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ICARUS @ LNGS 4 novet instrument for neutrino physics
The Liquid Argon Time Projection Chamber (LAr-TPC), first proposed by C. Rubbia in 1977

[C.Rubbia : CERN — EP/77 — 08(1977)] - is a powerful detection technique that can provide a
3D imaging of any ionizing event.

LAr acts as target and detector
\

@ Two identical T300 modules (2 TPC in
each module)

@ LAr active mass 476t:

cathode

o (17.9 x 3.1 x 1.5)m® for each TPC

o max drift length - 1.5m

o Egir = 0.5kV/cm, vgir = 1.6mm/us
o HV = -75kV

9 3 readout planes/chamber at 0, £60 deg,
3mm plane spacing

o 53248 wires with length up to 9m, ‘ 3-dimensional images

3mm pitch -

o 2 induction planes, 1 collection

@ PMT for scintillation light:

Electrons from ionizing track are drifted in LAr
by uniform electric field. They traverse the

% (20 + 54) PMT's, 8“0 transparent wire arrays oriented in different

9 sensible to VUV scintillation light directions where induction signals are recorded.
(A = 128nm) by applying a Finally electron charge is collected by the third
wavelength shifter layer (TPB - wire plane.

tetraphenyl-butadiene)
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3D imaging of any ionizing event.

LAr acts as target and detector
\

@ Two identical T300 modules (2 TPC in
each module)

@ LAr active mass 476t:

(17.9 x 3.1 x 1.5)m?> for each TPC

cathode

9
o max drift length - 1.5m

o Egir = 0.5kV/cm, vgir = 1.6mm/us
o HV = -75kV

9 3 readout planes/chamber at 0, £60 deg,
3mm plane spacing

o 53248 wires with length up to 9m, ‘ 3-dimensional images
3mm pitch -
o 2 induction planes, 1 collection

@ PMT for scintillation light:

Electrons from ionizing track are drifted in LAr
by uniform electric field. They traverse the

% (20 + 54) PMT's, 8“0 transparent wire arrays oriented in different

9 sensible to VUV scintillation light directions where induction signals are recorded.
(A = 128nm) by applying a Finally electron charge is collected by the third
wavelength shifter layer (TPB - wire plane.

Tele [Mms] = 0.3/N [ppb O2 equivalent]
currently: Tee ~ 6 [ms]: ~ 50ppt
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ICARUS T600 physics potential

@ The detector is collecting " bubble chamber like” CNGS neutrino events (beam
intensity 4.5 x 10* pot/year, E, ~ 17.4GeV):

)

¢ ¢ ¢ ¢ ¢

1300 v, CC events/year,

~ 400 events/year - NC event rate,

muons from the rock ~ 5500 events/year,

intrinsic beam ve CC ~ 12 events/year,

observation of v, events in the electron channel, using kinematic criteria,

search for sterile neutrinos within LSND parameter space, with e-like ve CC events
excess at E > 10GeV'.

o ICARUS T600: major milestone towards the realization of large scale LAr TPC
detector.

@ The unique imaging capability of ICARUS, its spatial /calorimetric resolutions and
e/n° separation allow "to see” events in a new way.
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CNGS neutrino run in 2010-2011

2010 2011
time of operation  October - November March - November
pot deliv (coll) 8 x 10'8(5.8 x 10'®)  47.8 x 10'¥(44.4 x 10'®)
detector lifetime up to 90% 93%
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2010 data kept as a training/control sample. Physics analysis going on 2011 data.

Progress on reconstruction/analysis software shown with examples and distributions
obtained with 2010 neutrino data.
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|
CNGS neutrino run in 2010-2011

2010 2011
Event Type | Collected \ Expected || Collected \ Expected
v, CC 114 129 247 273
v, NC 46 42 71 90
ve CC 1 1 - -
vXC* 7 - 37 -
Total [ 167 [ 171 ][] 35 | 363

* Events at edges, with p track too short to be visually recognized: futher analysis

needed.
CNGS CC 2010/2011 CNGS NC 2010/2011
45
£ data 18— data
20 s 319 E Entries %
£ 9615+ 0.4753 161 Mean 7533+ 09454
£ 84632 03361 1aF RMS 8969+ 0.6685
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CNGS CC v, interaction

Edeptot = 3.23 + 0.54 GeV
Q pr =78 MeV/c
Ptot =7 GSV/C

Q pr = 154 MeV/c
Ptot = 6SGeV/C

¥ = 4——«—--"
u,p 574_-01GeVIc
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| TRACK [ E [MeV] | p [MeV/c] | range [cm] |

A (m) 62 +£5 145 + 7 18
A (m) 337 + 32 455 + 32 18
B (7) 429 + 36 550 + 38 92
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CNGS CC v, interaction

Edeptot = 3.23 + 0.54 GeV
Q pr =78 MeV/c

| TRACK [ E [MeV] | p [MeV/c] | range [cm] |

A(r) | 62+5 145 + 7 18
Piot = V
tor = 7 GeV/c A(r) | 337 £32 | 455 £ 32 18
Q pr = 154 MeV/c B (w) | 429 £36 | 550 + 38 92
Ptot = 6SGeV/C
y
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CNGS CC v, interaction

Edeptor = 3.23 £ 0.54 GeV
Q pr =78 MeV/c
Ptot =7 GeV/c
Q pr = 154 MeV/c
Pt = 6.5GeV/c

= 4——«-—-—9’.
u,p 574_-01GeV/c

| TRACK [ E [MeV] | p [MeV/(] | range [cm] |

1 proton

dE/dx for the first part of the cascades: 1.99 MeV/cm, 2.1 MeV/cm.
Conversion distances: 14.6cm, 61.4cm.

Izabela Kochanek (US & LNGS)

Icarus T600

1 proton

03-10 March 2012

A (7‘1’) 62 +£5 145 + 7 18
A (7r) 337 £+ 32 455 + 32 18
B(m) | 429436 | 550 + 38 92
R
I neutron
2 protons

10 / 12



CNGS CC v, interaction

Edeptor = 3.23 £+ 0.54 GeV

| TRACK [ E [MeV] | p [MeV/(] | range [cm] |

Q pr =78 MeV/c

A (m) 62 £ 5 145 £ 7 18
Pior = V
tor = 7 GeV/c A (m) 337 £ 32 455 + 32 18
Q@ pr =154 MeV/c B (m) | 429 +36 | 550 + 38 92
Ptot = 65GeV/C
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dE/dx for the first part of the cascades: 1.99 MeV/cm, 2.1 MeV/cm.

Conversion distances: 14.6cm, 61.4cm.
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Summary

@ ICARUS T600 @ LNGS is taking data with CNGS beam since May 2010.

@ The successful assembly and operation of the LAr-TPC is the experimental proof
that this technique is well-suited for large scale experiments.
The ICARUS experiment at the Gran Sasso Laboratory is so far the major milestone
towards the realization of a much more massive LAr detector.

@ The unique imaging capability of ICARUS, its spatial/calorimetric resolutions, allow
to reconstruct and identify events in a new way with regard to previous/current
experiments.

@ The 2011-2012 run with CNGS v,, beam will allow to possibly detect v, appearance
events. Interesting physics perspectives also for atmospheric, sterile neutrino and
proton decay.
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