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Some remarks:

* Mandatory to investigate existing indications:
Solar, LSND and Atmospheric (K/SK).

* NGS beam from CERN to Gran Sasso: | | evideuse_ for pe 6Clolias !
detect the source of the atmospheric anomaly;
international facility: CERN experience with neutrino
beams + GS unique site and infrastructures.

e Future scenario: 1999 KZK beam (KEK to SK). Low energy, only
2 Vi Vi (SK confirmation ?).
2003 NUMI beam: high energy, conventional detector.
2003 NG5S beam: high energy, broad range of proposed
experimental techniques. Unique opportunity for v,- v, appearance.
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NGS-Gran Sasso: high discovery potential
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Abstract

The conceptual design of a new neutrino facility at CERN is presented. Starting with 400 GeV/c
protons from the Super Proton Synchrotron (SPS), a neutrino beam is produced which is di-
rected towards the Gran Sasso Laboratory in Italy, 732km away from CERN, where large,
complex detectors will allow long-baseline experiments searching for neutrino oscillation phe-
nomena to be performed. At approximately 2km from the new CERN neutrino production
target an underground experimental area is envisaged for a short-baseline experiment.
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@ Schematic layout of secondary Beam Line
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CERN to Gran Sasso Neutrino Beam

LEP - LHC
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Characteristics the NGS project

=

Beam layout determined by geography of CERN and Gran Sasso;
Designed as a facility (driven by physics requirements):

v+ presently optimized for high v energy to search for v; appearance;

v« other configurations not excluded (low energy beam for disappearance),
v= near position (SLB/monitor) foreseen but decoupled from NGS project.
Exploits experience of the CERN-WANF:

v reliability; conservative design whenever possible.

Exploits existing CERN facilities:

r== SPS complex: high intensity, high energy proton beam;

v=  civil engineering works for the LHC transfer lines.

No interference with LEP/LHC and fixed target program.
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NGS reference beam: neutrino fluxes and event rates

Assuming E_ = 400 GeV and 2.9 10" pot/year (200 days, 50% efficiency):
LBL detector (732 km) SBL detector (1.8 Km)

vu flux [m*/pot] 4.39 107 1.09 10°
<E vu> [GeV] 26.7 24.1

vu CC evts/pot/ton 473 10% 1.06 10"
vy CC evts/year/ton 1.40 <& 6o~k 3.1310*
Ve/Vy 0.8 % 0.9 %
Va/Vu 2.2 % 2.0%
VelVy 0.08 % 0.07 %

Full simulation of the neutrino beam performed by four independent methods
(FLUKA 97 and 97.5 stand-alone, GEANT 321, accelerated tracking):

t+ common input: hadrons production in the target from FLUKA 97.5;
r+ detailed description of the material in the decay line (50 % flux reduction).

Agreement within few percent.

Optimization underway: constant p, focussing, larger acceptance, less material

vv improvement of 20 -30 % at reach! [ 1110y o0 W
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Possible experiments on the NGS

¢ Short Baseline
s TOSCA

¢ Long Baseline
= AquaRich
a NICE
s NOE
= ICARUS
s OPERA



TOSCA aim

-

Oscillation search in v —v, channe!
push sensitivity to the limit
emphasise small mixing
improve towards lower Am?
unigue signature for t

Combination of CHORUS and NOMAD
techniques

topological signature

kinematical event analysis

Improve flux x mass x efficiency
advanced beam studies
segmented target
inside magnetic field

Credible design, i.e. proven technology
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Decay “signature’” in CHORUS

(emulsion target)

Expected muonic T decay Observed charm decay
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TOSCA detector

. =¥

Segmented target, tracking and calorimetry
Common muon detection

hermetjc muon detection

6 self-contained detectors

magnetic volume calorimeter



TOSCA module

target, tracking and e.m. energy

target emulsion

silicon tracker

mulsion spectrometer

large area tracking

calorimeter/preshower
(optional)



Sensitivity and
Background

background in terms of 107 of CC events
sensitivity: efficiency x Br x cross-section ratio

decay Charm

channel € U e prompt W.K
muon 0.037 1.7 03 0.7

electron 0.009 0.4 0.07 0.17
hadron 0.068 24 04 1.1 9.2
kin. reduction: 30x 23x

efficiency for kin. cuts 55%

Sum 0.070 0.2 - 0.7 04
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Projected for
mu-tau channel
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AquaRich: 125 kton water RICH detector (outside the cavern).
v, disappearance with low energy beam (<10 GeV).
Kinematical selection for v -v_ with high energy beam (~20 GeV) under study.

NICE: 10 kton isotropic iron/scintillator calorimeter.
v, disappearance with low energy beam (<5 GeV) and 210 pot.

NOK: 7 kton iron/scintillator calorimeter + TRD.

v, disappearance (near detector needed) and v,-v, appearance (electron channel).
10-15 GeV beam and 1.5:10* pot.

TCARUS: Liquid Ar TPC; approved experiment: start with 0.6 kton detector.
v,V and v,-v appearance with kinematical selection.
High energy beam (>20 GeV). 2:10% pot for a 1.8 kton detector.

OPERA: < 1 kton emulsion/lead target.

Direct t-decay detection for v ,-v, appearance.
High energy beam (>20 an and 2.5-10% pot.
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2.4 ktons TRD
4.3 ktons Calonmeter
6.7 ktons Total mass
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V.- v, appearance search (NOE)

Exploit classical kinematical cuts:

| ) missing pi:

2) angular correlation between decay prong and shower.

T s P 40k v,CCevents — ~130 BG events
(cal+TRD)

T — e 12k v, CCevents — m° background

(TRD) ~20 BG events

140 v, CC events (contamination)

2

V- V¢ @s an excess beyond statistics
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CERN - ICGF(CNR) - LNF - L'Aquila -
Padova - Pavia - Pisa - UCLA

* Approved by INFN and by the GranSasso
Advisory Committee

* Funded by INFN

* A large liquid Ar volume

* Three dimensional imaging - Time
Projection Chamber.
* To be run at the Laboratori Nazionali
del Gran Sasso.
* Three stage program
= 3 tons detector: « working at CERN
* For feasibility studies.

 ~ 600 tons detector: « approved !
* For R&D and quality physics.

* ~ 5000 tons detector (8 ¢ 600 ton ?):

* FFor proton decay and neutrino study.




The LAr Image Chamber
(An electronic "Bubble Chamber"”)

e Large sensitive volume BC
* Detector = Target BC
» Continous sensitivity
» Self triggering capability.
» dE/dx measurement.

» dE/dx vs. range for particle

identification.

* Energy measurement. BC
e High spatial granularity. @ BC
* High energy resolution.

NEW DE TECTOR ~» ..... NEW PHYSICS?
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The first ICARUS 600 ton module

Built and tested in Pavia (1998-2000)
Operational at Gran Sasso (Hall C) in 2000
Data taking 2000!

3 medules (1.8 FF:J by 2002 ( beam to €.6.)

— L=



e REJECTION BY ARV (MC)
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ICARUS 50 liters LAr TPC
@ CERN WBvB

Raw data

Caollection Longitudinal plane
wires (46 x 32 cm=)

Inducthion Transverse plane
wires (46 x 32 cm¥)

drift time (us)




ICARUS 50 liters LAr TPC
@ CERN WBvB

Raw data

Collection : Longitudinal plane
wires : (48 x 32 cm?)

Induction . Transverse plane
wires (46 x 32 cm)

drift lime (us)
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Searches for neutrino oscillations with ICARUS

1 The search for oscillations is based on the particle identification capabilities of
ICARUS and on the kinematical reconstruction of the events:

ew for the v, «» v, disappearance search, we rely on the external muon detector NeeD
and on the reconstruction of the jet energy in the TPC; the measured energy ﬂwm% e
spectrum at the 'far’ position is compared to that of the ‘near’ position,; 2t ALRE

nAsSS |
¢ for the v, «<» v, appearance search, the analysis is based on the

straightforward identification of the electron and the reconstruction of the jet
energy; the measured energy spectrum is compared to the one expected from
the ve contamination calculated from the knowledge of the beam.

vw for the v, «» v, appearance search, the analysis is based on the kinematical
suppression of the background using similar techniques to those of the
NOMAD experiment. While in NOMAD a rejection of a factor 104 is needed in
order to achieve a zero-background limit, in our case we only require a
rejection of a factor 100 to 1000 in order to extract the oscillation signal
predicted by the theoretical prejudice.



Vw -V2Z | Tau identification with ICARUS (1)

s

tracks (the detection and measurement threshold for proton is typically VS
60 MeV of kinetic energy).

| 20 .t
BACKLROUND ESTIKATE Tu T=2eVV a7 EVENTS /240 pO

Given the excellent particle identification and measurement in the ICARUS LAr
TPC, all decay modes of the tau lepton are accessible (1t — evv, Tt > nv, T —

pv, T— mmv); BUT STECIALLY ﬂ...v&t.nh mﬂ

The identification of the tau lepton by means of kinematical selection is
e e N i T T T an ¥ e Y L Y

complicated by irreducible backgrounds produced by:

by potential losses of final-state particles (detector acceptance,
neutrons, low momentum particles);

o) tails in the Fermi momentum of bound nucleons;
3 nuclear effects (rescattering, absorption, etc.);

There is essentially no loss of final-state particles since the detector is fully 7 Cogp
sensitive, has full angular acceptance and large containment, and has high { wiTa
granularity (3 mm wire pitch) which allows one to detect very well small range

/4.8 kton.



Two neutrinos oscillation 90%C.L. sensitivitz
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The OPERA emulsion detector for a
long-baseline neutrino oscillation experiment
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G.lovane, G.Romano
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The OPERA concept

ES Pb

T2
1000 pm ——o

S0 10050 pm

<

000 pm

>

i -200- 50) pm

low density spacer

reject (short) T decays in
metal plates

thin lead plates :

lmm< wt — g,~035

two emulsion sheets (ES)
for tracking, light spacer
each ES :

- 30 wm emulsion layers on both
sides of 100 (200) um plastic base

- 2 high quality track segments in

space (pm granulanty) vel waed E% Qs
decay topology (kink angle)
detection in space

use decays in Pb for checks
and specific studies
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-element: | mm Pb, ES. 3 mm gap, ES

The detector

Lead-emulsion target

- brick: stack of 30 elements (~ 13 ¢m thick, 15 x 15 em”® X-secl,)

module: 18 x I8 bricks ( ~2.8x 2.8 m” )
electronic detector planes following cach module (= 5 ¢m thick)
300 modules: = 750 ton, subdivided into 10 identical supermodules

overall target dimensions ~ 3IS5x35x40m'(x 2)

Muon detection

- tracking in the target (electronic detectors)

- magnetised iron g-spectrometer downstream: sign of charge (momenium)
Calorimetry

in the target: Pb (each module ~ 5 X,,) + electronic det. (RPC, straws....)

D—U\ﬂz 10-20 % at 1-30 GeV/e rom multiple scattering in emulsion
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An OPERA supermodule
P

OEL_., }

I spectrometer

Pb / Emulsion
Electronic Trackers

Brick Cell

1/ e Light spacer

imm

Emulsion
S0+ 200 (bease 1450 pimy
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2-10 super-modules

i
1 50-750 ton target




T_detection efficiency

Decays outside Pb (1 mm) - ()50

2ap
depends on beam features)

Am.m:_u

B o | 087 (T— W
Kink finding efficiency €, w— N (T o)
089 (t—= h)

determined by the angular cuts:

(resolution) == 20< mﬁzw < 500 mrad <= (scanning & bg rejection)
BR t—=u e - ()74, 0.178. 0498

Fiducial cuts & alignment — 0]

geom




at Gran Sasso

Possible design: ~750 ton , 2.0 x 102" pot (4 years)
- ~13000 v, CC+NC events

Discovery ﬁoE::u_” small bg, a few events are meaningful:
Super K. (Am?=5x 10 eV?) i ~ 50 events (<1 b.g.)
J_FrHI & m.:.,.,, n..“..r = ~ Lm. t.r.,nﬁ....w nr - .v

Negative search: Am? < 10~ eV?; sin* 20 < 2.5x 107

- COVETS V. (Super Kamiokande)
Modular structure: scalable detector mass (~150-750 t)
High sensitivity V-V

.
explore the atmospheric neutrino signal

. search



71 NGS:
v+ the project is FEASIBLE and the civil engineering is finalized;

¢« the neutrino beam is competitive for v; appearance search but there is still
room for optimization;

e+ the design is flexible for future configurations,
v+ the cost is 71CHF;

e+ If timely approved by contributors, it could be available for physics in 2003.

1 Experiments:

v five proposals/LOI have been submitted to and are reviewed by the Gran
Sasso Scientific Committee; one is already approved (ICARUS);

v+ the choice of the alternative techniques is not yet known;

v+ next meeting of the Gran Sasso Scientific Committee on June 22" 1998.



