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Signature for v, interactions in a high-energy proton-beam-dump experiment
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We propose a method for observing the as yet undetected i neutrino in a proton-beam-dump

experiment at the high-energy accelerators of the next generation (UNK, LHC, SSC). The tech-

nique relies on the observation in a fine-grained calorimeter of events with a single charged had-

ron coming from the quasielastic reaction v,N iN', with the subsequent decay i mv, . Com-

putations showing a favorable signal-to-background ratio are presented for the special case of a
hypothetical experiment at UNK.

To date, no experiment has been able to provide direct
evidence for interactions induced by the v,. At the high-
energy accelerators of the next generation [the Accelerat-
ing and Storage Complex at Serpukhov (UNK), the
CERN Large Hadron Collider (LHC), the Supercon-
ducting Super Collider (SSC) (Ref. I)] a proton-beam-
dump experiment will yield a relatively large amount of
v,'s, coming from the decay of the charm meson F pro-
duced in the dump. The detection of deep-inelastic,
charged-current (CC), v, interactions via the direct obser-
vation of the r decay would be the best proof of the ex-
istence of the v,. However, such an experiment would
need a dedicated detector, combining a large fiducial mass
with a very high spatial resolution. Here we discuss the
possibility of detecting the v, with a more conventional
calorimetric detector, via the observation of the quasielas-
tic process

v,N~ rN',

with the subsequent decay r zv, (throughout this pa-
per, where not explicitly stated, both charge-conjugate
states are also implied). In a fine-grained sampling
calorimeter, part of the events produced in reaction (1)
will appear as a minimum-ionizing track, at a small angle
with respect to the beam direction, producing a hadronic
shower after a path of length L, . This L& will depend on
the interaction length typical of the target material.
Events with such a topology can be identified. They will

give a valid proof of the existence of the r neutrino, pro-
vided that the background generated by events with the
same signature coming from v, and v„ interactions be
small and known with good precision. A direct and pre-
cise measurement of the background will be possible by
selecting events with the proposed signature in an expo-
sure of the calorimeter to a standard neutrino wide-band
beam (WBB) where the v, component is negligible. In
the following, we will show that a sizable signal with a
small background can be expected in a realistic experi-
ment.

Both signal and background will depend, of course, on
the characteristics of the beam and the detector. As an
example, we shall compute the expected numbers for the
hypothetical case of a proton-beam-dump experiment at
the 3-TeV fixed-target accelerator UNK. For the detec-

0.9x10 (I/, CC),

10x10 (v, CC),

20x 10 (v„CC) .

(2a)

(2b)

(2c)

A suppression of 0.9 of the v, cross section at an average
energy of 240 GeV is taken into account.

We have scaled the number of v, CC events to the num-
ber of detectable events of reaction (1) with the procedure
described next. First we had to evaluate the cross section

tor, we shall take a calorimeter of the type of the
CHARM II detector with =500 ton of fiducial mass
and with a longitudinal sampling thickness of about one-
tenth of A,„the interaction length for pions.

To evaluate the signal rate we shall refer to the detailed
calculations, given elsewhere, of the neutrino fluxes from
a proton beam dump at UNK. It has been assumed that
the source of i neutrinos is the charm F meson produced
in proton-nucleon interactions, yielding two v, s via the
decays F v, r and z v, X. While the decay properties
of the r lepton are well known, assumptions have to be
made for the total (cr, ) and difl'erential charm cross sec-
tion, for the probability pF of the c quark to fragment into
F, and for the branching fraction of the decay F v, i.
In Ref. 3 the following values were adopted: cr, 100 pb
per nucleon at s 6000 GeV; pF 0.1; branching ratio
8(F v, r) 4%. The differential F-meson cross section
was parametrized in terms of xF, the Feynman x variable,
and p„ the transverse momentum, as (d cr)/(dxFdp& )
cc exp( —ap, ) (1 —

~ xF ( ) with a 1 GeV . The values
adopted are consistent with recent estimates, such as those
given by Altarelli et al. , Tavernier, and De Rujula and
Riickl for the total and differential charm cross section
and by Talbezadeh et al. for the leptonic branching ratio
of the F meson. The main source of uncertainty affecting
the event rates is the charm-production cross section.
Based on Refs. 5-7, we estimate that the chosen value
cr, 100 pb cannot be lowered by more than 40%.

The v, flux from Ref. 3(a), assuming an angular accep-
tance of 2 mrad, is shown in Fig. 1. The average v, energy
is about 240 GeV. Scaling from Ref. 3(a), the number of
CC interactions observed in the detector in a run with
2x 10' protons will be

322 1990 The American Physical Society



41 SIGNATURE FOR v, INTERACTIONS IN A HIGH-ENERGY. . . 323

1000

Ih

C

X

1000—

500

100-

50

800—

) 600—
L3
ED
C4

400—
C

200

10 I

200 400

E„(GeV )

I

600 800
I

100 200

E„(GeV)

300 400

FIG. 1. Expected v, Aux from a 3-TeV proton beam dump at
UNK [taken from Ref. 3(a)].

FIG. 2. Energy spectrum of the pion coming from the two-
body decay of the i meson produced in the quasielastic reaction
v&N r N'.

for process (1). The "visible" cross section will depend on
the experimental technique used to isolate the events, i.e.,
on which level of activity around the vertex is tolerated in
addition to the minimum-ionizing track emerging from
the r decay. We have assumed a visible cross section per
nucleon of o 0.5x10 cm, energy independent, and
equal for v, and v,. This is a rough estimate based on the
consideration that, depending on the selection criteria,
some of the v, N rN' events will be lost, while some of
the events with N or d, production, together with Iow-y
deep-inelastic events, will be included.

It is important to note that in real life one can measure
in a standard neutrino WBB the rate of muon-neutrino-
induced events which survive a given set of selections. The
efficiency for events induced by the r neutrino will then be
known, assuming equal cross sections for v„- and v,-in-
duced events.

Using the v, energy spectrum shown in FiII. 1, the quot-
ed cross section per nucleon, cr 0.5X10 cm, for re-
action (1), and simulating the decay angular distribution
of the r, we obtain for the energy of the x the spectrum
shown in Fig. 2. Normalizing to the quoted number of v,
CC events (0.9 & 10 ), we obtain 3100 events with
E ~ 20 GeV (the reason for this cut will be explained
later). This number takes into account the branching ra-
tio B(z hv, (h -x,K)) -0.115.' The v, K decay mode
has been included since EC and m behave essentially in the
same way.

Finally, one has to take into account the fact that to iso-
late reaction (1) it is necessary to observe the hadron as a
single track for a certain number of samplings; requiring
the shower vertex to lie at a distance of one X, or more
from the primary vertex (i.e., at least 10 samplings)
reduces the signal by a factor e ' 0.37.

To summarize, in our hypothetical experiment one
would identify about 1150 events coming from reaction
(1). This corresponds to a fraction 1.3X10 of the CC
events induced by the v,.

Turning now to the background, we 6rst recollect the

characteristics of the signal which we are looking for: (i)
single minimum-ionizing track producing a hadronic
shower after a path L, ~ A,,; (ii) track length L, before
the shower following a distribution of the form
exp( —L,/A, ,); (iii) angle of the track 8, with respect to
the beam direction equal to the angle of the hadronic
shower 8, (8, 8, ); (iv) low values of the transverse
momentum of the hadron (pr ~ 1-2 GeV/c; convolution
of the pr of the quasielastic scattering and the pr in the r
decay); and (v) absence of outgoing muons.

Two classes of events produced by v, and v„ interac-
tions can show these characteristics: events with back-
scattering and neutral-current (NC) events with the pro-
duction of a single charged hadron. We have tried to esti-
mate the rate of these two processes. However, we stress
that the proof of the existence of the r neutrino relies on
the direct measurement of the background, to be per-
formed by the experiment using a WBB in the same ener-

gy domain of the neutrinos coming from the proton-beam
dump.

Concerning back-scattering we note that the correct
signature can only be produced by events without a pri-
mary muon, showing a back-scattered proton with a
momentum of the order of 1.5 GeV/c or more; this is be-
cause a track length of the order of one X, is required. An
estimate for the rate of production of protons this fast can
be obtained using the existing analysis of data on hadron-
nucleus interactions. Following Komarov and Muller,
we evaluated a rate of the order of 10 per event. This
rate is further reduced by the requirement 8, 8,. As-
suming an isotropic distribution for the back-scattering
angle, the reduction is 5x10 if the resolution on the
shower angle is 25 mrad (as, for example, in Ref. 10 for
hadronic showers of 100 GeV). The combined reduction
factor is then 5 x 10 of the muonless events, leading to a
background of about 10 events, i.e., 1% of the signal.

The second source of background is due to NC interac-
tions producing a single charged hadron. Isolated protons
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or pions of low energy can be produced in elastic and qua-
sielastic NC interactions. For this reason the cut on the
energy of the hadron is needed (Es ~ 20 Ge&/c).

Data on the production of a single charged hadron of
high energy in neutrino NC interactions do not exist.
However, the production of a single energetic x in NC
interactions and that of a charged pion in CC interactions
have been studied both experimentally" and theoretical-
ly. ' The latter process is currently interpreted in terms
of the interaction of the isovector axial-vector current,
whose longitudinal part behaves like a pion which scatters
elastically on the nucleus. To compute the cross section
for production of a single charged pion in NC interactions
we have adopted the same formalism as in Rein and Seh-
gal '~ and simply replaced the elastic x -nucleon cross sec-
tion with the charge-exchange cross section (ocEx). We
derived acEx for n 's using the compilation ' of z N—
charge-exchange cross sections. With this method we cal-
culated that the background from single charged-pion
production in NC interactions consists of 50 events
(= 5% of the signal), once the energy cut and the track-
length requirement are applied.

To summarize, our hypothetical experiment at UNK

will collect a signal of 1150 events induced by v, interac-
tions. The predicted background is of the order of 60
events. Because of the lack of experimental data, the
background estimate is affected by large uncertainties but
a precise measurement of it will be possible in the same
experiment.

Our conclusion is that the new proposed technique gives
a good chance of allowing the detection, with a good
signal-to-background ratio, of the i neutrino in a fairly
conventional experiment. The experiment will be able to
measure directly both the efficiency for collecting the sig-
nal and the level of background. Our quantitative predic-
tions refer to the special case of an experiment at UNK,
because of the availability of detailed calculations of the
expected v, Aux. However, it is clear that most of the con-
siderations are valid for any beam-dump experiment per-
formed in a similar energy domain.

The author has developed the idea presented in this pa-
per while working at the CHARM II experiment. It is
therefore a pleasure to thank all the members of the colla-
boration and in particular A. Rosanov, who contributed
useful suggestions.
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