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THE MAJORANA DEMONSTRATOR
Operating underground at the 4850’ Sanford Underground Research Facility

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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N. Abgrall et al. (Majorana Collaboration), 
Advances in High Energy Physics, 2014, 1 (2014).

v Energy resolution of 2.5 keV FWHM @ 2039 keV is the best of any ββ-decay experiment

v Background Goal in the 0νββ peak after analysis cuts with the achieved resolution: 2.5 
counts/(FWHM t yr)

§ Projected backgrounds based on assay results ≤ 2.2 counts/(FWHM t yr)

v 44.1-kg of Ge detectors

§ 29.7 kg of 88% enriched 76Ge crystals

§ 14.4 kg of natGe

§ Detector Technology: P-type, point-contact.

v 2 independent cryostats

§ Ultra-clean, electroformed Cu

§ 22 kg of detectors per cryostat

§ Naturally scalable

v Compact Shield

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

Funded by DOE Office of Nuclear Physics, NSF Particle 
Astrophysics, NSF Nuclear Physics with additional contributions 

from international collaborators.



BACKGROUND SPECTRUM
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Data Cleaning and Muon Veto

All Cuts
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Spectrum above 100 keV with lowest background configuration data-sets

First 0!"" result 
accepted to PRL; 
arXiv:1710.11608v1

Lower limit on the half-life: 
#$/&'( > $. + ×$'&- yr
(90% CL)

Median sensitivity for 
exclusion: #$/&'( >
&. $ ×$'&- yr (90% CL)



THE MAJORANA LOW-ENERGY PROGRAM

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

vMAJORANA PPC HPGe detector advantages:

§ Sub-keV trigger thresholds possible 

§ Excellent energy resolution (< 250 eV) 

§ Ultra-low background components, including 
underground electroformed Cu

§ Reduced cosmogenic activation in our enriched 
detectors from surface 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 activation

Sophisticated parts-tracking database: Nucl. Instr. and Methods A 779 (2015) 52—62



SIGNALS IN PPC HPGe DETECTORS

7

1 mm

ZOOM

v “Surface” (Li layer) signals 
are from the fraction of 
charge that diffuses into 
the active region.

v Slow pulses are 
energy-degraded 
events

v Slow pulses are 
a significant 
background at 
energies below 
30 keV 1,2

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

2C. E. Aalseth et al. (CoGeNT Collab.) 
Phys. Rev. D 88, 012002, 2013.



ONGOING SEARCHES
vBosonic Dark Matter

vPauli Exclusion Principle Violation

vElectron decay: ! → #$# #
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 ./01 M1 
transition

vExcess below 2-2.5 keV

EXPECTED SIGNAL
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PHYSICS REACH AT LOW ENERGIES

Bosonic Dark Matter Signature



MAJORANA BACKGROUND SPECTRUM
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Open Data
Dec. 2015 – March 2017
Enriched (4106 kg-d)

Commissioning Data
June – Oct. 2015 
Natural (dashed) (195 kg-d)
Enriched (solid) (478 kg-d)

Previous result (blue curves): 
PRL 118 (2017) 161801

Tritium



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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PSEUDOSCALAR DARK MATTER SENSITIVITY 
PROJECTION
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Previous result (red curve): 
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). 

(12208 kg-d includes blind data)



VECTOR DARK MATTER SENSITIVITY 
PROJECTION
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Previous result (red curve): 
PRL 118 (2017) 161801

(12208 kg-d includes blind data)



WIMP SENSITIVITY PROJECTION
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ELECTRONIC RECOIL SIGNATURES OF WIMP-
NUCLEAR SCATTERING

vMigdal Effect

§ Takes into account that the electrons take time to catch up with the nucleus after a 
nuclear recoil

§ May result in additional ionizations and excitations compared to just the pure nuclear 
recoil

vBremsstrahlung emission

§ Possibility of bremsstrahlung gamma emission do to the deceleration of the nucleus in 
the detector medium after a nuclear recoil 

§ Expect this to be sub-dominant compared to the Migdal effect

vSensitivity studies for these effects are underway
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Because we do not discriminate between nuclear and electronic recoils, we 
are able to take advantage of electronic signatures due to nuclear recoils

Migdal Effect in direct dark 
matter detection: 
arXiv:1707.07258v1 

Bremsstrahlung emission:
Phys.Rev.Lett. 118 (2017) no.3, 
031803



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

vOngoing work to reduce analysis 
thresholds and explore effects such as 
Migdal and bremsstrahlung emission in 
order to extend sensitivity to lower-mass 
WIMPs
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BACKUP SLIDES
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DATA-SETS AND DUTY CYCLES
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Spectrum above 100 keV with all data-sets

First 0!"" result accepted to PRL; 
arXiv:1710.11608v1



Alpha Backgrounds

T. Caldwell TAUP, July 2017 13

l Energy degraded alpha background observed in early data sets
l Charge from these events drifts along the surface rather than through the bulk
l Results in a distinctive delayed charge recovery (DCR) signal which is used to 

efficiently cut alpha events based on the slope past the rising edge
l Measurements taken and being analyzed from a DEMONSTRATOR detector in the TUBE 

alpha scanner at Technical University of Munich to better understand the source and 
response of surface alphas
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PROJECTED WIMP SENSITIVITY INCLUDING 
BLIND EXPOSURE
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PROJECTED WIMP SENSITIVITY INCLUDING 
BLIND EXPOSURE



VECTOR DARK MATTER SENSITIVITY 
PROJECTION
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Previous result:
PRL 118 (2017) 161801
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SOLAR AXION SPECTRUM IN Ge

26Idea from J. Redondo, 
arXiv:1310.0823 [hep-ph]

https://arxiv.org/abs/1310.0823
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