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The OvBP experimental signature
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The OvBP experimental signature

« oObservation implies

— neutrino is a Majorana
fermion

— lepton-number violation
— neutrino mass measurement
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The reality of a OvBp signal from 1 kg of 7°Ge,
Q-Value = 2039 keV
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The MAJORANA DEMONSTRATOR

« 40 kg array of high purity Ge PPC
detectors

« Up to 30 kg of detectors enriched in
7éGe

1. Demonstrate background levels of
3 counts/ROIl/tonne/year, low
enough to justify building a tonne-
scale experiment

2. Demonstrate feasibility of
constructing & fielding modular
arrays of Ge detectors.

3. Test the Klapdor-Kleingrothaus claim
of OvBP signal *

4. Search for light WIMPs

*H. V. Klapdor-Kleingrothaus and I. V. Krivosheina, Mod. Phys. Lett. A21, 1547 (2006).



The MAJORANA DEMONSTRATOR

plastic scinfillator poly shield
muon veto

lead shield

outer
commercial
copper shield

inner
electroformed
copper shield




P-Type Point-Contact (PPC) Detectors

coaxial detector ppcC detector



P-Type Point-Contact (PPC) Detectors

- dllow mulfiple site scattering event discrimination
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P-Type Point-Contact (PPC) Detectors

- dllow mulfiple site scattering event discrimination
« simple, relatively cheap, and easy to handle

added benefits from sub-keV thresholds :

« dallow rejection of events from cosmogenically produced ¢Ge, a
background to OvBp.

« extends physics reach of the DEMONSTRATOR

F ~ 1 n+ T S| nt

coaxial detector ppcC detector



The DEMONSTRATOR construction schedule

Construction of the DEMONSTRATOR will proceed in three stages. m enrGe n natGe
Prototype Cryostat* Cryostat 1 Cryostat 2
winter 2012 fall 2013 fall 2014

*The Prototype Cryostat components will be built from OFHC copper.
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Sanford Underground Research Facility

Sanford Underground Research Facility 6
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MALBEK

MAJORANA Low-Background BEGe Detector at KURF

« 450g Canberra modified Broad
Energy Ge (BEGe) detector with
ultra low-background components

« small point contact size (4.0 mm)

« opfimized larger ditch diameter
(30.15 mm)

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

MAJORANA Low-Background BEGe Detector at KURF

| 30 inches I
| | Goals

« Aspect ratio study

« Test MJD-like DAQ

« Examine backgrounds over a
broad energy range, including
surface events

« Validate the MJD background

modern lead
ancient lead
cryostat

Ge crystal

model
LN dewar « Test the Dark Matter sensitivity of
support MJD

frame




MALBEK

MAJORANA Low-Background BEGe Detector at KURF
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KURF over the years

2006




Orca ’Sﬁ

Object-oriented Real-time Control and Acquisition

« fully encapsulated objects represent hardware, dato-
readout tasks, data analysis and control modules.

« usage: KATRIN, SNO NCDs, MAJORANA, CENPA, UW
Radiology, LANL, LBNL, LENA at TUNL, nTPC

 OrcaROOT provides ROOT support and interface
« written in Objective-C for Mac OS§-X

« created by Mark Howe and John Wilkerson

« see orca.physics.unc.edu

M.A. Howe, et al., IEEE Transactions on Nuclear Science 51, 878 (2004)

Graham K. Giovanetti 21
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MALBEK as a tool to study “slow pulses”
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Wavelet PSA
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Wavelet PSA

Energy (keV)
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from P. Finnerty thesis

W, =A/E?

10

SLOW

10!

PRI IS S S S NN TR SR TR SR SN ST S S S NS T S S S

\]Lllllllllllllllll

2 3 4 5 6
Energy (keV)

25



an inadvertent slow pulse source

the MALBEK detector lead shims
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an inadvertent slow pulse source

Energy (keV) Energy (keV)
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the effect of slow pulses

With Lead Shims (30.23 d) No Lead Shims (30.17 d)

1I- T | T T T T | T T | T T T T | T T | T T | T T | 71 I_
o 140 —
o] I §

"o 120 -
X [ 68Ge §
> 1001~ \, —
= Il ]
2 80 210Pp
C i _|
o 60 [ -
o I §

40(; -

20 -

0 | l“'hﬂ'h“ AN
0 40 45 50

Energy (keV)

28



Height (mm)

Signal (arb.)

A slow pulse model
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Big first step towards understanding
physical mechanism responsible for
slow-signals in PPC detectors.
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GEANT4 geometry

scintillator

polyethylene shield

GEANT4 model

from A. Schubert thesis

i 30inches |

modern lead
ancient lead
cryostat

| Ge crystal

LN dewar

support frame

I

engineering drawing 3]



GEANT4 geomeh'y from A. Schubert thesis

| 6 cm (2.4 inches) |

germanium crystal
lead

copper

teflon (white)
brass

tin solder
resistors
beryllium copper
nickel silver

cross section
of the cryostat
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model validation from A. Schubert thesis

60Co: integral count rate agrees 133Ba: integral count rate agrees
wuthln 2% between 5 and 3000 keV within 3% between 5 and 400 keV
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iNnifial simulation results from A. Schubert thesis
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possible lead sources from A. Schubert thess

ancient lead shims
(< 1.3 x 102Bq/kg)

ultra-low-background

brass pins and tin solder

connectors
(< 4% lead)

inner shielding:
ancient lead bricks
(< 1.3 x 102Bq/kg)
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background model fit

from A. Schubert thesis

.....................................................................................

Counts/ 10 keV

e ORCA/Struck data

Fit Result

232-Th Lower Chain (224-Ra -- 208-Pb) in GermaniumNat
232-Th Lower Chain (224-Ra -- 208-Pb) in StainlessSteel304
232-Th Lower Chain (224-Ra - 208-Pb) in Teflon

232-Th Upper Chain (232-Th - 224-Ra) in StainlessSteel304
232-Th Upper Chain (232-Th — 224-Ra) in Zeolite

238-U Lower Chain | (226-Ra -- 210-Pb) in MoxtekFET

238-U Lower Chain | {226-Ra - 210-Pb) in StainlessSteel30d
238-U Lower Chain Il (210-Pb -« 206-Pb) in Brass

238-U Lower Chain Il (210-Pb -- 206-Pb) in LeadAin

238-U Lower Chain Il (210-Pb -- 206-Pb) in LeadMod

238-U Lower Chain Il (210-Pb -- 206-Pb) in RnExposureOutsideCryostat
238-U Upper Chain {238-U -- 226-Ra) in Brass

238-U Upper Chain {238-U - 226-Ra) in CopperOFHC

238-U Upper Chain (238-U -- 226-Ra) in GermaniumNat

3-H in GermaniumNat

40-K in Brass

56-Co in CopperOFHC

60-Co in GermaniumNat

60-Co in NickelSilver

65-Zn in GermaniumNat

68-Ge in GermaniumNat

76-Ge 2vBB In GermaniumNat

Cosmogenic muons in KURFExperimentalHall

x?/DOF =97.2/ 114

............. P-value = 0.87

2500
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Dark Matter detection with PPCs

expec’red WIMP spec’rro

WIMP Mass: 5 GeV
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We are investigating what's required to make the MAJORANA DEMONSTRATOR
sensitive to a WIMP signal.

+eclectronic noise
+digitizers

+efficiencies .



Extracting Spin-Independent WIMP Limits

from P. Finnerty thesis

. Maximum Likelihood & - - =
(ML) based exclusion 2 — Total PDF ]
limits (90% CL). o ot -

. Treat backgrounds as s ’ - -
nuisance pQrOmeTerS ° = 2

F‘ A" =

Description Functional Form ! \ E

Flat background Bac}cgr'ou}bzaigl; =C impomms 5 B ' {» { { * —-

Exponential background® f..,(E) = exp (c1E) » f 1

65Zn L-capture v line fzn,(E) = ﬁﬂexp (_%ﬁ) IIII = "' 0 “ .g. T .‘l'. ' IH. | '

6571Ge Lrcapture 7 line fge, (E) = — - exp (— o ’) ’ ! 13 2 25 3 33 !
Signal PDF Components ’ Energy (keV)
WIMP signal fw(E) = (%{) (dE, ) F2 Have not corrected for slow-
R ;ro}flpfi; was performed both with and without the exponential signq| leakage. Limits will be
| conservative.

W. A. Rolke, A. M. Lopez, and J. Conrad, “Limits and confidence intervals in the presence of nuisance parameters,” Nucl. Inst. & Meth. A
551 no. 2 -3, (2005) 493 - 503.
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MALBEK Spin-Independent WIMP Limits
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MALBEK modulation results

counts in the 10.4 keV peak

« determine the initial activities D ]
71 48 48 x? I ndf 32.03/51 |
of the "1Ge, 8Ge, ®Ga, and 140 Jeb ooaze |
652n K ||nes ge71_activity 147.4+9.2 |
120 ge68_activity 20.89+ 1.00 ]
» strip the Llines based on the L © 100 =
to K ratio and correct for S r -
. . O gol— |
detector live time = F :
= B i
: : o O ]
« perform a simple analysis o [ :
binning in fime and energy 40— —
and perform chi square fits of o ; { :
the following functions - e T
B 1 I 1 1 1 1 I 1 1 1 1 l l*‘l 1 1 l 1 1 1 ‘l?%@fl%ﬂl 1
O0 50 100 150 200 250

days since Nov. 15

--------- flat distribution

modulation with fixed period, floating phase, floating flat rate,
and floating modulating fraction

----- CoGeNT best fit with floating flat rate



counts / 30 days
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p-value

7.3/9
0.61

7.5/9
0.59

9.6/8
0.29

31/9
3E-4

modulation

osc. frac 2% + 10%
X2/NDF 7.2/7
p-value 0.40

osc. frac 5%+ 4%
X2/NDF 6.1/7

p value 0.54
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future work

MALBEK is still taking data
we are currently working with 224 day dataset
incremental improvements to the DAQ and calibration

systems



