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Broad and rich physics programme

Direct evidence for Grand 
Unification (Proton decay)

Low energy neutrino astronomy 
(SN, solar, geo, atm)

Long baseline neutrino beam (CP)

Combine accelerator & non-accelerator physics
Probably the only viable strategy
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(2) MeV-GeV neutrino “astronomy”

  Supernova 1987A    23 

February 1987    

4

• Astrophysical origin:
★ Sun’s interior (day&night)
★ Supernova core collapse
★ Diffuse supernova relic neutrinos
★ Dark Matter annihilation

• Terrestrial origin:
★ Atmospheric neutrinos
★ Geo-neutrinos (Earth natural 

radioactivity)
★ Nuclear reactor cores

(1) Grand Unification - proton decay

(3) Long baseline neutrino oscillations

Fundamental questions

High intensity low energy 
conventional neutrino 

sources

New neutrino 
production technology

Beta-Beams

PS

SPS

>2020 ?
“superbeams” ?

MW power >2016

2/4 GeV p ? 50 GeV p ?
400 GeV ?

•In 4D SUSY SU(5), SO(10) dimension 6 operators “Msusy 
independent” depend essentially on unification mass 

generically predict τp=1034-1036y
•In 4D SUSY SU(5), SO(10) dimension 5 operators depend on 
sparticle spectrum (Msusy), family structure, triplet higgs mass 

generically predict τp= 3 x1033- 3x1034y

νμ→νe νe→νμ
θ13, δ, sgn(ΔM2)
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2x (48m x 54m x 250m)

65m

80m

MEMPHYS

Water Čerenkov 500kt→1Mt

Liq. Scintillator→50kt

HyperK UNO/3M

70m
20m

GLACIER
LENA

Stony Brook 1999, ..., Aussois 05, Seattle 06, Hamamatsu Oct 07, Paris 08

Large Apparatus for Grand Unification and Neutrino 
Astrophysics : LAGUNA

Japan USA

LArTPC

USA

Liq. Argon→100kt

Some detectors presented at NNN Workshops

European initia
tives
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Astroparticle Physics Coordination in Europe (ApPEC)
Roadmap, January 2007

Proton 
decay and 
low energy 
neutrino 

astrophysics

6

Next ASPERA Roadmap 
Workshop : 
September 29th&30th 
2008 Brussels

Submission to ESFRI ?
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7

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

LAGUNA: Design of a Pan-European Infrastructure for Large 
Apparatus studying Grand Unification and Neutrino Astrophysics

Approved as FP7 Research Infrastructures Design Study
EC FUNDING 1.7 M€
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The main “deliverable” of LAGUNA

The deliverables contain the elaboration of “decision 
factors” like 

(i)  technical feasibility (cavern, access, safety, liquid 
procurement, ...)

(ii)cost optimization of infrastructure (digging, safety, ...)
(iii)physics performance (e.g. depth, baseline, ...)
(iv)...

The LAGUNA DS will lead to a “conceptual design report” for a 
new infrastructure, to allow policy makers and their advisors 
to prepare the relevant strategic decisions for the development 
of a new research infrastructure in Europe. 

9
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Next generation detectors
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50 kt Scintillator
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Size of unit (=shaft) typically limited by size of underground cavity

2 shafts 

3 shafts 

10Friday, April 18, 2008



A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008

Megaton Water Cerenkov detectors

About 170 γ/cm in 350 < λ < 500 nm
With 40% PMT coverage, Q.E.≈20%
Relativistic particle produces

⇒≈14 photoelectrons / cm
⇒≈7 p.e. per MeV

Up to 400 kton fiducial mass

depth independent.

Other sources of backgrounds, the ultimate contribution in some cases, include the detector
materials, supports, shielding, electrical connections, etc. Cosmic rays may produce traces of
radioactive nuclides both during the construction phase of the detectors and of its materials on
the surface - often a period of several months is needed before the data taking can start - and
during the operational phase underground. The process is called cosmogenesis.

The importance of the different background sources clearly depends on the experiment. For
example the energy directly deposited by the muons in the detector is more relevant for ββ
than for dark matter searches, while the neutron backgrounds and cosmogenesis are important
for both; in any case a depth of 1000 m is enough. Even atmospheric neutrinos, interesting by
themselves as they are, are a background; the principal one already at shallow depth, for proton
decay experiments, which, as a consequence, need not to be too deep.

Frontier experiments do not require to the laboratory only a low background environment,
but also technological support, easy and safe access and support structures.

I review here briefly the existing underground research facilities in Europe. More complete
information on underground laboratories can be found in the relevant WEB-sites[1]. Information
on the experiments can be found in these proceedings.

2. The Gran Sasso National Laboratory
The INFN Laboratori Nazionali del Gran Sasso (LNGS) is located besides a freeway tunnel
under the Apennines, in central Italy near the town of L’Aquila, 120 km from Rome.

The proposal to build a large, high technology, underground laboratory was advanced in
1979 by Antonino Zichichi, then President of INFN, and approved by the Italian Parliament
in 1982. Since the original project the orientation of the three laboratory halls was towards
CERN, in order to host detectors to study neutrino oscillations on a future beam produced at
that laboratory. Civil engineering works, under the responsibility of ANAS, the Italian Road
Department, started in autumn 1982 and were completed by 1987.

The horizontal access allows easy transportation and installation of large pieces of apparatus.
The underground facilities consist of three experimental halls and a set of connecting tunnels and
service areas, for a total surface area of 18000 m2. The three halls are approximately 100x18x18
m3. An almost angle-independent 1400m rock overburden provides a µ flux attenuation of 10−6.
The neutron flux is = 3.7±0.3 × 10−2m−2s−1.

L'AQUILA

TERAMO

A B

C

CERN

Figure 1. The underground facilities and the Gran Sasso massif geology.

498

Gran Sasso
from Coccia

European program a model

Anchored by Gran Sasso:
sophisticated support
facilities provided by a well 
equipped surface campus, 
large international
users group, significant onsite 
support staff (70 FTEs).

Second laboratory with 
significant depth (4.2 km.w.e.) 
and large-detector potential 
in Frejus Tunnel:  “piggyback” 
on boring of a second safety/
rescue tunnel.

Strong, supportive relations
with CERN, European
accelerator community

 

 

 

  Accueil > Projets > Grand laboratoire

 

 

Grand laboratoire Souterrain International 

Projet Mégatonne

 

Le volume actuel du LSM est de 3000 m3 et le volume de ce grand laboratoire serait de 1 million de m3,
ce qui lui vaudrait d'être le plus grand laboratoire souterrain du monde.

Un tel détecteur Cerenkov permettra une physique riche et variée qui s’étend de la durée de vie du
proton à la détection de neutrinos de supernovae. Utilisé comme cible pour un super-faisceau de
neutrinos issu du CERN il permettrait aussi une mesure de la violation de CP pour un angle Theta13
donné. Cet aspect multidétecteur en ferait une priorité pour le futur du Laboratoire.

 

Ce projet est déjà largement à l'étude et discuté lors de conférences, la dernière s'étant déroulée à
Aussois en avril  2005 (NNN05).

 

Nouveaux
bâtiments

Grand
laboratoire

 

 

Laboratoire

Activités

Projets

Communication

ILIAS

Membres

Informations diverses

Liens

 

Rechercher
Sur le WEB du CEA

Sur le WEB du CNRS 

Laboratoire Souterrain de Modane

LSM-Frejus
http://www-lsm.in2p3.fr/

1 shaft ≈ 4xSK ≈ 215 kton H2O

11

MEMPHYS
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 Photo sensor gives a sizable portion in the total 
cost of the experiments.

 There are two propositions to give the solution
1. PMT with small size (conservative approach)

   by French team (PMm2) with PHOTONIS
2. New photo sensor (aggressive approach)

    by Japanese team with Hamamatsu

from T.Abe (Univ. of 
Tokyo) at NP08

R&D for Water 
Cherenkov

12Friday, April 18, 2008
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Low Energy Neutrino Astrophysics (LENA)

Muon 
veto

100m

30m

~11000 PMT (50cm)

Design for a large (～50 kton) liquid 
scintillator underground detector

Scintillator solvent: PXE 
(C16H18), ultrapure.

Assumed attenuation length 
≈ 12 m @430 nm

Estimated light yield ~  
110 pe / MeV

Based on technique of BOREXINO, 
KAMLAND, SNO+,...

Total number of 
photomultiplier ~

11000 (30% coverage)

• non hazardous,  flashpoint 145° C➠ easy handling
• density 0.99      ➠   high self shielding 
• high light yield      ➠   low energy events
• low background level U, Th  ➠  solar ν, geo ν, srn νBorexino
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Liquid Argon TPC 
C. Rubbia “The Liquid-Argon Time Projection Chamber: a new concept 
for neutrino detectors”, CERN Report 77-8, May 1977
H.H. Chen & J.F. Lathrop “Observation of ionization electrons 
drifiting large distances in liquid Argon”, NIM 150 (1978) 585
 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
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Gargamelle 
Bubble 

Chamber
3 ton sensitive mass

Heavy Freon

NOMAD 
ICARUS LAr TPC

3 ton

Resolution (mm3) 2×2×0.2
Density (g/cm3) 1.4

X0 (cm) 14.0
λT (cm) 54.8

dE/dx (MeV/cm) 2.1

Bubble ∅ (mm) 3
Density (g/cm3) 1.5

X0 (cm) 11.0
λT (cm) 49.5

dE/dx (MeV/cm) 2.3

2.7 tons drift chambers 
target

Density (g/cm3) 0.1
2% X0/chamber

0.4 T magnetic field
TRD detector

Lead glass calorimeter

νe CC
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LAr TPC as proton decay 
detector

LAr MC: p → e+ π0

LAr MC: p → K+  ν

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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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 

★ access to many possible decay modes (since 
particle detection threshold essentially negligible)

To reach 1035 years sensitivity in lifetime a detector mass 
of ≈100 kton and 10 years of observation are required

LAr TPC as proton decay detector

JHEP04 (2007) 041
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Figure 20: Running of the nucleon partial lifetime sensitivity (τ/B at 90% C.L.) as a function
of exposure (left) considering only atmospheric neutrino background (right) with cosmogenic back-
ground and corresponding reduction in fiducial mass taken into account (see text).

suitable, since liquid Argon imaging provides typically an order of magnitude im-

provement in efficiencies for similar or better background conditions compared to

Super-Kamiokande results.

• Up to a factor 2 improvement in efficiency is expected for modes like p → e+γ and

p → µ+γ thanks to the clean photon identification and separation from π0.

• Channels like p → e+π0 or p → µ+π0, dominated by intrinsic nuclear effects, yield

similar efficiencies and backgrounds as in Super-Kamiokande.

Thanks to the self-shielding and 3D-imaging properties of the liquid Argon TPC, these

results remains valid even at shallow depths where cosmogenic background sources are

important. A very large area annular active muon veto shield could be used in order to

further suppress cosmogenic backgrounds at shallow depths. For example, our results show

that a three plane active veto at a shallow depth of about 200 m rock overburden in the

under the hill configuration yields similar sensitivity for p → K+ν̄ as a 3 km w.e. deep

detector.

6. Conclusions

The most direct sign for Grand Unification is the experimental detection of proton or

bound-neutron decays. In order to reach partial lifetime in the relevant range, new genera-

tion massive underground detectors with fine tracking and excellent calorimetry are needed

to suppress backgrounds with a good signal selection efficiency. Furthermore, the detector

– 32 –
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86 “golden” events with an identified proton of kinetic energy 
larger than 40 MeV and one muon matching NOMAD 

reconstruction

 provides high efficiency for νe charged current interactions

 high rejection against νμ NC and CC backgrounds also in MultiGeV region
 e/π0 separation

• fine longitudinal segmentation (few % X0) – to be optimized !
• fine transverse segmentation, finer than the typical spatial separation of the 
2 γ’s from π0 decay

 e, µ/π, K, p 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
 unlike WC detectors, detection and reconstruction efficiency does *not* depend on 
volume of detector ➔ direct near / far detector comparison (apart from flux 
extrapolation)

LAr TPC as high E 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

Search for QE events
νµn→ µ−Δ+ → µ− pπ 0
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LAr TPC as neutrino beam detector
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A Possible Future Long Baseline Neutrino and Nucleon
Decay Experiment with a 100 kton Liquid Argon TPC
at Okinoshima using the J-PARC Neutrino Facility

A.Badertscher1, T.Hasegawa2, T.Kobayashi2, A.Marchionni1,
A.Meregaglia1∗, T.Maruyama2,3, K.Nishikawa2, and A.Rubbia1

(1) ETH Zürich, (2) KEK IPNS, (3) University of Tsukuba

Abstract

In this paper, we consider the physics performance of a single far detector composed

of a 100 kton next generation Liquid Argon Time Projection Chamber (LAr TPC)

possibly located at shallow depth, coupled to the J-PARC neutrino beam facility with

a realistic 1.66 MW operation of the Main Ring. The new far detector could be located

in the region of Okinoshima islands (baseline L ∼ 658 km). Our emphasis is based

on the measurement of the θ13 and δCP parameters, possibly following indications for

a non-vanishing θ13 in T2K, and relies on the opportunity offered by the LAr TPC

to reconstruct the incoming neutrino energy with high precision compared to other

large detector technologies. We mention other possible baselines like for example J-

PARC-Kamioka (baseline L ∼ 295 km), or J-PARC-Eastern Korean coast (baseline

L ∼ 1025 km). Such a detector would also further explore the existence of proton

decays.

∗Now at IPHC, Université Louis Pasteur, CNRS/IN2P3, Strasbourg, France.
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Possible MR Power Improvement Scenario
KEK ROADMAP

Day1
(up to Jul.2010)

Next Step KEK 
ROADMAP

Ultimate

Power(MW) 0.1 0.45 1.66 ？

Energy(GeV) 30 30 30

Rep Cycle(sec) 3 3-2 1.92

No. of Bunch 6 8 8

Particle/Bunch 1.2×1013  <4.1×1013 8.3×1013

Particle/Ring 7.2×1013 <3.3×1014 6.7×1014

LINAC(MeV) 181 181 400

RCS h=2 h=2 or 1 h=1

After 2010, plan depends on financial situation

21Friday, April 18, 2008



Future Investment for the “Discovery” in ν Physics 
Look for opportunities to find new physics

Not much Interested in Upper Bound Physics 

    If νe oscillation Signal found (in T2K...)→
                              Proceed Immediately to CP Violation Discovery
                                                 
      MUST: Improve ν Beam Intensity
      MUST: Improve the Main(Far) Detector Quality 
                   In terms of
                   Detector Technology, Volume and Baseline+Angle

        Probably: improve  Near Detector (whatever it is)

T. Hasegawa, summary NP08 workshop
22Friday, April 18, 2008
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Okinoshima

658km
0.8deg. OA

KamiokaKorea

1000km
1deg. OA

295km
2.5deg. OA

arXiv:0804.2111

•Realistic upgrade of 
J-PARC MR at 1.66 
MW
•Neutrino run only
•100 kton LAr 
detector
•Exploit excellent 
energy resolution
•Good e/π0 separation

5 years ν’s 1.66MW
δ=0 δ=90o

δ=180o δ=270o

23Friday, April 18, 2008
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 must be BIG to be competitive
 ➠ 50 ÷ 100 kton range
➠ drift lengths of at least a few meters are necessary

A LAr TPC detector …

 Shopping list for a large LAr detector:
★ Dewar
★ Argon procurement and purification system
★ High Voltage system
★ Readout device
★ Electronics
★ “Test” beams
★ Underground construction and operation

20 m

70 m

 100 ktone.g.:

24Friday, April 18, 2008



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

600 ton detector

20 years later...

The pioneering efforts: ICARUS 

25Friday, April 18, 2008
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View of the inner detector

Readout electronics

ICARUS T300 Prototype
HV feedthrough

Field shaping 
electrodes

26Friday, April 18, 2008
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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) Φin

0

 outgassing of material A, B
 purification time τc

Φin
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

➠Attenuation length 
>10m @ 1 kV/cm

27Friday, April 18, 2008
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ICARUS T300 test on surface (2001)

2.
6 

m

17.8 m

1.
8 

m

4.3 m
µ

Data from test run: 27000 triggers from cosmic ray interactions

25 cm

85
 c

m

µ

e

µ

Electromagnetic shower

Muon decay

Long muon track

Dr
ift

 ti
m

e

Wire
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Starting from ICARUS (1985), several proposals 
towards large LAr TPCs:

✦ LANNDD 2001
✦ GLACIER 2003
✦ FLARE 2004
✦ 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 

Towards very large LAr TPCs
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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 UCLA
2 Pisa,

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

FLARE

LANNDD

Bartoszek Eng. - Duke - Indiana - Fermilab -
LSU - MSU -Osaka - Pisa - Pittsburgh - Princeton – 

Silesia – South Carolina - Texas A&M -
Tufts - UCLA - Warsaw University -

INS Warsaw - Washington - York-Toronto

30Friday, April 18, 2008



A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 31

Considerations on large detectors
 The dewar technology is the crucial choice for huge LAr detectors

➡ A modular 5-kton/unit approach is unrealistic for ~100 kton LAr 
mass (cost, complications, …)
➡ Huge evacuable dewars (~40x40x40 m3) have quite a complicated 
mechanical structure and might present safety problems during 
evacuation
➡ Huge non-evacuable dewars are currently built as LNG containers, 
also as underground installation
★ heat input and argon consumption have to be carefully evaluated  (running 

costs)
★ purification of such large volumes starting from air at atmospheric pressure 

should not be a problem (but R&D on powerful clean cryogenic pumping 
system is essential)

★ a harder problem is how to check for leaks, which might limit the achievable 
argon purity, if it is not possible to evacuate the dewar. Will have to rely on 
careful checks of all welding joints … a Q&A problem!

 Novel readout techniques, other than wires, possibly with 
amplification of the ionization signals, are an essential R&D item

➡ amplification allows longer drift paths
➡ how to handle, electrically and mechanically, wire lengths ≥ 20 m?
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A scalable detector with an evacuable dewar and ionization 
charge detection without amplification

LANNDD

 Drift paths up to 5 m
 Evacuable dewar with the possibility of 
checking its tightness 
 Use of stainless steel for the inner vessel and 
for cathodes, wire chamber frames and shaping 
electrodes
 UHV standards for any device in contact with 
the argon
 Vacuum insulation, together with the use of 
superinsulation jacket around the cold vessel, to 
reduce running costs
 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, 
JINST 1, T09001, 2006

‣implications of evacuated dewar?
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MODULAR

Perlite insulation

Low conductivity foam glass light 
bricks 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

‣can one reach 100 kton scale 
with 20 modules??
‣loss of physics performance! 
(pitch, fiducial volume, ...)
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 Many large LNG tanks in service
• Vessel volumes up to 200000 m3

 Excellent safety record
• Last serious accident in 1944, Cleveland, Ohio, 
due to tank with low nickel content (3.5%)

Cryogenic storage tanks for LNG
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LAr vs LNG (≥ 95% Methane)
 Boiling points of LAr and CH4 are 87.3 and 
111.6 °K
 Latent heat of vaporization per unit volume is 
the same for both liquids within 5%
 Main differences: 

• LNG flammable when present in air within 5 – 15% 
by volume, LAr not flammable
• ρLAr = 3.3 ρCH4, tank needs to withstand 3.3 times 

higher hydrostatic pressure

More on LNG storage tanks

In-ground and underground 
storage tanks from Tokyo Gas

Tokyo Gas
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FLARE

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

detection without amplification

50 kton LAr

Fermilab-Proposal-0942, Aug. 2004
hep-ex/0408121

LNG style tank: CB&I 
standard design for double 
wall and double roof vessel

30
 m

40 m

 Thermal insulation
• 1.2 m thick layer of perlite 
• boil-off rate of 0.05%/day (25 ton/day)
• a cryogenic system is necessary in order to re-liquefy this gas mass

 Wire planes
• 3 m drift distance, 5 mm wire spacing
• large wire planes, with the largest of 30x40 m2

36Friday, April 18, 2008



37

Recently Proposed Strategy @ Fermilab 

R. Rameika, Project X Workshop, January 2008

0.5x0.5x1.0 m3  0.3 ton Spring 2008

170 ton
Data: ~2011-2012

Data: ~2015-20161-5 kton

100>M>5
1<N<20
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Passive perlite insulation

≈70 m

Drift length
h =20 m max

Electronic crates 

Single module cryo-tank 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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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 Large area DUV sensitive 

photosensors

Charge readout with 
extraction & 

amplification for long 
drifts

GLACIER novel concept for inner 
detector

Low cost electronics

LNG tank

LAr 
purification
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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

• Immersed DUV sensitive light readout on surface of tank for T0

• Possibly immersed superconducting solenoid for B-field
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Large underground LAr storage tank

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

Full containment tank 
consisting of an inner and an 

outer tank made from 
stainless steel

1.2 m thick side insulation 
consisting of a resilient layer 

and perlite fill

Tanks construction:
6 mm thick at the base, sides 
ranging from 48 mm thick  at 
the bottom to 8 mm thick at 

the top

One thousand 1 m high 
support pillars arranged on a 

2 m grid

Estimated boil-off 0.04%/day
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Large LNG scaling parameters
Dewar φ ≈ 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 φ ≈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 γ  counting capability

100 kton:

10 kton

near νʼs source, engineering detector, φ ≈ 12m, h ≈ 10m, near surface1 kton:

Φ=40 m, h=20 mΦ=30 m, h=20 mΦ=30 m, h=10 m

20 kton 40 kton

φ ≈ 70m, 
h ≈ 20m

42
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LAr

Cathode (- HV)

E-
fie

ld
Extraction grid

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

Charge readout plane

R&D on scalability of 
liquid Argon detectors 
(GLACIER)
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Φ = 210 cm, L=320 cm

LEM test 
stand

A
rg

on
Tu

be
0.1÷1 kton
near location

2012 ?

100 kton total mass
Proposal 2014 ?

≈ 5 lt

ArDM

≈ 0.8 ton

Electron/π0 separation
Neutrino beam (vtx detector)

Test beam
2010 ?

GLACIER stepsPresent tests

“Small” size 
detectors

Near
detector

Far
detector

Detector Layout

Active volume : 

80 cm x 80 cm x 100 cm

Mass ≅ 0.9 ton

Argon volume : 

50 cm (radius) x 120 cm

Mass ≅ 1.3 ton

≈ 1-10 ton

B-field test 

2008 2009
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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) 294

First real events in B-field  (B=0.55T): 150 mm

150 m
m

➠Also for the NF...
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Thick Large Electron Multiplier (LEM)

Simulation of avalanche

• Single LEM Thickness: 1.5 mm
• Amplification hole diameter = 500 µm
• Distance between centers of neighboring holes = 800 µm
• Distance between stages:     3 mm
• Avalanche spreads into several holes at second stage 
• Good stability

•Double-sided copper-clad (35 μm 
layer) G-10 plates
• Precision holes by drilling
• Palladium deposition on Cu (<~ 1 
μm layer) to avoid oxidization
•Two stages

5.9 keV 55Fe spectrum

55Fe signals

FWHM res. 40%

46

Produced by standard Printed 
Circuit Board methods

•  GEM:  F. Sauli, NIM A386 (1997) 531
•  Optimized GEM: V. Peskov et al., NIM A433 (1999) 492
•  THGEM: R. Chechik et al., NIM A535 (2004) 303
•  P. Otiougova (for ArDM Coll.), Proc. TAUP ‘07

Achievable gain: 103÷104
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LEM operation at room temperature

10 µs/div

2 µs/div

Electrons induced signal

Ions induced signal

Ar/CO2 90/10

Pure Ar

Ions induced signal

Photon feedback

@ 300 K, 1 bar
Emult ≈ 12 ÷ 13 kV/cm

Faster signal achieved by drifting electrons 
to an anode and so enhancing the electron 

component signal 

Ar/CO2 90/10

200 ns/div
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2. We achieve higher signal rates with new electronics in double 

     stage conditions because it has higher sensitivity then the fast

     electronics. Co60 r/a source was used.

     New electronics

3. We have advanced with the developing of a VME DAQ system

     with the CAEN digitizer V550. 

Liquid level-3mm

Vlem=5233V

Old fast electronics

Liquid-vapor phase operation with two stages LEM

Cathode

LAr level

Double stage LEM

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

γ 
e-

0

2

4

6

8

10

12

14

16

2.050 2.055 2.060 2.065 2.070 2.075

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
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Prototype of a segmented LEM. 
Strip width: 6mm

Prototype segmented 
LEM-TPC readout

Two stages+anode X-Y readout

Field shapers and 
cathode

Cryogenic setup

32 channel single 
kapton flexprint
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LEM-TPC Readout 
Electronics

Low noise charge preamp inspired from
 C. Boiano et al. IEEE Trans. Nucl. Sci. 52(2004)1931

4 FET’s in parallel 
(Philips BF862)

ETHZ design front-end charge preamp + shaper
G ~15mV/fC, S/N ~10 @ 1fC for Ci=200 pF  

2 channels on 
one hybrid

CAEN, in collaboration with ETHZ, 
developed A/D conversion and DAQ 

system:
2.5 MHz serial ADC + FPGA + dual memory 

buffer + CAEN optical link

Development of F/E preamp in cold 
operation with IPN Lyon

CAEN SY2792 
prototype

32 channels 
preamplifiers

A/D + DAQ
section
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LEM-TPC as imaging device

time (10ns/div)

A
D

C

•Tracks observed in gas
•Cryogenic operation 
presently being tested

1.5 keV/strip≈60e-/strip

6mm/strip
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ArDM experiment

52

01/31/2007 A. Rubbia, ETH Zurich 11

1 ton Prototype layout

•Two-stage LEM for 
electron 
multiplication and 
readout to measure 
ionization charge

•Greinacher chain: 
supplies the right 
voltages to the field  
shaper rings and the 
cathode up to 
500 kV 

•Field shapers

•Transparent 
cathode
 

•Photodetectors 
below the cathode to 
detect the 
scintillation light

1
2

0
0

 m
m

800mm

11

Ton-scale double phase 
LAr LEM-TPC for nuclear 

recoil detection

A. Rubbia, “ArDM: a Ton-scale liquid Argon 
experiment for direct detection of dark matter in 
the universe”, J. Phys. Conf. Ser. 39 (2006) 129ETHZ, Zurich, Granada, CIEMAT, Soltan, Sheffield

  14 PMTs 

Cryo-system
+purification Detector

52Friday, April 18, 2008



A. Rubbia (ETH) Neutrino Horizons in the 21st Century 18th April 2008 53

ArDM inner detector
Field shaping rings
and support pillars

Cockroft-Walton drift HV chain

Cathode grid

Shielding grid

Reflector foils

fully 
immersed 

PMTs

Detector illuminated with 
UV lamp
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ArDM surface test @ CERN

54

First fill with LAr in 
the coming weeks

✓Assembly finished
✓Vacuum fully commissioned
✓Cryo system OK
✓HV system OK
✓Safety aspects reviewed
✓Light collection & detection in 
gas OK
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Emptying

Primary, pure LAr

Secondary LAr

Cooling LN2 or LAr

TP1..3 Turbo pump

OP Oil forepump

DP Dry forepump

GV Gate valve

BD1..2 Burst disk

OPV Overpressure valve

BV Buoyancy regulating valve

V1..12 Hand valve

SCC Stirling cryocooler

H Heater

Vacuum insulation

Ev. Reduce OPV1When empty, close

V7+V12+V1

Break the sec. vacuumClose GV3, open V8

Remove 2LAr(Switch H ON)

Isolate cartridgeOpen F5, close V5,V4

Flow warm N2 in LN2 tubesWait for thermalisation

Depressurize bulk dewar?Open F4, connect V7 to

output LAr container, open

V7+V12+V1

Stop the 2LAr autom.filling
F Flange C Pipeline Connections

TP1
D

P

G V

BD2
V10

TP2

OP

G VG V

SCC

BD1

OPV2

H

V1

V3

V4

V5

V11

OPV1

V9

F2

F1

C1C2

C3
C4

C5 V2

C6

F4

•Initial situation: All the system is cold. Both insulations are evacuated.

C7

OP

TP3

F3

V3

F5

GAr

0

0

V12

0

1

V10

0

0

V8

0

0

V7

0

R

V2

0

1

V1

End

Begin

0

1

V5

0

1

V4

0

0

V3

0

0

V9

0

0

V11

V7

V8

V12
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Recirculation and CuO 
purification cartridge

(ETHZ design)

vacuum insulation
LN2 cooling jacket

‘dirty’ LAr cooling bath
pure LAr closed circuit

Bellow pump
(Bieri design)
up to 30 l/h

BIERI engineering

Winterthur, Switzerland

Cryogenics and 
LAr purification

14
00

 l
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Further steps on LAr TPC...

56

• The construction and operation of a 100 kton liquid Argon TPC certainly 
represents a technological challenge at the present state of knowledge of 
the technique. 

• For it to become a realistic option, further R&D and dedicated 
experimental measurement campaigns are required. 

• At this stage, we intend to pursue our investigations on a ton-scale 
prototype based on the novel double-phase readout imaging method.

• Options to operate small devices in a neutrino beam are being assessed 
in parallel. 

• In addition, we have started to address the possibility of an 
“intermediate” prototype 
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≈ 28 m

≈15m

Incoming 
neutrino 
beam

Liquid Argon detector:
Exclusive final states
Frozen water target

Water Cerenkov detector:
Same detector technology as SK
≈1 interaction/spill/kton

Muon Ranger:
Measure high energy 
tail of neutrino 
spectrum

Potential new 2km site at JPARC
T2K Collaboration submitted proposal to JPARC PAC in 2007
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or a O(1 kton) near detector ??

58

• Address the possibility of an “intermediate” prototype of 100 kton.
➠ 1 kton near surface, near detector

• ≈2x ICARUS T600

• Tank and detector design and engineering, and construction would based on a 
similar but scaled down techniques of the potential 100 kton detector. 

➡ rely on industrial techniques

➡ actual proof of concepts, ready to be scaled up 

• Physics goals, e.g.:

➡ High statistics neutrino interactions 

➡ Neutrino energy resolution

➡ Neutrino electron signal background suppression (e/π0)

➡ Direct cross-check with other near detectors in same beam

➡ ...

• Timescale ≈ 2012 ?
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Conclusion

59

• Key questions in particle and neutrino astroparticle physics can 
be answered only by construction of new giant underground 
observatories to search for rare events and to study sources of 
terrestrial and extra-terrestrial neutrinos. 

• R&D and prototyping should proceed until proposals for next 
generation underground detectors will presumably be made 
around 2014.

• A potential European siting of next generation large underground 
detectors will be addressed with the LAGUNA DS.

• European and world-wide coordination is the only winning 
strategy to address projects of this scale. In addition, “accelerator-
based” and “astrophysics” should be coordinated and considered 
as part of a single programme. 
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Thank you.

60
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