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Germanium Basics

+ Internal Source Method” from Fiorini

+ '6Ge: Endpoint = 2039 keV

— Energy above many contaminants
— Except: 20871, 0Co, %8Ge...

+ FWHM = 3-4 keV around 2 MeV (~0.2%)

+ Long experience with Ge 3 decay
— Previous efforts found 2v atT,,, ~10%'y
— ExpectOvatT,,, ~4 x10%"y

+ Ready to go!
— Essentially no R&D needed




+ OvpBp decay of "°Ge potentially
measured at 2039 keV

+ Sensitive to effective Majorana v
mass as low as 0.02-0.07 eV

+ Based on well known °Ge
detector technology plus:
— Pulse-shape analysis
— Detector segmentation
— Ready to begin now
+ Requires:
— Deep underground location
— 500 kg enriched 85% 76Ge
— many crystals, each segmented

— Advanced signal processing
e Pulse shape discrimination

— Special low bkg materials

» Baseline Configuration




()
O OO
YOU O
OLLLO0 0
CTC(C RCE T O

C(C(C OEC(C(COD
C(COICC o

(|
-_'_-_f_-\

-_'_-_’_-\

Segmentation (6x2) results in
2500 individual 200g segments

3-D model of baseline configuration 210 2.35 kg crystals

+ Optimization underway of performance and risk
— Several low risk baseline designs possible
— Many segmentation schemes possible

+ Alternative packaging, cooling, shielding under
consideration

— Nature of Ge crystals allows repackaging



Calculated

——~ Experimental

+ International Germanium ”g '—
Experiment (IGEX) -
achieved between

0.1-0.3 cts/keV/kg/y
=
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+ Documented experiences = '
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Spallation Ty, (d) Rate from After Rate During  Total in  After PSD  After Seg
Isotope [Bro95] Construction  Experiment ROI Rejection  Rejection
%Ge  270.82  0.1562 0.03702 3.93E-03 70.15 18.59 2.57
®Co  77.27 0.0238 0.00212 6.43E-05 1.15 0.30 0.04
®Co 19252  0.0177 0.01294 7.15E-03 127.55 33.80 4.66
“Co  70.82  0.0024 0.000202 5.60E-06 0.10 0.03 0.00

cts/keV/kgly cts/keV/kgly cts/keV/kgly  Counts Counts Counts
Total 0.2 0.0523 0.0112 198.95 52.72 7.28




+ Slow Baseline:  1.E+28

Gradual ramp to
100 kg/y - total
500 kg 85% "°Ge

<+ Fast Baseline:

200 kg/y 1.E+27 ,,

(No ramp)

+ Present Ovpp °Ge
T1/o limit rapidly
surpassed .
(Ty,>1.910%y)

Sensitivity vs. Time
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Fast Production

4.0 10° & <m_> =[0.02 - 0.07] eV

2.0 10 & <m_> =[0.03 - 0.10] eV

// Slow Production

1.0 10 & <m,> =[0.04 - 0.14] eV

: 2.5 10°° & <m_> = [0.08 - 0.28] eV
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» Based on early IGEX background levels with
reasonable background reduction and
cutting methods applied
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Collaboration Progress:
Optimization and Prep for Full Experiment

Multi Element
Germanium Assay
(MEGA):

16+2 natural Ge

MAJORANA:

210 Ge detectors
All enriched/segmented
Ten 21-crystal modules

Segmented
Enriched
Germanium Array
(SEGA):
Segmented Ge

1 to 5 Crystals

High energy n bkg

_ High density
Pulse analysis test
Materials qualification )
Materials screening _ Full Expenment
Cryo design test
Geometry test

Powerful screening tool



Progress and Status
SEGA: Segmentation Optimization

+ First (enriched) 6x2 SEGA operating
— Current: Testing (TUNL)

— Shallow UG testing at U Chicago LASR facility
— Operation in WIPP

+ Second and third SEGA planning
— Funds in hand (LANL, USC)

— Alternate segmentation testing in planning (USC/PNNL)
FOM vs. Axial & Azimuthal Segmentation
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Progress and Status
MEGA: Cryogenic testing

Materials in hand
— Detectors (20 70%), pulse electronics

Assembly and cryogenic testing of
two-packs underway (PNNL, UW)

UG facility (WIPP) in prep (LANL, NMSU)
Summer installation anticipated
Sensitive to ~1e4 short-lived atoms




Progress and Status
Ultra-Low Level Screening

+ Screening facility
— Under construction in Soudan (Brown)
— Two HPGE detectors (1.05 kg, 0.7 kg)
+Planned testing

— Minor materials used in manufacturing
— Improved Cu testing



Low-Background
Electroformed Copper

" 3 Can be easily formed
INnto thin, low-mass
parts

+ Recent designs
reduce Mcu/Mge X5

9 UG Electroforming
can reduce
cosmogenics

+ Pre-processing can
reduce U-Th

+ Recent results suggest

Electroformed cups shown have wall cleaner than thought
thickness of only 250 pm!




Conclusions

+ Unprecedented confluence:

— Enrichment availability/Neutrino mass interest/
Underground facility development

+ High Density:
— Modest apparatus footprint, no special lab required

+ Low Risk:

— Proven technology/ Modular instrument / Relocatable

+ Experienced and Growing Collaboration
— long gptrack record, many technical resources

+ Neutrino mass sensitivity:
— potential for discovery
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