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1 Introduction
The OPERA experiment currently in construction in
Hall C of the Gran Sasso laboratory, aims to
conclusively reveal in the appearance mode the
oscillation of νµ into ντ using the dedicated high
energy neutrino beam from CERN to Gran Sasso
(CNGS).

Besides this main stream of analysis, an extension of
the search for θ13 mixing angle beyond the CHOOZ 
limit can be achieved by OPERA.



Physics motivation



2 The CNGS beam line

The νµ CNGS beam between CERN and the Gran Sasso
laboratory (730 km) entered in operation in May 2006. 
It has been optimized for ντ appearance oscillations with a 
mean neutrino energy of 17 GeV.

During one year, in a mode where the use of the SPS is
shared with LHC and fixed target operations, it is expected
that 4.5 × 1019protons on target (pot) can be delivered, 
assuming 200 days of operation. 

In the 1.8 ktons OPERA detector, the corresponding νµ flux
will lead to about 46 events per day with a contamination of
2.1% νµ, 0.8% νe and less than 0.05% of νe.

If the νµ→ ντ oscillation hypothesis is confirmed, the
number of τ ’s produced via charged current interactions at
the Gran Sasso is about 20/kton/year for ∆m2 = 2.5 × 
10−3eV2 at full mixing.





Cost 71 -> 77.6 MCHF
Manpower 60-> 80 manyears







Table 1.
νµ events in the 1.8 ktons OPERA detector per
day with improved proton beam



3 The OPERA experiment

3.1 The detector structure
The main purpose that has driven the detector design
is to observe the trajectories of the τ and of its
decay products in thin layers of emulsion.

The OPERA detector consists of 2 identical ”super modules”
(SM). Each SM has a target section and a muon spectrometer. 
The spectrometers measure the charge and the momentum of
crossing muons by means of a dipolar magnet providing a 1.6 T 
magnetic flux density transverse to the neutrino beam axis, 
equipped with drift tubes for precise measurements and RPC 
chambers for pattern recognition.











The targets are in total composed of 206336 bricks that
will be installed by an automatic manipulator system into 62 
walls containing 64 rows of 52 bricks and separated from
each other by modules of electronic trackers.



Before being assembled into bricks, all the films, 
produced by the Fuji company, will be refreshed
to erase preexisting tracks occurred during the
production and the storage phases.



The candidate bricks will be daily removed by
the manipulator system for subsequent analysis. 
It takes about 3 hours to change 50 bricks.

The analysis of the emulsion films are
performed using automatic scanning.
The present routine scanning speed is around 1 − 
5 cm2/hr depending on the scanning conditions
and hardware.
A speed of 20 − 40 cm2/hr will be reached with

new systems presently under test at Nagoya and
in european laboratories.



4 Physics performances (νµ → ντ search)
The channels investigated by OPERA are the τ decays into

electron, µ or a single charged hadron. 
They are classified in 2 categories, long and short decays, 
depending on the location of the tau decay vertex. 
In the long decay category the τ does not decay in the lead
plate where it is produced and its track can be entirely
reconstructed in one film. 
The τ candidate events are selected on the basis of the
existence of a kink angle between the τ and the daughter
tracks (θkink > 20 mrad). 

In the short decay category the τ decays in the lead plate
where it is produced.
These events are selected on the basis of the impact
parameter of the τ daughter track with respect to the
interaction vertex (IP > 5-20 µm). This category is used
only for the electron and muon channels.





Table 2. 
Summary of the expected numbers of τ events in 5 years for
different ∆m2 compatible with the Super Kamiokande
results with the expected background per decay channel.
The numbers have been computed using the nominal design
flux (numbers in parenthesis) and a flux increased by 50% 
corresponding to 3.38 × 1020 pot



Development of automatic scanning in Japan and in Europe
“Sysal” system in Salerno R&D in Bari, Bern, Bologna, Lyon, Münster, Napoli, 

Roma, Salerno

5        Automatic scanning





@ OPERA will collect of the order of 25-30 τ
appearance events in 5 years with negligible
background

@∆m2 ~2.5 10-3 eV2 permitting a determination of
∆m2 with a precision of 10%











additional manpower

6
Ru

ss
ian

  p
ar
tic

ipa
tio

n





The INR team :
©can give a contribution to the definition and optimization of 
conditions of the brick exposition in cosmic rays flux by means 
of simulations;
©the data taking during the brick exposition;
©the responsibility for an assurance of the experiment with 
required manpower;
The Skobeltsyn Institute of Nuclear Physics (SINP MSU) 
and the Lebedev Physical Institute (LPI) :
©can contribute in emulsion development;
film scanning;

©data primary processing;
©participation in experimental work on mounting and 
dismounting of the chamber;
©participation in emulsion procession.

















•Works are in progress…

7



Grazie tante per vostro
attenzione.
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