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Mo9va9ons	
  
•  Incorporate	
  all	
  characterized	
  Homestake	
  background	
  
data	
  which	
  will	
  be	
  shared	
  with	
  all	
  experiments.	
  
–  Homestake	
  external	
  muon,	
  gamma,	
  neutron,	
  radon	
  background	
  and	
  

rock	
  composi9on	
  have	
  been	
  measured	
  at	
  	
  various	
  level	
  of	
  depth.	
  
–  Various	
  geometry	
  modules	
  can	
  be	
  developed	
  to	
  share	
  the	
  results.	
  	
  

•  Dedicated	
  physics	
  focusing	
  on	
  low	
  energy	
  region.	
  
–  Rich	
  and	
  selectable	
  physical	
  models	
  and	
  processes.	
  	
  
–  Evaluated	
  physics	
  process	
  and	
  database	
  for	
  all	
  relevant	
  materials.	
  
–  Add	
  low	
  energy	
  atomic	
  and	
  solid	
  state	
  physics	
  into	
  Geant4.	
  

•  Retrievable	
  output	
  results	
  for	
  valida9on.	
  
–  Detailed	
  historic	
  and	
  event	
  informa9on.	
  
–  For	
  verifica9on	
  purpose,	
  retrieve	
  tracking	
  informa9on	
  for	
  any	
  

interested	
  event,	
  step	
  by	
  step.	
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Flow	
  Chart	
  of	
  AARMSim	
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Package	
  Status	
  

•  Package	
  takes	
  Geant4.9.4	
  as	
  its	
  working	
  base.	
  
•  The	
  basic	
  structures	
  are	
  finished	
  and	
  
ini9alized	
  to	
  SVN	
  repository(
hWp://svn.csci.usd.edu/AARM).	
  

•  The	
  package	
  is	
  divided	
  to	
  six	
  sub-­‐systems	
  for	
  
group	
  development.	
  It	
  will	
  be	
  released	
  for	
  
public	
  using	
  early	
  next	
  year.	
  	
  

•  Detailed	
  database	
  for	
  Davis	
  Cavern	
  is	
  under	
  
construc9on.	
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Database	
  for	
  Backgrounds	
  	
  

5	
  

•  Two	
  important	
  backgrounds:	
  
ü Cosmogenic:	
  	
  

Ø 	
  cosmic-­‐ray	
  muons	
  
Ø 	
  spalla9on	
  neutrons	
  &	
  gamma-­‐ray	
  

ü Radiogenic:	
  	
  
Ø 	
  (a,	
  n)	
  neutrons	
  
Ø 	
  radioac9ve	
  gamma-­‐ray	
  
Ø 	
  radon	
  

	
  
	
  



Mountain	
  Profile	
  of	
  Homestake	
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4850a	
  level	
  of	
  Homestake	
  
Table 1
The component and compositon of Homestake rock sample is listed in the table.
Neutron yield induced by (α, n) reaction from 238U and 232Th radioactivity are also
given. Neutrons with energy greater than 0.1MeV are collected.

Rock Component Composition

(Sample 278-2) (% weight)

SiO2 43.7

T iO2 1.22

Al2O3 13.6

FeO 12.7

MnO 0.13

MgO 7.0

CaO 7.9

Na2O 2.87

K2O 0.21

P2O5 0.07

H2O 10.7

232Th(α, n) Yield 0.34/g/ppm/y

238U(α, n) Yield 0.86/g/ppm/y

2.2 (α, n) Reactions Induced Neutron

The decay of 238U , 232Th and their daughter products will produce MeV α
particles as well as gamma rays. The contamination from 238U and 232Th
induce the neutron production through (α, n) reaction in the rocks.

The thick target yield (α, n) interaction for an α-particle projectile was cal-
culated using an equation generated by Heaton et al.[2] as below:

Yi =
∫ R

0
niσi(E)dx =

NA

Ai

∫ E0

0

σi(E)

Sm
i (E)

dE, (1)

where R refers to a range of the α-particle in the materials. ni is the number of
atoms per unit volume of element i, and σi is the microscopic (α, n) reaction
cross-section for an α-particle with the energy E and E0 stands for the initial
energy. Sm

i is the mass stopping power of element i, Ai is the atomic mass of
element i and NA is Avogadro’s number.

In the case of an α-decay chain in secular equilibrium in a particular host

3
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Muon	
  flux	
  at	
  4850-­‐level	
  of	
  Homestake	
  

Ø The	
  nearly	
  ver9cal	
  cosmic	
  ray	
  muon	
  flux	
  was	
  measured	
  at	
  surface,	
  
800a,	
  2000a	
  level	
  of	
  Homestake	
  mine	
  (NIMA	
  638(2011)63-­‐66).	
  	
  

Ø The	
  muon	
  flux	
  at	
  4850a	
  and	
  7400a	
  level	
  are	
  predicted	
  using	
  the	
  
depth-­‐intensity-­‐rela9on	
  in	
  Ref	
  PRD	
  73(2006)05304	
  and	
  calibrated	
  
to	
  measured	
  results	
  at	
  800a	
  and	
  2000a	
  level.	
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Simula9on	
  effort	
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Muon	
  flux	
  at	
  4850-­‐level(MUSUN)	
  



Muon	
  Flux	
  at	
  4850-­‐level(Geant4)	
  

•  Rock	
  sample	
  from	
  Davis	
  cavern.	
  
•  20m*20m*20m	
  cavern	
  with	
  7m	
  rock	
  coverage.	
  
•  Input	
  muon	
  spectrum	
  from	
  MUSUN-­‐DUSEL-­‐4850(6.46e-­‐9cm-­‐2s-­‐1).	
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Neutron	
  Flux	
  at	
  4850-­‐level(Geant4)	
  

•  Total	
  muon	
  flux	
  6.46e-­‐9cm-­‐2s-­‐1.	
  
•  Total	
  neutron	
  flux	
  1.65e-­‐10cm-­‐2s-­‐1(G4.9.4p02).	
  
•  Total	
  neutron	
  flux	
  1.89e-­‐10cm-­‐2s-­‐1(G4.9.5beta).	
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Comparison	
  with	
  Mei&Hime	
  Predic9on	
  

•  MUSUN+G4:	
  muon	
  flux	
  6.46e-­‐9cm-­‐2s-­‐1;	
  neutron	
  flux	
  1.65e-­‐10cm-­‐2s-­‐1.	
  
•  Mei&Hime	
  :	
  muon	
  flux	
  4.4e-­‐9cm-­‐2s-­‐1;	
  neutron	
  flux	
  5.39e-­‐10cm-­‐2s-­‐1.	
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Radioac9ve	
  Gamma-­‐ray	
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(a,	
  n)	
  neutrons	
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Radon	
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Summary	
  

•  An	
  Integrated	
  simula9on	
  package	
  is	
  under	
  
construc9on	
  to	
  serve	
  the	
  coming	
  experiments	
  in	
  
Homestake	
  mine.	
  Focusing	
  on	
  low	
  energy	
  physics,	
  
the	
  processes	
  and	
  the	
  associated	
  database	
  will	
  be	
  
validated	
  element	
  by	
  element.	
  	
  

•  External	
  backgrounds	
  for	
  the	
  mine	
  have	
  been	
  
collected.	
  A	
  dedicated	
  database	
  for	
  Davis	
  cavern	
  will	
  
be	
  completed	
  and	
  serving	
  the	
  community.	
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