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Motivations for next-generation large
underground observatories

• Discover proton decay or reach sensitivities in the range of
1034-1035 years for the proton lifetime.

• Study with higher statistics neutrinos from supernovae
explosions
– Better understanding of the evolution mechanism that leads to

the collapse of a star
– Observation of extragalactic supernovae
– Identification of the diffuse supernovae neutrino background

• Resolve subdominant oscillation phenomena with more
statistics from atmospheric neutrinos

• Better understanding of the Solar interior
• Study Earth´s interior with geo-neutrinos
• The unexpected?

See JCAP11(2007)011
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A  new generation of bubble chambers
Gargamelle
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LAr TPC: A tracking calorimeter
RESOLUTIONS FOR OUR SIMULATION FRAMEWORK

Electromagn. showers: σ(E)/E = 3% / √ E(GeV) ⊕1.5%
Hadron shower (pure LAr):             σ(E)/E ≈ 30% / √ E(GeV) ⊕10%
Low energy electrons:  σ(E)/E = 11% / √ E(MeV)⊕2%
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(Eur. Phys. J. C33 (2004) 233)

Fully homogenous, 
full sampling calorimeter
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High granularity: readout pitch ≈3 mm, 
local energy deposition measurement, 
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PHYSICS  with a O(100 kton) LAr TPC
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O(100 Kton) LAr TPC as ν a detector
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 V. Barger et al., “Report of the US long baseline neutrino experiment study”,
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Detector in Kamioka or Korea Along The J-PARC Neutrino Beam “, arXiv:0801.4035
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Neutrino detection capabilities

 Provides high efficiency for νe charged current
interaction identification
 Adequate rejection against νµ NC and CC
backgrounds

• e/π0 separation
 Fine longitudinal segmentation (few %
X0)
 Fine transverse segmentation, finer than
the typical spatial separation of the 2
photons from π0 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
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LAr TPC performance for QE events

Data collected in 1997 at CERN WANF neutrino beam line
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(Phys. Rev. D 74 (2006) 112001)
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Search for QE events with 50 liter chamber

(Phys. Rev. D 74 (2006) 112001)

86 “golden” events
 one muon matching NOMAD
reconstruction
 one fully contained proton with kinetic
energy ≥ 40 MeV
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dE/dx
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Proton

Data
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Kinematics reconstruction for golden QE

Precise reconstruction
of event kinematics
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3D reconstruction of multi-prong νµ CC
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Expected event rates

1.1 × 104/year
(100 ντ CC/year from

oscillations)
Atmospheric ν

4.5 × 104/yearSolar ν
(Ε > 5 ΜeV)

5.6 × 104
(includes CC, NC and ES events)

SuperNova ν
(at 10 kpc)

2.7 × 1034Proton decay
(# of protons)

100 Kton
LAr detector

Physics Topic
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PROTON DECAY



A. Bueno, U. Granada

Theory tells us…

…lifetimes could be between 1033-1037
taken from JHEP04(2007)041
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LAr TPC as a proton decay detector

LAr MC: p → e+ π0

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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What LAr can offer in nucleon decay searches
• Excellent tracking and calorimetric

reconstruction
– Good constrain of final state

kinematics
– Efficient suppression of

atmospheric neutrino background
• Superb particle identification

capabilities
– Versatile detector
– Allows to study a wealthy variety

of decay modes to constrain the
ultimate nature of the
disintegration mechanism

• Scalable technology to reach large
masses (O[100 ktons])

• Discovery potential at one event
level

p→µ+ γ p→e+ γ
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Simulated events
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Super-symmetric decay mode
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Event kinematics: p→e+ π0

• About 50% of the π0 are absorbed
• Overall selection efficiency amounts to 45%
• One νe CC atm background expected (normalized to 1 Mton × year)
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Event kinematics: p→K+ anti-ν
• Cuts:

– One identified kaon
– No additional charged tracks

or π0

– Evisible < 0.8 GeV
• Overall selection efficiency

amounts to 97%
• One ν NC atmospheric

background expected
(normalized to 1 Mton × year)
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Summary of proton decay analysis

JHEP04(2007)041
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Summary of neutron decay analysis

JHEP04(2007)041
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Sensitivity to nucleon partial lifetime
Only atmospheric neutrino background is included

Almost background free search



A. Bueno, U. Granada

Proton decay searches at “shallow depth”?
GLACIER “under the hill”

µ
µ

µ

Suppression of
cosmic ray
background calls
for instrumentation
of three large area
veto planes

GLACIER

Next-generation nucleon
decay experiments: do they

REALLY require deep-
underground labs?
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Muon-induced hadrons as a function of depth
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Reduction of muon-induced background
• Neutral particles (n, K0, Λ) propagated inside LAr

until they interact or decay
– Their products constitute potential backgrounds

• Apply kinematical cuts (similar to those applied to
reduce atmospheric backgrounds)

• Exclude events produced at a distance d or smaller
from the detector walls
– Reduction of fiducial volume
– d chosen such that muon-induced background is equal

to contamination produced by atmospheric events

GLACIER

Fiducial
volume Discarded 

LAr
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Expected cosmogenic background

0.5 km w.e.

1.0 km w.e.

3.0 km w.e.

Under the hill

Under the hill
+ 2 veto planes
Under the hill
+ 3 veto planesbackground after

kinematics cuts
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Sensitivity to nucleon partial lifetime at shallow depth

Atmospheric neutrino + cosmogenic background are included
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NON-ACCELERATOR NEUTRINOS
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Channel separation through:
 classification of photons from the K, Cl or Ar deexcitation
( specific spectral lines for CC and NC)
 absence of photons (ES)

Low energy neutrino interactions in LAr
 Elastic scattering on electrons (ES)

 Charged-current (CC) interactions on
Argon

 Neutral current (NC) interactions on Argon
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Supernova at 10 kpc

0.054anti−νe CC (40Ar, 40Cl*)

0.1νx ES

3.0νx NC (40Ar*)

2.5νe CC (40Ar, 40K*)

Rates ( ×104)Interaction

380 events from neutronization burst

Large statistics allow decoupled
studies to:
- Probe explosion mechanism

- Measure intrinsic neutrino properties

10-40Relative luminosity of
electron to non-electron
flavours

<1Average energy of other
(anti)neutrinos at the core

3-9Average energy of electron
anti-neutrinos at the core

5-14Average energy of electron
neutrinos at the core

2-4Binding Energy

Error
(%)

Supernova property

JCAP08(2004)001
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Supernova relic neutrinos
 Five years exposure will allow GLACIER to

detect an effect at 4σ level
• Expected number of signal events 57±12 in

the energy window 16 ≤Ee ≤ 40 MeV;
Nbckgnd = 30 events

Signal vs background
Reaction contributions to total signal

JCAP12(2004)002

Assumed Supernova rate

R0= 2×10-4 yr-1 Mpc-3, β=2.5, α =1
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Indirect Dark Matter detection
• WIMPS can be

gravitationally trapped in the
centre of celestial massive
bodies (e.g. the Sun)

• They can annihilate and
produce standard particles
(among others high energy
neutrinos)

• Look for high energy (anti-)
νe pointing to the Sun
– Take advantage of superb

angular resolution and
electron ID capabilities of
LAr TPCs

• Clear WIMP signal expected
if elastic cross section above
10-4 pb

JCAP01(2005)001
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Conclusions

• A 100 Kton LAr TPC is a suitable detector for next
generation proton decay searches.
– Complementary to searches done with water Cerenkov

detectors.
– Largest sensitivity for super-symmetric channels (i.e.,

events with Kaons in the final state).
– Allows to study a wealthy variety  of decay modes to

constrain the ultimate nature of the disintegration
mechanism.

– Proton decay searches at “shallow” depth are possible.
• Promising technology to study further neutrinos from

Supernovae, the Sun, the atmosphere, accelerators
and reactors.


