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Our goals
Our lab

Our detector
Our radiopurity reguirements
Our detector model
Conclusions




Fundamental Symmetries and Neutrinos

e What is the nature of the neutrinos, what are their

masses, and how have they shaped the evolution of
the universe?

e Why is there now more visible matter than antimat-
ter in the universe?

Nuclear Physics Long Range Plan 2007
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» 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.

» Searches for additional physics beyond the standard model.
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» Sanford Underground Research Facility (SURF)

» Lead, SD (USA)

A2NN mw

» 4850 ft. ('-rouu MW

» Shaft access

LONGSECTION OF THE HOMESTAKE MINE
LEAD, SOUTH DAKOTA
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4850L Ross Campus Davis Campus
Electrical (~1000 m)
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Electroforming lab

Electroforming baths
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4850L Davis Campus: 2,732 m? (Total) / 927 m? (Science)

LUX Lab/Davis Cavern
MAJORANA Lab/Transition 18m (L) x 11m (W) x 13m (H)

Ross Shaft 43m (L) x 16m (W) x 5m (H) Cryogen Storage
(~1000 m) ,

) A e
Y Y i,
L, //",’ A J p ,'//’/ - Jé’
New Access Tunnel Y Y
2 ew ACCess unne W e o, ¥ ™ o
: o, A TR
,_"_%// /t/.‘ / & . ‘.
e __\‘-'_\-,."'

o5

. A L A .
&7 (~100 m to Davis Cavern) S\ Nl & A\ 7
&7 %y, 72 Bt 2 Y
7 7 \_w‘,“{t\\\\\ \-‘,\}{: (e %
& 7 / ., y \'5.\3““ ‘E‘:Q ';'/.;* {‘-{ 7

Ty, Ay, Water N7 %

gy, iy, / P N7 AX

e, Ay, Purification N7 2%

Generator " T &\ N 7K

2

%\
N

RN

A
A

- -, A 2 A //
2440 //}/?/2{/%//: s ffﬂ?// ;/f///, o0 #

2 % S
i, *
¥ h } rl
o // A
e ’a e L7, A
FFL s T e ’/‘“” “
../f
f’f
.,
v
//' "
i
g
¢
O
L
'/'f

A
/
| _ 7 Yates Shaft
Electrical Substation, /}'/

Cryogen Storage
Chiller -

“,
7

#
”

' 50 m ! -

L
Pacific Northwest
MNATIONAL LABORATORY



Machine shop
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m Prototype Module (fall 2013):

o Commercial copper, 2 strings naGe
¢ Test mechanical design
¢ Test detector performance

m Cryostat 1 (late 2013):
o Electroformed copper, mix of enrGe and natGe

m Cryostat 2 (fall 2014):
o Electroformed copper, up to 7 strings en'Ge

o
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» 3 counts/ROIl/tly (after analysis cuts)

MID OvBp ROI background goals [c¢/ROI/t/y]
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» 0.1 uBg/Kg (goal was 0.3 uBqg/Kg)

» Underground copper purification
m Optima grade acids
m Electrolyte continuously monitored for U/Th content
m Baths are in type 1000 cleanrooms or better

» Underground copper machining

m All the components if the inner detector shield, cryostat and string
are made underground

» Last copper etching is done right by the glovebox so it
can be under nitrogen environment within minutes

» We still have to take above ground to do the welding
(needs to be addressed for the 1 ton-experiment)-
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» Outer Polyethylene layer
» Nitrogen flush
» Muon veto panels

1!




» Geant4 is the radiation modeling toolkit used by
Majorana

m Background estimations
e Purity requirements (U/Th, 21%Pb ...)
o Cavern neutrons
e Muon spallation

m Background identification

-
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Counts /10 keV
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Background model fit of R&D Detector (MALBEK)

GEANT4 simulations to determine efficiencies for
contamination to deposit energy in our detectors

50k CPU hours

8k+ runs, 40+ contaminants, 56 components, 21
materials
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ORCA/Struck data

Fit Result

232-Th Lower Chain (224-Ra - 208-Pb) in GermaniumMNat
232-Th Lower Chain (224-Ra - 208-Pb) in StainlessSteel3d
232-Th Lower Chain (224-Ra — 208-PDb) 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 StainlessStesl304
238-U Lower Chain Il {210-Pb -- 206-Fb) in Brass

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

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

238-U Lower Chain Il {210-Pb - 206-Pb) in RnExposureQutsideCryostat
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 GermaniumMat

40-K in Brass

56-Co in CopperOFHC

60-Co in GermaniumMNat

60-Co in NickelSilver

635-Zn in GermaniumNat

68-Ge in GermaniumMat

76-Ge 2vBB in GermaniumNat

Cosmogenic muons in KURFExperimentalHall

2000
Energy [keV]

x2/ DOF = 97.2/ 114
P-value = 0.87
——
A.Schubert, P
] Univ.Washington, .~
2500 Dissertation 2012
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28.3 GeV electrons on
target generating 10° Lo
neutrons by

photonuclear reaction
from the induced
Bremsstrahlung

. & Moasuremant (124 = 4)
10 BT e * Rewaightad G4 (119 2 15)

Nautron Yield (electron™)

0 200 400 600 800 1000
Shield Width (glem?)

M. Marino et al. “Validation of spallation neutron production and propagation
within Geant4”
Nuclear Instruments and Methods in Physics Research A 582 (2007) 611-620
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The theory: High energy (>20 MeV) cosmic neutrons induce spallation
events in target material. Probing neutron transport in different target
materials by measuring neutron induced multiplicity in the different
materials. Validate Monte-Carlo simulation by comparing results for same
target geometry for simulation and for experiment.

The detector: A high efficiency thermal neutron detector with a cavity to
house a 1 ft x 1ft x 1ft target volume. A DAQ capable of recording up to 50
counts with no dead time between events (Deep event memory) and time
stamping capabilities (10 ns accuracy). Analysis software capable of
handling different time windows to count multiplicity (this is to study neutron
die away time in the detector, so there is no cross contamination among
different cosmic events)

The simulation: 1 ft x 1ft x 1ft target volume. Application tracks every
neutron coming out of the target volume. Multiplicity logged for each event.
Several different sea-level cosmic neutron parameterizations used to
account for inaccurate knowledge of their spectrum.



« 12 3He tubes at 4 atm. surrounded by polyethylene.
 Preamps TTL output or-ed together to single signal line
 DAQ: SIS 3302 100 MHz FADC
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Experimental >Poisson scaled rate
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» MJD outfitted an underground lab for a rare event
search (Ovpp)

m Clean room
m Clean lead shield
m Electroforming and machining of copper underground

» Enriched germanium detectors are being built
and deployed underground

» Prototype cryostat currently working as a
debugging platform

» Cryol and CryW
~7

__—
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