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¶ICARUS  has been 
successfully  exposed to  
CNGS beam from  Oct . 1st  
2010 to  Dec. 3rd  2012. 

¶8. 6 1019 protons  on target  
have been collected  with  a 
remarkable  detector  live 
time  > 93 %.  

¶Data taking  has been 
conducted  in parallel  with  
cosmic rays to  study  
atmospheric  n and p-decay 
(0.73 kton  year) . 

 
 

¸ Three  new results  will  be briefly  described : 

üNew, improved search for  anomalous LNSD-like  ne events  in CNGS. 

üDetermination  of  muon momentum by multiple  scattering . 

üNew LAr  purification  methods  and improvements  of  the  electron   lifetime . 
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Search for anomalous LSND-like ne events in CNGS 

¸ There  are differences  w.r .t . LSND exp. 

   -  L/En å 1 m/MeV  at  LSND, but    

       L/En  å 36.5 m/MeV  at  CNGS 

    -  LSND -like  short  distance  oscill . signal   

       averages to  sin2(1.27Dm2
new L /E)  ~1/ 2     

       and  <P>nmŸne ~ 1/ 2 sin2(2qnew) 

¸  When compared to  other  long baseline 
results  (MINOS  and T2K) ICARUS  
operates  in a L/En region in which 
contributions  from  standard  n oscillations  
[mostly  sin(q13)] are not  yet  too  relevant . 

¸ Unique detection  properties  of  LAr -TPC 
technique  allow to  identify  unambiguously 
individual  e-events  with  high efficiency . 

¸ The CNGS facility  delivered  an almost  pure nm beam in  10-30 GeV En   
range (beam associated  ne ~1%) at  a distance  L=732  km from  target . 
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Selection of  ne events 

¶The Electron signature  requires:  
üA charged track from primary vertex, m.i.p. on 8 wires, subsequently 

building up into a shower; very dense sampling: every 0.02 X 0; 
üIsolation (150 mrad) from other ionizing tracks near the vertex in at 

least one of the TPC views.  

¶Electron efficiency has been studied with events from a MC (FLUKA) 
reproducing in every detail the  signals from wire planes:                            

h=0.74± 0.05 ( 0.65± 0.06 for intrinsic ne ôs due to the harder spectrum). 

¶ne CC event candidates are visually 
selected with vertex inside fiducial 
volume (for shower id.) : > 5 cm from 
TPC walls and 50 cm downstream.  

¶Energy selection: <30 GeV 

ü 50% reduction on intrinsic beam ne 

üonly 15% signal events rejected  
ne MC event 

Search for ne events in CNGS beam 

¶nm CC events identified by  L > 2.5 m long 
track without  hadronic interactions  
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Ȃ 

Ek = 685 ±  25 MeV 

Ek = 102 ±  10 MeV 

Collection  

m ó = 127  19 MeV/c² 
ɗ = 28.0  2.5º 

p ó = 912  26 MeV/c 

p0 reconstruction:  

1 m.i.p.  

2 m.i.p.  

1 m.i.p.  

2 m.i.p.  

ÅMC: single electrons (Compton)  
ÅMC: e+ eð pairs (g conversions) 
Ådata: EM cascades (from p0 decays) 

MC 

e/g separation and p0 reconstruction in ICARUS 

Mgg: 
133.8± 4.4(stat) ± 4(syst) MeV/c 2 

Unique feature of LAr to distinguish  e from g and reconstruct p0 

Č Estimated bkg. from p0 in NC and nɛ CC: negligible  

Sub-GeV E range  
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ICARUS results: upgrade of the data sample 

¸ New statistics  w.r .t . the  previously  published result  in Eur. Phys. J . 
C73:2599  (2013) and based on 1995 n interactions  (6.0 1019 pot) .  

¸ An additional  sample of  455  n interactions,  corresponding  to  1.2 1019 
pot   the  analysis presented  here  refers  to  2450  n events  and 7.23 
1019 pot  out  of  the  fully  collected  statistics  of  8.6 1019 pot .  

¸ Expected  number of  ne events : 
ü 7.0 ±  0.9 due to  the  intrinsic  ne beam contamination . 
ü 2.9 ±  0.7 due to  q13 oscillations,  sin2(q13) = 0.0242  ±  0.0026 . 
ü 1.6 ±  0.1 from  nm Ÿ nt oscillations  with  subsequent e production  

¸ Total  number of  expected  events : 11.5 ±  1.2. 
¸ The expected  number of  electron  events,  taking  into  account the  

detection  efficiency : 7.9 ±  1.0 (systematics  only). 
¸ 2 additional  electron  neutrino  events  identified :  now 6 ne events .   
¸ In  all the  six  electron  neutrino  identified  events  the  single electron  

shower is opposite  to  hadronic  component in the  transverse  plane. 
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The new ICARUS result with 2450 n interactions  

¸ Event with  a clear  electron  signature  found  in the  sample of  2450  n 
interactions  (7.23 1019 pot) . 

¸ The evolution  of  the  actual  dE/dx  from  a single track  to  an e.m. shower 
for  the  electron  shower is clearly  apparent  from  individual  wires .  

 

Single M.I.P  
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Event n. 6 

Event with a clearly identified electron signature  
 

Pion inelastic 
scattering with 
hadronic activity  
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ICARUS result on the search of the LSND-anomaly 

¸ 6 ne events have been observed in 
agreement with the expectations  7.9 
±  1.0 due to the conventional sources 
(the probability to observe Ò6 ne 

events is ~33%).  

¸Weighting for the efficiency, 
ICARUS limits on the number of 
events due to LSND anomaly are:    
5.2 (90 % C.L.) and 10.3 (99 % C.L.).  

¸ These provide the limits on the 
oscillation probability:  

üP(nm�:ne)Ò3.85 x 10
-3 (90 % C.L.) 

üP(nm�:ne)Ò7.60 x 10
-3 (99 % C.L.) 
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ICARUS result strongly limits the window of parameters for the 
LSND anomaly to a narrow region (Dm2 å 0.5 eV2, sin22q å 0.005)  
for which there is an overall agreement  of experiments.  
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