A Dark Matter Search with MALBEK
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The MAJORANA DEMONSTRATOR

Funded by DOE Office of Nuclear Physics and NSF Particle Astrophysics,
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.
- Test Klapdor-Kleingrothaus claim
- Search for additional physics beyond the standard model

Located underground at 4850’ Sanford Underground Research Facility
Background Goal in the Ovpf peak region of interest (4 keV at 2039 keV)

- 3 counts/ROI/t/y (after analysis cuts)

- scales fo 1 count/RQOI/t]y for a tonne experiment

40-kg of Ge detectors

- 30 kg of 86% enriched 7¢Ge crystals
- 10 kg of @iGe |
- Detector Technology: P-type, point-contact.
2 independent cryostats

- ultra-clean, electroformed Cu
- 20 kg of detectors per cryostat
- naturally scalable

Compact Shield

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




MALBEK

MAJORANA Low-Background BEGe Detector at KURF

Goals
« Perform a search for light WIMP Dark
Matter and test the sensitivity of MJD

 Study backgrounds over a wide
energy range, including surface
events

 Validate the MJD background model
- Detector geometry optimization study
» Test MJD-like DAQ




MALBEK

MAJORANA Low-Background BEGe Detector at KURF

| 30 inches

« 450 g Canberra modified Broad
Energy Ge (BEGe) detector with ultro
low-background components
provided by J.I. Collar

« housed in shield at 1450 m.w.e. at the
Kimballton Underground Research
Faclility (KURF) in Ripplemead, VA

modern lead
ancient lead
cryostat

Ge crystal

LN dewar

support
frame
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MAVLBEK data sets

start date | end date | live time | exposure |Pb shims

11-03-08 | 11-08-16 | 108.81 d | 44.00kg-d | yes |MuiplebAS

configurations

used for DM
search

11-11-15 | 12-08-29 | 221.49 d | 89.53 kg-d gl

Detector fiducial mass*: 404 £ 15 g

determined by comparing measured '33Ba peak ratios to simulation

* A. G. Schubert, PhD Thesis, Univ. of Washington, 2012.
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O-tfype point contact detectors

Luke ef al., IEEE frans. Nucl. Sci. 36, 926(1989); P. S. Barbeau, J. I. Collar, and O. Tench, J. Cosm. Asfro. Phys. 0709 (2007)
R. J. Cooper et al.,, NIM A, 629 (2011)

» dllow multiple-site scattering event discrimination
* simple, relatively cheap, and easy to handle
« added benefits from sub-keV thresholds:

- adllow rejection of events from cosmogenically
produced °8Ge, a background to Ovf.
« extends physics reach of the DEMONSTRATOR
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slow surface events
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active volume

B n+ deadlayer

fransifion region — partial
charge collection
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wavelet PSA to identity slow signals

from P. S. Finnerty, PhD Thesis, UNC - Chapel Hill.
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wavelet PSA to identity slow signals

from P. S. Finnerty, PhD Thesis, UNC - Chapel Hill.
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initial data showed a significant ?1°Pb peak
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an inadvertent slow pulse source
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an inadvertent slow pulse source

with lead shims
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241 Am flood measurement
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Height (mm)

Signal (arb.)

a qualitative slow pulse diffusion model
D.C. Radford and P. Finnerty
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Big first step towards understanding
physical mechanism responsible for
slow-signals in PPC detectors.

P. S. Finnerty, PhD Thesis, UNC - Chapel Hill.



Wpar VS energy for 221 days of data

S0—6Ge | this cut results in an unknown slow |oL|JIseI
i i contribution in the signal region

2
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B 99% fast event acceptance curve determined from pulser dato
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an alternative: constant Wpar CUt

241 Am flood data
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counts vs wpgar for 24! Am dato

v 1.6-3.6 keV

® 0.6-0.9keV

® 9Ge and %Zn L counts from 221 d dataset
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counts vs wpar for P data
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counts vs Wpgrfor 221 day dataset
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Wpar VS energy for 221 days of data
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221 day spectrum after constant

Wpar = 25 cUt and efficiency correction
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90% exclusions from 221 day dataset

fit components:

- flat background

«  %7n L-capture line

« 6871Ge L-capture line

« exponential background*

N
A

Counts keV'kg'd™
N
o

«  WIMP signal h

*the exponential is only included in fits 10

of the spectrum generated with the

99% cut >
0

?0% confidence limits extracted using
profile-likelihood method suggested by
Rolke et al.

W.A. Rolke et al., NIM A, 551, (2005).
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8.0 GeV WIMP best fit for 99% cut spectrum
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90% exclusions from 221 day dataset
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MAJORANA DEMONSTRATOR outlook

- MJD may have
sensifivity to WIMP
nuclear recoills if

* we reach our target
background goals

- and achieve a low
energy threshold

* projected sensitivity
assumes 0.001
counts/keV/kg/day
contfinuum and 15
days of 3H activation
time*

WIMP-nucleon 6, (cm®)
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*simulation performed by M.G. Marino, PhD Diss., Univ. of Washington (2010)
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summary

significant background in
PPC detecftors at low
energies

« MALBEK sees no evidence
of a WIMP signal

* OUr work towards
understanding systematic
effects in PPC detectors,
particularly near the
detector threshold, is
ongoing

* slow events can be @ /\

30






searching for modulation in e flat |
the data with 99% cut 7 Ixedannualperioc

— fixed period and phase

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

40F —
best fit modulating % | p-value : «\»
flat : 0.72 ol .
fixed period 2.8% 0.52 25 1 ]
& fixed phase 1.5% 0.63 2 :
1° 0.6-09 keV 7
1-05—'”]””l””“'”“”"””I'-f
flat - 0.80 h B i,
fixed period /% 0.79 5 E
& fixed phase 0.0% 0.71 o ]
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Q
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fat ) 0.02 o Slowevents
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_— . . T esaswy
no significant evidence of modulation but 0 50 00 50 200 250 300

not incompatible with CoGeNT 32 days since Nov. 15, 2011



an inadvertent slow pulse source

with lead shims
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SBa dead layer measurement

~ooooo] ORCA ratio with error MAGE/GEANT4 ratios

] Bestfit thickness with error Quadratic curve

0.48 _- .............. .//. ...... .. ........................ ........................ ........................
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Simulated dead layer thickness [mm]

0.933 £ 0.018 stat. £ 0.092 sys. mm
* A. G. Schubert, PhD Thesis, Univ. of Washington, 2012.
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a qualitative slow pulse diffusion model
D.C. Radford and P. Finnerty
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P. S. Finnerty, PhD Thesis, UNC - Chapel Hill.
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detector response to WIMP recoll

103 = .............. \ ....... —_— WIMP Mass: 5 Gev
o N N R R WIMP Mass: 10 GeV
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M.G. Marino, PhD Diss., Univ. of Washington (2010)
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systemartic errors

source estimate

fiducial mass error 3.83%

NoN-Poisson noise

conftribution <0.57% of counfs

threshold drift ~6.8 eV
fast event <0.3%
acceptance

slow event rejection
error

unknown

P. S. Finnerty, PhD Thesis, UNC - Chapel Hill.
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table of systematics

Source Estimate Comments
Fiducial mass error 3.83% See Section 6.1.2 [122], negligi-
ble /ignored.

Non-Poisson process contribution

Threshold drift

SSC acceptance efficiency error

SSC rejection efficiency error

< 0.57% of counts

~6.8 eV

< 0.3%

Unknown

Less than or equal to the error in
the count rate in 0.6 —1.0 keV af-
ter LN2 cut, negligible/ignored.

Estimated from shifts in pulser
mean (Section 5.4.1), negligi-
ble/ignored.

Based on statistics from pulser
efficiency runs, negligible/ig-
nored.

Attempts were made to quantify
this, see Section 6.5.
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MJD construction schedule

Construction of the DEMONSTRATOR is proceeding in three stages. m enGe m natGe

Prototype Cryostat* Cryostat 1 Cryostat 2

summer 2013 early 2014 late 2014

*The Prototype Cryostat components are built from OFHC copper.
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