Meeting at BNL November 18th, 2013

PROPOSAL FOR R&D ON LAr TPC at CERN
ICARUS-LBNE Collaboration

The need for a continuing neutrino programme
 The recent, major success of ICARUS-CNGS2 experiment has conclusively
demonstrated that LAr-TPC is the leading technology for future short/long

baseline accelerator driven neutrino physics.

 INFN has just concluded an important cooperation agreement toward a joint
experiment with US-LBNE collaboration, involving the long term realization of a
truly large mass, LAr-TPC detector for a search of CP violation in the lepton
sector, proton decay and other topics. This without any doubt will be the

leading future experimental programme in the accelerator n-physics world-wide.

 We strongly believe that the exclusive utilization of charged particle beams will
be vastly insufficient/unrealistic, at least at the level of development &
complexity of our LAr-TPC programme, and to prepare adequately for the long
term realization of the LBNE.
 The direct and continued access to a neutrino beam either at CERN or
alternatively to FNAL is necessary to maintain the appropriate levels in R&D
and participation in physics developments within a “learning” process based on

real events and cross sections.
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Next neutrino activities
In view of the relative novelty of LAr-TPC technology, a vast “LAr programme”
must be continued, studying real n and anti-n low energy events.
ICARUS will be moved to CERN early 2014 for an overhauling and complemented
with a new smaller T150 module “clone” of 1/4 of T600. Vigorous technology
developments while maintaining the already achieved basic features of T600
will introduce important new features.
ICARUS will then be operated (either at CERN, if a beam will be made available
on a reasonable time schedule, or else at FNAL, provided it will be approved)
collecting a large event sample (≥106) on short baseline with appropriate energy
for the future LBNE exp.
In addition to a definitive clarification of sterile neutrino, the R&D programme
in LAr may pave the way to ultimate realization of the LNBE detector for
instance with:
An accurate determination of cross sections in Argon;
The experimental study of all individual CC and NC channels;
The realization of sophisticated algorithms capable of the most effective
identification of the events.
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A multi-faceted programme
Our future physics oriented programme is characterized by:
1) Continued analysis of the ≈3000 n events already collected with CNGS2.
A main result has been the major clarification of the sterile neutrino
search, now concentrated on a small possible window in Dm241,, and

compatible with the cosmological prediction for dark matter. More results
are also coming.

2) Overhaul of T600 and construction of a smaller T150 detector “clone”
under the CERN approved exp.
3) This new dual detector configuration will definitively clarify the sterile
neutrino questions and on the same time ensure the bulk of preparatory
phase of the LNBE collaboration, accumulating > 106 n events in a short
n- baseline for test and analysis purposes as a running premise to LBNE.
4) Possible long term utilization of T600 as “near detector” of LBNE.
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The ICARUS T600 detector at LNGS Laboratory

●Exposed to CNGS beam up to Dec. 3rd 2012:

2012

a 8.6 1019 pot evebt statistics has been
collected with a remarkable detector livetime > 93 %.

2011

●In parallel data taking with Cosmics

has
been conducted to study detector capability
for atmospheric n, p-decay search (0.73 kty
exposure).

● T600 decommissioning @ LNGS is

2010

East Cryostat Warm-up

successfully proceeding from June 27th
with cryostats evacuations:
LAr recovery / warming up phases,
reaching 300 K beginning of September

● TPC chambers, cryogenic plant,

read-out
electronics, chimneys,... and ancillary
systems will be recovered.
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T600 run at LNGS: first publications
1. “Underground operation of the ICARUS T600 LAr-TPC: first results”,
JINST 6 (2011) P07011.
2. “A search for the analogue to Cherenkov radiation by high energy
neutrinos at superluminal speeds in ICARUS”, PLB 711 (2012) 270.
3. “Measurement of neutrino velocity with the ICARUS detector at the
CNGS beam”, PLB 713 (2012) 17.

4. “Precision measurement of the neutrino velocity with the ICARUS
detector in the CNGS beam”, JHEP 11 (2012) 049.
5. “Precise 3D Reconstruction Algorithm for the ICARUS T600 Liquid Argon
Time Projection Chamber Detector”, AHEP 2013 (2013) 260820.
6. “Experimental search for the LSND anomaly with the ICARUS detector in
the CNGS neutrino beam”, EPJ C73 (2013) 2345.
7. “Search for anomalies in ne appearance from nm beam”, arXiv:1307.4699, in
press on EPJ C.

Analysis of the large amount of physics data becoming
progressively the main activity of the CNGS2 collaboration
BNL November 2013

6

The new ICARUS results
 Experimental pictures of one of the four events with a clear electron
signature found in the sample of 1995 n interactions (6.0 1019 pot over the full
recorded statistics of 8.6 1019 pot).
 In all events the single electron shower is opposite to hadronic component in
the transverse plane.
 The evolution of the actual dE/dx from a single track to an e.m. shower for
the electron shower is shown along the individual wires.

 The expected number of e- events from intrinsic νe beam, q13~90 and nm-nt
oscillations is then 6.4±0.9 (syst. only).
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e/g separation and p0 reconstruction in ICARUS
Ek = 102 ± 10 MeV
θ

• MC: single electrons (Compton)
• MC: e+ e– pairs (g conversions)
• data: EM cascades (from p0 decays)

2 m.i.p.

p0 reconstruction:
pπo = 912 ± 26 MeV/c
mπo = 127 ± 19 MeV/c²
θ = 28.0 ± 2.5º

Ek = 685 ± 25 MeV

Sub-GeV E range

Collection

Mgg:
133.8±4.4(stat)±4(syst) MeV/c2

1 m.i.p.
2 m.i.p.

1 m.i.p.

MC
Unique feature of LAr to distinguish e from g and reconstruct p0
 Estimated bkg. from p0 in NC and nμ CC : negligible (from MC and scanning)
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Exclusion of the low energy MiniBooNE experiment

arXiv:1307.4699, in press on EPJ C.

 The ICARUS results exclude the existence of the (otherwise questionable)
low energy sterile neutrino peak presented by MiniBooNE both in the
neutrino and antineutrino channels. This is also confirmed by OPERA.
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LSND-like exclusion from the ICARUS experiment
allowed MiniBooNE
allowed LSND 90%
allowed LSND 99%

limit of
KARMEN

First results:
Eur. Phys. J. C 73 (201

present
ICARUS
exclusion area

ICARUS result strongly limits the window of parameters for a possible LSND
anomaly to a very narrow region (Dm2 ≈ 0.5 eV2 and sin22q ≈ 0.005) where there
is an overall agreement (90% CL) of

● the present ICARUS limit
● the limits of KARMEN
● the positive signals of LSND and MiniBooNE
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A new coherence of the global 3+1 fits
Giunti, Laveder et al.,arXiv:1308.5288

ICARUS contribution is
relevant in excluding most
of the area.

 Global fits of sin2qme (appearance) & sin2qee and sin2qmm (disappearance) with
corresponding Dm241: a well defined common region 0.82<Dm241<2.19 eV2 well
within expectations of relevant cosmological measurements.
 The crucial indication in favor of short-baseline is still the old LSND result.
MiniBooNE experiment has been inconclusive: hence new and better
experiments are needed to check the presence of these signals.

ICARUS-NESSIE P347, now approved as WA104, will be able to

give a definitive answer to the sterile neutrino hypothesis.
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May 2009: the CERN /PS double LAr-TPC

DOUBLE-LAr:
Sterile neutrinos
with the CERN PS
Carlo Rubbia
CERN Geneva, Switzerland
and
INFN/LNGS, Assergi, Italy

The PS proton beam at 19.2 GeV/c is extracted
from the PS via TT2, TT1 and TT7. The magnetic
horn is designed to focus particles of momentum
around 2 GeV/c.
The decay tunnel is about 50 m long, followed by
an iron beam stopper. There are two positions for
the detection of the neutrinos.
The far (main) location is at 850 m from the
target; a secondary location is foreseen at a
distance of 127 m from the target. MiniBooNE
was at 550 m from the target.

Carlo Rubbia, CERN ,11May 09

ICARUS T600 moved
to CERN after 2012

Additional LAr-TPC
small detector
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History of our proposal
 May 10th,2009 “New opportunities in the physics landscape at CERN
” ArXiv:0909.0355 Hep-ex. First LOI for a dual LAr experiment at
the CERN-PS
 Oct 1st,2009 “European strategy for future neutrino physics”
 March 9th,2011 Memo to SPS-C “Physics program for ICARUS after

2012”

 Oct,14th 2011 “A comprehensive search for “anomalies”…with two
LAR-TPC at CERN PS” . Proposal (SPSC-P-345) ICARUS
 Oct. 11th, 2011 “Prospect for Charge Current Neutrino Interactions

Measurements at the CERN-PS with two magnetic spectrometers for
measuring CC neutrino interactions” . Proposal (SPSC-P-343)

NESSIE
 March 15th, 2012 “Search for “anomalies” from neutrino and anti-

neutrino oscillations at Dm2 ≈ 1eV2 with muon spectrometers and
large LAr–TPC imaging detectors” ,Techn. Proposal (SPSC-P 347) at
new CENF CERN neutrino facility.
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History of the ICARUS experiment (cont)
 Summer 2012 SPS-C recommends a joint working group between
ICARUS+NESSIE Collaboration and CERN beam dept. in order to
define/optimize details of beam design, associated infrastructure and
experimental conditions.
 Sept 2012
Krakow meeting: neutrino options presented
 Jan, 2013
Erice meeting continues Krakow’s discussions
 Jan 15th, 2013 (Positive) recommendations of SPS-C
 Feb.7th, 2013 presentation of the “Letter of Intent for the new
CERN neutrino facility (CENF)” M. Nessi et al, including annexes from
ICARUS, NESSiE and Laguna
 May 8th, 2013 Report of the SPC-Neutrino Working group
 Oct. 1st, 2013 The proposal SPC-P-247 (ICARUS-NESSIE) (omissis)
has been conditionally approved by the August 2013 CERN Research
Board with CERN code WA104 (omissis)... An initial project is starting
at CERN, with the aim to provide an effective platform for future
neutrino activities at CERN and/or outside CERN.
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The ICARUS single-phase T600 LAr-TPC

External insulation:
evacuated Nomex
honeycomb panels


Al LAr containers

Two identical modules
3
 3.6x3.9x19.6 ≈ 275 m each
 Liquid Ar active mass: ≈476 t
 Drift length = 1.5 m (1 ms)
 HV = -75 kV; E = 0.5 kV/cm
 v-drift = 1.55 mm/μs
 Sampling time 0.4μs (sub-mm
resolution in drift direction)
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4 wire chambers:
 2 chambers per module
 3 “non-distructive” readout wire planes per
chamber wires at 0,±60° (up to 9 m long)
 Charge measurement on collection plane
 ≈ 54000 wires, 3 mm pitch and plane spacing
 20+54 8” PMTs for scintillation light detection:
 VUV sensitive (128nm) withTPB wave shifter
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New T150 LAr-TPC

• Present T600 design extended to
T150 module (1/4 T600): 2 wire
chambers, 3 read-out planes
each, field shaping electrodes
and cathode, separating 2 drift
volumes (1.5 m drift).

• Thought intended as the near detector for the
•
BNL November 2013

sterile neutrino search, the T150 is the ideal tool
to implement new solutions, especially for
introduction of a magnetic field, purification
schemes and cryogenics.
New electronic read-out under development:
 Same architecture as for T600 but implementing
up-to-date components and new ideas for the
layout.
Slide# : 16

R&D LAr Programme

 R&D-1: Magnetizing LAr

 R&D-2: LAr Purification
 R&D-3: New thermal insulation
 R&D-4: New cold bodies design
 R&D-5: Compensating recombination effects
 R&D-6: Modification on T600 and new electronics for T150

 R&D-7: New light collection system
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R&D-1: Magnetising LAr
 The addition of an appropriate magnetic field to the LAr-TPC detector has
been already described in the first ICARUS.
 The presence of the magnetic field nicely complements the calorimetric
tracking of the events, introducing with the charge and curvature of the
tracks a complete analogy to the one of the traditional bubble chamber.

Magnetization can be extended to Multi-kton detectors
(e.g. MODULAr)
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Possible solutions
 Although “hot” superconductors may also be possible, a more conventional
approach seems to be more suitable to our needs, based on recently developed
technologies.
 The standard Niobium-Titanium superconducting cable would depend on a
rather sophisticated cryogenic system that uses liquid Helium at 4.2 K - 1.9 K.
 We consider new SC wires based on
Magnesium Diboride (MgB2) that
offers the major advantage to remain
functional at up to 25 K. This
superconductor, developed at CERN
with IASS [11] in collaboration with the
Italian company Columbus can be cooled
using Helium gas (as opposed to liquid
Helium), greatly simplifying the
demands on the cryogenic system. In
addition, MgB2 can work with a
temperature margin of several degrees,
a great advantage from the operation
point of view.
BNL November 2013
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Benefits
 In conclusion, the introduction of an appropriate magnetic field to the LArTPC permits to further contribute to the progress of LAr technology, allowing
the unambiguous determination of the sign and momentum of the secondary
charged particles and a greatly improved visibility of the e.m. showers. With a
comparable intensity of a magnetic field, it provides an even closer visual
similarity to the one of a “Gargamelle like” bubble chamber, with the added
advantage of an accurate calorimetry and dE/dx identification of the tracks.
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R&D-2: LAr purification

New pumps

 The dual cryogenic system at T600
requires > 10 liquefiers with a total
electric consumption of ~400 kW
and a “brute force” approach.
 The present system is therefore
very delicate and requires a very
sophisticated technology, namely:

 Purification (100 Nm3/h) of gas phase (~40 Nm3) to block impurity diffusion
from hot parts of the detector and from micro-leaks on the opening
 Purification (4 m3/h) of the bulk liquid volume (~550 m3) to efficiently
reduce the initial impurities concentration
 As soon as the purification stops purity decreases within days.
 A linear scaling to LBNE (70 x 400kW) = 28 Mwatt, unrealistic!

A more efficient purification system is required
BNL November 2013
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LAr purification -2

max drift

New pump
60 ppt [O2]eq

East Cryostat

ACD LAr pump faults

● New Barber Nichols pump with non
immersed motor (BNHEP-23-000)
successfully tested (Apr – June 2013)
allowing to exceed tele > 7ms
● tele > 5ms (~60 ppt [O2] eq): maximum
charge attenuation of 17% at 1.5 m
BNL November 2013
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New purity achievements
 LBNE requires: tele>12 ms and Edrift =
0.5kV/cm for 15% attenuation at 3.0 m,
 Extremely high tele have been already
obtained with cosmic m’s and the
ICARINO programme
 The short path length used (30 cm) is
compensated by the accuracy in the
observation of the specific ionization
 The result reported is tele ≈21 ms
corresponding to ≈15 ppt, namely a ≈1011 molecular Oxygen eq. impurities.
 These activities were initiated in view
of “Modular” Project.
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R&D-3: New Thermal Insulation

Purely passive insulation chosen for the installation
at CERN, coupled to our standard cooling shield
with boiling Nitrogen.
Technique developed for 50 years and widely used
for large industrial storage vessels and ships for
liquefied natural gas.
Expected heat loss through the insulation:
T600 ≈ 6.6 kW ; T150 ≈ 3.5 kW
Preliminary design appointed to GTT in Jan 2013
No internal membrane is required for our case
BNL November 2013
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New T600 layout

BNL November 2013

Warm vessel cage

External skin

Insulation panels

T600 modules
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New T600 layout
Insulation top

BNL November 2013

Top flanges (final layout)
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R&D-4: New cold bodies design
The new cold bodies design appointed to a
mechanical engineering company connected to
the Milano Politecnico (Finzi e Associati).
Work is progressing:
•
Detailed modelling of the aluminium
profiles (complete).
•
Compute behaviour under the several
loading conditions (complete)
•
Optimization of the aluminium profiles
(done)
•
Define assembly and welding procedures
(in progress)
•
Verify time scale and construction cost (in
progress)
This solution could represent a valid
alternative to membrane (as originally
foreseen for MODULAr) for LAr containment.
BNL November 2013
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R&D-5: Compensating recombination effects
 None of the electron recombination
theories developed so far is fully
successful in describing all the
experimental data in liquid argon.
Nevertheless, they provide the basis for
its understanding and for all
phenomenological approaches.
 The recombination effect has been
already carefully studied by us and it is a
very important process which needs to be
further studied.

 There are several minor additives to the LAr which modify this effect,
transforming some of the produced light into additional ionization which
could be useful also for the future LBNE programme.
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Doping with tetra-methyl-germanium (TMG)
 The nonlinear detector response may degrade the particle identification
capability of the LAr-TPC.
 A possible solution to improve the linearity of the detector response is to
introduce photo-sensitive dopants able to convert part of the scintillation light
into additional free electron-ion pairs, thus enhancing the linearity as a
function of the deposited energy density and electric field.
 We have chosen TMG as photo-sensitive dopant since:

TMG is not absorbed in the recirculation system.
pure TMG can be easily purified to an electron lifetime better than 10 µs.
TMG has a large photo-absorption cross section of 62 Mbarn and has an
acceptable quantum efficiency.

See: P. Cennini, et al. (ICARUS Coll.), NIM A355 (1995) 660-662
 The performance of the detector is greatly improved and is remarkably stable
in time.
 A signal increase of +25% to +220% was found from 1.6 to 32 MeV/cm.
BNL November 2013
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Doping with tetra-methyl-germanium (TMG)
10 ms lifetime

 Collected charge and deposited energy at
an electric field of 200 V/cm and TMG
concentration of 1.3 ppm and 3.5 ppm
from stopping muon and proton events.
 Time evolution at 300 V/cm during the
LAr doping with TMG.
3 ton LArTPC
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R&D-6: Modifications on the T600 and new Electronics for the T150
 The T600 electronics, by now 15 years old, requires substantial refurbishing
and consequent upgrades.
 One evident limitation in the DAQ was due to the adoption of the VME
standard (8-10 MB/s).

 The T600 system is being re-designed to overcome these limitations, for
instance adopting a modern switched I/O and the parallelization of data
flows.
 An R&D upgrading programme has been initiated, in order to realize:

A more compact electronics both for analogue and digital
Improvements of the signal to noise ratio shortening cables
 Integrating electronics onto the flages with lower power
Adopting serial swiched I/O for data flow

BNL November 2013
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R&D-7: New light collection system
 As alternative solution to the traditional PMs for the detection of
the scintillation light, solid-state photo-detectors, such as Silicon
Photomultipliers (SiPM) can be envisaged for the light detection
inside a magnetic field.
 New light collection systems (wave-shifting waveguides/reflectors)
can be implemented to increase the light collection efficiency.
 Effects of dopants (e.g. Xenon) will be studied to verify the
possibility to collect a fraction of the scintillation light also using
TMG to compensate for recombination effects.
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Conclusions
 ICARUS has now successfully completed the CNGS-2 experiment
 The ICARUS-NESSIE proposal has been approved by the SPS-C
 As recommended by the CERN/DG and the CERN Research Board
ICARUS-NESSIE is now the approved experiment WA104.
 The T600 detector will be transported to CERN where it will be
overhauled.
 A new T150 detector will be constructed using the same technology of
the T600 for the TPCs and new solutions for LAr purification,
electronics, light collection and complemented with a magnetic field.
 ICARUS is the only operational, physical scale LAr detector and it shall
be so for several years to come. We intend to:
contribute to the clarification of the “sterile neutrino” story
collaborate with LBNE during the preparation phase with a vigorous
R&D programme and with a large amount of neutrino/anti-neutrino
events at the appropriate energy
use our detector as a convenient “near detector” for LBNE
BNL November 2013
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Thank you !

LNGS_May2011
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Backups and for other discussions
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ARRANGEMENT
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Material:

Weight: 28409.88 Kg

General tolerances: ISO 2768 - mK

Spec Nbr: N/A

This document contains information resulting from testing, experience and know-how of GTT, which are protected under the legal regime of undisclosed information and trade secret (notably TRIPS Art. 39) and under
Copyright law. This document is strictly confidential and the exclusive property of GTT. It cannot be copied, used, modified, adapted, disseminated, published or communicated, in whole or in part, by any means, for any
purpose, without express prior written authorization of GTT. Any violation of this clause may give rise to civil or criminal liability - © GTT, 2010-2011
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Insulation Preliminary Design (II) (*)
Calculation (DI)
CALI-RPT-001108

Preliminary evaluations show
that with 400 mm insulation
thickness a thermal loss of
about 10 W/m2 can be
reached.
For the T600 we choose a
thickness of 600 mm on the
bottom and lateral walls and
400 mm on the top. Similar
choices will be done for the
T150.
Thermal performance,
experimentally verified on the
T600 scale (about 1 kton) will
be of extreme value to
certify the choice for LBNE.

THERMAL AND STATIC STRENGTH ANALYSIS OF
THE TECHNICAL INSULATION CONCEPT FOR THE
ICARUS PROJECT

Revision : 01
15/04/2013
Page : 8 / 25

Report

The thermal flux through the insulation is then calculated with the total heat flux and the area of the section
considered.

Surface of the panel
for the heat flux

For each case of panel thickness (400 or 600mm), and according to foam density, the thermal flux through the
insulation can be calculated.

Panel
thickness(m)
0.4
0.4
0.6
0.6

FOAM
Densities
kg/m3
70
210
70
210

Total heat flux (W) Surface (m2)
7.8
13.53
5.2
9.026

0.75
0.75
0.743
0.743

Thermal
flux(w/m2)
10.40
18.04
7.00
12.15

The detectors main dimensions are:

This document contains information resulting from testing, experience and know-how of GTT, which are protected under the legal regime of undisclosed information and trade secret (notably TRIPS
Art. 39) and under Copyright law. This document is strictly confidential and the exclusive property of GTT. It cannot be copied, used, modified, adapted, disseminated, published or communicated, in
whole or in part, by any means, for any purpose, without express prior written authorization of GTT. Any violation of this clause may give rise to civil or criminal liability - © GTT, 2010-2011
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New cold bodies design (II) (*)
New Flat profile

New Angular profile

The new design is
progressing. The
extruded profiles
have already been
finalized. The details
about the internal TPC
supports have also
been completed.
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Proposal for a new DAQ architecture for LAr-TPC

ICARUS readout architecture
 Limitations of the existing system
 Proposal of a new readout design
 Conclusions
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T600 electronic racks on top of detector at LNGS

• ICARUS

T600 read-out electronics, designed to provide continuous
digitization and waveform recording of signals from each wire of the TPC, has
proven to perform quite satisfactorily in the run on CNGS beam at LNGS since
May 2010.

• It

consists of an analogue front-end amplifier followed by a multiplexed
parallel AD converter (10 bit) and by a digital VME module performing local
storage, hit finding and data compression.

• T600: ~54000 channels. 96 racks host 1720 analog + 1720 digital boards.
BNL November 2013
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Critical considerations

• It is important to remember that

DAQ architecture for T600
was conceived in 1997 and front-end dual channel BiCMOS
circuits were designed in 1998. The full system was designed
and built from 1999 to 2000 and operated first time in 2001.

• In this scenario it’s very important to make a critical analysis

at system level to spot areas where the necessary changes
could led to a more efficient structure.

• Adopting

a top down approach one evident limitation of T600
DAQ is due to the choice of VME standard (8-10 MB/s),
perfectly legitimate at that time.
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The flange of T600 is an opportunity

•

For T600 a very reliable and cost effective flange has been
developed.

•

Presently it allows for the connections of 18 twisted pair flat
cables, each conveying 32 signals from wire chamber to
external electronics. (576 ch’s per flange).

•

It is conceivable with a compact design to host the full
electronics on the flanges, using the external side of the
flange as a sort of backplane that support both analogue and
digital electronics.

•

It requires a minor change of flange design. The overall cost
will be drastically reduced.
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Electronics on the flange

Optical connectors
Lemo connectors
Ethernet connector

Backplane
integrated on
the flange

Power distribution on the
auxiliary connectors on
side bus
BNL November 2013
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Proposed architecture

Off the shelf
solution for
easy testing
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Prototype of flange under test
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Measurement of heat dissipation

 Total of 200W distributed on eight boards (512 chs)
 The temperature inside the crate increases less than 20 degrees with
respect to the ambient
BNL November 2013
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Final considerations on DAQ

• The ICARUS DAQ basic architecture is well suited even for
larger size LAr-TPC.

• Main upgrades concern:
More compact version of the front-end amplifier;
Adoption of high frequency serial ADC;
Adoption of a modern serial bus architecture;
Optical links for Gb/s transmission rate;
Housing and integration of electronics onto flanges or
cold electronics? Or a mix: cold front-end and warm
digital processing?
BNL November 2013
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