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Recent	
  Results	
  

•  Radically	
  New	
  Radia9on	
  Environment,	
  
Implica9ons	
  for	
  Human	
  Explora9on	
  

•  Lunar	
  Subsurface	
  Charging	
  and	
  Dielectric	
  
Breakdown	
  –	
  Implica9ons	
  for	
  Regolith	
  

•  New	
  Insights	
  on	
  Energe9c	
  Par9cle	
  
Albedo	
  Protons	
  –	
  Hotspots	
  and	
  possible	
  
Implica<ons	
  for	
  Surface	
  Hydrated	
  Layer	
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We're in the process of discovering how this might affect the albedo in PSRs. 
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H2O	
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  +	
  O	
  

Observed	
  amount	
  of	
  H2	
  wrt	
  H2O	
  molecules	
  in	
  
LCROSS	
  impact:	
  8%	
  (+10%/-­‐4%)	
  

Ader	
  1	
  billion	
  years,	
  GCR	
  and	
  SEP	
  radiolysis	
  
likely	
  accounts	
  for	
  10-­‐100%	
  of	
  observed	
  H2	
  

Work	
  mo9vated	
  by	
  comment	
  from	
  Mike	
  Wargo!!	
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Beam	
  runs	
  with	
  CRaTER	
  and	
  Simula.ons	
  
confirm	
  nuclear	
  evapora.on	
  concept	
  	
  

Suppression	
  of	
  Radia9on	
  Albedo	
  from	
  H-­‐rich	
  
material	
  

Suppression	
  of	
  	
  
albedo	
  

Geant	
  Simula9ons	
  by	
  Mark	
  Looper	
  

Predic.ons	
  for	
  nuclear	
  evapora.on/forward	
  scaKering	
  
•  Higher	
  Average	
  Nucleon	
  Mass	
  (density)	
  leads	
  to	
  increased	
  proton	
  albedo	
  

•  Presence	
  of	
  H	
  in	
  regolith	
  should	
  decrease	
  proton	
  albedo!	
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Possible	
  composi.on	
  dependence	
  of	
  
albedo	
  sources	
  

(Wilson	
  et	
  al.,	
  2013,	
  work	
  in	
  progress)	
  
See	
  Wilson	
  et	
  al.,	
  Poster	
  #	
  
…	
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  Lower	
  Avg	
  
Atomic	
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Maria:	
  Higher	
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Atomic	
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(enriched	
  Iron,	
  Ti	
  ..	
  )	
  





Possible	
  Albedo	
  Proton	
  
Signature	
  of	
  

Hydrated	
  Lunar	
  Surface	
  
Layer	
  

The	
  la9tude	
  trend	
  in	
  the	
  proton	
  
albedo	
  suggests	
  a	
  1-­‐10	
  cm	
  layer	
  of	
  
hydrated	
  regolith	
  that	
  is	
  more	
  
prevalent	
  near	
  the	
  poles	
  
[Schwadron	
  et	
  al.,	
  submimed]	
  

Note:	
  
Large	
  
Flux	
  of	
  
Albedo	
  
neutrons	
  



Hydrated	
  Surface	
  Layer	
  -­‐	
  Proper9es	
  

Modeled	
  H	
  in	
  cold	
  traps	
  200-­‐4000	
  ppm,	
  Teodoro	
  et	
  al.,	
  GRL,	
  37,	
  L12201,	
  2010	
  

Fp’	
  Proton	
  	
  
Flux	
  from	
  	
  
Top	
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Fn	
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Frac9onal	
  Excess	
   Column	
  density	
  in	
  upper	
  layer	
  

d	
  ~	
  20	
  cm	
  à	
  H	
  200	
  ppm	
  by	
  weight	
  	
  

d	
  ~	
  2	
  cm	
  à	
  H	
  2000	
  ppm	
  by	
  weight	
  	
  



Dose	
  and	
  Dose	
  Rate	
  Es.mates	
  
ADer	
  Spence	
  et	
  al.,	
  2013	
  

•  Use	
  validated	
  GEANT4	
  model	
  of	
  CRaTER	
  response	
  to	
  primary	
  GCR	
  and	
  lunar	
  
secondaries	
  to	
  assess	
  contribu.ons	
  by	
  species	
  

•  Secondary	
  albedo	
  par.cles	
  account	
  for	
  ~10%	
  of	
  absorbed	
  dose	
  rate	
  



LRO/CRaTER	
  Summary	
  
•  Deepest	
  Solar	
  Minimum	
  and	
  Weakest	
  Maximum	
  
more	
  than	
  80	
  years	
  
–  Increased	
  GCR	
  radia9on	
  intensity	
  in	
  solar	
  minima	
  
–  Lower	
  probability	
  of	
  SEP	
  events	
  à	
  Enabler	
  for	
  launching	
  missions	
  
near	
  solar	
  maxima	
  

•  Radia9on	
  Effects	
  on	
  the	
  Moon	
  
–  Chemical	
  modifica9on	
  of	
  Lunar	
  Regolith	
  
– Deep	
  dielectric	
  charging	
  à	
  grain	
  fragmenta9on	
  in	
  PSRs	
  
and	
  changes	
  in	
  regolith	
  porosity	
  

•  Proton	
  (Radia9on)	
  Albedo	
  
–  Evidence	
  of	
  nuclear	
  evapora9on	
  (Maria	
  vs.	
  Highlands)	
  
–  Possible	
  evidence	
  of	
  Hydrated	
  surface	
  layer	
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breakdown 


