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Evolution of LAr-TPC detectors 

Çherenkov detectors  in water/ ice and liquid  scintillator  detectors  have been 
main technologies  so far  for  neutrino  and rare  event  physics. Unfortunately  
these  detectors  do not  permit  to  identify  unambiguously each ionizing track . 

A̧s an alternative,  the  LAr -TPC technique,  effectively  an electronic  bubble-
chamber,  was originally  proposed by C. Rubbia in 1977 [CERN-EP/77-08], 
supported  by Italian  Institute  for  Nuclear  Research (INFN) .  

Ţhanks to  ICARUS  collaboration,  LAr -TPC has been taken  to  full  maturity  with  
the  T600  detector  (0.6 kton ) receiving  CNGS neutrino  beam and cosmic rays. 

I̧ CARUS concluded in 2013 a very  successful  3 years long run at  LNGS, 
collecting  8.6 x 1019 pot  event  with  a detector  live time  > 93%, recording  2650  
CNGS neutrinos  (in agreement  with  expectations)  and cosmic rays (0.73 kty ).  
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The ICARUS detector @ LNGS 

Two identical modulesé 
Å3.6 x 3.9 x 19.6 m å 275 m3 
Å Total active mass å 476 ton 

 

é and four wire chambers 
ÅTwo TPCs for each module, 

divided by the cathode -> 1.5 m 
drift length  

ÅHV = -75 kV -> Edrift  = 0.5 kV/cm  
Åvdrift  = 1.55 mm/ms 

Detectors  
Å3 wire planes per TPC (0 °, ±60°) 
Åå 54000 total wires (150 mm Ø, 3 

mm pitch)  
Å54+20 photomultipliers (8õõ Ï) + wls 

(TPB), sensitive at 128 nm (VUV)  
 

Electronics  
ÅFADC 10bit 1mV/ADC  ͯ1000e-/ADC  

cathode  

TPC wires  

LNGS -Hall B 

LN2 storage  

T600  
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Wires  
Cathode 

Cross-check: dE/ dx  for CNGS 
muons after purity correction  

The key features of LAr imaging: very long e-mobility 

¸Level of  electronegative  impurities  in 
LAr  must be kept  exceptionally  low to  
ensure ~m long drift  path  of  ionization  
e- with  very  small attenuation . 

¸New industrial  purification  methods  
developed to  continuously  filter  and      
re -circulate  both  in liquid  (100 m3/day)  
and gas (2.5 m3/hour)  phases.  

¸Electron  lifetime  measured during  
ICARUS  run at  LNGS with  cosmic mõs:  
tele >7 ms (~40 p.p.t . [O 2]  eq) Ÿ12% max. 
charge attenuation . 

¸With  the  new pump installed  at  the  end 
of  LNGS run: tele > 15 ms (~20 p.p.t .). 

ICARUS  demonstrated  the  effectiveness  of  
single phase LAr -TPC technique,  paving the  
way to  huge detectors  ~5 m drift  as required  
for  DUNE project . 

Slide# : 5 



dE/ dx  distribution  
for real and MC 
muon tracks from  
CNGS events 

ICARUS LAr-TPC performance 

üLow energy electrons:  
(E)/E = 11%/ãE(MeV)+2% 

üElectromagn etic showers:   
(E)/E = 3 %/ãE(GeV) 

üHadron shower (pure LAr): 
(E)/E å 30%/ãE(GeV)    

 dE/ dx  (MeV/cm) vs. 
residual range (cm) for 
protons ,p,m compared to 
Bethe -Bloch curves 

¸Tracking  device: precise  ~mm3 resolution,  3D   
event  topology,  accurate  ionization  measurement; 

¸Global calorimeter : total  energy reconstruction           
by charge integration  - excellent  accuracy for  
contained  events ;  momentum of  non contained  m 
determined  via Multiple  Coulomb Scattering        
Dp/p  ~15%  in  0.4-4 GeV/c  range; 

¸Measurement  of  local energy deposition  dE/dx :     
e/g remarkable  separation  (0.02 C0 sampling,         
C0=14 cm particle  identification  by dE/dx  vs 
range); 
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Ratio MS/  
calorimetry  

L = 4 m 

Measurement of muon momentum via multiple scattering 

ɷMultiple  Coulomb Scattering  (MCS) is the  
only way to  measure momentum of  non-
contained  muons.  

ɷAlgorithm  validated  on ~400  stopping 
muons: produced  in nmCC interactions  of  
CNGS neutrinos  upstream  of  T600 , and 
stopping/decaying  inside the  detector . 
 

(Dp/p ) CAL~1 % 

Some deviations for p > 3.5 GeV/c induced  
by non-perfect planarity of TPC cathode  

ɷGood agreement  between  MCS and 
calorimetric  measurements. 

ɷAverage resolution  of  ~15% on the  stopping 
muon sample. 

ɷResolution depends both  on momentum and 
effective  muon track  length  used for  
measurement. 
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Search for atmospheric  nôs   

NC atm. candidate: E DEP ~ 200 MeV 
ü2 charged particles emerge 

from interaction vertex  
üp track: 63 cm (interacting and 

generating 2 protons)  

ȆÕ CC atm. candidate: EDEP~ 350 MeV 
üm and p/p tracks are visible  
üm track candidate: 124 cm  

Collection 

Induction 2 

ɷPreparatory step: automatic 3D reco  of cosmic mõs 

ɷAn algorithm for filtering of interaction vertex 
and multi -prong event topology has been developed, 
complemented by visual scanning;  

ɷWork in progress : 2 muon-like and 2 NC -like 
atmosph. n candidates have been identified in 3 
week data recording (1 Ñ0.4 m-CC, 1Ñ0.4 e-CC and 
0.4Ñ0.2 NC expected)  

 
 

f 

q 

Induction 2 

Collection 

~200 atm. n expected for 0.73 kt  y exposure  Slide# : 8 



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

Č Negligible background from p0 in NC and nɛ CC estimated from MC/scanning  

e/g separation and p0 reconstruction in ICARUS 

1 m.i.p.  

2 m.i.p.  

MC 

1 m.i.p.  

2 m.i.p.  

Mgg: 
133.8Ñ4.4(stat) Ñ4(syst ) MeV/c2  

�� 

Ek = 685 Ñ 25 MeV 

Ek = 102 Ñ 10 MeV 

Collection 

mˊo = 127 ± 19 MeV/c² 
ɗ = 28.0 ± 2.5º 

p ó = 912 ± 26 MeV/c 
p0 reconstruction:  

Sub-GeV event  
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