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Ra@onale	
  

•  A	
  downward	
  atmospheric	
  ν	
  will	
  be	
  excluded	
  
from	
  a	
  sample	
  of	
  neutrinos	
  
1.  If	
  the	
  neutrino	
  sample	
  selects	
  events	
  star@ng	
  

inside	
  a	
  fiducial	
  volume	
  and	
  
2.  If	
  the	
  neutrino	
  has	
  sufficiently	
  high	
  energy	
  and	
  

sufficiently	
  small	
  zenith	
  angle	
  so	
  that	
  a	
  muon	
  
from	
  the	
  same	
  event	
  will	
  enter	
  the	
  detector	
  in	
  
the	
  same	
  @me	
  window	
  as	
  the	
  neutrino	
  

•  Such	
  an	
  event	
  will	
  be	
  classified	
  as	
  an	
  
atmospheric	
  µ	
  and	
  rejected	
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1.  Veto	
  by	
  muon	
  produced	
  in	
  same	
  
decay	
  as	
  the	
  neutrino.	
  	
  	
  

•  Applies	
  to	
  muon	
  neutrinos	
  
•  Can	
  be	
  evaluated	
  analy@cally	
  

Two	
  cases	
   2.	
  Veto	
  by	
  an	
  unrelated	
  μ	
  
in	
  the	
  same	
  shower	
  
•  Applies	
  also	
  	
  to	
  νe	
  
•  Requires	
  Monte	
  Carlo	
  or	
  

numerical	
  integra@on	
  



1.	
  Analy@c	
  calcula@on	
  for	
  νµ	
  
•  Condi@onal	
  integra@on	
  of	
  ν 
produc@on	
  spectrum:	
  	
  

•  Gives	
  spectrum	
  of	
  ν 
accompanied	
  by	
  a	
  µ	
  where	
  
Emin	
  is	
  the	
  energy	
  required	
  
for	
  the	
  µ	
  to	
  reach	
  the	
  
detector	
  with	
  sufficient	
  
energy	
  to	
  be	
  detected	
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Schönert,	
  TG,	
  Resconi,	
  Schulz.	
  PR	
  D79	
  (2009)	
  043009	
  

φ
∗
ν(Eν) =

�
H(Eµ>Emin) Pν(Eν , X, θ)dX



2.	
  Full	
  Monte	
  Carlo	
  

•  A	
  full	
  Monte	
  Carlo	
  calcula@on	
  of	
  φν with	
  all	
  
muons,	
  including	
  correlated	
  
– 2	
  or	
  3	
  calcula@os	
  in	
  IceCube,	
  e.g.	
  K.	
  Jero,	
  J.	
  van	
  
Santen,	
  G.	
  Binder,	
  L.	
  Gerhardt	
  

•  Problem:	
  very	
  hard	
  to	
  produce	
  >100	
  TeV	
  ν	


– Mesons	
  do	
  not	
  like	
  to	
  decay	
  at	
  high	
  energy	
  
– Need	
  charm	
  produc@on	
  in	
  the	
  Monte	
  Carlo	
  

•  Use	
  a	
  numerical	
  approxima@on	
  to	
  check	
  and	
  
extrapolate	
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K± → νµ + µ



Full	
  MC	
  

•  Sta@s@cs	
  limited	
  at	
  
high	
  energy	
  

•  Future	
  possibility:	
  
– weighted	
  simula@on,	
  
while	
  preserving	
  
correla@ons	
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  Jakob van Santen -  IceCube Collaboration Meeting, Munich, October 2013

Vetoing down-going atmospheric neutrinos
7
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Atmospheric muons and 
neutrinos are produced in 
the same processes.

Sufficiently vertical/high-
energy atmospheric 
neutrinos come with 
accompanying muons!

Schönert et al, 
Phys. Rev. D, 

79:043009

Plots courtesy of K. Jero (UW-Madison)

1.5 km of ice

Wednesday, October 9, 13



2a.	
  Numerical	
  calcula@on	
  

•  Yields:	
  
– Use	
  analy@c	
  approxima@ons	
  (“Elbert	
  formula”)	
  

•  Response	
  (ν):	
  
•  Passing	
  rate:	
  	
  

•  Check	
  against	
  full	
  Monte	
  Carlo	
  and	
  
extrapolate	
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Yν(A,E0, Eν , θ) andYµ(A,E0, Eµ, θ)

R(A,E0, Eν , θ) = φA(E0) · Yν(A,E0, Eµ, θ)

Pν(Eν , θ) = ΣA

�
dE0 Rν(A,E0, Eν , θ) e−Yµ(A,E0,Emin,θ)



Compare	
  correlated/uncorrelated	
  

MANTS	
  15/10/2013	
   Tom	
  Gaisser	
   8	
  

10-6

10-5

10-4

10-3

10-2

10-1

100

103 104 105 106 107

Pa
ss

in
g 

fra
ct

io
n

E   (GeV)

Passing rate per !

solid: with !- ! correlation
dashed: without correlation

cos  = 0.15
cos  = 0.35
cos  = 0.55
cos  = 0.75
cos  = 0.95

Uncorrelated	
  
similar	
  	
  for	
  νe	
  



Comparison	
  with	
  full	
  MC	
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Dashed	
  lines:	
  full	
  MC;	
  	
  
Solid	
  lines:	
  numerical	
  calcula@on	
   Thanks	
  to	
  J.	
  van	
  Santen	
  



Self-­‐veto	
  in	
  point	
  source	
  search	
  

MANTS	
  15/10/2013	
   Tom	
  Gaisser	
   10	
  

Improves	
  sensi@vity	
  
For	
  high	
  energy	
  in	
  
Southern	
  sky	
  
Next	
  talk	
  by	
  J	
  Feintzeig	
  

IceCube	
  Collabora@on:	
  1307.6669v2	
  



Results	
  revisited	
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26	
  new	
  events	
  

The	
  PeV	
  events	
  
previously	
  reported	
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  shadow	
  –	
  neutrinos	
  suppressed	
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26	
  new	
  events	
  

The	
  PeV	
  events	
  
previously	
  reported	
  

Green	
  zone:	
  only	
  astrophysical	
  neutrinos	
  allowed	
  

Earth	
  shadow	
  –	
  neutrinos	
  suppressed	
  


