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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.
- Searches for additional physics beyond the standard model.

» Located underground at 4850° Sanford Underground Research Facility

» Background Goal in the Ov3[3 peak region of interest (4 keV at 2039 keV)
3 counts/ROI/tly (after analysis cuts) Assay U.L. currently < 4.1
scales to 1 count/ROI/t/y for a tonne experiment
* 40-kg of Ge detectors
— 30 kg of 87% enriched "°Ge crystals
— 10 kg of "tGe Radon Veto
— Detector Technology: P-type, point-contact. Enclosure Panels Shield
* 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

Poly
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MALB E K (MAJORANA Low-background BEGe Experiment at KURF)

e MALBEK is a 450-g R&D modified BEGe /ﬂf"—*lsud
detector, mounted in a low-background 5 TR o
cryostat. \ ;\‘k' .

* Similar design as CoGeNT, R&D for Ny} n
MAJORANA

* MALBEK is operating since 2010 at KURF é

(1450 m.w.e.), located in Ripplemead, VA.
Goals:

— Systematically characterize spectrum.

— R&D low-energy triggering and DAQ (low-energy
pulses difficult to distinguish from noise).

— R&D PSA in low-energy region
— Background model verification

— Dark Matter search
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Low-E Background Reduction Critical
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Initial Data showed large contamination
of 219Pb near crystal
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Monte Carlo suggests lead shims

Inner lead shield
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Removed Pb shims — big improvement
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slow surface events
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Sample Pulses with mis-reconstructed 10-90 risetimes

Voltage (arb.)
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a qualitative slow pulse diffusion model
D.C. Radford and P. Finnerty

25
_ W= 4
E I b
E 5 -
= 15 = 1
= [T 1
@ T 1
T e -
5
n_&n 1]
Radius (mm) *
B . e A PRI
4 T ]
:'!, B Calculated Signal, t = 219 ns, t,, = 413 ns _
w I
2 i
h%‘ - ( =084 mm, ¢, =150 5,1, =671 ns
M_ —
d=0.76m,tm‘m=21lﬂls,tm=999m
0.6 -
- d-ﬂﬁm.tmm-Mmtu-IMZM i
IM_— d=058 mm,t _ =2580ns 1, =1651ns |
0-2_ d=ﬂ.ﬂ8m,tw‘m=mu,tw=m§9m a
0 AT PPTTE RS P PR PR ST P PR
0 100 2000 3000 4000 5000 000 T000 000 9000
Time (ns)
7/1/14

Jw

Electric Field (Viem)

8 WEsEs
c
8
10* ;
§
I.|
b
Y
108 '!q‘=
Fiitbsharity
N il i dal o
AT
o lo Iml m I4ol 1 Iml 1 1 Iml 1
Energy (keV)

Big first step towards understanding
physical mechanism responsible for
slow-signals in PPC detectors.

Energy-degraded surface events

mimic WIMP signal
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210pp near crystal illuminates transition region =
Significant contamination at low-E

W (arb.)
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Can we determine slow/fast distributions directly and independently below 1keV?
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Fast pulse acceptance calibrated with pulser
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Slow pulse distributions

5000 ‘ 241Am Source Data (59.5 keV 7)
’T _II-“-‘.lllllllllll-lll'lllllIIIIIJIII'III
o) - B " - - - - . o
= 5000— :
s » 10?
H -
o -
2 4000
3000— 10
2000
1000 1
e e i T, e e ] B W
) R RPN EFPIFIN FEFIVE PSP EIPRFIN IRPIF IR B
2 4 6 8 10 12 14 16 18 20
Energy (keV) Enerav (keV)
50007\I LI | LI | LI T T I: ’T ||.|I.|||I||-|I|||I|||I|-||
- B o M - -
- ] = -
: 8 e - “SIDE. :
E o E 5 ST . 2
4000£- = s e T 10
s 3 2 4000 My
3500f=- 3 e Bk
i
3000 & 3000
10
2000
1000 ;
0 Lo o by by v b b b o b n b w a by
2 4 6 8 10 12 14 16 18 20

12

Energy (keV)
Energy (keV)

Difficult to determine. Depends on source energy and location
Studies ongoing
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Can implement different analysis philosophies(1)
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Constant cut reduces slow pulses at
expense of fast pulse uncertainty

B e L lines (no Pb) v 1.6 - 3.6 keV (with Pb)
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90% confidence limits
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MAJORANA Projected Dark Matter Sensitivity
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Conclusions

 There are significant uncertainties in the risetime vs
energy distributions for surface and bulk events

— Depends on location in crystal
— Depends on origin outside of crystal and initial energy

— Detectors require detailed characterization, background
simulations, and microphysics modeling to determine
distributions independently of data.

e Using production data to determine PDFs introduces
correlations between signal and background and

difficult-to-quantify systematic uncertainties.
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