
Some recent results from the ICARUS experiment  

ICHEP 2014   
Valencia,  2- 9 July  2014  

A. Menegolli  
University and INFN 
Pavia (Italy)  
 
On behalf of the 
ICARUS Collaboration  



The ICARUS Collaboration 

Slide#  : 2 

M. Antonello a,  B. Baibussinovb, P. Benetti c, F. Boffelli c, A. Bubakk, E. Calligarich c, 
S. Centro b, A. Cesanaf , K. Cieslikg, D. B. Clineh, A.G. Coccod, A. Dabrowskag, 

A. Dermenevi, R. Dolfini c, A. Falconec, C. Farneseb, A. Favab, A. Ferrari j , G. Fiorillo d, 
D. Gibinb, S. Gninenkoi, A. Guglielmib, M. Haranczyk g, J.  Holeczek k, M. Kirsanov i, 

J.  Kisielk, I.  Kochanekk, J.  Lagodal, S. Maniak, A. Menegolli c, G. Mengb, C. Montanari c, 
S. Otwinowski h, P. Picchim, F. Pietropaolo b, P. Plonskin, A. Rappoldic, G.L. Rasellic, 

M. Rossellac, C. Rubbiaa,j,p, P. Salaf , A. Scaramelli f , E. Segreto a, F. Sergiampietri o, 
D. Stefan f , R. Sulej l, M. Szarska g, M. Terrani f , M. Torti c, F. Varaninib, S. Ventura b, 

C. Vignolia, H. Wangh, X. Yangh, A. Zalewskag, A. Zani c, K. Zaremba n. 
a Laboratori Nazionali del Gran Sasso dell'INFN, Assergi (AQ), Italy  
b Dipartimento di Fisica e Astronomia  e INFN, Università di Padova, Via Marzolo 8, I -35131 Padova, Italy  
c Dipartimento di Fisica Nucleare e Teorica e INFN, Università di Pavia, Via Bassi 6, I -27100 Pavia, Italy  
d Dipartimento di Scienze Fisiche, INFN e Università Federico II, Napoli, Italy  
e Dipartimento di Fisica, Università di L'Aquila, via Vetoio Località Coppito, I -67100 L'Aquila, Italy  
f  INFN, Sezione di Milano e Politecnico, Via Celoria 16, I -20133 Milano, Italy  
g Henryk Niewodniczanski Institute of Nuclear Physics, Polish Academy of Science, Krakow, Poland  
h Department of Physics and Astronomy, University of California, Los Angeles, USA  
i INR RAS, prospekt 60 -letiya Oktyabrya 7a, Moscow 117312, Russia  
j  CERN, CH-1211 Geneve 23, Switzerland  
k Institute of Physics, University of Silesia, 4 Uniwersytecka st., 40 -007 Katowice, Poland  
l National Centre for Nuclear Research,, 05 -400 Otwock/Swierk, Poland  
m Laboratori Nazionali di Frascati (INFN), Via Fermi 40, I -00044 Frascati, Italy  
n Institute of Radioelectronics, Warsaw University of Technology, Nowowiejska, 00665 Warsaw, Poland  
o INFN, Sezione di Pisa. Largo B.  Pontecorvo, 3, I -56127 Pisa, Italy  
p   GSSI, Gran Sasso Science Institute, L õAquila, Italy  



The ICARUS T600 at LNGS Laboratory 

LN2 vessels 

readout electronics  

T300  T300  

cryogenics  
(behind)  

¶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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