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Mo-va-on/outline	
  
•  Spectrum	
  of	
  nucleons	
  is	
  needed	
  to	
  calculate	
  
inclusive	
  spectra	
  of	
  µ	
  and	
  ν	



•  Direct	
  measurements	
  of	
  p,	
  He	
  …	
  only	
  to	
  100	
  TeV	
  
•  Air	
  shower	
  spectrum	
  is	
  for	
  all	
  par-cles	
  
–  Sugges-ons	
  from	
  KASCADE	
  about	
  composi-on	
  

•  Combine	
  informa-on	
  and	
  make	
  a	
  working	
  model	
  
consistent	
  with	
  what	
  we	
  know	
  

•  Combine	
  with	
  new	
  informa-on	
  from	
  µ+/µ-­‐	
  

–  K/π	
  ra-o	
  is	
  especially	
  important	
  for	
  ν	


–  Seasonal	
  varia-on	
  of	
  TeV	
  muons	
  also	
  useful	
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Assump-ons	
  for	
  a	
  realis-c	
  toy	
  model	
  

•  5	
  nuclear	
  groups:	
  p,	
  He,	
  CNO,	
  Mg-­‐Si,	
  Fe	
  
•  3	
  popula-ons:	
  SNR,	
  Galac-c	
  B,	
  extra-­‐galac-c	
  
•  All	
  features	
  depend	
  on	
  rigidity,	
  R	
  =	
  Pc	
  /	
  Ze	
  
•  Requirements	
  

–  Consistency	
  with	
  air	
  shower	
  measurements	
  of	
  the	
  all-­‐
par-cle	
  spectrum	
  

–  Anchor	
  to	
  composi-on	
  from	
  direct	
  experiments	
  below	
  100	
  
TeV	
  

•  Goals	
  (long-­‐term)	
  
–  derive	
  spectrum	
  of	
  nucleons	
  	
  
–  Calculate	
  atmospheric	
  muons	
  and	
  neutrinos	
  to	
  PeV	
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CREAM	
  

	
  
	
  

PAMELA	
  



5-­‐component	
  model,	
  3	
  popula-ons	
  
Hillas	
  model:	
  SNR,	
  Galac-c	
  B,	
  extragalac-c	
  

All-­‐par-cle	
  spectrum	
  

Spectrum	
  of	
  nucleons	
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Polygonato,	
  Galac-c	
  only	
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Spectrum	
  of	
  nucleons	
  (GeV/A)	
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Muons	
  and	
  neutrinos	
  

Same	
  form	
  for	
  µ;	
  
Different	
  kinema-cs	
  
à	
  µ,	
  ν	
  differences	
  

Neutrinos	
   Muons	
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Muon	
  charge	
  ra-o	
  

•  Rise	
  due	
  to	
  increased	
  
importance	
  of	
  K	
  

•  Calculate	
  charges	
  
separately	
  

MINOS	
  	
  

OPERA	
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Follow	
  charges	
  

N	
  =	
  p	
  +	
  n	
  

Spectrum-­‐weighted	
  moment	
  reflects	
  
hadronic	
  physics	
  for	
  each	
  process	
  	
  
Example:	
  p	
  à	
  K+	
  +	
  Λ	
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MINOS	
  (OPERA	
  analysis	
  similar)	
  

Problem:	
  fK-­‐	
  ≠	
  1	
  –	
  fK+	
  	
  because	
  	
  	
  pà	
  K+	
  Λ	
  à	
  µ+	
  
has	
  no	
  corresponding	
  process	
  for	
  forward	
  K-­‐	
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3	
  fits	
  to	
  µ+/µ-­‐	
  ra-o:	
  

1.  	
  	
  
2.  	
  	
  δ0	
  energy-­‐dependent	
  from	
  fit	
  to	
  CREAM,	
  etc.	
  

3.  δ0	
  energy-­‐dependent	
  +	
  decrease	
  K+	
  

	
  =	
  	
  constant	
  	
  =	
  	
  0.76	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  δ0	
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Fijng	
  the	
  µ+/µ-­‐	
  ra-o	
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Seasonal	
  varia-ons	
  of	
  µ	
  in	
  IceCube	
  
and	
  K/π	
  ra-o	
  

	
  	
  
Drak	
  paper	
  almost	
  ready	
  for	
  distribu-on	
  

Paolo	
  Desia-,	
  TG,	
  Takao	
  Kuwabara	
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Correla-on	
  coefficient	
  relates	
  Rate	
  &	
  T	
  

Rate	
  (SMT8)	
   Temperature	
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Teff	
  

Produc-on	
  profile	
  
	
  of	
  muons	
  (and	
  νµ)	
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Theore-cal	
  α	
  depends	
  on	
  K/π	



See	
  Desia-	
  &	
  TKG	
  
PRL	
  105,	
  121102	
  (2010)	
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K/π	
  ra-o	
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IceCube	
  preliminary	
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For	
  the	
  future	
  
•  Measure	
  muon	
  energy	
  spectrum	
  to	
  PeV	
  
– Patrick	
  Berghaus	
  is	
  using	
  µ-­‐brems	
  to	
  get	
  φµ	



•  Look	
  for	
  charm	
  as	
  temperature-­‐independent	
  
component	
  

P.	
  Desia-	
  &	
  TG,	
  PRL	
  105	
  (2010)	
  121102	
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