absence of a signal above background and is
also shown in Fig. 5. Because of the presence of two events
around 30 keVnr, the limit at higher m" is weaker than
expected. Within the systematic differences of the meth-
ods, this limit is consistent with the one from the optimum
interval analysis, which calculates the limit based only
on events in the WIMP search region. Its acceptance-
corrected exposure, weighted with the spectrum of am" ¼
100 GeV=c2 WIMP, is 1471 kg days. This result excludes
a large fraction of previously unexplored WIMP parameter
space, and cuts into the region where supersymmetric
WIMP dark matter is accessible by the LHC [19].
Moreover, the new result challenges the interpretation of
the DAMA [20] and CoGeNT [21] results as being due to
light mass WIMPs.
We gratefully acknowledge support from NSF, DOE,

SNF, Volkswagen Foundation, FCT, Région des Pays de
la Loire, STCSM, DFG, and the Weizmann Institute of
Science. We are grateful to the Laboratori Nazionali del
Gran Sasso for hosting and supporting XENON.

*rafael.lang@astro.columbia.edu
†marc.schumann@physik.uzh.ch
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FIG. 4 (color online). Distribution of all events (gray dots) and
events below the 99.75% rejection line (black dots) in the TPC
observed in the 8:4–44:6 keVnr energy range during 100.9 live
days. All cuts are used here, including the ones introduced post-
unblinding to remove a population due to electronic noise. The
48 kg fiducial volume (blue dashed line) and the TPC dimen-
sions (gray line) are also indicated.
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FIG. 5 (color online). Spin-independent elastic WIMP-
nucleon cross section # as a function of WIMP mass m". The

new XENON100 limit at 90% C.L., as derived with the profile
likelihood method taking into account all relevant systematic
uncertainties, is shown as the thick (blue) line together with the
expected sensitivity of this run (green-yellow band). The
limits from XENON100 (2010) [7], EDELWEISS (2011) [6],
CDMS (2009) [5] (recalculated with vesc ¼ 544 km=s, v0 ¼
220 km=s), CDMS (2011) [22], and XENON10 (2011) [23]
are also shown. Expectations from CMSSM are indicated at
68% and 95% C.L. (shaded gray [19], gray contour [24]), as well
as the 90% C.L. areas favored by CoGeNT [21] and DAMA (no
channeling) [20].

PRL 107, 131302 (2011) P HY S I CA L R EV I EW LE T T E R S
week ending

23 SEPTEMBER 2011

131302-5

Phys. Rev. Lett. 107, 131302 (2011)
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XENON: status and sensitivity
New dark matter run started in March 2011 ( ~ 203 live days of data)

Concentration of 85Kr: lower by a factor of 5

Improved LXe purity and lower trigger threshold

Analysis in progress; release of results beginning of April

In parallel: construction of XENON1T @ LNGS

New XENON100 
science run
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Collaboration with theorists, example

fixed galactic model
reconstruction probabilities 
for Ar, Ge, Xe

fixed galactic model
reconstruction probabilities 
for Xe, Xe + Ge, Xe + Ge + Ar

To reconstruct WIMP properties, larger detectors are needed

Different targets are sensitive to different directions in the mχ- σSI plane

Miguel Pato, Laura Baudis, Gianfranco Bertone, Roberto Ruiz de Austri, Louis E. Strigari and Roberto Trotta Phys. Rev. D 83, 083505 (2011) 

4

target � [ton�yr] ⇥cut ANR �eff [ton�yr] Ethr [keV] ⇤(E) [keV] background events/�eff
Xe 5.0 0.8 0.5 2.00 10 Eq. (7) < 1
Ge 3.0 0.8 0.9 2.16 10 Eq. (6) < 1
Ar 10.0 0.8 0.8 6.40 30 Eq. (8) < 1

TABLE I: Characteristics of future direct dark matter experiments using xenon, germanium and argon as target nuclei. In all
cases the level of background in the fiducial mass region is negligible for the corresponding e�ective exposure. See Section III
for further details.

Finally, for a liquid Ar detector, we assume a total
mass of 20 tons (10 tons in the fiducial region), 1 year
of operation, an energy threshold for nuclear recoils of
Ethr,Ar = 30 keV and an energy resolution of [44]

⌅Ar(E) = 0.7 keV
⇤

E/keV . (8)

To calculate realistic exposures, we make the following
assumptions: nuclear recoils acceptances ANR of 90%,
80% and 50% for Ge, Ar and Xe, respectively, and an
additional, overall cut e⇧ciency ⇥cut of 80% in all cases,
which for simplicity we consider to be constant in energy.
We hypothesise less than one background event per given
e⇥ective exposure �eff , which amounts to 2.16 ton⇥yr in
Ge, 6.4 ton⇥yr in Ar and 2 ton⇥yr in Xe, after allow-
ing for all cuts. Such an ultra-low background will be
achieved by a combination of background rejection using
the ratio of charge-to-light in Ar and Xe, and charge-to-
phonon in Ge, the timing characteristics of raw signals,
the self-shielding properties and extreme radio-purity of
detector materials, as well as minimisation of exposure
to cosmic rays above ground.

The described characteristics are summarised in Table
I. We note that in the following we shall consider recoil
energies below 100 keV only; to increase this maximal
value may add some information but the e⇥ect is likely
small given the exponential nature of WIMP-induced re-
coiling spectra.

IV. STATISTICAL METHODOLOGY

We take a Bayesian approach to parameter inference.
We begin by briefly summarizing the basics, and we refer
the reader to [45] for further details. Bayesian inference
rests on Bayes theorem, which reads

p(�|d) = p(d|�)p(�)

p(d)
, (9)

where p(�|d) is the posterior probability density func-
tion (pdf) for the parameters of interest, �, given data
d, p(d|�) = L(�) is the likelihood function (when viewed
as a function of � for fixed data d) and p(�) is the prior.
Bayes theorem thus updates our prior knowledge about
the parameters to the posterior by accounting for the in-
formation contained in the likelihood. The normalization
constant on the r.h.s. of Eq. (9) is the Bayesian evidence
and it is given by the average likelihood under the prior:

p(d) =

⇥
d�p(d|�)p(�). (10)

The evidence is the central quantity for Bayesian model
comparison [46], but it is just a normalisation constant
in the context of the present paper.
The parameter set � contains the DM quantities we

are interested in (mass and scattering cross-section), and
also the Galactic model parameters, which we regard as
nuisance parameters, entering the calculation of direct
detection signals, namely ⇤0, v0, vesc, k, see Eq. (3) and
Section V. We further need to define priors p(�) for all of
our parameters. For the DM parameters, we adopt flat
priors on the log of the mass and cross-section, reflecting
ignorance on their scale. For the Galactic model param-
eters, we choose priors that reflect our state of knowl-
edge about their plausible values, as specified in the next
section. Those priors are informed by available observa-
tional constraints as well as plausible estimations of un-
derlying systematical errors, for example for ⇤0. Finally,
the likelihood function for each of the direct detection ex-
periments is given by a product of independent Poisson
likelihoods over the energy bins:

L(�) =
�

b

N N̂b
R

N̂b!
exp (�NR) , (11)

where N̂b is the number of counts in each bin (generated
from the true model with no shot noise, as explained be-
low) and NR = NR(Emin

b , Emax
b ) is the number of counts

in the b-th bin (in the energy range Emin
b ⇤ E ⇤ Emax

b )
when the parameters take on the value �, and it is given
by Eq. (5). We use 10 bins for each experiment, uniformly
spaced on a linear scale between the threshold energy and
100 keV. We have checked that our results are robust if
we double the number of assumed energy bins. Using the
experimental capabilities outlined in Section III, we com-
pute the counts NR that the benchmark WIMPs would
generate, and include no background events since the ex-
pected background level in the fiducial mass region is
negligible (cf. Table I). The mock counts are generated
from the true model, i.e. without Poisson scatter. This
is because we want to test the reconstruction capabilities
without having to worry about realization noise (such a
data set has been called “Asimov data” in the particle
physics context [47]).
To sample the posterior distribution we employ the

MultiNest code [48–50], an extremely e⇧cient sampler
of the posterior distribution even for likelihood functions
defined over a parameter space of large dimensionality
with a very complex structure. In our case, the likeli-
hood function is unimodal and well-behaved, so Monte

model uncertainties are dominated by !0 and v0, and, once
marginalized over, they blow up the constraints obtained
with fixed Galactic model parameters. This amounts to a
very significant degradation of mass (cf. Table III) and
scattering cross-section reconstruction. Inevitably, the
complementarity between different targets is affected—
see the right frame of Fig. 2. Still, for the 50 GeV bench-
mark, combining Xe, Ge, and Ar data improves the mass
reconstruction accuracy with respect to the Xe only case,
essentially by constraining the high-mass tail.

In order to be more quantitative in assessing the useful-
ness of different targets and their complementarity, we use
as figure of merit the inverse area enclosed by the 95%
marginalized contour in the log10ðm"Þ # log10ð#p

SIÞ plane
inside the prior range. Notice that for the 250 GeV bench-
mark the degeneracy between mass and cross section is not
broken—this does not lead to a vanishing figure of merit
(i.e. infinite area under the contour) because we are re-
stricting ourselves to the prior range. Figure 3 displays this
figure of merit for several cases, where we have normalized

to the Ar target at m" ¼ 250 GeV with the fixed Galactic
model. Analyses with fixed Galactic model parameters
are represented by empty bars, while the cases where all
Galactic model parameters are marginalized over with
priors as in Table II are represented by filled bars. First,
one can see that all three targets perform better for WIMP
masses around 50 GeV than 25 or 250 GeV if the Galactic
model is fixed. When astrophysical uncertainties are
marginalized over, the constraining power of the experi-
ments becomes very similar for benchmark WIMP masses
of 25 and 50 GeV. Second, Fig. 3 also confirms what
was already apparent from Fig. 1: Ge is the best target

 [GeV]χm

 [p
b]

p S
I

σ

210

-910

50

Xe

fixed astrophysics
30.1 GeV/cm±=0.4

0
ρ

30 km/s±=2300v
all
DM benchmark

 [GeV]χm

 [p
b]

p S
I

σ

210 310

-910

50

Xe
Xe+Ge
Xe+Ge+Ar
DM benchmarks

30 km/s, k=0.5-3.5±=230
0

33 km/s, v±=544esc, v30.1 GeV/cm±=0.4
0

ρ

FIG. 2 (color online). The joint 68% and 95% posterior probability contours in the m" # #p
SI plane for the case in which

astrophysical uncertainties are taken into account. In the left frame, the effect of marginalizing over !0, v0 and all four (!0, v0,
vesc, k) astrophysical parameters is displayed for a Xe detector and the 50 GeV benchmark WIMP. In the right frame, the combined
data sets Xeþ Ge and Xeþ Geþ Ar are used for the three DM benchmarks (m" ¼ 25; 50; 250 GeV).

TABLE III. The marginalized percent 1# accuracy of the DM
mass reconstruction for the benchmarks m" ¼ 25; 50 GeV is

shown. The figures between brackets refer to scans where the
astrophysical parameters were marginalized over (with priors as
in Table II), while the other figures refer to scans with the
fiducial astrophysical setup.

Percent 1# accuracy
m" ¼ 25 GeV m" ¼ 50 GeV

Xe 6.5% (14.3%) 8.1% (20.4%)
Ge 5.5% (16.0%) 7.0% (29.6%)
Ar 12.3% (23.4%) 14.7% (86.5%)
Xeþ Ge 3.9% (10.9%) 5.2% (15.2%)
Xeþ Geþ Ar 3.6% (9.0%) 4.5% (10.7%)
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FIG. 3 (color online). The figure of merit quantifying the
relative information gain on dark matter parameters for different
targets and combinations thereof is shown. The values of the
figure of merit are normalized to the Ar case at m" ¼ 250 GeV
with fixed astrophysical parameters. Empty (filled) bars are for
fixed astrophysical parameters (including astrophysical uncer-
tainties).
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!0 ¼ 0:4" 0:1 GeV=cm3 ð1"Þ: (16)

There are several other recent results that determine !0,
both consistent [60] and somewhat discrepant [61] with our
adopted value. Even in light of these uncertainties, we take
Eq. (16) to represent a conservative range for the purposes
of our study.

For completeness Table II summarizes the information
on the parameters used in our analysis.

VI. RESULTS

A. Complementarity of targets

We start by assuming the three dark matter benchmark
models described in Sec. II (m# ¼ 25; 50; 250 GeV with
"p

SI ¼ 10%9 pb) and fix the Galactic model parameters to
their fiducial values, !0 ¼ 0:4 GeV=cm3, v0 ¼ 230 km=s,
vesc ¼ 544 km=s, k ¼ 1. With the experimental capabil-
ities outlined in Sec. III, we generate mock data that, in
turn, are used to reconstruct the posterior for the DM
parameters m# and "p

SI. The left frame of Fig. 1 presents
the results for the three benchmarks and for Xe, Ge, and Ar

separately. Contours in the figure delimit regions of joint
68% and 95% posterior probability. Several comments are
in order here. First, it is evident that the Ar configuration is
less constraining than Xe or Ge ones, which can be traced
back to its smaller A and larger Ethr. Moreover, it is also
apparent that, while Ge is the most effective target for the
benchmarks with m# ¼ 25; 250 GeV, Xe appears the best
for a WIMP with m# ¼ 50 GeV (see below for a detailed
discussion). Let us stress as well that the 250 GeV WIMP
proves very difficult to constrain in terms of mass and cross
section due to the high-mass degeneracy explained in
Sec. II. Taking into account the differences in adopted
values and procedures, our results are in qualitative agree-
ment with Ref. [27], where a study on the supersymmet-
rical framework was performed. However, it is worth
noticing that the contours in Ref. [27] do not extend to
high masses as ours for the 250 GeV benchmark—this is
likely because the volume at high masses in a supersym-
metrical parameter space is small.
In the right frame of Fig. 1 we show the reconstruction

capabilities attained if one combines Xe and Ge data, or
Xe, Ge, and Ar together, again for when the Galactic
model parameters are kept fixed. In this case, for m# ¼
25; 50 GeV, the configuration Xeþ Arþ Ge allows the
extraction of the correct mass to better than Oð10Þ GeV
accuracy. For reference, the (marginalized) mass accuracy
for different mock data sets is listed in Table III. For m# ¼
250 GeV, it is only possible to obtain a lower limit on m#.
Figure 2 shows the results of a more realistic analysis,

that keeps into account the large uncertainties associated
with Galactic model parameters, as discussed in Sec. V.
The left frame of Fig. 2 shows the effect of varying only !0

(dashed lines, blue surfaces), only v0 (solid lines, red
surfaces), and all Galactic model parameters (dotted lines,
yellow surfaces) for Xe and m# ¼ 50 GeV. The Galactic

TABLE II. The parameters used in our analysis, with their
prior range (middle column) and the prior constraint adopted
(rightmost column) are shown. See Secs. IV and V for further
details.

Parameter Prior range Prior constraint

log10ðm#=GeVÞ (0.1, 3.0) Uniform prior
log10ð"p

SI=pbÞ ð%10;%6Þ Uniform prior
!0=ðGeV=cm3Þ (0.001, 0.9) Gaussian: 0:4" 0:1
v0=ðkm=sÞ (80, 380) Gaussian: 230" 30
vesc=ðkm=sÞ (379, 709) Gaussian: 544" 33
k (0.5, 3.5) Uniform prior
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FIG. 1 (color online). The joint 68% and 95% posterior probability contours in the m# % "p
SI plane for the three DM benchmarks

(m# ¼ 25; 50; 250 GeV) with fixed Galactic model, i.e., fixed astrophysical parameters, are shown. In the left frame we show the

reconstruction capabilities of Xe, Ge, and Ar configurations separately, whereas in the right frame the combined data sets Xeþ Ge and
Xeþ Geþ Ar are shown.

MIGUEL PATO et al. PHYSICAL REVIEW D 83, 083505 (2011)

083505-6

reconstruction probabilities 
for Xe, Xe + Ge, Xe + Ge + Ar

including galactic uncertaintiesfixed galactic model
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DARk matter WImp search with Noble liquids

LA LX

Preliminary

Sketch of possible layout for LAr and LXe cryostats in 
large water Cherenkov shields

R&D and design study for next-generation noble liquid detector

Physics goal: build the “ultimate WIMP detector”, before the possibly irreducible neutrino 
background takes over

arXiv:1012.4764v1darwin.physik.uzh.ch 100 GeV WIMP

pp neutrinos

7Be neutrinos

bb-decay

2νbb: EXO measurement of 136Xe T1/2
Assumptions: 50% NR acceptance, 99.5%  ER discrimination
Contribution of 2νbb background can be reduced by depletion

arXiv:1201.2402v1 
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The WIMP Landscape
However, goal is not exclusion limits, but WIMP detection!

Either way, a discovery!

~ 1 event kg-1 year-1

~ 1 event ton-1 year-1

~ 1 event (100 kg)-1 year-1

~ 1 event (10 kg)-1 year-1
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GERDA

Search for the neutrinoless double beta decay in 76Ge detectors operated in liquid argon

Inauguration at Gran Sasso in Nov 2010

Commissioning run until late 2011

Physics run with all enriched detectors started in early 2012

Béla Majorovits 4

International Workshop on "Double Beta Decay and Neutrinos", Osaka, Japan, Nov. 14-17

Clean room

Water tank
with HP water
and µ-veto

Detector array

Lock system

HP liquid Ar

Cryostat with 
internal Cu shield

4

GERDA design: Béla Majorovits 6

International Workshop on "Double Beta Decay and Neutrinos", Osaka, Japan, Nov. 14-17

phase I Detectors (from HdM and IGEX) after dismounting from cryostats:

ANG1: 958g ANG2: 2833g ANG3: 2391g ANG4: 2372g 

ANG5: 2746g RG1: 2110g RG2: 2166g RG3: 2087g 

T
otal m

ass: 17.66 kg

GERDA design:
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GERDA Phase I
The Physics The Idea The Present The Future

Phase I

The Detectors
Closed-ended coaxial detectors
8 diodes from HdM and IGEX
enriched in 76Ge
6 diodes from Genius test facility,
natural Ge
⇧ 15 kg of 76Ge

The Goals
Test Klapdor’s Claim

Exposure 15 kg y
Background 10�2 cts/(keV kg y)

Half-life T1/2 > 2.2⇤ 1025 y
Majorana mass m

ee

< 0.27 eV

Francis Froborg The Gerda Experiment 9 / 19
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GERDA Phase II
The Physics The Idea The Present The Future

Phase II

The Detectors
All Phase I detectors
Broad-Energy Germanium
(BEGe) detectors enriched in 76Ge
A total of ⇧ 40 kg of 76Ge

The Goals
Exposure 100 kg y

Background 10�3 cts/(keV kg y)
Half-life T1/2 > 15⇤ 1025 y

Majorana mass m

ee

< 0.11 eV

Phase II Detector Production
� Purchase Enriched 76GeO2: ECP Zelenogorsk, RU
� Metal Reduction and Zone Refinement: Langelsheim, DE

08.03.2010 to 30.4.2010
� Crystal Pulling at Canberra: Oakridge, TN, USA
� BEGe Detector Diode Production: Olen, BE

� Crystal Pulling Institut für Kristallzüchtung: Berlin, DE
� Segmented Detector Diode Production: Lingolsheim, Fr

Electric potential [V]

Agostini 2009, Master thesis

Francis Froborg The Gerda Experiment 10 / 19
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UZH GERDA activities

Custom, low-neutron emission calibration sources (with PSI)

Construction, installation, operation of calibration system

Calibration (weekly) data analysis and data base

Production/testing of phase-II BEGe (broad energy germanium) detectors(together with 
Munich, Heidelberg, Tübingen, INFN and Canberra)

R&D for the liquid argon instrumentation and light read out in phase II

16



GERDA Calibrations
Motivation Calibration System Signal Processing Summary

Calibrations
Overview

Overview
4 strings with 3 detectors each
3 228Th sources with
A = 10� 15 kBq
Park position in the lock of the
experiment
Sources shielded by 6 cm of Ta
1 Calibration run per week:

2 different z positions
⇠ 30 min run time per position

Francis Froborg Energy Resolution in Gerda’s Phase I 6 / 21
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The Calibration System (UZH)
Motivation Calibration System Signal Processing Summary

The Calibration System

Francis Froborg Energy Resolution in Gerda’s Phase I 7 / 21

Motivation Calibration System Signal Processing Summary

Positioning Systems

Absolute Encoder
Measures rotation of spindle
Correctly calibrated, it gives the absolute position even in case
of a power shut down
Accuracy depends on reproducibility of winding of steel band

Incremental Encoder
Two optical sensors (reflection light barriers) count holes in
perforated steel band
Chronology of impulses of sensors define forward and
backward direction
Accuracy depends on distance of holes and sensors and
accuracy of perforation

Francis Froborg Energy Resolution in Gerda’s Phase I 8 / 21

Hardware Positioning

ControllingMotivation Calibration System Signal Processing Summary

Controller
System Control Unit

Firmware with 3 functional blocks per lowe-
ring system:
Motor, positioning and error control

Remote Control

LabView Program to
operate and monitor
all 3 lowering systems

PhD Thesis by Michal Tarka

Francis Froborg Energy Resolution in Gerda’s Phase I 9 / 21 18



Example of calibration spectrum
Motivation Calibration System Signal Processing Summary

The Calibration Spectrum
Status

Phase I: Closed-ended coaxial Ge
diodes, p-type

First string with three natural Ge
detectors deployed in June 2010

First string with enriched detectors
deployed in June 2011

Energy resolution (FWHM@2.6 MeV):
3.6 keV to ⇠ 5 keV

Francis Froborg Energy Resolution in Gerda’s Phase I 13 / 21
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First 2-neutrino spectrum in GERDA

39Ar – 1.01 Bq/kg
(WARP – NIM A574 (2007) 83)

76Ge – 1.74 ·∙1021 y
(HdM – NIM A522 (2004) 371)

42Ar spectrum 

Enriched detectors in GERDA:
first 2νββ spectrum

5 Oct 2011 18
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GERDA Phase II detectors

Full production chain tested with depleted germanium

37.5 kg of 86% enr-Ge (in form of GeO2) purified to 35.4 kg (94%)

Canberra grows enr-Ge crystals & produces BEGe diodes; collaboration is testing these and 
provides feedback to production

All phase II detectors planned to be produced and tested by summer 2013

Phase II detectors – production

deplGeO2:
deplGe (6N)

Crystal pulling & slicing

Full production chain with depleted Ge:

Diode 
production

& tests

37.5 kg of 86% enrGe (in form of GeO2) purified to 35.4 kg (94%) of 6N

Contract with the company to grow enrGe crystals & produce BEGe diodes: 
signed!

All Phase II detectors planned to be produced and tested by summer 2013

5 Oct 2011 21
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