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Neutrino oscillation “anomalies”: sterile neutrino hints

• Neutrino oscillation experiments have established a picture consistent
with the mixing of three neutrinos ν ,ν ,ν and mass eigenstates ν ,ν ,ν .
• There are however a number of “anomalies” which, provided they are
e
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•
•
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confirmed experimentally, might be due to the presence of larger
squared mass differences related to additional neutrino states.
Two distinct classes of anomalies have been observed:

apparent disappearance signals: (1) the anti-νe events detected from
near-by nuclear reactors and (2) from the Mega-Curie k-capture
calibration sources in the solar-νe Gallium experiments
observation for excess signals of νe electrons from neutrinos from
particle accelerators (LNSD/MiniBooNE)
These experiments may all point out to the possible existence of
additional non standard neutrino state driving oscillations at a small
distances, with typically ∆m2new ≥ 1 eV2 and relatively large mixing angle.
The existence of a fourth neutrino state may be also hinted — or at
least not excluded — by cosmological data.
Slide 4

The ICARUS-NESSiE at the CERN-SPS

• The direct, unambiguous measurement of an oscillation pattern
•

requires necessarily the (simultaneous) observation at
different distances. In this way, the values of ∆m2 and of
sin2(2θ) can be separately identified.
The present proposal at CERN-SPS introduces important new
features, which should allow a definitive clarification of the
above described “anomalies”:
L/E oscillation paths lengths to ensure appropriate
matching to the ∆m2 window for the expected anomalies.
“Imaging” detector capable to identify unambiguously all
reaction channels with a “Gargamelle class” LAr-TPC
Magnetic spectrometers to determine muon charge and p
Interchangeable ν and anti-ν focussed beams
Very high rates due to large masses, in order to record
relevant effects at the percent level (>106 νµ,≈104 νe)
Both initial νe and νµ components cleanly identified.
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New neutrino facility in North Area
100 GeV primary beam fast extracted from SPS; target station
next to TCC2; decay pipe l =100m, ø = 3m; beam dump: 15m of Fe
with graphite core, followed by µ stations.
Neutrino beam angle: pointing upwards; at -3m in the far detector
~5 mrad slope. Interchangeable ν andν focussing.
Far position (1600 m)
ICARUS-T600 detectorNear
+ position
magnetic spectrometer (300 m)

Mid position
(1100 m)

Far position
(1600 m)

Near position (330m)
150t LAr-TPC detector
To be build anew +
magnetic spectrometer
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ICARUS-T600 @ LNGS: 0.77 kton LAr-TPC
N2 Phase separator
30 m3 LN2 Vessels

N2 liquefiers: 12 units,
48 kW total cryo-power
Electronics
ch.(54000)

LAr
purification
systems

GAr
purification
systems
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ICARUS LAr-TPC performance
(A) Momentum resolution
of stopping muons
(B) momentum resolution
of traversing muons
with the Kalman filter
method;
(C) dE/dx energy loss for
slow pions (green) and
protons (red);
(D) Michel electron decay
spectrum from µ →e
decays;
(E) π0 → 2γ reconstruction
and mass
determination;
(F) mass spectrum of 230
interactions with γγ
candidates

mγγ=133.4±3.0(stat) ±4.0(sys) MeV/c2
Slide: 8

ICARUS-T600 LAr-TPC performance - 2
pt =201 [MeV/c]
ptot=5.3 [GeV/c]
Edep

tot=2.4±0.2

Collection

µ, p=5.1±1.0 GeV/c

[GeV]
Run 9807 Event 310

Tracks

Cascades
mγγ=122±16 MeV/c
pπ0=119 MeV/c
127±11 MeV

inelastic interaction

110.60±2.50
π0
44±6 MeV
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ICARUS-T600 νe events @CNGS
a

b

Two T600 νe events with
Edep<30 GeV (out of 3.3 1019
pot )
Experimental picture of the
two observed events (a) and (b)
with a clearly indentified
electron signature from a total
sample of 1091 neutrino
interactions. Figure (a) has a
total energy of 11.5 ± 1.8 GeV,
and a transverse momentum of
the electron of 1.8 ± 0.4 GeV/c
Figure (b) has 17 GeV of visible
energy. In both events the
single electron shower in the
transverse plane is clearly
opposite to the remaining of
the event.
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ICARUS-T600 LAr-TPC performance - 3

• At ~GeV energies, electron
identification and energy
reconstruction of νe
events is ensured with ~ 4
X0 (X0=14cm) longitudinal
cut and ~0.7 X0 side cut of
the sensitive volume
(fiducial volume of ~ 90 %
of the active one).

•π
•

0

from NC are rejected by photon vertex identification,
invariant mass reconstruction and dE/dx measurement: the
expected π0 mis-interpretation probability is 0.1 %, with νe
detection efficiency of 90 % within the fid. volume.
Expected νe energy resolution is 14 % (with fiducial cuts).
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The ICARUS T600 as “Far” detector

●T600 will be transported to CERN in 2013, after CNGS
phase, ensuring the new experiment operation again in 2015
●A large number of components will be disassembled and

transported: inner detectors,electronics, ancillary systems
and LN2 liquefaction system.
TPCs will be moved inside clean and lightweight containers
using trolleys already used for transport from Pavia to LNGS

●

• Study/cost estimate for T600

transport from LNGS to CERN
carried out in collaboration
with CERN Transport Group

• No major Works in LNGS
underground Laboratory
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Cryostats, Insulation and Cryogenic Plant (T600 & T150)
New vessels made of extruded Al profiles, vacuum-tight < 10-5
mbar l s-1 and standing up to 1 bar internal overpressure.
New external insulation based on
industrial membrane tank concept:
better performance & full spill
containment. Expected heat loss
through insulation: 6.6 kW (T600)
3.5 kW (T150)

• Total cooling capacity provided by Stirling
•
•

cryocoolers producing 4 kW of cold power
each at 80 K.
Expected consumption for CERN installation
~14 kW for T600 and ~ 6 kW for T150.
12 available Stirling units largely sufficient
for both T600 and T150
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LAr Purification (T600 and T150)

• Argon purification: most fundamental issues for successful
development and operation of LAr-TPC
• Solution developed by ICARUS over ~ 20 years R&D based on 3
key issues:
1. Use of commercial filters, Oxysorb/Hydrosorb;
2. Ultra High Vacuum techniques;
3. Continuous purification by recirculation in liquid & gas phase.

T600: τele>5ms (~60 ppt [O2]eq) ⇒ <17% attenuation@1.5 m
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New T150 LAr-TPC

• Present design of T600

extended to T150 module
(1/4 T600): 2 wire chambers
with 3 read-out planes each,
field shaping electrodes and
cathode, separating the 2
drift volumes.

• 8” Hamamatsu R5912MOD
•

TM

PMT, higher
efficiency, more uniform q.e. + teflon light
guides (replacing also T600 PMTs)
New electronic read out
Same architecture as for T600 but
implementing up-to-date components.
External side of UHV feed-through flange
houses analogue and digital electronics.
modern switched I/O, allowing data flows
parallelization. Now under developmentSlide: 15

NESSiE Magnetic Spectrometers

➱ TWO
IRON Spectrometers

PLUS Air-Magnet Coils

FAR
detector
layers

Coils

• Exploit the expertise
•
•

acquired in the design,
construction assembling
and maintenance of the
OPERA spectrometers
B
RPC detector with digital
read-out
Same design scheme for
the electronics

1800 + 700 m2 of RPC
20,000+12,000 digital channels
Precision Trackers

NEAR

B
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AIR-Magnets
Fully new concept of a 40 m2 transverse area magnet field
in air
The air-magnet single coil structure.

Aluminium coils with internal cooling

The air-magnet coil (“pancake”) structure
SPSC_Open Presentation April 2012
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NESSiE Spetrometers"

•Two-fold dipole magnets:

Air-magnet downstream ICARUS for low momentum muon ID
followed by a massive long Iron-magnet to provide extensive
p-measures
Muon charge misidentification η

Charge mis-identification
percentage including
selection, efficiency and
reconstruction
procedures.
Blue dots correspond to
measurements performed
in the magnetic field in air,
red (black) dots
correspond
to the magnetic field in
iron with two (one) arms.

Air magnets

iron magnet: one (two) arms

Slide: 18

LAr-TPC and Spectrometer Trigger

• Rates at nominal beam power (2 10

13

•
•
•
•
•
•

pot/spill, spill width 10.5
µs): 0.18 (0.10) ν events per spill in each LAr-TPC expected in
the Far position for positive (negative) focusing.
Additional beam related events: ~ 0.15 (0.08)/spill/TPC.
Cosmic ray contribution within the spill gate: ~ 0.11 µ/spill/TPC
easily recognized by the different event topology.
The coincidence of PMT signals within SPS p-spill gate will be
used to trigger events acquisition separately on each T600-TPC.
In the T150 the proton spill signal will be used to trigger data
collection, due to multiple neutrino interactions (5 (2.5)
events/spill/TPC).
Moreover, PMT signals in coincidence with the spill gate will also
be used for event localization and data reduction.
Spectrometer: few (several tens) events/spill in FAR (Near),
triggerless mode within spill gate, events are time-stamped, DAQ
transmission in inter-spill time
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Expected signals for LSND/MiniBooNE anomalies

• Event rates for the near
•

and far detectors given
for 4.5 1019 pot.
The oscillated signals are
clustered below 6 GeV of
visible energy
NEAR
NEAR
FAR
(neg. foc.) (pos. foc.) (neg. foc.)

FAR
(pos. foc.)

νe+νe (LAr)

35 K

54 K

4.2 K

6.4 K

νµ+νµ(LAr)

2030 K

5250 K

270 K

670 K

590

1900

360

914

νµ (LAr+NESSiE)

230 K

1200 K

21 K

110 K

νµ (NESSiE)

1150 K

3600 K

94 K

280 K

νµ (Lar+NESSiE)

370 K

56 K

33 K

6.9 K

νµ (NESSiE)

1100 k

300 K

89 K

22 K

1840

4700

1700
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sin2(2θ)=0.02, ∆m2=0.4 eV2

Disapp.. test point

Comparing LSND sensitivities

Expected sensitivity for the proposed experiment:   beam
(left) and anti-  (right) for 4.5 1019 pot (1 year) and 9.0 1019
pot (2 years) respectively. LSND allowed region is fully
explored
in both cases.
SPSC_Open Presentation April 2012
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Sensitivity to νµ disappearance

Present proposal
(2+1 years)

90% C.L. sensitivity for
2 years anti- + 1 year
ν. Exclusion limits :
CCFR, CDHS, SciBooNE
+ MiniBooNE
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Sensitivity to νe disappearance anomalies

•

Oscillation sensitivity in sin2(2θnew) vs. ∆m2new distribution
for CERN-SPS neutrino beam (1 year). A 3% systematic
uncertainty on energy spectrum is included. See also
combined “anomalies” from reactor neutrino, Gallex and
Sage
experiments.
SPSC_Open
Presentation April 2012
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Time Schedule

2 years from t0
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Conclusions

• ICARUS-NESSiE, thanks to the superior quality of LAr

•

imaging TPC and µ momentum measurement may be able to
give a likely definitive answer to the 4 following queries:
the LSND/+MiniBooNe both antineutrino and neutrino
νµ → νe oscillation anomalies;
The Gallex + Reactor oscillatory disappearance of the
initial ν-e signal, both for neutrino and antineutrinos
an oscillatory disappearance maybe present in the ν−µ
signal, so far unknown.
Accurate comparison between neutrino and
antineutrino related oscillatory anomalies, maybe due
to CPT violation.
It may be prepared in a short time, reusing the T600
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Related documentation to SPSC
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New electronic read-out (T150)

• T600 event builder

•

architecture based
on network
characterized by 2
level switching
layers.
Same DAQ layout
implemented in
T150 detector

• Segmentation/parallelization of data stream (e.g. 12 readout
units per builder) allow reaching a building rate >1 Hz on the
whole T600, largely adequate to match SPS extraction rate.
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Related documentation to SPSC

•Relevant documents sent to SPSC by the ICARUS & NESSiE Coll.:
Memorandum from ICARUS Coll. (SPSC-M-773), March 9,2011
Proposal “A comprehensive search for <<“anomalies>>” from neutrino
and anti-neutrino oscillations at large mass differences (∆m2 ≈ 1eV2
with two LAr–TPC imaging detectors at different distances from the
CERN-PS” (SPSC-P-345), Oct. 14, 2011;
Proposal “Prospect for Charge Current Neutrino Interactions
Measurements at the CERN-PS with two magnetic spectrometers for
measuring CC neutrino interactions” (SPSC-P-343), Oct. 11, 2011;
Joint Technical proposal “Search for “anomalies” from neutrino and
anti-neutrino oscillations at ∆m2≈1eV2 with muon spectrometers and
large LAr–TPC imaging detectors” (SPSC-P-347), March 15, 2012
Contribution to the European Strategy for Particle Physics, Open
Symposium Preparatory Group Kracow 10-12 sept. 2012 (arXiv:1208.0862

•
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LAr-TPC data handling / reduction

• Triggers/day expected in the near and far detectors: ~
1.25 10 (assuming average SPS repetition rate: 1 spill/6 s).
• Related data volume: ~ 0.5 TB/day, comparable with
4

•
•
•

present T600 data-taking throughput (50 MB/event in Far
detector and 12.5 MB in Near, recording only the triggered
TPC with the present data compression algorithms).
Data handling (quality monitoring, filtering, event tagging)
and data streaming (from DAQ to central storage facility)
will duplicate present T600 scheme.
Data storage and computing power resources will exploit
already existing CERN facilities (CASTOR and GRID).
Disk space per 1 year data taking, comparable to present
ICARUS data throughput at LNGS (~ 100 TB/year):
2.5 106 triggers/year•(12.5 MB+50 MB) = 156 TB/year
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Unique features of the CERN beam

• The present proposal is a search for spectral differences of
•

electron like specific signatures in two identical detectors but at
two different neutrino decay distances.
In absence of oscillations, apart some beam related small spatial
corrections, the two spectra are a precise copy of each other,

independently of the specific experimental event signatures and
without any Monte Carlo comparisons.

• Therefore an exact,

observed
proportionality
between the two νe
spectra implies
directly the absence
of neutrino oscillations
over the measured
interval of L/E.

Precise identity of
νe events in the
near and far
location
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LSND: evidence for νµ →ν
νe
800 MeV proton
<Eν>≈30 MeV, L≈30m

Excess of events: 87.9±22.4± 6.0

Beam related
background

Expectation for
oscillations

Data points after
background subtraction

•The experimental evidence is very strong, namely 3.8 s.d.
<Pν → ν >=(2.64±0.67±0.45)x10
•The experimental result so far has not been challenged
µ

e

-3

experimentally
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MiniBooNE

•The recent result from MiniBooNE performed with ν from 8 GeV

FNAL-Booster confirms an oscillation signal in the similar L/Eν
range at 3.8 s.d. present both in neutrino and antineutrino channels.
The reported MiniBooNE effect is broadly compatible with the
expectation of LNSD experiment, which, as well known, was
originally dominant in the antineutrino channel.

•
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Visual identification of νe events (MC)

Typical Montecarlo generated event from the ICARUS full
simulation program with Eν= 11 GeV and pt= 1.0 GeV/c. Only
the vertex region is shown.
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NEW AL CRYOSTATS (T600)
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● New vessels realized, welding together extruded al profiles.
● Designed to be vacuum-tight < 10-5 mbar l s-1 and to stand
●

1 bar maximum operating internal overpressure.
External size and weight allow the transport from
manufacturer.
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Search for the “LSND anomaly” with ICARUS
(arXiv:1209.0122)

• CNGS facility delivers an essentially ν beam peaked in the range
10≤E ≤ 30 GeV (intrinsic ν component slightly less than 1%)
• “Gargamelle class” imaging detector searching visually the
signature of νµ→νe signal due to a LSND anomaly.
• L/Eν≈36.5 MeV/m for a typical neutrino energy Eν ≈20 GeV
• fast energy oscillations averaging closely to
L /E) ~1/2 →
<Pνµ->νe > ~ ½ sin (2θ )
sin (1.27∆m
• The present experimental sample is based on 168 neutrino events
µ

ν

2

•

e

2

new

2

new

(5.8 1018 pot) collected in 2010 and 923 events collected in 2011
(2.7 1019 pot out of the 4.4 x1019 pot collected in 2011), leading to
a total of 1091 initial neutrino events. In this sample all events
with visible energy ≤ 30 GeV have been included with the relevant
fiducial cuts, which bring the number of events from 1091 to
839.
5 expected νe (3.7 after visual identification request) from
conventional sources (3 intrinsic νe,+1.3 νe from θ13 oscillations,
Slide:34
0.7 from νµ→ντ oscillations)

Limit from ICARUS
The present result strongly
limits the window of
options from the
MiniBooNE experiment.
Using a likelihood-ratio
technique [3], CP
conservation and the same
oscillation probability for
neutrinos and antineutrinos,
a best MiniBooNE oscillation
fit for 200 < < 3000 MeV
has been given at = (0.037
eV2, 1.00). This is clearly
excluded by the ICARUS
result.
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Iron-Magnets
Transverse and longitudinal views of the FAR site iron magnet.
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Magnetic Fields
The transverse profile of the global (air plus iron) magnetic
fields
1.6 T

SPSC_Open Presentation April 2012
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NEW THERMAL INSULATION (T600)

• Purely passive insulation (no vacuum).
• Membrane tanks represent the
•

reference choice: technique developed
over 50 years, widely used for large
industrial storage vessels and ships for
liquefied natural gas.
Expected heat loss through insulation:
T600 ≈ 6.6 kW ; T150 ≈ 3.5 kW

Slide: 38

Cryogenic Plant

• The principal cooling power
•

provided by circulation into thermal
shield of LN2+GN2 mixture.
Forced circulation with centrifugal
pump adopted as standard
operating mode.

•Total cooling capacity provided

by Stirling cryocoolers
producing 4 kW of cold power
each at 80 K.
Expected consumption rate for
the CERN installation ~14 kW
for T600 and ~ 6 kW for T150.
12 available Stirling units
largely sufficient for both T600
and T150

•
•
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