
1854-3

Workshop on Grand Unification and Proton Decay

Alberto MARCHIONNI

22 - 26 July 2007

ETHZ
Zurich, Switzerland

Towards large LAr detectors



1

Towards large LAr detectors
Alberto Marchionni, ETH Zurich

Workshop on Grand Unification and Proton Decay, ICTP, July 2007

� LAr TPC working principle and present achievements
� detection of ionization and light
� ICARUS prototypes and the T600 module

� Physics with a large LAr detector
� R&D steps and physics proposals for a multi-kton LAr TPC

� a world wide effort
� ICARUS, LANND, GLACIER, LArTPC, MODULAR

� dewars
� Argon purification
� High Voltage systems
� readout devices and electronics
� “test” beams

� Reach of a 100 kton LAr TPC for proton decay searches
� Conclusions
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Liquid Argon TPC
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Use of LAr as detector medium

� L.W. Alvarez (late 60’): noble liquids for position sensitive detectors
� W.J. Willis & V. Radeka (70’): large LAr calorimeters for HEP experiments
� H.H. Chen, P.E. Condon, B.C. Barish, F.J. Sciulli “A neutrino detector
sensitive to rare processes. A study of neutrino electron reactions”, Fermilab
Proposal P-0496, May 1976

• ‘A highly segmented, independently sampled, totally live target consisting
of roughly a thousand planes (1 cm thick) of liquid argon’

� H.H. Chen & J.F. Lathrop “Observation of ionization electrons drifiting
large distances in liquid Argon”, NIM 150 (1978) 585

• achieved 7.5 cm drifts
� C. Rubbia “The Liquid-Argon Time Projection Chamber: a new concept for
neutrino detectors”, CERN Report 77-8, May 1977

• ‘It appears possible to realize … a drift length as long as 30 cm’
� E. Aprile, K.L. Giboni and C. Rubbia “A study of ionization electrons
drifting large distances in liquid and solid Argon”, NIM A241 (1985) 62

• ‘The longest observed drift times in the 10 cm chamber are of the order
of 1.8 ms at 10 V/cm. … an attenuation length of about 7.5 m is expected
for a field of 1 kV/cm.’

� ICARUS Coll. “ICARUS: a proposal for the Gran Sasso Laboratory”,
INFN/AE-85/7, Frascati 1985
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The ICARUS steps

600 ton detector

2001- present: 300 ton detector tested on surface in Pavia.
600 ton detector being presently assembled at LNGS.
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View of the inner detector

Readout electronics

ICARUS T300 Prototype
HV feedthrough

Field shaping
electrodes
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Gargamelle
Bubble Chamber
3 ton sensitive mass

Heavy Freon

NOMAD
ICARUS LAr TPC

3 ton
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49.5�T (cm)
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1.5Density (g/cm3)

2.7 tons drift
chambers target
Density (g/cm3) 0.1
2% X0/chamber
0.4 T magnetic field

TRD detector
Lead glass calorimeter

�e CC
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� High granularity: readout pitch �3 mm, local energy
deposition measurement, particle type identification

A tracking calorimeter

� Low energy electrons:

� Electromagnetic shower:

� Hadronic shower:

� Fully homogenous, full sampling calorimeter
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Processes induced by charged particles

in liquid argon

• Ionization process

• Scintillation (luminescence)

– UV spectrum (�=128 nm)

– Not energetic enough to

further ionize, hence, argon

is transparent

– Rayleigh-scattering

• Cerenkov light (if fast particle)

�. Suzuki et al., NIM 192 �1982� 565

UV light

Charge

When a charged particle traverses medium:

Cerenkov light (if �>1/n)
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Comparison Water - liquid Argon

�130 eV�1 cm�1�160 eV�1 cm�1Cerenkov d2N/dEdx (�

=1)

�1 CHF/liter1 CHF/liter (Evian)Cost

Yes

(�50000 �/MeV @ �=128nm)
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140120Muon Cerenkov

threshold (p in MeV/c)
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1.241.33Refractive index
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Liquid ArgonWater
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Comparison Water - liquid Argon

A “new way” to look at rare events…

1051070p

59568K

16159�

12120µ

0.070.6e

Range in LAr

(cm)

Cerenkov Threshold

in H2O (MeV/c)

Particle



11

LAr TPC as proton decay detector

Proton decay signals are characterized by:
� their topology, with a lepton (electron, muon, neutrino) in the final
state and few other particles
� total energy of the event should be close to the nucleon mass and
the total momentum should be balanced, apart from nuclear effects

A LAr TPC provides:
� excellent tracking and calorimetric resolution to constrain the final
state kinematics and suppress atmospheric neutrino background

• particularly suited to the 100÷1000 MeV/c range
� particle identification (in particular kaon tagging) for branching mode
identification
� possibility to instrument large masses of LAr

Observation of a mass of M kton (~ 6�1032 nucleons/kton) for T
years would provide a limit on the proton lifetime of:

�p/B>M(kton)���T�6�1032 years

To reach 1035 years a mass in the range 50÷100 kton with
10 years of observation is required.

efficiencybranching fraction
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LAr TPC as proton decay detector

LAr MC: p e+ �0

LAr MC: p K+ �

K.L. Giboni “A two kiloton liquid Argon detector
for solar neutrinos and proton decay”, NIM
225 (1984) 579

ICARUS Coll. “ICARUS II. A second generation
proton decay experiment and neutrino
observatory at the Gran Sasso Laboratory”,
Sept. 1993

A. Bueno, M. Campanelli, A. Ferrari, A. Rubbia
“Nucleon decay studies in a large liquid Argon
detector”, AIP Conf. proc. 533 (2000) 12

A. Bueno et al. “Nucleon decay searches with large
liquid Argon TPC detectors at shallow depths:
atmospheric neutrinos and cosmogenic
background”, JHEP04 (2007) 041
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� provides high efficiency for �e charged current interactions
� adequate rejection against �µ NC and CC backgrounds

� e/�0 separation
• fine longitudinal segmentation (few % X0)
• fine transverse segmentation, finer than the typical spatial
separation of the 2 �’s from �0 decay

� e/µ,h separation
� embedded in a magnetic field provides the possibility to measure
both wrong sign muons and wrong sign electrons samples in a
neutrino factory beam

LAr TPC as neutrino detector

F. Arneodo et al., “Performance of a liquid argon
time projection chamber exposed to the WANF
neutrino beam”, Phys. Rev. D 74 (2006) 112001

Data collected in 1997

86 “golden events with an identified proton of
kinetic energy larger than 40 MeV and one muon
matching NOMAD reconstruction

0�µµ� µ pn
�+� 	�	

Search for QE events
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� ICARUS Coll., "The ICARUS Experiment: a second-generation Proton decay
experiment and Neutrino Observatory at Gran Sasso Observatory - Initial Physics
Program", LNGS-P28/2001, March, 2001
� F. Sergiampietri, “On the possibility to extrapolate liquid argon technology to a
super massive detector for a future neutrino factory”, NUFACT01, Tsukuba, 2001
� A. Rubbia, “Experiments for CP violation: a giant liquid Argon scintillation, Cerenkov
and charge imaging experiment?”, hep-ph/0402110, Workshop on Neutrinos in Venice,
2003
� L. Bartoszek et al.,”FLARE, Fermilab liquid argon experiments: Letter of intent”,
hep-ex/0408121, Aug. 2004
� A. Meregaglia and A. Rubbia, “Contribution of a liquid argon TPC to T2K neutrino
experiment”, Acta Phys. Polon. B37 (2006) 2387, 20th Max Born Symposium, Wroclaw,
Poland, Dec 2005
� D. Finley et al.”A large liquid argon time projection chamber for long baseline, off-
axis neutrino oscillation physics with the NuMI beam”, FERMILAB-FN-0776-E, Sept.
2005
� A.Meregaglia, A. Rubbia, “Neutrino oscillation physics at an upgraded CNGS with
large next generation liquid argon TPC detectors”, JHEP 0611:032, 2006
� B. Baibussinov et al., “A new, very massive modular Liquid Argon Imaging Chamber to
detect low energy off-axis neutrinos from the CNGS beam. (Project MODULAr)”,
arXiv:0704.1422 [hep-ph]
� V. Barger et al., “Report of the US long baseline neutrino experiment study”,
arXiv:0705.4396, May 2007

LAr TPC as neutrino detector



15

Physics synergies

A neutrino detector optimized for proton decay searches is also
well matched to detect neutrinos of <~ 1 GeV

� Japan: Super –K (50 kton) � Hyper-K (1 Mton) (T2K phase II)

� US: Report of the US long baseline neutrino experiment study “A
well instrumented very large detector, in addition to its accelerator
based neutrino program, could be sensitive to proton decay which is
one of the top priorities in fundamental science… Indeed, there is
such a natural marriage between the requirements to discover
leptonic CP violation and see proton decay that it could be hard to
imagine undertaking either effort without being able to do the other”
� Europe: ApPEC recommendation “We recommend that a new large
European infrastructure is put forward as a future international
multi-purpose facility on the 100 – 1000 ktons scale for improved
studies of proton decay and of low-energy neutrinos from
astrophysical origin. The detection techniques … should be evaluated
in the context of a common design study, which should also address
the underground infrastructure and the possibility of an eventual
detection of future accelerator neutrino beams”
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� must be BIG to be competitive with other technologies
� 50 ÷ 100 kton range

� drift lengths of at least a few meters are necessary

A LAr detector …

Shopping list for a large LAr detector:
• Dewar
• Argon and purification system
• High Voltage system
• Readout device
• Electronics
• “Test” beams

20 m

50 m

� 55 kton
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� HV feedthrough tested by ICARUS up to
150 kV (E=1kV/cm in T600)
� vdrift= (1.55±0.02) mm/µs @ 500 V/cm
� Diffusion of electrons:


d=1.4 mm for t=2 ms (4 m @ 1 kV/cm)

d=3.1 mm for t=10 ms (20 m @ 1 kV/cm)

Can we drift over over long distances?

T=89 K

12
d scm0.24.8D,tD2ó �±=��=

Drift length (m)

E
le
ct

ro
n

li
fe

ti
m
e

Vdrift=1.6 mm/µs

� to drift over macroscopic distances,
LAr must be very pure

� a concentration of 0.1 ppb Oxygen
equivalent gives an electron lifetime
of 3 ms

� for a 5 m drift and <30% signal loss
we need an electron lifetime of 10 ms
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Argon purification in ICARUS

25 GAr m3/h/unit

2.5 LAr m3/h

Recirculate gaseous and liquid
Argon through standard
Oxysorb/Hydrosorb filters

It was verified that LAr
recirculation system does
not induce any microphonic
noise to the wires, so it
can be active during the
operation of the detector
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Argon purity, electron lifetime in ICARUS

50 l prototype

The concentration of impurities,
N, is determined by
� constant input rate of impurities
(leaks) �in

0

� outgassing of material A, B
� purification time �c

��in
0= (5±±5)��10-3 ppb/day oxygen

A=0.33±±0.07 ppb/day
B=1.39±±0.05

Lifetime limited by

the total duration of

the test, not by leaks
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Signals and event reconstruction from T300

� 3 wire planes (0°, ±60°), 3 mm wire
pitch, 3 mm distance between wire planes
� 0° wires: 9.4 m long, ±60° wires: 3.8 m
� input capacitance (wire+cable )
  0° wires: ~400 pF, ±60° wires: ~200 pF

� ionization signal: 5500 e/mm @ 500 V/cm (before attenuation
due to drift)
� Equivalent Noise Charge Qnoise=(500+2.5�Cinput [pF]) electrons
� Signal/Noise ratio: ~ 10: is this enough?
� each wire digitized at 2.5 MHz by a 10 bit Flash ADC
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A world wide effort towards large LAr TPCs

� ICARUS 1985
� LANND 2001
� GLACIER 2003
� LArTPC 2005
� MODULAR 2007

…with different approaches:
• a modular or a scalable detector for a total LAr mass
of 50-100 kton
• evacuable or non-evacuable dewar
• detect ionization charge in LAr without amplification or
with amplification
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A LINE OF LIQUID ARGON TPC DETECTORS

SCALABLE IN MASS FROM 200 TONS TO 100 KTONS

David B. Cline 1, Fabrizio Raffaelli 2 and Franco Sergiampietri 1,2

1 Astrophysics Division, Department of Physics & Astronomy,

University of California, Los Angeles, CA 90095 USA

2 INFN-Sezione di Pisa, Largo B. Pontecorvo 3, 56127 Pisa,

ITALY

ETHZ, Bern U., Granada U., INP Krakow, INR
Moscow, IPN Lyon, Sheffield U., Southampton U.,
US Katowice, UPS Warszawa, UW Warszawa, UW
Wroclaw

MODULAR

GLACIER

ICARUS

LArTPC

LANND

FERMILAB
Michigan U.
Princeton U.
Tufts U.
UCLA
Yale U.
York U.
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A scalable detector with an evacuable dewar and ionization
charge detection without amplification

LANND

5 m drift test @ CERN

� Drift paths up to 5 m
� Evacuable dewar and UHV standards for any
device in contact with the argon
� A continuous (not segmented) active LAr volume
(high fiducial volume) contained in a cryostat
based in a multi-cell mechanical structure
� This solution allows a cubic shape composed by n3

cells, 5m�5m�5m in size each

n=3, 5 kton

D.B. Cline, F. Raffaelli, F. Sergiampietri,
Homestake Lab Workshop, Feb. 2006
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T300 cryostat

LAr Cryostat (half-module)

20 m

4 m

4 m

Top of LAr Cryostat.
Ports for wire chamber
read-out

� T300 is a half-module of the T600
� cryostat constructed out of 15 cm thick panels, made of
aluminum honeycomb sandwiched between aluminum skins
� thermal insulation panels, 0.5 m thick, made of Nomex (pre-
impregnated paper) honeycomb
� cooling performed by circulating LN2 inside cooling circuits placed
immediately outside of the cryostat
� possibility to evacuate the cryostat down to 10-4 mbar
� … but relatively large thermal losses, up to 22 W/m2
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MODULAR

PerlitePerlite insulationinsulation

Low conductivity foam glass lightLow conductivity foam glass light
bricks for the bottom support layerbricks for the bottom support layer

Geometry of an ICARUS-T600 half-module (T300) “cloned” into a larger
detector scaled by a factor 8/3 = 2.66: the cross sectional area of the
planes is 8 x 8 m2 rather than 3 x 3 m2. The length of such a detector is 50
meters.

A modular detector with a non-evacuable dewar and ionization
charge detection without amplification

B. Baibussinov et al., arXiv:0704.1422 [hep-ph]

� 2 modules of 5 kton each with common
insulation
� 1.5 m thickness of perlite, corresponding
to ~ 4 W/m2 thermal loss
� wires at 0°, ±60°
� 0° wires split in two, 25 m long, sections
� 6 mm wire pitch, to compensate for the
increase capacitance of the longer wires
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Many large LNG tanks
in service. excellent
safety record

Cryogenic storage tanks for LNG
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Concept for Mid-Term R&D Path @

Fermilab (LArTPC)

http://www.fnal.gov/directorate/Longrange/Steering_Public/documents.html

From B. Fleming to Fermilab Steering Group May 31, 2007

http://www-lartpc.fnal.gov/

Materials Test Station at Fermilab
Qualify / disqualify materials with/without evacuation

T962 (Yale, MSU, Fermilab)
~0.7/~0.35 ton TPC (total/active)

Proposed to be put in front of the MINOS near detector
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A 5 ton detector is a cylinder 5 meters high with diameter 1 meter.

A 5 kton detector is a cylinder 17 meters high with diameter 17 me

1 meter

wire panel

Field grid

17 meters

Field grid

LArTPC @ Fermilab

A scalable detector with a non-
evacuable dewar and ionization charge

detection without amplification

cellular design for
wire planes

LNG style tank



29

Warm argon gas used as a piston
purge oxygen to 50ppm or less
vertical velocity chosen to control diffusion

Recirculation to purify warm argon gas
remove water and oxygen, goal is 500ppb oxygen
i. e., achieve purity similar to that achieved by ICARUS with evacuation

Liquid purification
Final purity expected to be determined by contaminants from tank walls, TPC materials,
flow restrictions due to presence of TPC, leaks, etc.

tank volume = 157 cf
tank cross section = 19 sf
flow rate ~ 73.2 cf/h
(reading for air was 86 scfh)

climb rate ~ 3.8 f/h

di�user

argon gas in

WASHED
TANK

 gas out

99 ins

59 ins

`O2 Monitor'

`O2 Monitor'

to PPM Monitor 
(parts per million of oxygen)

24 ins

48 ins

bubbler
LArTPC, Gran Sasso Cryodet1
Workshop March 2006

Purification starting from air in the Tank
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Oxygen Content vs Time
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to 100 ppm (reduction of 2,000) takes 6 hrs = 2.6 volume changes
(cf simple mixing, which predicts ln(2000) = 7.6 volume changes)

Measurements using an “Argon Piston” to

Purge oxygen

LArTPC, Gran Sasso Cryodet1
Workshop March 2006
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Passive perlite insulation

�70 m

Drift length
h =20 m max

Electronic crates 

Single module cryo-tanker based on

industrial LNG technology

A. Rubbia hep-ph/0402110
Venice, Nov 2003

Giant Liquid Argon Charge Imaging ExpeRiment

possibly up to 100 kton

GLACIER
A scalable detector with a non-evacuable dewar and ionization

charge detection with amplification
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GLACIER concepts for a scalable design

� LNG tank, as developed for many years by petrochemical industry
• Certified LNG tank with standard aspect ratio
• Smaller than largest existing tanks for methane, but

underground
• Vertical electron drift for full active volume

� A new method of readout (Double-phase with LEM)
• to allow for very long drift paths and cheaper electronics
• to allow for low detection threshold (�50 keV)
• to avoid use of readout wires
• A path towards pixelized readout for 3D images.

� Cockroft-Walton (Greinacher) Voltage Multiplier to extend drift
distance
• High drift field of 1 kV/cm by increasing number of stages,

w/o VHV feed-through
� Very long drift path

• Minimize channels by increasing active volume with longer
drift path

� Light readout on surface of tank
� Possibly immersed superconducting solenoid for B-field
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Scaling parameters
Dewar Ø � 70 m, height � 20 m, perlite insulated, heat input � 5 W/m2

Argon storage Boiling Argon, low pressure (<100 mbar overpressure)

Argon total volume 73000 m3, ratio area/volume � 15%

Argon total mass 102000 tons

Hydrostatic pressure at bottom 3 atmospheres

Inner detector dimensions Disc Ø �70 m located in gas phase above liquid phase

Charge readout electronics 100000 channels, 100 racks on top of the dewar

Scintillation light readout Yes (also for triggering), 1000 immersed 8“ PMTs with WLS

Visible light readout Yes (Cerenkov light), 27000 immersed 8“ PMTs of 20% coverage, single
photon counting capability

100 kton:

Dewar Ø � 30 m, height �10 m, perlite insulated, heat input � 5 W/m2

Argon storage Boiling Argon, low pressure (<100 mbar overpressure)

Argon total volume 7000 m3, ratio area/volume � 33%

Argon total mass 9900 tons

Hydrostatic pressure at
bottom 1.5 atmospheres

Inner detector dimensions Disc Ø �30 m located in gas phase above liquid phase

Charge readout electronics 30000 channels, 30 racks on top of the dewar

Scintillation light readout Yes (also for triggering), 300 immersed 8“ PMTs with WLS

10 kton:

1% prototype: engineering detector, Ø � 10m, h � 10m, shallow depth?

30 m 10 m

1 kton:
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Large underground LAr storage tank

A feasibility study mandated to
Technodyne Ltd (UK): Feb-Dec 2004
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LAr

Cathode (- HV)

E-
fie
ld

Extraction grid

Charge readout plane

UV & Cerenkov light
readout photosensors

E� 1 kV/cm

E � 3 kV/cm

Electronic
racks

Field shaping
electrodes

GAr

Greinacher voltage multiplier
up to MV

ArgonTube: 5 m
drift test

Large area DUV sensitive photosensors

Charge readout with
extraction from liquid
phase & amplification
in gas phase for long

drifts

GLACIER R&D
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ArDM assembly @ CERN

Start tests in
2007 dewar detector

(backup dewar)

Argon Dark Matter
experiment

A. Rubbia, “ArDM: a Ton-scale liquid Argon experiment for direct detection of
dark matter in the universe”, J. Phys. Conf. Ser. 39 (2006) 129
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Charge readout: Thick Large

Electron Multiplier (LEM)

Simulation of avalanche

• Single LEM Thickness: 1.5 mm

• Amplification hole diameter = 500 �m

• Distance between centers of neighboring holes = 800 �m

• Distance between stages: 3 mm

• Avalanche spreads into several holes at second stage

• Reached gains of 103÷ 104, with good stability

Thick-LEM: Vetronite with
holes, coated with copper

� macroscopic GEM
� easier to operate at
cryogenic temperatures

5.9 keV 55Fe spectrum

55Fe signals

FWHM res. 40%

2
0

0
m

V
/d

iv



Double phase operation with two stages LEM

Cathode

LAr level

Double stage LEM

External � sources. (511keV,1275keV and 662keV)

�
e-

V/d [kV/mm]

G
ai
n/
10
3

A stable gain of 104 has been
measured

T=87K
P=0.8bar

Successful operation in
double phase LAr

mode

LAr

EEtransftransf = 3 kV/cm= 3 kV/cm

EEdriftdrift = 5 kV/cm= 5 kV/cm

GAr
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Segmented double stage LEM

Custom-made front-end charge
preamplifiers

� Development F/E preamplifers
(also cold operation with IPN Lyon)

+ MHz serial ADCs + DAQ
� Industrial version with CAEN
(new module)

9 independent strips
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ARGONTUBE

First tests
foreseen in

2008

� Full scale measurement of long
drift (5 m), signal attenuation and
multiplication, effect of charge
diffusion
� Simulate ‘very long’ drift (10-20 m)
by reduced E field & LAr purity
� High voltage test (up to 500 kV)
� Measurement Rayleigh scatt.
length and attenuation length vs
purity
� Infrastructure ready
� External dewar, detector
container, inner detector, readout
system, … in design/procurement
phase

Bern, ETHZ, Granada

Ø = 35 cm
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First operation of a LAr TPC embedded in a B-field
New J. Phys. 7 (2005) 63
NIM A 555 (2005) 294First real events in B-field  (B=0.55T):

150 mm

1
5

0
m

m
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GLACIER steps
Test stands

“Small” size 
detectors

Medium size
detector

Large size
detector

e–,�–,…

� = 210 cm, L=320 cm

LEM test 
stand

A
rg

on
T

ub
e

EPiLAr

T2K-2km

1÷10 kton
shallow depth location (?)

50÷100 kton

� 5 lt

ArDM

� 0.8 ton

� 15 ton

1 kton WC + 150 ton LAr
~ 200000 � interactions/year

np +�+� 0��

Electron/�0 separation



Notes:
(1) Range in cost of tank comes from site-dependence and current uncertainty in underground construction
(2) Cost of tank already includes necessary features for LAr TPC (surface electropolishing, hard roof for instrumentation, feed-throughs,…)
(3) LAr Merchant cost � production cost. Fraction will be furnished from external companies and other fraction will be produced locally (by the refilling plant)

Item 100 kton 10 kton 1 kton

LNG tank (see notes 1-2) 50÷100 20÷30 8

Inner detector mechanics 10 3 1

Charge readout detectors 15 5 1

Light readout 60 (with �) 2 (w/o �) 1

F/E & DAQ electronics 10 5 1

Miscellanea 10 5 1

Detector total 155 ÷ 205 40 ÷ 50 13

Refilling plant 25 10 2

Purification system 10 2 1

Civil engineering + excavation 30 5 2

Forced air ventilation 10 5 1

Safety 10 5 1

Merchant cost of LAr (see note 3) 100 10 1

Grand total 340 ÷ 390 77 ÷ 87 21

GLACIER rough cost estimate

M�
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GLACIER location
� At which depth should we position the detector?

� 2 background components
� atmospheric � background (~ 250000 events for an
exposure of 1000 kton-year)
� cosmic muon induced background

• assume that events in which the parent � enters the
active LAr volume can be discarded thanks to a veto
based on the LAr imaging (restrict backgrd. sources to
neutrons, neutral kaons, lambdas)
• exclude events produces at a distance smaller than ‘d’
from the walls
• consider annular planes of active muon detectors to
detect muons that pass within 3 m from the active LAr
volume

A. Bueno et al.,
JHEP04 (2007) 041

A LAr TPC does not
necessarily require
very deep underground
laboratories (self-
shielding and with 3-D
imaging properties)
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GLACIER (100 kton) proton decay summary

A. Bueno et al.,
JHEP04 (2007) 041
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� The successful operation of the ICARUS T300 module has
wakened new interest in LAr TPC detectors for neutrino
oscillation measurements and proton decay searches
� … but the ultimate physics goals require detectors at least 50

times bigger
�  exposure of 100 ton – 1 kton detectors to neutrino beams in

“near” locations would provide a wealth of information
� A world-wide effort is undergoing to design a multi-kton

LAr TPC detector
�  modular/scalable design
� evacuable/non-evacuable dewar and Argon purification
�  readout devices (wires, LEM,…) and analog and digital

electronics
�  high voltage systems

� A 50-100 kton LAr detector would allow to explore proton
decay modes with �/B ~ 1034÷1035 years

� The synergy between precise detectors for long neutrino
baseline experiments and proton decay (and astrophysical
neutrinos) apparatus is essential for a realistic proposal for
a 50-100 kton LAr detector

Conclusions
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LAr thermodynamical properties

0.553150.748.63Critical

point

83.80.689Triple

point

1.39587.31.013Boiling

point

1.39687.21.00Liquid

phase

1.62583.0Solid

phase

Density

(g/cm3)

T

 (K)

P

(bar)

� Heat capacity (Cp) 0.2670 cal/g K

� Thermal conductivity 3.00�10-4 cal/s cm K

� Latent heat of vaporization 38.4 cal/g

At the boiling point:
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LAGUNA: a proposal for a

“Design of a pan-european

infrastructure for large

apparatus studying Grand

Unification and Neutrino

Astrophysics”

3 detection techniques
under considerations

70m

20m

GLACIER-like

100m

30m

LENA-like

TRE
65m

60m

MEMPHYS-like

Liquid Argon (�10�100 kton)
Liquid Scintillator (� 50 kton)

Water Cherenkov (�0.5 � 1 Mton)
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Laboratorio Subterraneo

de Canfranc, Spain

LSC
Laboratori Nazionali del

Gran Sasso, Italy

LNGS

SUNLAB
Polkowice-Sieroszowice,

Poland

Institute of Underground
Science in Boulby mine, UK

IUS

Laboratoire Souterrain

de Modane, France

L=630 km

L=130 km

L=2300 km

L=950 km

L=732 km

L=1050 km

The existing or emerging six national underground science laboratories
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Muon rates



57

Cosmogenic bacground




