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Neutrino Oscillations

Neutrino oscillations depend from
e 3 mixing angles, 012, 023, 013
e 2 mass differences: Am?,, Am3,
e 1 CP phase ¢
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Atmospheric Neutrino

New analysis Saji@noon2004

Zenith angle distributions

Vp€> Vq
2-flavor oscillations

Best fit
sin220=1.0, Am2=2.0x10-3 eV?2
Null oscillation
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2 v Oscillation Interpretation

From Sanji@noon2004
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Atmospheric Neutrino: L/E signature of Oscillation ?

Preliminary analysis selecting events having better reconstructed L/E
Ishitsuka@noon2004
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from neutrino oscillation
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Conventional High energy Neutrino
Beam from CERN to LNGS

Proton Energy 400 Gev
L 732 km
< E',/” > 17.4 GeV

4.5 - 10®potiyear

Careful design of optics to reduce
material (reinteractions!) along the
beam line

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.
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Status of the project

CERN NEUTRINOS TO GRAN SASSO
Underground structures at CERN

Access shaft
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I ChCS Works SPS tunnel

LHC/TI8 tunnel =}
Target = i
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Decay tunnel

/ anN\

Connection gallery
to TI8/LHC

LHC tunnel

Hadron stop
and first muon detector

2000 | 2001 | 2002 ' 2003 | 2004 | 2005 | 2006

Install hadron sto

iron + graphite blocks, aluminum pIaE+ water cooling .

Install decay tube .l.
lower decay tube sleeves, weld together, pour concrete

Install general services -.

electrical services, ventilation, cooling water, etc.

Install equipment

proten beam line, target, hom+reflector, shielding

Second (nuon detector

Civil Engineering
. excavate civil engineering pit, tunnels and caverns;
neutrinos Of concrete / shot-crete tunnels and caverns

to Gran Sass

Commissioning I

First beam to Gran Sasso: May 2006
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The CNGS Neutrino Beam

v,/ 5GeV/510°p.o.t.
=

0 25 50 75 100 0 25 50 75

100

Neutrino energy (GeV) Neutrino energy (GeV)

Designed on the base of the WANF experience

Almost pure v, beam ( WANF v,CC/pot known to
~ 8%)

the ratio v, /v, ~ 0.8% with a global systematic error
~ 3%

The v energy is chosen well above the v, CC threshold,

to allow the detection of 1/ appearance in the beam

Neutrino Facility | Proton energy (GeV) | L (km) | E,(GeV) | pot/year (10')
KEK PS 12 250 1.5 0.005
FNAL NUMI 120 732 3-8-17 36
CERN CNGS 400 732 17.4 4.5
CERN L.E.x1.5 400 732 1.8 6.7
CERN WANF 450 0.8 24.2 1.5

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.



The Gran Sasso Laboratory
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U, appearance detection

(e R VN 7 7 18%
v, +N = 17+ X — e T, U, 18% Required High mass and high
v GG — h™v.nm 50% granularity

— T oat T v.nm  14%

OPERA: observation of 7 decay kink (a la Chorus)
requires high space resolution

Photographic Emulsions combined with Pb Target (ECC, Emulsion Cloud Chamber)

ICARUS: event kinematics (a la NOMAD) escaping neutrinos
requires good reconstruction of kinematics

fine grained (~ mm) LAR calorimetry over large volumes

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 10
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Inés Gil Botella - ETH Zirich Valencia, October 15th, 2003 2
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ICARUS Data Quality: Electronic Bubble Chamber

T600 test run: 27000 triggers with cosmic ray
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The T600 Detector
AL\ RRAAL SRR b H-.l'””

nwtmff“"” 9 e Approved and funded in 1996
e Built between years 1997 and 2001
e Completely assembled in the INFN assembly
hall in Pavia
e Full scale Demonstration test run in surface
conditions of one half-module in summer 2001
— Three months duration

— Completely successful

— Data Taking with cosmic rays

— Detector performance

itF i

e~ liaNER ' — Full scale analyses

e Full unit assembly terminated in 2002
e Waiting to be installed at LNGS

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 14



Measurement of the muon decay spectrum and the p parameter

Michel electron data are compared to MC
generated for different p and n values

Given the high level of correlation

between the two parameters we measure

only p by restricting n to the physically
allowed region |n| < 1

Author Value Assumption
Peoples 0.750 + 0.003 n=0
Sherwood | 0.760 + 0.009 n=0
Fryberger 0.762 &+ 0.008 n=0
Derenzo 0.752 + 0.003 —-0.13 < n < 0.07
SLD 0.72 £ 0.09 £ 0.03 lepton univers.
CLEO 0.747 £ 0.010 £ 0.006 lepton univers.
ARGUS 0.731 £ 0.031 lepton univers.
L3 0.72 &+ 0.04 £ 0.02 lepton univers.
OPAL 0.78 £ 0.03 £ 0.02 lepton univers.
DELPHI 0.78 + 0.02 £ 0.02 lepton univers.
ALEPH 0.742 £+ 0.016 lepton univers.
This analysis | 0.72 + 0.06+ 0.08 —0.020 < n < 0.006

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.
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ICARUS detector configuration in LNGS Hall B (T3000)

First Unit T600 +
Auxiliary
Equipment

T1200 Unit T1200 Unit
(two T600 (two T600
superimposed) superimposed)

~ 35 Metres ~ 60 Metres

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 16



The T1200 “unit”

* Based on cloning the present T600
i EVACUATED INSULATION PANELS Containers
% ] // | (RETAINING TANH A cost-effective solution given
& C | - (RETAINING TANK) — -
‘ /// - D - - —  tunnel access conditions
2 | g * Preassembled modules outside
(—— .
. | . o reeL STrUGTURG tunnel are arranged in
\| | LA supermodules of about 1200 ton
§ » [ i ._/'EN ﬁ» LN, COOLING SHIELD eaCh (4 ContainerS)
| /««»*/ — Time effective solution
= v .
S | ﬁ/ (parallelizable)
| i ) HOPE + Drift doubled 1.5m = 3 m
- ) e— = ' ~
L 170 — sensible solution given past
o | experience
10300
 Built with large industrial support
. . . . (AirLiquide, Breme-Tecnica, Galli-
Detailed engineering project was Morelli, CAEN, ...)
T1200 cryostat ready for tendering solution

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 17



ICARUS and CNGS neutrino beam

= The excellent granularity and energy
resolution of the liquid argon TPC allows to
naturally study all kinds of events from
CNGS neutrinos

+ v, CC to study online b
eam stee prowde lization

+ v, CCtosearchfor

oscill s with the beét senS|t|V|ty
untll the JHF SK program turns on

+ v, CC to search for v
oscillations, with a sensmwty at least
S|m|Iar to that of the OPERA
experiment

+ NC events to search for v
ons or e models

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.
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CNGS v, interaction, E =18.7 GeV

A
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v, — Vrappearance search summary

e T3000 detector (2.35 kton active, 1.5 kton fiducial)

e Integrated pots: 5 x 4.5 x 10 Conservative = 2.25 x 10?" pots

Signal Signal Signal Signal
T decay mode Am? Am? Am? Am? BG
1.6 x 1073 eV?* | 2.5 x 1079 eV? | 3.0 x 1073 eV? | 4.0 x 1073 eV*
T = @ 3.7 9 13 23 0.7
T — p DIS 0.6 1.5 2.2 3.9 <0.1
T = pQF 0.6 1.4 2.0 3.6 <0.1
Total 4.9 11.9 17.2 30.5 0.7

e Several decay channels are exploited (electron is the golden one)

e (Low) backgrounds measured in situ (control sample)

e High sensitivity to signal and oscillation parameters determination

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.
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v, — U, appearance search summary

1
For Am3, = 2.5 x 1073 i |
d Y
% 4
(sin? 26013)cngss < 0.04 or 013 < 6° T¢ 4
<J / \)
(sin? 2013)cro0z < 0.14  or 013 < 11° RN S
, U
(SZTLQ 2913)MINOS < 0.06 or 03 < 70 107 o&>
>
Limited by statistics for S b S
oo UPERK S Ao o)
SRR ERR S S S AT AR
et Pt st ot sttt ot X
B R S T N e \
107 \ |
v, = v,
MINOS, 10 kton—years
ICARUS OfferS the beSt ICARUS, 2.35 kton, 5 years CNGS, ¥’ +4.6
Py . JHF+SK, 22.5 kton, 5 years
sensitivity until JHF starts 1074 o =

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.

3 Three neutrino mixing

1
sin? 20,5
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OPERA: an hybrid detector

Based on the concept of the
Emulsion cloud chamber (ECC)
(validated by DONUT observ. ob,

It” a complete standalone detector
neutrino interaction vertex

kink topology reconstruction
measure momenta of hadrons by
multiple scattering

dE/dx L separation at low energy

electron identification and
measurement of energy of electron
and gammas

- Need electronic detector
Target  Spectrometer / Trigger and locate brick
Trackers -
L id, charge and p rec

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 22
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Opera: the final design with 2 Supermodules

2 Muon Spectrometers;
31 target planes / spectrometer (206k bricks, 1.8 ktons)

Rear damping structure Front damping structure
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ﬁ \ Magnets& Targ/e'ts

Electronic barrack

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 23



Emulsion mass production started April 2003 (~ 150000 M2)

Refreshing done in Tono Mine in Japan: 2 years required

One batch sent to LNGS every 2 monthw starting summer 2004
— emulsion storage ready @ LNGS june 2003

Pb + 0.7% Ca (1 mm thick @ 10 pum) ready for a prototype mass production in Goslar (Germany)

Brick assembly machine (~206000 bricks assembled at a rate of ~ 2 bricks/min
e SPECS document completed end 2002
e 10 companies have been working for a preselection run in May 2003
e 4 companies have been selected and invited to the tender
e tender completed in Nov 2003
e Tecno-cut (Swiss-ltalian) consortium got the BAM contract in Jan 2004
e Vacuum Vs. Mechanical option still open

— emulsion storage ready LNGS june 2003

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 24



Emulsion refresh developed ad Nagoya University with Fuji

Initial Sensitivity STl Grain density
PR s LR ~ 35/100um
Production| — [Beam exg — | Develop : . R
Refresh (T=30°, R.H. 98%, 3 days)
| T Y ; :  Grain density
Production| — |Beam exg T e R SRR . 8 /100 um
— | Refresh|—> | Develop
Sensitivity after Refresh ' . AL ; ;s
i . s - ... Grain density
Production| — | Refresh | P Diade SRR -~ 35/100pum

.

— |Beam exg — | Develop | &

e
-

NO Sensitivity degradation after refresh .'

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 25



e Neutrino interaction vertex

e Brick localization

e Muon tracking and ID

Target Tracker

! z;“'.

T -4 ] E i % T T T
Coextiruded strip Kharkov (;im)

T
*

L Well : above 5pe.l

4_1

readout end

(m the m.'ddle worst case for

two-end readout)

N,. versus Length (cm) Lengih (cm)

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.

32256 Target Tracker scintillator strips
(2.6 cm X 1.0em X 7 m)

e XY planes ~7000 m?
e 1000 MaPMT Hamamatsu 64

channels
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The muon spectrometers

Magnet instrumented with:

e RPC inside iron gap (u-id, shower energy)

e Drift Tubes (x-momentum measurement)

Ig 1 — Id > 95% ( with target tracker)

002 = -0

é L] 1G
p(Gev/c)

I I i I ! i
2 3 4 5 € v

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 27



Expected numbers of events for /, — v appearance search

full mixing 5 years run @ 4.5x 10 pot /year

Signal Signal Signal BCKD
Am? (eV?) | Am? (eV?) | Am?* (eV?)
1.3x 1077 | 20x 107 | 3.0 x 1073
OPERA (1.8 kTon Fid.) | 3.1 (4.7) 7.3(11) | 16.4 (24.6) | 0.7 (1.06)
ICARUS (1.5 kTon Fid.) | 3.2 (4.8) 7.6 (11.4) | 17.2(25.8) | 0.7 (1.06)

(...) with extra beam factor 1.5

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.
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OPERA sensitivity to 63

Only 15% increase scanning because the

Simultaneous

fit of the E., pyr and E, ;s distributions

- v, beam

Events

— V”—>Vt

s b — NC

-
1 1.2

\issing pr (GeV)

a 0.2

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004.

event

location is already performed for v, search

~~
S
© OPERA
N’ . -
- Preliminary
o™
NE i -2

2.5x103 eV?
°| — 450 10" pot
— 6.76 10119 pot/yr
° :0'3 107 0.06 & 7° -

1
sin“20,,

29



CONCLUSIONS

e The CNGS program is on schedule and beam operation will start in 2006
e OPERA is installing the detector and is proceeding on schedule

e |CARUS is ready to install his first T600 module and preparing to realize two

T1200 modules and the magnetic spectrometer

e Both experiments are working to be ready for first neutrinos which will be delivered
in 2006

e High sensitivity to the v, appearance search

e Possibility to study the v/, — 1, oscillations with improved sensitivity for 013

-Gibin, “Physics Potential of CNGS”, IFAE 2004, Torino,April 15, 2004. 30



