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1. Introduction

MINOS [1] is a two detector neutrino
oscillation experiment positioned in the NuMI line, a
recently commissioned long-baseline neutrino beam
at Fermilab. A 980 ton Near Detector is installed at
1.04 km from the neutrino target. A 5400 ton Far
Detector has been assembled in the Soudan mine, in
northern Minnesota, at about 700 m below surface,
and at a distance of 735 km from the neutrino target.

MINOS is a precision neutrino oscillation
experiment at the atmospheric Am* scale, whose
main goals are:

1. verification of the dominant v,—v. oscillation
through a detailed measurement of the
characteristic oscillation energy dependence of
v, charged current (CC) events in the Far
Detector, with a corresponding measurement of
the atmospheric Am? at the 10% level;

2. provide high statistics discrimination against
unconventional explanations, i.e. v decay, extra
dimensions, decoherence, ...;

3. search for the sub-dominant v,—v, oscillation;

4. measurement of atmospheric neutrino events
with v/v identification, MINOS being the

first large underground detector with a magnetic
field.

2. Neutrinos at the Fermilab Main Injector

NuMI [2] is an acronym that stands for
Neutrinos at the Main Injector. The Main Injector, a
rapid cycling (up to 204 GeV/c/s) proton
synchrotron at 120 GeV/c, is fed by up to 6 proton
batches, of 5x10* protons each, from the 8.9 GeV/c
Fermilab Booster.

The 120 GeV/c primary proton beam, single
turn extracted from the Main Injector in about 10 ps,
is transported by a large acceptance primary proton
line over a distance of 350 m, brought to a pitch
angle of 58 mrad in order to point to the neutrino Far
Detector, and focused onto a water-cooled graphite
target. Design values of the NuMI line are 4x10%
protons/pulse (ppp) every 1.9 s, corresponding to a
power of 0.4 MW.

The graphite target, of 2 interaction lengths, is
followed by two water-cooled, parabolic aluminum
horns, pulsed with up to 200 kA, providing a 1/r
toroidal field that has a maximum of 30 kG. The
focused particles are allowed to decay in a 675 m
long decay pipe of 1 m radius, evacuated down to

0.4 Torr. A water-cooled aluminum beam absorber
is positioned at the end of the decay pipe.

High rate ionization chambers [3] are used to
monitor the beam immediately upstream of the
absorber (Hadron monitor) and in 3 successive
alcoves downstream of the absorber (Muon
monitors).

A novel feature of the NuMI line is the
possibility to tune the energy of the resulting
neutrino beam by changing the distance between the
two horns up to ~ 40 m and, most importantly, by
having a motorized target carrier that allows for 2.5
m of target motion in beam direction.

Predicted charged current event spectra in the
Far Detector for three different neutrino energy
configurations, Low, pseudo-Medium and pseudo-
High energy beams, are shown in Figure 1. The
pseudo-Medium  and pseudo-High  energy
configurations are obtained by retracting the target
from the Low energy position by 1.0 m and 2.5 m,
respectively, without adjusting the second horn
position.
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Figure 1: CC event spectra in the Far Detector for
Low, pseudo-Medium and pseudo-High energy
beams.

3. The detectors

The Near and Far neutrino detectors are
‘identical’ in all of their important features. They are
tracking calorimeters made of interleaved planes of
2.54 cm thick steel plates and solid scintillator
detectors, segmented in 1 cm thick and 4.1 cm wide
scintillator strips. Strips in alternating planes are
oriented at +45° to the vertical, thereby providing
views of the events in two orthogonal planes. The



