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Neutrinoless Double-Beta Decay

e Neutrino mass requires BSM physics OvpB
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76Ge Double-Beta Decay Searches

Advantages of Ge

J. Detwiler

Intrinsic high-purity Ge
detectors = source

Excellent energy
resolution: approaching
0.1% at 2039 keV

Demonstrated ability to
enrich from 7.44% to
>87%

Powerful background
rejection: multiplicity,
timing, pulse-shape
discrimination

MAJORANA

Compact configuration:
Vacuum cryostats in a
passive graded shield
with ultra-clean materials

GERDA

Direct immersion
in active LAr shield

LEGEND

Combine best techniques
of MAJORANA and GERDA
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The MAJORANA DEMONSTRATOR

Funded by DOE Office of Nuclear Physics, NSF Particle Astrophysics, NSF Nuclear Physics
with additional contributions from international collaborators.

Goals: - Demonstrate backgrounds low enough to justify building a tonne scale experiment.
- Establish feasibility to construct & field modular arrays of Ge detectors.
- Searches for additional physics beyond the standard model.

Operating underground at 4850’ Sanford Underground Research Facility

Background goal in the OvBB peak after analysis cuts: 2.5 counts/(FWHM t y)
Projected backgrounds based on assay results: < 2.2 counts(FWHM t y)

44.1-kg of Ge detectors
- 29.7 kg of 87% enriched 76Ge crystals

Radon Veto Poly
- 14.4 kg of natGe Panels Shield
- Detector Technology: P-type, point-contact. T ———————ii«
2 independent cryostats
- ultra-clean, electroformed Cu Cu
- 22 kg of detectors per cryostat Sl
- naturally scalable Outer
Compact Shield Cu
Shield SHH R ==
- low-background passive Cu and Pb riiiig

shield with active muon veto
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AMETEK (ORTEC) fabricated enriched detectors.
35 Enriched detectors at SURF 29.7 kg, 88% 76Ce.
20 kg of modified natural-Ge BEGe (Canberra)
detectors in hand (33 detectors UG).

PFA + fine Cu
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| All detector assembly performed in
- |N, purged gloveboxes.

~ | All detectors’ dimensions recorded
| by optical reader.
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Module Assembly

Module 1 array in glovebox Cable management...
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Module and Shield Details

Calibration
System Thermosyphon Upper Veto  Poly Shield

\ .

/ S > Air Bearing Transport

Preamps/HV Vacuum System
Distribution
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228Th Calibration & Simulation
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Energy Performance
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Multi-Site Rejection

e Slow drift + sharply peaked weighting
potential near point contact gives step-
like response for each interaction site

e Max current (A) varies almost linearly
with E for single-site events

e Reject events with anomalously low
“AvsE”
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* Tune cuts to retain 90% single-site events (OvPP and DEP are single-site)

* Compton continuum near Qgg reduced by factor >2

e Other gamma lines reduced by a factor of 10-20

11l
o
& ® K © b <

(%) @oueidasoy

(o
O
—
O
3
>
a4
b
i
%
2
s

| 1

1 . 1
T___T___T___T__tr___T___T___T+
o o 9 9 9o 9 o o

—

217849
v6062vd
g6062vd
vellevd
g€682vd
/8¥84
99184
9684
420984
g6v.cvd
6584
9/684
18789
v8v./evd
a8v.levd
65184
V.€Sevd
8299¢vd
av/Sevd
2884
Vve99evd
vv.Sevd
Ov/.Sevd
V199¢vd
89/.6¢vd
6984
G984
€984
0.¥84
GG¥84
v€.LGerd
g8¢escid
Vv869¢vd
Vv§99¢vd
V¥99¢vd
v8€eserd
0199¢vd
VvS§.S2evd

o

Detector ID

12

J. Detwiler



Alpha Rejection: Delayed Charge Recovery

* Alpha background with degraded energies observed, likely from
210Pb-supported 219Po on teflon bushings

« Charge trapped at passivated surface, slowly released into bulk
« Produces a distinctive waveform allowing a high-efficiency cut (99%)

Example pole-zero- Alphas have a positive slope
corrected waveforms (“DCR”) in this region
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Alpha Rejection: Delayed Charge Recovery

* Alpha background with degraded energies observed, likely from
210Pb-supported 219Po on teflon bushings

« Charge trapped at passivated surface, slowly released into bulk
« Produces a distinctive waveform allowing a high-efficiency cut (99%)

——  Calibration events, 1-2.6 MeV

Counts (arb)
]

B ——— Background events, 950-1950 keV
0.08 ——— Background events, E > 1950 keV
I | DCR cut (99%)
0.06
0.04
002}
¥ | s lg [ |1 | | |
—(9 005 0 0.005 0.01 0.015 0.02

DCR (ADC/ns)

J. Detwiler 14



Data Sets and Duty Cycles

- Physics--Open
- Physics--Blind
- Disruptive Activities
- Calibrations
DSO DS1 DS2

- Downtime
DS3
M1 Commissioning M1 Inner Shield M1 Multisampling Module 1

No Inner Shield Dec. 31, 2015—May 24, 2016  May 24—July 14, 2016 M1 & M2 Together in-shield

June 26—O0ct. 7, 2015 Aug. 25—Sept. 27, 2016

DS4 DS5a DS5b DS5c¢ DS6 (ongoing)

Module 2 Module 1&2 M1& M2 Optimized Grounding, Module 1&2 M1 & M2 with Multisampling

M1 & M2 Together in-shield Integrated DAQ (high noise) 10 kg-yr Analysis Cutoff Blindness Implemented May 11, 2017 —present

Aug. 25—Sept. 27,2016 Oct. 13, 2016—Jan. 27,2017 Jan.27—Mar. 17, 2017 Mar. 17—May 11, 2017
<
These results
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Data Sets and Backgrounds

e DSO0: no inner copper shield

e DS5a: high electronic noise after DAQ integration until shield completed
and proper grounding paths established — degraded PSA

e DS1-4, 5b used to estimate achieved background level

e All DS’s effectively BG-free for OV search: will use all for limit-setting

Data cleaning and p veto applied

2B, o — DSO + DS5a
> -

C ) 60Co — DS1-4, 5b

?\9/ | ‘lh'\l‘

é 10 - 40K

i

208T]

o’s

2vBp

L o

1000 2000 3000 4000 5000 6000
Energy (keV)

(=)

J. Detwiler 16



Exposure for First Results

Data Start Hardware Active Enriched Open Exposure
Set Date Distinction Mass (kg) (kg-y)
DSO  June 26, 2015 No Inner Cu Shield 10.6940.16 1.26+0.02
DS1 Dec. 31, 2015 Inner Shield added 11.9040.17 1.8340.03
DS2 May 24, 2016 Multisampling 11.31+0.16 0.2940.01
DS3  Aug. 25, 2016 M1 and M2 installed 12.6340.19 1.01+0.01
DS4 Aug. 25, 2016 M1 and M2 installed 5.47+0.08 0.2840.00
DS5a Oct. 13, 2016 M1, M2 integrated DAQ  18.4440.26 3.45+0.05
DS5b Jan. 27, 2017 Construction Complete 18.444-0.26 1.8540.03
Total 9.9740.22

Total (DS1-4,5b) 5.26£0.17
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360 keV Background Window

e Simulated background PDFs, relative scaling based on assay results
e Flat between 1950 keV and 2350 keV

* Remove £5 keV around Qgg and prominent Y lines

* Use counts in this window to estimate background level at Qgg

Simulated Background near Qgg (no cuts)
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L ow-Background Data: DS1-4,5b

 Active Exposure: 5.29 kg y (enrGe)
« Background after cuts: 3 counts in 360 keV window
« Background rate: 4.03:@ c/(FWHM ty), 1.6ﬂ:8 c/(keV ty)
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Low-energy spectrum (DSO only)

e Controlled surface exposure of enriched material: significant reduction of
cosmogenics in the low-energy region. Factor of a few better in DS1+.

e Tritium is obvious and dominates in natural detectors below 20 keV.
e Efficiency below 5 keV is under study.

counts / kg / d/ keV
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Low-Energy Searches for
Physics Beyond SM

Pseudoscalar dark matter
Vector dark matter
14.4-keV solar axion

e - 3v

Pauli Exclusion Principle
violation

Phys. Rev. Lett. 118, 161801 (2017).



Low-energy spectrum (DSO only)

e Controlled surface exposure of enriched material: significant reduction of
cosmogenics in the low-energy region. Factor of a few better in DS1+.

e Tritium is obvious and dominates in natural detectors below 20 keV.
e Efficiency below 5 keV is under study.

Natural 4.1 kg Enriched 10.06 kg: 478 kg d
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Summary and Outlook

e MAJORANA DEMONSTRATOR construction complete, now stably taking

data. Have achieved record energy resolution at Qgg and excellent PSA
performance.

* First OVBP results to appear on arXiv soon based on 10 kg-yr exposure.
Achieved background level is consistent with our original goal and with
GERDA's record low BG.

e Low background + low threshold allows for broad physics program,
many analyses in preparation — stay tuned!
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