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This paper reviews the current status of the OPERA detector preparation which is designed to investigate the
neutrino oscillation properties using the future CERN neutrino beam called CNGS. The physics potential and
performances for neutrino oscillation studies including v,, — v, search will also be presented.

1. Introduction

OPERA [1] is a first generation long baseline
neutrino experiment to be located in the Gran
Sasso underground laboratory. The detector is a
massive hybrid detector with nuclear emulsions
used as very precise tracking devices and elec-
tronic detectors to locate the neutrino interaction
events in the emulsions.

It is designed to primarily search for v, ap-
pearance in the CERN high energy v, beam
CNGS [2] at 730 km from the neutrino source,
in order to establish unambiguously the origin of
the neutrino oscillations observed at the atmo-
spheric Am? scale. The best fit of the v, — v,
oscillation hypothesis to the Super-Kamiokande
atmospheric data gives the oscillation parame-
ters Am? = 2.0x10~%eV? with sin?20=1.0 [3].
The range of allowed values at 90% CL corre-
spond to 1.3x1073 < Am? < 3.0x103eV? and
sin”26 >0.90.

The CNGS neutrino beam is a high energy
beam optimised for v, appearance with a mean
neutrino energy of about 17 GeV. The beamline
characteristics are summarised in Ref. [4] and the
construction status of the CNGS project can be
found in Ref. [5]. The possibility of an increase of
the neutrino beam intensity by a factor 1.5 com-
pared to the original design is under study [6].
However the feasability for this upgrade should
await results of tests performed in 2003.

Using the CERN SPS accelerator in a shared

*Representing the OPERA Collaboration.

mode, 6.76x10' protons on target (pot) can be
delivered during one year, assuming 200 days
of operation. The number of charged current
and neutral current interactions expected in the
Gran Sasso laboratory from v, are about 4000
/kton/year and 1240 /kton/year respectively. If
the v, — v, oscillation hypothesis is confirmed,
the number of 7’s produced via charged current
interaction at the Gran Sasso should be of the or-
der of 16 /kton/year for Am? =2.0x10"%eV? at
full mixing.

2. Status of the detector construction

The v, appearance search is based on the ob-
servation of events produced by charged current
interaction (CC) with the 7 decaying in all pos-
sible decay modes. The principle of the OPERA
experiment is to observe the 7 trajectories and
the decay products in emulsion films composed
of two thin emulsion layers (50 pm thick) put on
either side of a plastic base (200 pum thick). To
achieve a large target mass, the emulsion films
are interleaved with 1 mm thick lead plates. The
basic detector unit, called ECC brick, is obtained
by stacking 56 lead plates with 57 emulsion films.
In order to reach 1.8 kton target mass, 206336
bricks will be installed into walls separated from
each other by vertical planes of electronic target
trackers. A more complete description of the de-
tector setup can be found in Ref [4].

A brief summary of the construction status of
the different detector parts follows.



2.1. The Emulsion Films and Lead

The emulsion films are produced in Japan by
FUJI company and the mass production started
in April 2003 at a rate of about 8000 m?/month.
The entire production will correspond to a total
of 150 000 m2. To erase the cosmic ray tracks
recorded during film production and subsequent
manipulation, a refreshing process, consisting of
leaving the emulsion in a 95% relative humidity
during 3 days at a temperature of 30°C, is per-
formed in the Tono mine in Japan. This proce-
dure allows to erase more than 98% of the tracks
before transportation to Gran Sasso.

The lead used for the bricks consists of low ra-
dioactivity lead (Boliden) with 0.7% Ca added for
rigidity purpose. The lead thickness is controlled
with a 10 pym accuracy. A prototype production
is scheduled with the Goslar firm in Germany.

2.2. The Target Tracker

The electronic target tracker is composed of X
and Y planes of 256 AMCRYS-H plastic scintil-
lator strips (6.7 m x 2.5 cm x 1 cm). Each plane
is divided in 4 modules. Each strip is read out
on both ends by a Kuraray wave length shifting
optical fiber connected to 64 channel Hamamatsu
photomultiplier tubes. The main goal of the elec-
tronic detector is to provide a trigger with an effi-
ciency greater than 99% for neutrino interactions
and an efficient localisation of the bricks where
the events occur.

The construction and assembly of the target
tracker modules take place in Strasbourg. The
production rate should be of 8 modules per week.
Delivery and installation at the Gran Sasso labo-
ratory is planned to start beginning of 2004.

2.3. The Muon spectrometer

The muon spectrometer allows a determina-
tion of the charge and momentum of muons going
through by measuring their curvature in a dipo-
lar magnet which provides 1.6 Tesla transverse
to the neutrino beam axis. Each spectrometer is
equipped with six vertical planes of drift tubes
as precision tracker together with 22 planes (8x8
m?) of RPC bakelite chambers. The RPC’s are
located in the magnets between the 5 cm thick
vertical iron slabs. The installation of the final

spectrometers in the Hall C of the Gran Sasso
underground laboratory has already started since
May 2003. The iron slabs, the yokes, the coils and
the power supplies have been ordered in the mean
time. The first batch of RPC chambers are ex-
pected to arrive in November 2003 at Gran Sasso
to be installed in the first spectrometer.

The precision tracker planes are composed of
4 staggered layers of 168 aluminium tubes, 8 m
long with 38 mm outer diameter. A full scale
prototype module has been built and tested in
Hamburg. The spatial resolution of this detector
is better than 500 pm.

The physics performance of the complete spec-
trometer reduces the charge confusion to less than
0.3% and gives a momentum resolution better
than 20% for momentum less than 50 GeV. The
muon identification efficiency reaches 95% using
the target tracker information for the cases where
the muons stop inside the target.

3. Physics performance: v, — v, search

The 7 decay channels investigated by OPERA
are the e, p and hadron. Table 1 summarises
the OPERA performance after 5 years of run-
ning with the 50% increased CNGS intensity
(3.35x10?° pot). The numbers in parenthesis are
obtained from the nominal CNGS intensity de-
livering 2.25x10%° pot in 5 years. The number
of expected signal events from v, — v, oscilla-
tion is given as a function of the studied channel
for three different values of Am? at full mixing.
The total efficiency including the branching ratios
amounts to 9.1% and the total background is esti-
mated to be less than 1.06 event. The main back-
ground sources are charm decays (54%), large an-
gle muon scattering (16%) and hadron reinterac-
tions (29%). A probability larger than 95% to
have a 40 significant effect after 5 years is reached
for Am? > 2.0 x 10~3eV?. This probability drops
to 45% for Am? = 1.3 x 10~%eV>.

4. Search for v, — v, appearance

Having excellent electron identification capa-
bilities, OPERA has estimated its sensitivity in
searching for v, — v. appearance [7] with the



Table 1

Summary of the expected numbers of T events in 5 years for different Am? with the expected background
and detection efficiencies per decay channel for OPERA. The numbers in parenthesis are obtained with

the initial CNGS intensity design

channel signal for Am? (eV?) exBr  Background
1 3x10~%  2.0x1073 3.0x10~3

T e 18 (L2) 41(27) 9 2(6.1) 34% 0.31(0.21)

rop 14(09) 34(23)  76(5.1) 28% 0.3 (0.22)

roh o 15(10) 35(23) 7.8(52) 2.9% 042 (0.28)

Total 4.7 (3.1) 110 (7.3) 4 6(16.4) 9.1% 106 (0.71)

CNGS beam. The analysis principle is based on
a search for an excess of v, CC events at low
neutrino energies. The main background comes
from the electron neutrino contamination (0.8%)
present in the beam. The analysis takes into ac-
count the electron events coming from v, — v,
events where 7 — ev,v, since both oscillations
would occur at the atmospheric Am? scale. These
events distort the kinematical distributions where
the low energy events contribute. The sensitiv-
ity to #13 is obtained by doing a x? minimisa-
tion using the visible energy, the missing trans-
verse energy and the electron energy distributions
in which the oscillation parameter varies. Ta-
ble 2 summarises the expected number of selected
events, assuming 5 years running and still the
original CNGS design intensity (2.25x10%° pot),
from v, — v. and v, — v, oscillations and from
background v, at 3 values of 6;3. Background
events coming from v, CC and v,NC interactions
amount to 1.0 and 5.2 respectively.

Table 2
Expected number of signal and background
events in 5 years obtained in the search of v, — v,
oscillation at Am? = 2.5x10~%eV>.

013 sin®26,3 v.CC Vy = VUr signal

(deg) T e Uy Ve
9 0.095 18 4.5 9.3
7 0.058 18 4.6 5.8
) 0.030 18 4.6 3.0

The limit obtained by OPERA at 90% CL on
013 is 7.1° after 5 years, which leads to significant
improvement over the actual CHOOZ limit [§]
and opens an important window on the third mix-
ing angle.

5. Conclusion

The CNGS construction is progressing well.

The project is on schedule and a startup is ex-
pected for June 2006. At the same time OPERA
enters the construction phase and should be ready
to take data by 2006.
The detector performances are such that the first
evidence for v, — v, appearance signal could
be seen after only a few years of data taking.
The very good electron identification and mea-
surement, of the detector give the possibility to
explore the v, — v, appearance channel pushing
down the 63 limit.
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