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Bringing the LAr 1 TPC technology to a success

The Italian Istituto Nazionale di Fisica Nucleare (INFN) and the
ICARUS program have originally developed the technology of the
LAr -TPC. Exposed in the underground Hall B of the Gran Sasso
National Laboratory in Assergi, at 730 km to the neutrino beam
from CERN, the ICARUS T600 neutrino experiment has now
successfully completed a three years physics program at CNGS.

The peer reviewed scientific publications of the collaboration on
the LAr-TPC physics have today reached a total of 108 papers.

From October 2010 to December 2012, over 3000 neutrino

events have been collected in a physics program on a high energy

( a 2@eV) neutrino beam, corresponding to 8.6 1019 protons on
target with an instrumental efficiency exceeding 93%. Additional
data were also collected with cosmic rays and proton decay.

Together with all previous test beam runs, this has allowed a very
positive assessment of the detection capabillities of the LAr-TPC.
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T600 at LNGS Hall B
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ICARUS-T600 @ LNGS: 0.77 kton LAr-TPC
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A very elaborate cryogenic system

The ICARUS purification system is very complex, and demands a
continuous operation both in the liquid and gas phases

U Purification (2.5x/hour) of gas phase at the top (~40 Nm 3)
UPurification (100 m 3/day) of the bulk liquid volume (=550 m 3)
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Lifetime [us]

T600 LAr purity trend over 3 years
Data taking with 0, > 5 ms (60 p.p. trillion [O ,],,), with high
speed recirculation both in gas (2.5 x/h) and liquid (in 5.5 days)
17% maximum charge attenuation at longest drift distance

In the laboratory, a  LAr lifetimeof 6,,a 21 ms has
attained cor r e s p o n dit!mgeculap Oxggé&nleq. impurities .

New pump on East cryostat since April 4th, 2013!

Electron lifetime trend West cryostat | Electron lifetime trend East cryostat |
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Gas phase alone is not sufficient to maintain purity
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The potentialities of ICARUS at FNAL

On the basis of the wide experience of the T600 of several
years, a number of substantial improvements will now be
Introduced.

The R&D improvements are performed in a close collaboration
with the LBNE experiment to which the six above INFN
Institutions have become now participating members and in
view of the presently described proposal for FNAL.

During the next two years ICARUS will be moved to CERN.

The present T600 detector (760 tons of ultra high purity LAr)
wi | | be compl emented with a ne

As a main novelty, a SC magnetic field of about 1 Tesla will be
Introduced inside the LAr volumes, in analogy to the
performance of the traditional bubble chambers.

A number of other main developments will be briefly described
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The ICARUS T600 as Far detector

UJComponents will be disassembled and transported to CERN:  inner
detectors , electronics , ancillary systems, LN, liquefaction system

GJTPCs will be moved inside clean/lightweight containers like as for
Pawato LNGS transport

will be i ol ,
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vessels of extruded Al, vacuum -tight " ﬂ’i.i’;]«‘,i M‘t‘
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OXNew external insulation with
better performance based on

iIndustrial membrane tank concepit.
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New T150 LAr-TPC

CGJThe present T600
design is extended to
T150 module (1/4 of
17600 ): two readout
chambers with 3 wire
planes each, field
shaping electrodes, a
HV cathode between
the two drift volumes.

CNew light collection devices, with  better efficiency, wave-
shifting and waveguides / reflectors can be implemented for
both T 150/T 600 in order to increase the light collection
efficiency and to operate in presence of magnetic field.

(XSolid -state photo -detectors, such as Silicon Photomultipliers
(SIPM) are to be envisaged as a possible alternative solution to
the one of traditional PMTs.

PAC FNAL 23 January 2014 Slide: 21

......

v!ﬂf(—’(",”li
!
E—
Y3

Race Tracks

Thermal Insulation




New T600/T150 layout

ADetaiIed modelling of Al
profiles to study the
behaviour of cold body
under several loading
conditions and the
assembly / welding
procedures of Al profiles.

Warm cage + ext. skin Insulation +T600 modules

APurer passive insulation
chosen for T 600/T 150 Insulation top Top flanges (final layout)
Installation, coupled to
ICARUS standard
cooling shield with boiling
N>

AGTT technique developed
for 50 years/ and widely

used for large industrial _ _
storage vessels and ships Expected heat loss through the insulation:

for liquefied natural gas . T600 a 6.6 kwW ; T150
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