
The tubmitteG .,\anutaOpt#has bmn authored
by a contr,ymr of ,Ihe fJ. s. GW~rnment
under contract No, W.31.109.ENG.38.
A~ardkgly, the U. S. Gowrnmanc retains a
nonexclusive, rovalw.free Ilcansu to publish
Or rWIOdUCO thu publiihed fmm Of this
contribution, or allow o!hdr$ to do SO, for
U. S. Government Gurpas.a

~iECE~VED 1

SEP2H 999

(z)s~l

Study of Hyperon-Nucleon Interactions with d(e, e’K) Reactions

T.-S. H. Leea”, V. Stoksa*, B. Saghaib, C. Fayardc

‘Physics Division, Argonne National Laboratory, Argonne, Illinois 60439, USA

bService de Physique Nue16aire, CEA-Saclay, F-91191 Gif-sur-Yvette Cedex, Ii?ance

CInstitut de Physique Nuc16aire de Lyon, IN21?3-CNRS, Universit6 Claude Bernard,
F-69622 Villeurbanne Cedex, fiance

Abstract

The dependence of the d(ej e’K+) reaction cross sections on the hyperon-nucleon inter-
actions is investigated. It is shown that the data obtained with Longitudinal-’l%msverse
separation or polarized photons can distinguish a class of Nijmegen models of hyperon-
nucleon interactions which are X2-equivalent in fitting the existing 35 data points of
hyperon-nucleon reactions.

The study of hypernuclei has been mainly based on the phenomenological shell model[l].
This is highly unsatisfactory for exploring the question concerning how hyperons behave.
in nuclear medium, an interesting and fundamental question often raised in the study of
QCD effects in nuclear medium as well as in the study of relativistic heavy-ion collisions. .
To make progress, it is necessary to develop a many-body approach starting with realistic
hyperon-nucleon and hyperon-hyperon interactions.

Obviously, the success in this direction depends entirely on the accuracy of the starting
hyperon-nucleon and hyperon-hyperon interactions. The SU(3) flavor symmetry has been
the guiding principle in developing [2,3] theoretical models for these interactions. The
data for testing these models are however very limited. While using the SU(3) symmetry,
it is still possible to generate many hyperon-nucleon potentials which give equally good
descriptions of the existing 35 data points of hyperon-nucleon reactions. To develop a
many-body approach to hypernuclear physics, .we clearly need to use more reaction data
to distinguish these models. In this work we consider d(e, e’K+) reaction which has been
the focus of a recent experiment at TJNAF, as reported by J. Reinhold at this conference.

In our calculations, the amplitude for the d(e, e’K+) reaction is written as

Z’(E) = w’qq + 2W)(E) (1)

where T(imp) is due to the production of K+Y on one of the nucleons in the deuteron,
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Figure 1. The trajectory of the MINOS neutrino
be&n between Fe~lab and Soudan. The beam
must be aimed into the earth at an =gle of 57
mrad to reach Minnesota.

of the most important of these is the ability to
predict the characteristics of the neutrino beam
at the far detector in the absence of oscillations.
For example, an observed difference from the ex-
pected event rate or energy spectrum at the far
detector could be due to oscillations or to an
incorrect extrapolation of beam characteristics
from the near detector. Other systematic errors
can arise from dHerences in near and far detector
responses whkh are not properly accounted for.
The latter effects will be minimized by making
the near and far detectors as similar as possible.

2. The MINOS f= detector

The initial feasibtity studies for the experiment
made use of a ‘reference’ detector design whose
performance and construction cost could be pre-
dicted with some confidence. The 10,000 ton far
reference detector consists of 6004cm thkk mag-
netized iron planes interleaved with 32,000 m2
of limited streamer Iarocci tubes, read out by
480,000 electronics channels. The 8-m wide oc-
tagonal steel planes are toroidally magnetized
with an average field of 1.5 T. The l-cm square
Iarocci tubes are read out by their anode wires
(summed in pairs) and 2-cm wide external cath-
ode strips. The & reference detector is shown
schematically in Fig. 2. The estimated cost of
the near and far reference detectors is $50M; con-
struction of the neutrino beam is expected to cost
an additional $50M.

Three dfierent =tive detector technologies are
now being considered for the MIN OS f= detec-
tor [5]: ‘Iarocci’ tubes (operated in either Iimited-
streamer or saturated-proportional mode) resis-
tive plate counters (RPC’S), and scintillator (ei-
ther plastic or liquid) read out with wavelength
shifting fibers. The detector design will be frozen
in the fall of 1997 so that the first third of the
far detector can be ready for beam tumon in the
summer of 2001. Since the total detector con-
struction cost is constrained to be $50M or less,
the detector optimization may involve ‘tradhg
off’ mass (event rate) against performance, e.g.,
transverse and longitudinal (steel plane thick-
ness) granularities.

3. Design goals

The MINOS detector design is optimized for
the study of VP + v. oscillations with sin2(20) >
0.025 and Amz >0.001 eV2. The sin2(20) sen-
sitivity improves to 0.01 for vP + ve oscillations
because of the higher V. cross section. If oscill+
tions are observed, the experiment will determine
the oscillation mode, or mixture of modes, and
will measure the sin2(26) and “Am2 parameters
for each mode. The goal of the experiment is to
achieve precision of 0.1 in sin2 (28) and 0.001 eV2
in Am2. The mixture of VP + Ue and UP ~ V7
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Figure 2. The MINOS reference detector, located 700 m underground in Soudan, Minnesota.

will be measured with an accuracy in sin2(2I9) of
-0.05. If VA+ U7 occurs with Am* -0.01 eV2,
the experiment should be able to identify exclu-
sive ~ lepton decay modes for sin2(26) >0.4.

4. Oscillation tests

Any oscillation signal observed can be verified
and studied using two or more independent oscil-
lation tests. These involve comparisons between
the near and far detectors of quantities such as
the neutrino event rate, the NC/CC ratio, the
energy spectra of CC and NC events, electron
and r lepton appearance. Differences in the beam
characteristics and detector responses at the two
locations must be properly accounted for. A real

oscillation signal will involve a self consistent pat-
tern of effects in several tests. An oscillation sig-
nal can be further ve&ied and studkd by using
the narrow-band beam to measure its energy de-
pendence.

The projected sensitivities of several MINOS
oscillation tests are compared to those of previous
experiments in Fig. 3.

4.1. Event topology classification
Charged current (CC) VP interaction events

recorded in the MINOS near and far detectors
will usually contain long muon traeka and can be
cleanly selected by a simple event length cut. If
there are no oscillations, short-length events will
be mainly neutral current (NC) VP interactions,
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Figure 3. Comparison of 90% confidence level limits on VP -+ J+ oscillation parameters from past
experiments with those which will be obtained by MINOS in the absence of oscillations. Curves A,
B, and C are for the MINOS NC/CC test, the near/far test, and the CC event energy test respectively.
Curves 1 and 2 are existing lidts from Fermilab E531 and CDHS respectively. The star symbol shows the
Kamiokande atmospheric neutrino best fit parameters, and the two curves labeled 3 show the boundaries
of the aIlowed region from that experiment.

but the NC sample will also include V. and I+
charged current events if oscillations occur. The
ability to identify CC interactions caused by elec-
tron or tau neutrinos, in the presence of a large
background of muon neutrino events, will be a
very important tool in the search for neutrino os-
cillations.

4.2. Comparison of neutrino event rates
The measurement of the relative ratea of VACC

events in the nesr and far detectors is the simplest
form of disappearance experiment. However, sev-
eral other efIects can also cause significant near-
far rate differences, and corrections for these must
be calculated. The most serious of these is the dif-

ference between the neutrino beam energy spectra
at the two locations. The root cause of these dif-
ferences is the fact that the near detector views
the 800 m long neutrino source (the decay tunnel)
from only 500 m away, whereas the source appears
as a point to the far detector. Corrections for this
(energy dependent) efect will be <5% and re-
quire a precise model of the beam which includes
neutrinos produced by beam scraping and an al-
lowance for errora in alignment. Corrections are
also required for differences in detector efficiencies
and acceptances - the relative beam and detec- -
tor sizes are very different at the two locations.
The near/far test sensitivity shown aa Curve B
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in Fig. 3 is dominated by an estimated total sys-
tematic error of 2%.

4.3. NC/CC event ratio
The comparison of the NC/CC ratios measured

at the near and far detectors is the oscillation test
which the collaboration has studied in the great-
est detad. This is beIieved to be the most sen-
sitive MINOS test because the effects of many
differences between the near and far detectors
and beam characteristics will cancel to first order.
The test is performed by counting the numbers of
‘CC’ and ‘NC’ events in each detector and calcu-
lating the quantity 2’ = CC/(lfC + CC’). The
measured value of T at the near detector is cor-
rected for beam and detector differences (using
simulations which are tuned to reproduce near
detector measurements) to obtain the value of T
which ia expected at the far detector in the ab-
sence of oscillations. A two year run with the full
10,000 ton MINOS far detector in the wide-band
beam would yield a statistical error 6T = 0.0020,
to be compared with an estimated systematic er-
ror of 6T = 0.0008. This is the most sensitive
MINOS test, and is shown as Curve A in Fig. 3.

4.4. CC and NC event energy spectra
Because the oscillation probabdity depends on

neutrino energy, a real oscillation signal will in-
clude characteristic changes in the event energy
spectra [6]. The measurement of event energy
is therefore central to the study of any oscill-
ationsignal observed; the following resolutions for
muons, hadrona, and electromagnetic showers are
expected for the MINOS detectors:
(Ap/p). = 10% (range and/or curvature),

(AE/E)k~ron < 100% W, and
/(AE/E)em < 40%/ E.

Figure 4 shows a Monte Carlo simulation of the
CC event energy spectrum which would be ob-
served by MINOS during the first calendar year
of data takiig (with one third of the far detector
in operation) with the wid~band neutrino beam,
assdg theKarniokande beat fit VP ~ L+ Os-
cillation parameters. If such an oscillation sig-
nal were to be confirmed by other tests, it would
be studied in detail using the narrow-band beam
configuration. Although this beam provides (at

the best energy) only about one fifth of the neu-
trino flux of the wide-band beam, its narrow en-
ergy spread allows a more accurate measurement
of Am2 as well as the determination of oscilla-
tion modes. The sensitivity of the CGevent en-
ergy test, shown as Curve C in Fig. 3, falls off for
large values of Am2 where oscillations are rapid
and have the effect of lowerimg the overall rate of
VP CC events without changing the shape of the
energy spectrum.

FUU DHEt7DR SiNUIATION

200 L:
1s0F 2501Monte Corto CC events

E1s0* EOUALAREAS

140

120

100

so

60

40

20

0

Figure 4. Expected wide-band-beam CGevent
energy spectra for VP - v~ oscillations (points
with error bars) with Amz = 0.01 eV2 and
sin2(219) = 0.7, and for the no oscillations (solid
histogram). The X2/df = 165/39 due assumes
that the absolute normalization is completely un-
known, i.e., that only the shapes are compared.
The oscillation data correspond to the exposure
expected during the first calendar year of data
(9 months of live time) with one third of the far
detector in operation.

Figure 5 shows the dfierence+ for three oscil-
lation modes, between far detector energy spec-
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Figure 5. Expected energy spectrum differences for oscillations with Anz2 = 0.01 eV2 and sin2(28) = 0.7,
for three different oscillation modes. The simulated data correspond to a one-year exposure with the
8.4 GeV narrow-band beam. The quantities plotted are the differences between the data with oscillations
and the predicted no-oscillation spectra.

tra with no oscillations and with the Kamiokande
oscillation parameters. The simulated data cor-
respond to 1 year of operation (-1000 events)
with the narrow-band beam tuned for < EV > =
8.4 GeV (20 GeV pion energy). Differences in CC
and ‘NC’ energy spectra are shown for three dif-
ferent oscillation hypotheses. Oscillations of the
dominant V* component result in the depletion
of CC events at the far detector. If the oscill-
ations=e VP a v., those events will show up as
NC-like events with the fd.1 beam energy. If the
oscillations are VA~ Vr, a fraction of the lost CC
events will show up as NC-like events but with

lower tilble energy. For v@ -+ V.t.tile, there will
be a decrease in the number of NC-like events
which is proportional to that in the CC events.

4.5. Electron and r identi%ation
The detection of individual u. or VTCC interac-

tions in the MINOS far detector, above the rates
expected from background processes and beam
contamination, would be clear evidence for os-
cillations.Quaai-elastic u= interactions at low
y will appear aa unaccompanied electromagnetic
showers with the full beam energy (modulated by
the energy dependent osflation probabtity) and
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should be easy to identify even with the wide
band beam and the 4-cm thick steel planes of the
reference detector. The beam contamination of
0.7% v.+ U, from muon and bon decays will be
well measured by the near detector and will pro-
vide a useful calibration of detector reapome.

The identification of T leptons produced in VT
charged current interactions will be much more
diflicult. The number of Vr interactions in a
given decay mode is small because of the small
branching fractions (18% each for T a evv and
7 - pvv) and because (for example, with the
Kamiokande oscillation parameters and the wide-
band beam) only a smzdl fraction of the beam
neutrinos are z+’s (3670), the ratio of V7 to VP
CC cross sections is low (0.242) at these energies,
and the hard cuts required to reduce the back-
ground fkom VP interactions by a factor of z1OO
are likely to have a low acceptance (xIO~O) for ~
decays.

The observation of explicit signatures of VT
CC interactions in MINOS will rely on statisti-
cal methods (i.e., including background subtrac-
tions) based on kinematic properties of the fi-
nal state. Although there are fewer quasi-elastic
than deepinelastic v. interactions, their simpler
topologies and ease of reconstruction make them
the best candidates for the identification of ex-
plicit r appearance signatures. The relevant
kinematic properties of Vy CC events are miss-
ing transverse momentum, using either the wide-
band or narrow-band beams, and missing total
momentum using the narrow-band beam (due to
the fact that T decays produce neutrinos).

Although the energy constraint provided by
the narrow-band beam will improve background
rejection, event rates will be about a factor of
five lower in the narrow band beam than in the
wide band beam. Furthermore, systematic un-
certainties can be as important as statistical lim-
itat ions. For example, the low-energy ‘tail’ of the
narrow-band beam energy spectrum and the non-
Gaussian nature of detector resolution functions
can produce large backgrounds. Much MINOS
analysis fiort is now being devoted to improving
the understanding of these two crucial issues.

The identification of r h XX decays, which
have a relatively Elgh branching fraction (12% for

~ 4 xv), appears to be feasible using the signz
ture of a single, high-energy charged pion. High
energy pions zwe more likely to be produced in r
decays than in NC interactions. Distinctive event
topologies consisting of a single long track end-
ing in a multiprong interaction will be relatively
easy to identify, particularly if the thkkness of
MINOS steel planes can be reduced from 4 cm
to 2 cm. MINOS simulations indicate that the
identification of T + XX events may be possible
in the wide-band beam, where the main back-
ground comes from neutral current interactions
of the high-energy tail of the beam.

Our preliminary analyses suggest that MINOS
should be able to observe UP * a+ oscillations
with the Kamiokande parameters with a statis-
tical significance greater than 3C in a variety of
decay modes, using both the narrow-band and
wide-band beams. This corresponds to 90% con-
fidence level limits on sin2(26) between 0.2 and
0.3.

Finally, the collaboration has recently begun to
consider an informal proposal made by K. Niwa of
the Nagoya University group. Tau decays would
be identified in a hybrid emulsion detector by se-
lecting events with a secondary vertex impact pa-
rameter or a decay ‘kh.’ The 1000 ton modular
detector would be constructed of alternating lay-
ers of l-mm thick steel and emulsion-coated plss-
tic. The x50 pm thick layers of emulsion (man-
ufactured by X-ray film production technology)
would be laminated to both sides of l-mm thkk
plastic sheets, and would be relatively in~en-
sive. Candidate r decay events would be located
by gas tracking chambers to limit the amount of
emulsion to be measured. Very preliminary sim-
ulations show that such a detector, installed at
Soudan, could cleanly identify a useful number of
r decays in a few years of operation. It might
even be possible to remove and measure emul-
sion modules as candidate events occur, instead
of waiting until the exposure was completed. Dis-
cussions between MINOS and Nagoya are still in
very preliminary stages and detailed simulation
work is just getting under way.
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5. Outlcmk

The MINOS experiment is designed to detect
and study neutrino oscillations in a large region
of parameter space around the Amz and sin2(26)
values suggested by the atmospheric neutrino fl~
vor ratio anomaly. If oaciIlations do not occur,
the experiment will set new, quite restrictive limi-
ts. If oscillations do occur however, the MINOS
detectors and neutrino beam are designed with
the sensitivity and fkx.ibtity to be able to char-
acterize the phenomenon in considerable detail.
Under =vorable conditionsthe experimentwill
determine the mix of oscillation modes and mea-
sure oscillation parameters.

Aa described at this conference by J. Sato [7],
neutrino oscillation experiments can test CP con-
servation by searchhig for a difference between the
oscillation probabilities for VP~ Veand E@ ~ De,
whkh are required to be equal by CP symmetry.
Such a test could be compromised by matter ef-
fects if Am2 were very small (- 10-5 eV2), but

“ should in principle be possible for MINOS [8] if
the oscillation parameters are favorable and sufE-
cient FP beam intensity could be obtained. Ma&
ter effects are even less important for the CP-
violation test using VP b U7and ZP d z, which
doea not involve electron neutrinos directly (the
v. and v= modes are related by unitarity).

The MINOS collaboration is currently devel-
oping a very detailed Monte Carlo simulation of
the experiment, includlng realistic descriptions of
the neutrino beam properties, neutrino interac-
tions, and detector response. This will allow us
to evaluate the sensitivity of the various oscilla-
tion tests using different detector and beam pa-
rameters, for example transverse and longitudinal
granularities, scintillator us gas active detector
technologies, and neutrino beam energy spectra.
The designs will be frozen during the summer of
1997 so that the beam and detector will be ready
to operate in 2001.
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