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The GERDA Neutrinoless-Double-Beta de
ay experimentB�ela Majorovits for the GERDA 
ollaborationMax-Plan
k-Institut f�ur Physik, F�ohringer Ring 6, 80805 M�un
hen, Germanyemail: bela�mppmu.mpg.deNeutrinoless double beta (0���)-de
ay 
ould be the key to understanding thenature of the neutrino. The GErmanium Dete
tor Array (GERDA) is designedto sear
h for 0���-de
ay of the isotope 76Ge. Germanium 
rystals enri
hed in76Ge, a
ting as sour
e and dete
tor simultaneously, will be submerged dire
tlyinto their ultra pure 
ooling medium that also serves as a radiation shield. This
on
ept will allow for a redu
tion of the ba
kground by up to two orders ofmagnitudes with respe
t to earlier experiments.Keywords: Style �le; LATEX; Pro
eedings; World S
ienti�
 Publishing.1. Introdu
tionNeutrino a

ompanied double beta-de
ay is an allowed se
ond order weakpro
ess. If the neutrino is a massive Majorana{parti
le the de
ay 
an o

urwithout the emission of a neutrino [1℄. The GERmanium Dete
tor Array,GERDA, [2℄ is designed to sear
h for 0���-de
ay of 76Ge. The importan
eof su
h a sear
h is emphasized by the fa
t that the observation of a non-zeroneutrino mass from 
avor os
illations [3℄ does not give any information onits absolute value. The neutrino-os
illation observations do allow for twodi�erent mass s
enarios with a normal or an inverted hierar
hy [4℄. These
an be disentangled by 0���-de
ay if a sensitivity for the e�e
tive Majorananeutrino-mass of 10 meV 
an be a
hieved [5℄.The most sensitive 0��� experiments are based on High-Purity-Germanium, HPGe,T dete
tor te
hnology. This is due to the 
ombinationof a very good energy resolution of the dete
tors at the Q��-value of 76Ge,the very high purity of the dete
tors (very low intrinsi
 ba
kground) andthe high signal dete
tion eÆ
ien
y of an experiment with dete
tor beingequal the sour
e.Currently the Heidelberg-Mos
ow (HdMo) and IGEX experiments givelower limits for 0���-de
ay of 1.9�1025y and 1.6�1025y, respe
tively [6,7℄.
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> = 2.40 (Nucl.Phys.A 766 (2006) 107)ν0Assuming <MFig. 1. Left: 90% probability to set lower limit on T0���1=2 higher than displayed as afun
tion of exposure for di�erent ba
kground indi
es. Right: 90% probability to set upperlimit on e�e
tive Majorana neutrino mass lower than displayed using matrix elementsfrom [10℄ as a fun
tion of exposure.These upper limits 
an be translated into upper limits for the e�e
tiveMajorana neutrino-mass of 0.35 keV -1.2 keV and 0.3 keV -1.5 keV for thetwo experiments, respe
tively. The large range is due to un
ertainties in thematrix-element 
al
ulations [8℄A part of the HdMo 
ollaboration 
laims to have observed a peak atQ�� with 4.2� 
on�den
e level whi
h 
an be attributed to 0���-de
ay witha half-life of T0���1=2 =1.29�1025y. [9℄.2. Sensitivity and the Prin
iples of GERDAThe sensitivity obtainable for double beta experiments with a given expo-sure and ba
kground index is displayed in Fig. 1. The 90 % probabilityfor obtaining lower limits higher than the displayed values as a fun
tion ofexposure for given ba
kground indi
es are given in the left panel. The rightpanel shows the upper bounds that 
an be put on the e�e
tive Majorana-neutrino mass using matrix elements from [10℄ with 90 % probability. Thevalues were 
al
ulated using Monte-Carlo ensemble test on the basis ofBayesian statisti
s [11℄.For a given exposure the ba
kground limits the sensitivity. Therefore thegoal is to minimize the ba
kground. This 
an be a
hieved by using an ultra-pure 
ryogeni
 liquid as the 
ooling medium and as shield against gammaradiation simultaneously [12℄. The 
ryo-tank will be made out of 
arefullysele
ted stainless steel. Additionally it will 
ontain a low-ba
kground 
opperinlet as a radiation shield against the steel of the 
ryo-tank. The 
ryogeni
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Fig. 2. S
hemati
 view of the GERDA setup. The dete
tor array is sitting in the 
enterof the 
ryo tank. The 
ryo tank is surrounded by a water bu�er serving as additionalshield and as a muon-�Cerenkov veto system. The dete
tor array shown on the right isloaded through a lo
k system from the top of the tank. The lo
k will be installed in a
lean-roomvolume is surrounded by a bu�er of ultra-pure water a
ting as an additionalgamma and neutron shield. The water bu�er is additionally used as a muon-�Cerenkov veto. The setup is s
hemati
ally depi
ted in Fig. 2.GERDA will be installed in Hall A of the Gran Sasso undergroundLaboratory (LNGS), Italy. The experiment is foreseen to pro
eed in twophases. In the �rst phase, enri
hed dete
tors whi
h were previously operatedby the HdMo- and IGEX- 
ollaborations will be redeployed. The aim is totake 15 kg �y of data with a ba
kground level of 10�2 
ounts/(kg �y �keV ) atthe Q��{value of 2039 keV . As 
an be seen in Fig. 1 this will be enough toeither 
on�rm or refute the 
laim from the Heidelberg-Mos
ow-Experiment.In the se
ond phase 
ustom made dete
tors will be installed whi
h have atrue 
oaxial geometry and are 18-fold segmented. An exposure of 100 kg � ywith a ba
kground level of 10�3 
ounts/(kg � y � keV ) is foreseen. A lowerlimit on the half-life of 0���-de
ay of higher than 1.5�1026 y 
orrespondingto an upper limit of 100 meV (using the matrix elements from [10℄) 
an beset with 90 % probability for the 
ase of a null signal (Fig. 1).3. Main Ba
kground Sour
esTo estimate the ba
kground expe
ted for Phase II of the GERDA experi-ment Monte Carlo studies were performed using the GEANT 4 implemen-tation MaGe [13℄. The geometries assumed for the dete
tors are a

ordingto the design of the �rst segmented prototype dete
tor that has been de-veloped and su

essfully operated [14℄.
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ounts/(kg � keV � y) are expe
ted from internal 
ontaminationsof the dete
tor. The origin of this ba
kground is mainly 
osmogeni
 68Geand 60Co.This ba
kground is redu
ed by minimizing the exposure of the mate-rial to 
osmi
 rays. Sin
e 68Ge de
ays with a half-life of T1=2=271 d this
omponent will de
rease within the life-time of the experiment.The largest 
ontribution to the ba
kground is expe
ted from the de-te
tor infrastru
ture, i.e. dete
tor support 
abling and ele
troni
s with2.1�10�3 
ounts/(kg � keV � y). This 
omponent 
ould already be 
on-siderably de
reased by redu
ing the mass of the signal 
ables around theHPGe-
rystal by a fa
tor of four. Further material sele
tion and materialminimization are under way.From the external infrastru
ture (
ryo-tank, water shield, et
.) roughly4�10�4 
ounts/(kg �keV �y) are expe
ted for liquid nitrogen as the 
ryogeni
liquid. Using liquid argon this is redu
ed to 3�10�5 
ounts/(kg�keV �y) beingnegligible 
ompared to the dominant ba
kground sour
es.Neutrons and muons are expe
ted to yield roughly 2 �10�4 
ounts/(kg �keV � y) the most important 
ontribution being due to the delayed de
ayof 77Ge produ
ed by the neutron 
apture on 76Ge [15℄.If the ba
kground resulting from the dete
tor infrastru
ture is redu
edby a further fa
tor of two, the goal of a total ba
kground index of less than10�3Counts=(kg � keV � y) 
an be rea
hed.4. Phase I and Phase II StatusAll IGEX and HdMo dete
tors are presently underground at LNGS. The�rst of them have been taken out of their 
ryostats without any te
hni
alproblems. The left panel of Fig. 3 shows the dismounting of the �rst en-ri
hed HdMo dete
tor. The dete
tors are presently being 
he
ked for theirproperties and will then be installed into the phase I suspension. A pro-totype dete
tor has been operated in liquid argon in the holder at LNGSsin
e beginning of 2006. It has gone through more than twenty 
ooling andwarming up 
y
les without showing major deterioration.The enri
hed material for phase II of the experiment has been pro-
ured. 35.5 kg of germanium enri
hed to 87%-88% in 76Ge in form of GeOwere transported from Krasnoyarsk, Siberia to Muni
h, Germany in a steel
ylinder designed to redu
e 
osmogeni
 a
tivation. The powder was un-loaded, weighed and inspe
ted (see Fig. 3) and subsequently transportedto a 500 mwe underground 
ite.The phase II dete
tors will be 18-fold segmented true 
oaxial n-type.



November 7, 2006 15:27 WSPC - Pro
eedings Trim Size: 9in x 6in gerda_idm2006_pro

5

Fig. 3. Left: Dismounting of �rst enri
hed dete
tor of the HdMo experiment from its
opper va
uum-
ryostat. Right: Unloading of the 35 kg enri
hed germanium. The green
ylinder was built to shield the material against 
osmogeni
 a
tivation while transportfrom Siberia to Germany.The segmentation will help to identify multiple Compton-s
atter events inthe region of interest. As shown in [16℄ the Compton ba
kground 
an beidenti�ed with high eÆ
ien
y depending on its sour
e and lo
ation.A prototype dete
tor was produ
ed by Canberra-Fran
e. The 18 seg-ments are read out using a novel 
onta
ting s
heme [14℄. The 
opper 
onta
tpads of a Kapton printed 
ir
uit board are pressed dire
tly onto the 
onta
tareas of the segmented dete
tor. This is shown in the left panel of Fig. 4.The prototype dete
tor was extensively tested in a 
onventional test 
ryo-stat. The energy resolution of all signals and the 
ore were around 3 keV at1.3MeV . The right panel of Fig. 4 shows a measurement taken with a 60Co
alibration sour
e. The bla
k histogram denotes the full spe
trum from the
ore signal. The red histogram shows the spe
trum requiring that only onesegment had an energy deposit above a threshold of 20 keV . The Comptonba
kground dis
rimination was a fa
tor of 10 for this measurement. Thedata 
ould be reprodu
ed very well by Monte Carlo simulations [16℄.5. Con
lusionsThe Gerda neutrinoless double beta-de
ay experiment will be installed inthe LNGS underground laboratory. For the �rst phase 15 kg �y data takingwith a ba
kground index of 10�2 
ounts/(kg �keV �y) are planned. This willallow to 
he
k the 
laim of a positive eviden
e from the HdMo-experiment.The goal of the se
ond phase of the experiment is to 
olle
t 100 kg y of datawith a ba
kground index of not more than 10�3 
ounts/(kg � keV � y). This
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Fig. 4. Left: Germanium 
rystal with the new 
onta
ting s
heme. The 18 segments are
onta
ted by pressing the 
onta
t pads of Kapton printed 
ir
uit boards onto the segment
onta
t area. Right: 60Co 
alibration spe
trum taken with the �rst 18-fold segmentedtrue 
oax n-type HPGe dete
tor. For more details see the text.will allow to set a lower limit for the 0��� half life of 1.5�1026 y 
orrespond-ing to an upper limit of the e�e
tive Majorana neutrino-mass of 100 meV .A

ording to the Monte Carlo 
al
ulations this goal 
an be a
hieved. Thedete
tors for phase I of the experiment are at the experimental site. Thedismounting of the �rst dete
tors from the IGEX and the HdMo exper-iments was su

essful. A �rst prototype 18-fold segmented n-type HPGedete
tor has been produ
ed and 
he
ked. Its performan
e is as expe
ted.Referen
es1. S. Elliott and P. Vogel, Ann. Rev. Nu
l. Part. S
i 52(2002)1152. I. Abt et al., hep-exp/04040393. S. Fakuda et al., Phys. Rev. Lett. 82(1999)2644 and C. Ahmad et al., Phys.Rev. Lett 92(2004)1813014. S. Bilenky et al., Phys. Rev. C 64(2001)0530105. F. Feruglio et al., Nu
l. Phys. B 637(2002)3456. L. Baudis et al., Phys. Rev. Lett. 83(1999)417. Aalseth et al., Phys. Rev. D 65(2002)0920078. A. Faessler and F. Simkovi
, J. Phys. G 24(1998)21399. Klapdor-Kleingrothaus et al., Phys. Lett. B 586(2004)19810. V. Rodin et al., Nu
l. Phys. A 766(2006)10711. A. Caldwell and K. Kr�oninger, physi
s/060824912. G. Heusser, Ann. Rev. Nu
l. Part. S
i. 45 (1995)54313. M. Bauer et al., J. Phys. Conf. Series 39(2006)36214. I. Abt et al., a

epted for publi
ation in Nu
l.Instr.Meth. A15. L. Pandola et al., a

epted for publi
ation in NIM A16. I. Abt et al., to be published


