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vOperating underground at 4850’ Sanford Underground Research Facility
vBest energy resolution of any 0νββ experiment (2.4 keV FWHM at 2039 keV). 
vBackground Goal in the 0νββ peak region of interest (4 keV at 2039 keV)

3 counts/ROI/t/y (after analysis cuts)  Assay U.L. currently ≤ 3.5

v44.1-kg of Ge detectors

§ 29.7 kg of 88% enriched 76Ge crystals

§ 14.4 kg of natGe

§ Detector Technology: P-type, point-contact.
v2 independent cryostats

§ ultra-clean, electroformed Cu

§ 22 kg of detectors per cryostat

§ naturally scalable
vCompact Shield

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

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.
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THE MAJORANA LOW-ENERGY PROGRAM

vLow Energy program is interested in analysis 
of events in the energy region 1 keV - 100 keV

vMAJORANA PPC HPGe detector advantages:

§ Sub-keV energy thresholds possible (< 500 eV)*

*(Data for results shown has 5 keV threshold)

§ Excellent energy resolution (< 250 eV) 

§ Ultra-low background components, including 
underground electroformed Cu

§ Reduced cosmogenic activation in our enriched 
detectors from exposure control
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Low-Mass Front-End

Detector Module

Detector Strings

Modules 1 & 2 in Pb and Cu shielding 



SUB-keV THRESHOLDS AND EXCELLENT 
ENERGY RESOLUTION
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REDUCING ENRICHED Ge COSMOGENIC 
ACTIVATION
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Data-taking began

One detector example: 𝐺𝑒#$ contamination



SIGNALS IN PPC HPGE DETECTORS
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1 mm
v “Surface” (Li layer) signals 

are from the fraction of 
charge that diffuses into 
the active region.

v Slow pulses are 
a significant 
background at 
energies below 
30 keV 1

1G. Giovanetti et al., Phys. Proc., 61, 77 (2015), ISSN
1875-3892.



ONGOING SEARCHES
vBosonic Dark Matter

vPauli Exclusion Principle Violation

vElectron decay: 𝑒 → 𝜈	𝜈( 	𝜈

vSolar Axions

vLight (< 	10𝐺𝑒𝑉/𝑐/) WIMP searches

vAnomalous peak 

vPeak at 10.6 keV

vPeak at 11.1 keV

vCharacteristic spectrum below 15 keV, 
peak at 14.4 keV from 𝑭𝒆𝟓𝟕 M1 
transition

vExcess below 2-2.5 keV

EXPECTED SIGNAL
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PHYSICS REACH AT LOW ENERGIES

Dark Matter Signature Solar Axion Spectrum in Ge
J. Redondo, arXiv:1310.0823 [hep-ph]



INITIAL DEMONSTRATOR DATA-SETS

8



SHIELD NOT COMPLETE DURING 
COMMISSIONING DATA-SETS 

v Inner 5 cm of underground 
electroformed Cu shield was not 
present

vAdditional shielding in the Cu cross-arm 
not present
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𝐹𝑒55 𝐺𝑒#$

𝑍𝑛#5

PREVIOUS BACKGROUND SPECTRUM
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PSEUDOSCALAR DARK MATTER LIMIT
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For a 11.8 keV
mass particle, we 
set a limit 

gAe < 4.5×10−13 

PRL 118 (2017) 161801
E. Armengaud et al. (EDELWEISS), JCAP, 2013, 067 (2013),  K. Abe et al. 
(XMASS), Phys. Rev. Lett., 113, 121301 387 (2014). , E. Aprile et al. 
(XENON100), Phys. Rev. D, 90, 062009 389 (2014). 



VECTOR DARK MATTER LIMIT
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For a 11.8 keV mass 
particle, we set a 
limit 

(αʹ/α) < 9.7×10−28 

PRL 118 (2017) 161801



OTHER LIMITS
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vSolar axion coupling (14.4 
keV 𝐹𝑒58 M1)
§ Low-mass limit.  90% UL.

§ 𝒈𝑨𝑵
𝑬𝒇𝒇×𝒈𝑨𝒆 < 𝟑. 𝟖	×	𝟏𝟎D𝟏𝟕)

vNon-Paulian transition 
in Ge: 
𝑎F𝑎G

H 	− 𝑞	𝑎G
H𝑎F = 	𝛿FG

𝑞 = −1 +	𝛽/

§ Unbinned likelihood analysis 
for peak at 10.6 keV

§ 𝟏
𝟐⁄ 	𝜷𝟐 < 𝟖. 𝟓	×	𝟏𝟎D𝟒𝟖 (90% 

CL UL) 

vElectron decay
§ Unbinned likelihood analysis for 

peak at 11.1 keV
𝑒 → 𝜈	𝜈(	𝜈

§ 𝝉𝒆 > 𝟏. 𝟐	×	𝟏𝟎𝟐𝟒	𝒚𝒓 (90% CL 
UL)

PRL 118 (2017) 161801



SUMMARY AND OUTLOOK

vExcellent energy resolution, Pulse Shape 
Analysis abilities, and low backgrounds 
allow the DEMONSTRATOR to achieve 
competitive limits for several rare-event 
searches

vShielding is now complete, exposure is 
accumulating, analysis techniques are 
becoming more powerful, and analysis 
thresholds are decreasing

vWe expect ~3x lower backgrounds and 
~75x more exposure
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