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Goal 
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Nuclear Physics Long Range Plan 2007 



MJD 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. 
 

 Searches for additional physics beyond the standard model. 
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Our Lab 

Sanford Underground Research Facility (SURF) 

Lead, SD (USA) 

4850 ft. (4300 mwe) underground 

Shaft access 
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Electroforming Lab 

 

6  



7  

Electroforming baths 

Electroforming lab 



Experiment Lab 
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Machine shop 

Experiment space 
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Our detector: P-type point contact HPGe 
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Our detector: Strings 



Our detectors: module 
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Our detectors: schedule 

 

Prototype Module (fall 2013):   

Commercial copper, 2 strings natGe  
Test mechanical design  

Test detector performance  

 

Cryostat 1 (late 2013):  

Electroformed copper, mix of enrGe and natGe  

 

Cryostat 2 (fall 2014):  

Electroformed copper, up to 7 strings enrGe  
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Our radiopurity requirements 

3 counts/ROI/t/y (after analysis cuts) 
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Our radiopurity requirements: front-end 
electronics 
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Our radiopurity requirements: electroformed 
copper 

0.1 uBq/Kg (goal was 0.3 uBq/Kg) 

Underground copper purification 

Optima grade acids 

Electrolyte continuously monitored for U/Th content 

Baths are in type 1000 cleanrooms or better 

Underground copper machining 

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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Our detector: passive shielding 
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Passive Shield 
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Our detector: active shielding 

Outer Polyethylene layer 

Nitrogen flush 

Muon veto panels 

20  



Our detector model 

Geant4 is the radiation modeling toolkit used by 
Majorana 

Background estimations   

Purity requirements (U/Th, 210Pb …) 

Cavern neutrons 

Muon spallation 

Background identification 
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Monte Carlo simulations already proven very useful to 
design and debug ultra-low background experiments 
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Modeling neutrons: previous work 
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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 

28.3 GeV electrons on 

target generating 

neutrons by 

photonuclear reaction 

from the induced 

Bremsstrahlung 

 

 



Planning a neutron transport validation 
experiment 
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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. 



Neutron transport validation experiment: The 
detector 
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• 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 



Experimental results: Background 
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Experimental results: Copper target 
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Experimental results: Lead target 
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Lead experimental result cont. 
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Validating neutron physics in Geant4: 
neutron production in different materials 

Kouzes et al. Cosmic-ray-induced ship-effect neutron measurements and implications for  

cargo scanning at borders,  

Nuclear Instruments and Methods in Physics Research Section A: Accelerators, 

Spectrometers, Detectors and Associated Equipment,  

Volume 587, Issue 1, 11 March 2008, Pages 89-100 

New experimental 

Old Experimental 

Geant4 Simulated 
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Conclusions 

MJD outfitted an underground lab for a rare event 
search (0nbb) 

Clean room 

Clean lead shield 

Electroforming and machining of copper underground 

Enriched germanium detectors are being built 
and deployed underground 

Prototype cryostat currently working as a 
debugging platform 

Cryo1 and Cryo2 on schedule 
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Thanks! 
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