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Outline

= Neutrinoless Double Beta (OvB) Decay : The process
and the effective Majorana neutrino mass.

= OvBp searches of 76Ge by germanium detectors
= Motivations
= Pioneering experiments
= Recent Past experiments: HdM, IGEX

= Forthcoming experiments
= GERDA (Status report)
= Majorana (Status report)

= Other semiconductor experiments (R&D): COBRA
= Conclusions
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(A,Z+1)

e 2v[p proposed to explain existence of (AZ) %B
isobars triplets (A,2),(A,Z+1),(A,Z+2) were ’
decay (A,Z) = (A,Z+1) is forbidden for

energetic reasons. 2vf3f allows -
(A,Z2) >(A,Z+2).

e Described and calculated for the first time by (A.Z+2)
M. Goeppert-Mayer (Phys. Rev.1935).

2vBp (A,2) > (A, Z +2)+2¢ +2v.
e 2nd order process of weak interactions.

e Observed for many isotopes
(7°Se, 1Mo, *Ca,”*Ge ...). T;*" ~101° + 102 y-
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OvBp

Uu -~
A r > e
T
(A, 2) > (A, Z+2)+2e { ©
_ W—1V

Proposed by Majorana & Racah in 1937
(Il Nuovo Cimento). It is forbidden in SM and requires

e Lepton number violation N.=2

e Neutrino is a Majorana particle having finite mass o

or

e Existence of W,
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OvBp and the effective neutrino mass

From Vissani, Strumia hep-ph/0606054v2
Ovpp rate ~ (effective Majorana neutrino
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Experimental sensitivity on 7%, ,,

¢ = detection efficiency oor

a = Bp isotope fraction > enrichment 0.4: f;"\
M = mass of detector in kg i

T = data taking time [y] 02} /

B = background index in cts/(keV kg y) ay

Line at BBOv

"™, 2039 keV

Bp2v

T

T

R = energy resolution at Qg; [keV] —
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(for <m_>= 40 meV, and M, " = 3.9 (QRPA Rodin et al erratum))
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Why BB searches of 76Ge have so long history?

Germanium detectors is an established technology: adopted since the ‘60
to search for Ovpp of 76Ge.

Feasible to scale up experiment by subsequently adding more detectors.
Source = detector - high efficiency!

High intrinsic purity and energy resolution ((0.1%-0.2%) allowing
understanding of background sources and geometry.

76Ge isotopic abundance = 7.44 %, but enrichment of 76Ge possible at
centrifuge up to >80%.

Ge density = 5.3 g cm=3 - compact setup
Low Atomic Weight (1 kg of 7°Ge = 13.1 Moles = 7.9 x 10%* nuclei)
H
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Bp searches of 76Ge by germanium detectors:
¢ ﬁrst experlment

Vil 250, dwmiteek 1 BHyRiers LETTERA "h:r.'-qm'lr- 1 H

o Tt oo —

e(Li) mass 90 g.
Resolution 4.7 keV @ 1.32 MeV
Running time = 712 h

27 November 1967

A SEARCH POR LEPTON HON-CONEERYATION IN DOVELE BETA DRECAY
WITH A GERMANIUM DETECTOR
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Result:
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e final results '87

..... Caldwell @%periments &é‘;’m

#7 Hpvrinler

= Lepton no. is conserved.

Fig. 1. Expurimnseaial aplap,



Ovpp searches of 76Ge :
experimental results from the ‘70s-'80s

From Caldwell talk
Nul986 @ Sendai

-
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Heidelberg-Moscow experiment @ LNGS:
claim of evidence of Ovfp of 7°Ge (2004)

MT=10.9 kg (86% °Ge) x 13 yr x 0.8%
=72 kg yr

b = 0.11 cts/(kg keV yr) before PSA

Resolution AE = 3.27 keV

Count sikelf
Y
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Claimed evidence of 0v33 @ 4.2 o
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Corresponding to

M ,= 440 meV with KK ME

Signal found at
Qpp P =2038.70 + 0.44 keV
Qs theo = 2039.06 + 0.05 keV

Nu2008 - Christchurch (NZ) -10-

an

2010

oz

5
2030

2040 20s0 2060

Energy, keV

C. Cattadorl L’ﬂ_._, sttt askarsla



IGEX

Collaboration: (ITEP,INR,U.South Carolina

PNNL, U. of Zaragoza, Yerevan)
Location: Canfranc UL (Spain)

= Pulse shape discrimination
= 117mol-y=89kg-y

= Bkg at 2 Mev ~ 0.1 (with PSA)/ 0.2 1o Qg

(without PSA) [cts/(keV- y)]
= Enriched Ge diodes
« T,, > 1.57 10?5y with PSA
» M,_.<033-1.3eV

Nu2008 - Christchurch (N2)
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Figure 10: Background spectra betore and after the PSD based on the connting
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Goals and distinctive features of GERDA
(GERmanium Detector Array)

v

F Yy

)1
GERDA

= Investigation of OvBp decay of 76Ge. Location:
= Staged Approach (Phase I + Phase II+ ...).

= Build a setup having a background @ Qg <10~ cts/(kg-keV-y) adopting
passive/active shielding.

= Use of bare diodes in cryogenic liquid (LAr) of very high radiopurity.
Technique proposed by G. Heusser (Ann. Rev. Nucl. Part. Sci.
45(1995)543) and tested by KK in GENIUS_TF @ LNGS (GENIUS
proposed in 2000) with non encouraging results (NIM2004) . Problems
reported have been overcome by GERDA collaboration.

= Use of detectors with improved SSE/MSE discrimination (Phase II).
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Phases of GERDA

= Phase I:

= Use of existing 76Ge-diodes from Heidelberg-Moscow and
IGEX-experiments

= 8 detectors for 17.9 Kg of e"Ge

= Expected Background ~ 102 count/(kg-keV'y) dominated by
crystal internal backg. = KKDC evidence verified in an
external background-free setup.

= Phase II:

= Add new diodes (+22 kg, total: ~40 kg e"Ge) able to
discriminate SSE/MSE.

= Demonstration of bkg-level <10-3 count/(kg-keV'y)

= Eventually Phase III:

« If background OK

= If KKDC-evidence not confirmed: ({1 ton) experiment by a
worldwide collaboration with Majorana -y
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GERDA:

Sensitivity .3.
_ _ _ )
Assumed E resolution: AE = 4 key ~ From Vissani, Strumia hep-ph/060805¢v

- = Claim

| == No background

- — 10 counts/(kg: keV- y)
| = 10" counts/(kg: keV- y)
| = 10 counts/(kg: keV- v}

phase Il

J Il L

ol | Isol -
Exposure [kgyears]

100

150 200

J_ ———

- 270 meV

0t 110 meV GERDA Il

G9% CL (1
10~ . N
10~ 107 107 107" !

Lightest neulring mass m eV

- if signal found in HM by KK is true Bp decay, this would produce in ~ 1 year
GERDA I data taking (assuming 18 kg y exposure) 7 cts, above bckg of 0.5 cts =
probability that bckg simulate signal ~ 10- D
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GERDA design
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Built with
low activity
steel

1-5 mBqg/kg

- Cryostat arrived at LNGS: 6 March 2008
* Rn emanation OK

* Mounting of inner Cu shielding plates
(thickness 3/6 cm) completed

 LAr evaporation rate tested (< 2% day™'")
* LAr scintillation light readout to reduce
external bckg in detectors can be N;;;

‘ifplemented C. Cattadori (oo

A view inside the cryostat with Cu
lining already in place




Water tank and muon veto

Active shield

Filled with ultra-pure water
from Borexino plant

66 PMTs: Cherenkov detector
Plastic scintillator on top of cleanroom




19*may 2008
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Cleanroom and the lock system

Positioning of strings inside lock by internal rail system. Push strings to
array position with magnet arms. Linear pulley system driven by motors.
Control throug .

..........

Nu200¢ - ChristiiFe



Status of Phase I detectors

Tes]
GERDA

IGEX and HdM diodes were removed
from their cryostats and measured

17.9 kg enriched and 15 kg
non-enriched crystals (GENIUS-TF)
available

Reprocessing of all diodes at
manufacturer (ongoing)

Stored underground during
reprocessing dead-time (HADES)

Dedicated low-mass Cu holder
constructed for each diode.

Resolutions of former HAM (ANG) and IGEX (RG) detectors measured in original
cryostats after delivery and maintenance to LNGS

ANG1I ANG2 ANG3 ANG4 ANG5 RGI RG2 RG3
FWHM [keV] | 254 229 293 247 250 221 231 226 |)
Mass [kg] 0.980  2.906 2446 2400 2.781 2.150 2.194 2121 |




_t_'__ M
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Detector leakage current stable and under

control allowing weekly calibrations.

= Qbserved effect i.e. LC increase, as a
consequence of y-ray irradiation understood and
under control

» Long-term stability tests : OK

= The same performance in LAr and LN,
observed.

= Resolution achieved in LAr @ °°Co, warm
preamplifier (CSA):
= 2.2keV, CSA @ d=40 cm from detector

= 3keV CSA @ d=80 cm from detector
Nu2008 - Christchurch (N2Z) -22-
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New: Prototype detectors
performances and stability
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PHASE I Front-End (FE) electronics & DAQ

FE CSA will be located and operated at the top
of the string, i.e. in LAr at 87 K.

= Requirements:

= Low noise, low radioactivity i.e. low mass, low
power consumption, operational at 87 K

= Few Candidates:
= F-CSA104 (fully integrated, poor resolution)
Q?O (ASIC CMOS:FET,Cf,Rf not integrated);
-1 (ASIC CMOS: Fully Integrated)
« IPA4 (not fully integrated, good E, ., poor timing)
=« CSA-77 (partly cold, good E,.., good timing)

DAQ system: FADC based

Nu2008 - Christchurch (N2) -24-




New: performances witt

Comparison between noise
measured at room temperature
(T=300°K) and in LN (T=77°K)

ENC (el rm.s. )

Best resolution obtained with
(encapsulated) prototype crystal and
cold PZ0 CSA

1 4 |
pulser line @ 932 keV 60C0
600 fwhm = 1.63 keV _
1.173 MeV
fwhm =2.04 keVV 1.332 MeV
@ 400F fvhm = 2.06 keV "
5
(@]
(&)
200 |- g
0 Wk‘*—“— il n “u.JJL - _,“
" 1 | !
5000 6000 7000 8000
Channels

Dk

C, = 15pF

B T=300°K
B T=77K

200

100

Shaping time { ps )

Acquired output signal
driving a 50 Q coaxial cable of
~ 10 m : rise time of ~ 15 ns

FWHM in HPGe ( keV )
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Phase II crystal pulling

= enfGe purchased (37.5 kg)
presently stored at HADES

=Activities related to crystal
pulling started on natGe

=@ PPM for GeO,
purification

=@ IKZ (Berlin) for crystal
pulling

= natGeO, reduced to metal bars
and purified to 6N material for
Czochralski pulling

= No impurities detected with _
ICPMS measurements EKZ 2000, LEYBOLD, 1983

= First crystal pulled@ IKZ
Berlin, characterization will

follow m;’;}
Nu2008 - Christchurch (N2) -26- C. Cattadori (. s
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Phase II: Results with prototype detectors

A possible segmentation scheme is 18 fold (6 ® x 3 z). Tested contacting technique: it
works in cryogenic liquid. First spectra taken with core and all 18 segments. Energy
resolution(core): ~ 4 keV @ 1.3MeV (preliminary).

We are considering the use of point contact detectors: much simpler readout.
First PS studies encouraging!

akara



Phase II: Results with prototype detector
Study of 208T| Double Escape Peak @ 2614-1022 keV= 1592 keV

L 4E
w o S SSF
T [ — All events T 3F :
Z10° 2
T | 25 F . ik
i : = M (data)
10° i = s "y (datq)
— trend [data)
1.5 F
10° 1 e * S0 (MC)
g *Mh (MC)
102 Y R
E - ] 1 1 [ PP |
a1
10 T —Ait—-.—‘*%—t +
Ea] | F 9
© | |
1 A T
""" — L 9] 500 1000 1500 2000 2500
0 500 1000 1500 2000 2500 3000 E [keV]

E [keV]

Compton Background Suppression factor @ Qgs: ~ 3
Agreement with MC A
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ERDA: Background evaluation and reduction

Source

Actions

¥s from external environment
208T| and 21Bi

=Shield with hyperpure liquids (H,O 3 m+LAr 2 m)
= 3x107 kg-ly-lkeV-1

228Th (<10 mBg/kg) in Cryostat (SS)

=HP Cu shield (25 pBg/kg; 10-15 cm thick)+LAr

L induced prompt signals

=~1400 m rock overburden

sAnticoincidence between crystals(&segments)
n/-vetoes: top (plastic scint.) +Water Cherenkov
= 10~ kg~lylkeV-1

L induced delayed signals
n+76Ge—’’mGe=>""As (§,,= 53 S)

sLow-Z shields
=Delayed concid. Tag decay chain = 10~ kg~lylkeV!

Internal to crystals
Cosmogenic ®°Co (¢ ,=
(crystal production)

5.27y)

sMinimize time above ground after crystal growing
sDiode & segments antic., PSA
=3.5x107° kg~lylkeV1

Internal to crystals
Cosmogenic ®3Ge (£,,,= 270 d)
(crystal and detector productlons)

sMinimize time above ground after enrichment;
shielded transport confainer

After two years underground = 5x10~* kg~lylkeV-!
Reduce by segmentation and PSA

Front- end electronics, cables,
support

sMaterials m|n|m|sat|on (gran}s) & §election. Still
under R&D = ~5x10~ kg-ly-tkeV-

Nu2008 - Christchurch (N2Z)
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iScheduIe of forthcoming activities (2008-2009)

= Water Tank & PMTs for u-veto water Cerenkov May-June
2008.

= Technical Building & Superstructure: Summer 2008
= Lock & Clean Room: 2008-2009
= Commisioning: ~ first semester 2009

In parallel:

= Complete Reprocessing of all Phase I crystals, assemble
3-fold strings, integrate cold FE with detector string,

Nu2008 - Christchurch (N2) -30- C. Cattadori EFMH
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Slides courtesy of dr. Steve Elliott
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MaJorana Prototype Module (30 kg, 1 count/ROl/tly)
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MAJORANA Collaboration Goals En

—Science goal: build a prototype module to test
the recent claim of an observation of Ovpf. This
goal is a litmus test of any proposed technology.

—Technical goal: Demonstrate background low
enough to justify building a tonne scale Ge
experiment.

—Work cooperatively with GERDA Collaboration to
prepare for a single °Ge Ov[3-decay
experiment 1-tonne scale that Combines the best

é?gé;’)f @O@W Aﬁ% pMeAggncep al deS|gn rewew%a‘?\eﬁﬁ ¥

(N@tﬂ@ue longer term R&D to minimize costs and
optimize the schedule for a 1-tonne experiment.

INFN
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The MAJORANA Demonstrator Module

Detectors are deployed in string and operated
in an ultra-clean, electroformed Cu cryostat

» 60-kg of Ge detectors

— 30-kg of 86% enriched 76Ge crystals required
for science goal; 30-kg non enriched

— Examine detector technology options .
p- and n-type, segmentation, point-contact. :
» Low-background Cryostats & Shield %
— ultra-clean, electroformed Cu h
—naturally scalable |

— Compact low-background passive Cu and Pb
shield with active muon veto

 Located underground 4850’ level at SUSEL/DUSEL

» Background Goal in the Ovpp peak region of interest (4 keV at 2039 keV)
- ~1 count/ROI/t-y (after analysis cuts)
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MAJORANA Demonstrator Module Sensitivity

» Expected Sensitivity to 0v[33
(30 kg enriched material, running 3 years, or 0.09 t-y of °Ge exposure)

T, > 1020y (90% CL).Sensitivity to <m > < 140 meV (90% CL) [Rod05,err.]

1

(mBB} sensitivity (90% CL) [eV]
o o o o o © o o ©
- N W R N o ©
ARRNRRRRERRRR N AR RRR RN R RRRRN R

=
o
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MaJoraNA Prototype Module (30 kg, 1 count/ROIl/t/y)
10.3
--------- MaJoraNA Prototype Module (30 kg, 10 counts/ROl/t/y)
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MAJORANA technical progress - past year “n

Materials & Assay - Samples of low-activity plastics and cables have been obtained for radiometric
counting and neutron activation analysis. Additional improvements have been gained in producing pure
Cu through electroforming at PNNL and we have established an operating pilot program demonstrating
electroforming underground at WIPP.

Ge Enrichment - Options available for germanium oxide reduction, Ge refinement, and efficient material
recycling are being considered, including developing this capability located near detector fabrication
facilities.

Detectors - Additional p-type point contact (PPC) detectors have been ordered. Progress has been
made in E-M modeling. A PPC detector has been successfully fabricated at the LBNL Instrument Support
Laboratory. Efforts to deploy a prototype low-background N-type segmented contact (NSC) detector using
our enriched SEGA crystal are underway. This will allow us to test low-mass deployment hardware and

readout concepts while working in conjunction with a detector manufacturer.

Cryostat Modules - A realistic prototype deployment system has been constructed at LANL. First
measurements, with one string and a single P-type HPGe detector have been completed.

DAQ & Electronics - Modeling of preamps to optimize noise are being compared to
measurements. SORCA support for a TCP-IP based VME crate controller has been completed.

Facilities - Designs for an underground electroforming facility and a detector laboratory located on the
4850’ level in the Homestake Mine have been developed in conjunction with SUSEL engineers.

Simulations - Several papers describing background studies have been published and our simulation
framework has been submitted for publication (joint effort with GERDA).

)
IN/ N
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Present Status 4
« Approved & Supported: As a R&D Project by DOE NP & NSF PNA

* Progress towards Demonstrator Module

— UG clean room laboratory space should be available early 2009 at
Sanford Laboratory (Homestake gold mine, Lead, SD).

— UG Electroforming facility will be initial focus due to required time to
prepare Cu parts of shield.

— Early prototype cryostat with point-contact detectors will soon follow.

— Working with industrial partner to develop Ge refinement process that
could be located either near detector fabrication facility or UG.

« SEGA: enriched segmented detector
— We have completed our initial performance testing of this detector
» First enriched segmented detector: works well as designed
— Presently assembling detector into low-background cryostat
* Plan to move to WIPP for operation in late 2008

INFN
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1-tonne Ge - Projected Sensitivity vs. Background

T,, sensitivity (90% CL) [10* years]

Nu2008 - Christchurch (NZ)
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COBRA
http://cobra.physik.uni-dortmund.de

Slides courtesy of Kay Zuber. Location '.

Use large amount of
CdZnTe

Semiconductor Detectors

Large array of
CdZnTe detectors

K. Zuber, Phys. Lett. B 519,1 (2001)
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University of Bratislava

TU Dresden

TU Dortmund
Material Research Centre

Freiburg

* COBRA collaboration

University of Jyvaskyla

Washington University
at St. Louis

Technical University
Prague

Supporting institutes: University of Hamburg (Germany), Jagellonian
University (Poland), Los Alamos Nat. Lab. (USA) A
H
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The first layer( 16 detectors, 1 cm3, 6.4 g each) of
CdZnTe array: full array 64 detectors

Readout: Energy

Started installation at LNGS 1n april 2006, world wide largest array of
this type of detector



64 detector array (Oct. 07)

FArray in Cu shielding
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Sum spectra of first 16 detectors

Sum spectrum. 11.9 kg days.
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E _"\1L Cd113 beta decay , Half-life about 8x10'° yrs
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Dominated by radon in air and red passivation on detector surface
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New Results from data subset of 16 detectors array

PRELIMINARY PRELIMINARY  pubblished by same
group in 2007

Isotope and Decay Thair limit (yvears, 90% CI/]
Current Data Previous
313" Decays

47n  0wBTEC to g.s. 1.18 x10%8 2.78x 1017
5470 0v2EC to g.s. 7.43x10'® 1.19% 1017
120me  002EC to g.s. 1.13x 1017 2.68x 1017
120Te  002EC to 1171keV | 3.43x 1010 9.72% 1015
1060q 0wt gt to gs. 5.12x1018 4.50% 1017
106cq  0u2EC to g.s. 5.48 x 1018 5.70x% 1015
1060q  0wstat to 512keV | 7.17x1017 1.81x 1017
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Alternative painted detectors (four 1 cm? CdZnTe)

- —
3| -
% [y Red detectors 10.8 kg days.
= - =
E 102 E E —— Colourless detectors (1.5 kg days.
E F - _
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blue= colourless painted detectors + nitrogen flushing
black = 16 layer with red passivation + air
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Estimated Sensitivity of 64,000 detectors array

T, ocNMxt/AE x B

. 500 %10
5 - 64,0004 s i
E ) etectors, 90% = Cd enrichment
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Conclusions

= 7°Ge OvB[3 decay searches by Ge detectors started 40 years ago: since
then the experimental sensitivity improved of 10°

= HpGe detectors are an established detection technique characterized
by high resolution and intrinsically low background

= In 2004 a claim of evidence of 7Ge OvBp decay with T,,, = 1.2 x 10%
has been published with a statistics of 72 kg vy.
= Two forthcoming experiments can probe this claim:
= GERDA: operates ¢"Ge detectors naked in LAr, deployed in strings
= MAIJORANA: operates e"Ge detectors in Cu cryostat, deployed in strings
= GERDA is in construction @ LNGS: it will be completed by spring 2009.

The setup is designed for a B < 1073 c/(keV kg y) @ Qj.
Commissioning: 2009.

= GERDA Phase I (17.9 kg e"Ge) will have enough sensitivity to probe
claim of evidence of OvB, GERDA Phase II (add ~ 20 kg e""Ge) will
further improve the sensitivity in case of non observation of Ovf3§,
demonstrate that the design background index is achievable (B < 10'#,.)
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Conclusions

= MAJORANA (foreseen location SUSEL/DUSEL) aims to the
construction of a demonstrator (30-60 kg of e"Ge) having a
B < 107 c/(keV kg y) @ Qg;. Technical progress in point contact
detector, cryostat design and prototype.

= GERDA and Majorana are in close contact
=« MC simulating signal, background, geometries etc (MAGE toolkit),
= reciprocal participation at collaboration meetings,

in view, eventually, of a joint collaboration for a 1 ton scale 76Ge
Ovpp experiment having a sensitivity on <m_> ~ 10 meV.

= COBRA: Recent progress, but far away from bckg index allowing
adequate sensitivity.
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The LNGS organizing committees have the
pleasure to announce:

TAUP 2009: July Ol - 05, 2009

and

WIN 2009: September 10 - |5, 2009




Extra slides

)
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The neutrino masses and mixings angles

We know from atmospheric, solar and reactor neutrino experiments that

* Neutrino flavour eigenstates # neutrino mass eigenstates

o 2 .
Am?, # 0. Fitted values
Measured values SE— ﬁ |Am2|= 2600180 meV? (8%)
0 = 34.1'#1 5° N p— om2 = 79.2+3.6 meV? (4.5%)
12_ . - e T f}'ﬁ:
023= 42°+4.6°/_2-5° -'Fnjz—-— o 1€ Fﬂzz
0..< 8° S~ solar 5
13 A - M1,
atmospheric >
- P Am~ . Amatm2=m32 — (m22 +m12 )/2
- 5 &> solar atmospheric
ml?—— |b 1 f?’132
?
0 | -
msy > Amz ~ 50 meV mp,my >~ 50 meV
my > sm? ~ 8.5 meV m3 >x 8.5 meV

We don’t know absolute neutrino mass value and hyerarcy i.e. sign of Arpij
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GERDA I Physics reach
M -t
B-FWHM

1, >43:107" - ¢-a
Assumption for GERDA I
FWHM= 3.6 keV, € =95%

=15 kg (86% enriched)
t =1 year 2> Effective Ge mass = 15- 0.86 kg 'y

B, =B, (103 cts/(kev - kg - y))+B. . (102 cts/(kev - kg - y)) = 0.5 counts

int

—> if no counts happens (60% chance)

T,,>3.0-10*at 90% CL, m,, <0.24 —0.77 eV > B claim ruled out at 99.6% CL
—> if non-zero counts (u =0.5 counts Poissonian fluctuated)

T,,>2.2-10*>at 90% CL, m,, < 0.28 0.9 eV  (if 1 cts B claim ruled out at 97.8% CL

- if signal found in B3 HM is true B3 decay, this would produce in GERDA I (= 15
kgy) 6 £ 1.4 cts, above bckgrd of 0.5 cts = 56 confirmation
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GERDA 1II Physics reach

With new segmented detectors and keeping the

1sotope separation+ crystal growing time within 180
days 2B ~ 107 cts /(keV kg y)

With mass of 40 kg y x 3 years
FWHM = 3.6 keV

- B = 0.36 background counts expected
T,, > 2.0 -1026at 90% CL, m,, < 0.09 —0.29 eV

,f"-}
N
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MAJORANA technical progress - past year

rials & Assay - Additional improvements have been gained in producing pure Cu
through electroforming at PNNL and we have established an operating pilot program
demonstrating electroforming underground at WIPP.

Ge Enrichment - Options available for germanium oxide reduction, Ge refinement, and
efficient material recycling are being considered, including developing this capability located
near detector fabrication facilities.

Detectors - Additional p-type point contact (PPC) detectors have been ordered. Progress
has been made in E-M modeling. A PPC detector has been successfully fabricated at the
LBNL Instrument Support Laboratory. Efforts to deploy a prototype low-background N-type
segmented contact (NSC) detector using our enriched SEGA crystal are underway. This will
allow us to test low-mass deployment hardware and readout concepts while working in
conjunction with a detector manufacturer.

Cryostat Modules - A realistic prototype deployment system has been constructed at
LANL. First measurements, with one string and a single P-type HPGe detector have been
completed.

DAQ & Electronics

Facilities - Designs for an underground electroforming facility and a detector laboratory
located on the 4850’ level in the Homestake Mine have been developed in conjunction with
SUSEL engineers.

\ .Sz’%glaggns -hSe\gerﬁl apers describing background studies have been pul%lished and qur;;}
Simulation framework has been submitted for publication (joint effort with GEﬁtlf)%)?”MAGE‘““':““:T‘*



bb searches of 76Ge by germanium detector I‘;,
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Nuclear matrix
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