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The ICARUS Experiment in the Gran Sasso 
Underground Laboratory

Agnieszka Zalewska, INP PAN Cracow

Modular detector built up with 300t LAr TPC’s

Two phases:

T3000

T600
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The ICARUS collaboration

Italy: University and INFN of l’Aquila, LNF, LNGS, Milano, Napoli, Padova, Pavia, CNR 
Torino, Politecnico di Milano                                   
Switzerland: ETH Zurich                                                      
Poland: Univ. of Silesia, UST Krakow, Inst. of Nucl. Phys. PAN Krakow, Univ. of 
Technology Krakow, Inst. for Nucl. Studies Warsaw, Warsaw Univ., Univ. of 
Technology Warsaw, Wroclaw Univ.                                
China: Academia Sinica Benjing                                         
USA: UCLA Los Angeles                                                
Spain: Univ. of Granada, CIEMAT Madrid                                 
Russia: Moscow
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A vast physics programme
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Localisation: Hall B of the Gran Sasso 
laboratory

In the Roma-Teramo highway 
tunnel, under 1400 m of rock
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LAr TPC - principle of operation

Ionization electrons drift (msec) over large distances (meters) in a volume of highly 
purified liquid Argon (0.1 ppb of O2) under the action of an E field. With a set of wire 
grids (traversed by the electrons in ~ 2-3 µs) one can realize a massive, continuously 
sensitive electronic “bubble chamber”. 

75 kV

Single ”bubble” 3x3x0.6 mm3

no signal multiplication, about 
8000 e--ion pairs per mm
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T600 detector

Starting in April 2004
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LAr Cryostat (half-module)

20 m

4 m

4 m

View of the inner detector

T600 detector - during  the construction phase
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T600 detector readout electronics

Before closing
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Data taking

(S/N)mip = 8-10
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T600 - surface tests in Pavia in 2001

Technical run held in Pavia in Summer 2001: ascertain the maturity of large 
scale liquid Argon imaging TPC. Main phases:
clean-up (vacuum) 10 days,  cool-down 15 days, LAr filling 15 days, 

debug and data-taking 68 days.

Technological challenges 
successfully overcome

In addition to the 18 m long track requested by the Scientific Committees, a 
large number of cosmic-ray events was collected:

about 28000 triggers with different topologies
4.5 TB of data, 200 MB/event.

Valuable data to check performance of a such large scale detector.
Results of the same quantitative quality as those obtained with 

small prototypes (e.g. 3 ton, 50 liter, …) are achieved with a 300 ton
device.



T600 - Argon purity: drift electron lifetime
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T600 - data quality 

EM shower Hadronic interaction

Muon bundle

Richness of a single event
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T600 - data analyses 
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T600 - long muon track crossing cathode
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Track Length = 18.2 m

3D ViewTop View

dE/dx = 2.1 MeV/cm
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Run 975, Event 163
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e1  (9 MeV)

e+ e- pair  (24 MeV)

(2.5 MeV)

Collection view

Induction 2 view

T600 Bremsstrahlung + pair 
production

Fitted signal shapes 
on single wire

Fitted signal shapes 
on single wire



T600 - π0 candidate 
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158 MeV

θ = 141o

Minv = 650 MeV

752 MeV

Run 975, Event 151

θ = 25o

Minv =140 MeV140 MeV

Collection view
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Run 939 Event 95 Right chamberRun 939 Event 95 Right chamber

Te=36.2 MeV
Range=15.4 cm

Te=36.2 MeV
Range=15.4 cm

T600 - reconstruction of stopping muon

Collection view

Induction 2 view
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T600 - data quality 

ρ = 0.72 +− 0.06(stat) +- 0.08(syst)
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T3000 detector  

Cloning of the T600 
modules to reach the design 
sensitive mass - LNGS-EXP 
13/89 add. 2/01, 
CERN/SPSC 2002-027 
(SPSC-P-323)

A magnetised muon
spectrometer for ICARUS 
T3000 at the LNGS/CNGS 
- LNGS-EXP 13/89 
add.3/01, CERN/SPSC 
2003-030 Goal: CNGS start up in 2006
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p=425 MeV

Simulate
event 53
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T600: Run 939 Event 46

ICARUS physics - proton decay



SuperK results compiled by M. Goodman for NNN02, January 2002

ICARUS physics - proton decay
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ICARUS physics - atmospheric, solar, SN ν’s

The ICARUS analysis of atmospheric neutrinos is characterized by
- Unbiased, systematic-free observation.
- Good energy and angular reconstruction
- Improvements expected in:

Low energy events
Clean electron sample
All final states
Neutral current events        

The ICARUS analysis of solar and SN neutrinos is characterised by

- Two types of measured processes: elastic scattering and absorption

- For solar neutrinos it is limited to energies above 8MeV

- Big signal in a short time for SN ν’s and anty-ν’s allows for a lower threshold 

νx +e− →νx +e− νe +40Ar→40K* +e− ν x + e− →ν x + e− ν e +40Ar→40Cl* +e+
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ICARUS will measure:
νµ CC: online study of beam profile, steering and normalization

νe CC: search for νµ→νe oscillations: best sensitivity until the JHF-SK

ντ CC: search for νµ→ντ oscillations with sensitivity similar to OPERA

NC events: search for νµ→νs oscillations or exotic models.

ICARUS physics - CNGS beam
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ICARUS physics - CNGS beam
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After many years of R&D program the LAr TPC technology is 
mature for building the ktons scale detectors

Big progress has been achieved in the full simulation and 
reconstruction software and in the data analysis

T600 transportation and installation process in the Gran Sasso 
laboratory should start in April 2004

T3000 detector for the CNGS beam is now the main goal (and 
challenge from the financial and organizational point of view)

Long term thinking: LAr offers the best sensitivity/kton for the 
θ13 mixing angle - giant LAr detector?

Conclusions         
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For  ∆m2
23 = 2.5 x 10-3For  ∆m2

23 = 2.5 x 10-3
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