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The MAJORANA DEMONSTRATOR

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

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.

* Located underground at 4850’ Sanford Underground Research Facility

» Background Goal in the ovf peak region of interest (4 keV at 2039 keV)
3 counts/ROI/t/y (after analysis cuts) Assay U.L. currently < 3.5
scales to 1 count/ROI/t/y for a tonne experiment

* 44.1-kg of Ge detectors

029.7 kg of 88% enriched 7°Ge crystals Radon Veto Poly
0 14.4 kg of "Ge Enclosure Panels Shield

o Detector Technology: P-type, point-contact. T N S EE—
» 2 independent cryostats
o ultra-clean, electroformed Cu
o 22 kg of detectors per cryostat
o naturally scalable
» Compact Shield

o low-background passive Cu and Pb
shield with active muon veto
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Construction Status

» Both modules are assembled, in shield, and taking data
» Blind data taking has commenced

Module 1: 16.9 kg (20) *'Ge a% agﬁ May—Oct. 2015,
5.6 kg (9) "a'Ge %g %Eﬂ% Final Installations,
& Dec. 2015 ongoing
Module 2: 12.9 kg (15) ®@Ge e 1 e ]
A e 5| g :
8.8 kg (14) ratGe He e s Mid 2016
@%@%m@%




Counts/keV/kg/day

The 75Ge enriched point contact detectors developed by Majorana
Have lzitt\z}%ned the best energy resolution of any 3-decay experiment (2.4 keV FWHM at
2039 ke
Provided excellent pulse shape discrimination based reduction of backgrounds
Have sub-keV energy thresholds and excellent resolution at low energies, allowing the
DEMONSTRATOR to perform sensitive tests in this region for physics beyond the standard
model (see PRL 118, 161801)
The DEMONSTRATOR’s initial backgrounds and the GERDA Phase I backgrounds are the lowest
backgrounds in the region of interest (ROI) achieved to date of all current or previous ovf3[3
experiments by an order of magnitude.

DS3 & DS4 (Enriched - High Gain) ° EX : 1. =
. posure: 1.39 kg yr .
»  After cuts, 1 count in the 400 keV window
M1 + M2 (Al cuts, 1937 kg-days) centered at 2039 keV (OVﬁB peak)

*  Projected background rate is 5.1*%9_, , ¢/(ROI-t-
yr) for a 2.9 keV (M1-DS3) and 2.6 keV (M2-DS4)
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ROI (68% CL).
Q-Value «  Background index of 1.8 x 1073 ¢/(keV-kg-yr)
107 *  Analysis cuts are still being optimized
i » Through mid-May, have 10x more exposure in
M | ] hand. Analysis is in progress
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counts / kg / d/ keV

Initial Results from Both Modules in-shield
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The 7°Ge enriched point contact detectors developed by Majorana

Have laztta%ned the best energy resolution of any 3-decay experiment (2.4 keV FWHM at
2039 keV

Provided excellent pulse shape discrimination based reduction of backgrounds

Have sub-keV energy thresholds and excellent resolution at low energies, allowing the
DEMONSTRATOR to perform sensitive tests in this region for physics beyond the standard
model (see PRL 118, 161801)

The DEMONSTRATOR’s initial backgrounds and the GERDA Phase I backgrounds are the lowest
backgrounds in the region of interest (ROI) achieved to date of all current or previous ovf3[3
experiments by an order of magnitude.
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Recent Results
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» Recently published results (PRL 118, 161801) :

Pseudoscalar and vector dark matter

Arxiv: 1612.00886
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Electron Decay
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Construction completed
Taking blind data!
Have some early results
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Data Sets and Duty cycles

DSO0 DS1 (days) DS2 (days) DS3 (days) DS4 (days) DS5 (days)

(days) Module 1 Module 1 Module 1 Module 2 Module 1 & 2
Module1  Dec. 31,2015  May 24 — July 14, Aug. 25, - Aug. 25, - Oct. 13, 2016
June 26, — - 2016 Sept. 27,2016 Sept. 27, 2016 — ongoing*
Oct.7,  May 24,2016
2015
Total 103.15 144.50 50.97 32.37 32.36 147.68
Total
rocuired 87.93 136.98 50.47 31.73 25.80 137.42
s o 4770 0T es2+sose 2001 23.69 119.38
High radorll] ~ 11.76 7.32 - - - -
Disruptive * * *
Disuptve [l % 13 10 34.43+592* 241 +7.03 0.63 0.93 15.68
Calibratio®  15.44 7.32 0.65 118 117 2.36
Down time 15.21 7.51 0.50 0.64 6.56 10.25
" blind data “Values up to War. 10, ZU17.
DS4 DSS
Commzsszomn Modules 1 and 2 Module 1 & 2
9> inner shleld Together in-shield Integrated

no inner shield Multi- sampllng i | i



Vector Dark Matter Limit
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Background Budget

©

Background Rate (c/ROI-t-y)
0 0.2 0.4 0.6 0.8

Electroformed Cu
OFHC Cu Shielding
Pb shielding

Cables / Connectors
Front Ends

Ge (U/Th)

Plastics + other
Ge-68, Co-60 (enrGe)
Co-60 (Cu)
Externaly, (a,n)

0.63

0.60

Rn, surface a
Ge, Cu, Pb (n, n'y)

Ge(n,n) 0.17 u p-induced

Ge(n,y) . neutrinos

direct p + other
Total: <3.5 ¢/ROI-t-y

v backgrounds

0.10 u Natural Radioactivity
i Cosmogenic Activation
0.21 = External, Environmental




Modular Cryostat and Shield

Keyed mating surface




MAJORANA Detectors
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Cosmogenic Activation

16
» Cosmic rays can cause R B.White
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Signal Generation
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» Electron-hole pairs
created

» Under influence of
applied field, the charges \
drift towards contacts Ny

» Motion of charges
induces current into
electrodes

Weighting Potential
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Height (mm)
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» P-type: Easier to
fabricate and handle
» Low capacitance
<10 pF
» Long drift times
~Us, not ns

» Low energy threshold




