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Abstract

AR

The first measurement of the invariant cross sections and polarizations of A hy-
perons produced by the reaction 7~ 8Li — AX at 4 GeV/c in the backward angular
region (70° < O < 145°) has been done. In the measured region the production
with free nucleons was kinematically forbidden. All the experimental results are re-

produced by a quark-parton model calculation.
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The particle production in the backward-angular region, in which the particle
production by the reaction of an incident hadron with a free nucleon is kinemati-
cally forbidden, has been expected to provide crucial information for the study of
many-body effects in the nucleus because of its exotic kinematics. Many experiments
were studied this region, measuring the invariant cross section by using a variety of
incident particles, e.g., 7,p,d, e and y, and detecting a variety of emitted particles,
e.g., 7,p, K, A and d [1}. These measurements were mostly restricted to fixed angles,
and only a few bubble chamber measurements cover a wide angular range.

The measurement of A hyperon production has several unique characteristics.
First, a strange(s)-quark does not exist in usual nuclear matter, so that the pro-
duction of a A hyperon means the production of an 3-s quark pair from nuclear
matter, followed by their recombination with the other quarks. In this context, the
A hyperon works as a fascinating nuclear probe on the quark level. Secondly, the
strong interaction between a nucleon and a A hyperon is weaker than that between
two nucleons, e.g., the strength of nucleon-A interaction is two thirds the strength
of the nucleon-nucleon interaction, in a model with combined quark-gluon exchange
[2]. This reaction may be free from complicated final-state interactions as compared
with backward nucleon production. Thirdly, the A hyperon decays into p gnd 7~
via the weak interaction with a branching ratio of 64.2%. Since the weak interac-
tion does not conserve parity, the angular distribution in the center of mass system
shows an asymmetry depending on the polarization of the A hyperon. Because of
this asymmetry, we can measure the A hyperon’s polarization easily and efficiently
through observing the pattern of its p,s~ decay. The polarization is thought to be
an observable sensitive to the underlying reaction mechanism.

In the past, we have carried out an experiment of backward A production; 7~ 12C —
AX at 4GeV/c [3]. As the next step, we have proceeded to study the nuclear mass-
number dependence of the reaction, i.e., 7~ °Li — AX at 4 GeV/c. The experimental
setup is shown in fig.1. The detector system used in the experiment was a combination
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of a cylindrical detector system (CDS) of FANCY [4] with a dedicated vertex detec-
tion system, i.e., target chambers (TC’s: TC1 to TC4) and a vertex chamber (VC).
It was placed at the #2 beam line of the 12 GeV proton synchrotron (12GeV PS)
in the National Laboratory for High Energy Physics in Japani (KEK). The beam
particles were defined by a five-fold coincidence of four plastic scintillation counters
(S0 to S3) and a threshold type gas cherenkov counter (GC). The beam chambers
(BC’s: BC1 to BC4) and TC’s [5], which are multi-wire proportional chambers, mea-
sured the position of beam particles on the target. The CDS of FANCY consists
of three parts,i.e., a solenoidal magnet with an operating field of 3kG, a cylindrical
drift chamber (CDC) and a cylindrical hodoscope (CDH). The CDC is a jet-chamber
type of cylindrical drift chamber for measuring the momentum and trajectory of the
outgoing particles with a momentum resolution of AP/P ~ 10%. The CDH consists
of 24 plastic scintillation counters, and surrounds the CDC. These counters were used
to measure the time-of-flight of the outgoing particles. The VC is a cylindrical drift
chamber, which was placed in the CDC, and was used to detect a vertex point by
measuring the trajectories of the A hyperon’s decay products p and #—. An enriched
nuclear target of °Li (93 %), which was 36 mm thick and 32 mm in diameter, was
placed in' the inner open space of the VC.

The A hyperon was identified by observing its decay of A — p#~. To select A
production events, we adopted the following criteria: (I) The distance between the
reaction point on the target and the decay vertex point was greater than 5mm. (II)
The angular difference between the vector from the reaction point to the decay vertex
point and the momentum vector of the A hyperon was within 40 degrees. (III) The
angular difference between the momentum vectors of the p and the 7~ was éreater
than 30 degrees and less than 150 degrees. The resulting invariant-mass spectrum of
the A hyperons under the selection criteria (I)~(III) is shown in fig.2.

The invariant cross sections in terms of kinetic energy T and emission angle 9 in



the laboratory system are calculated by the following equation;

1do(6,7) 1 N(,T) 1
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where P is the momentum of A hyperon in the laboratory system, Q is the solid
angle, I and NV, are number of beam particles passing through the target and number
of nuclei in the target per unit area, respectively. The number of A hyperons N(8,T),
which was given in AT-AQ region, was estimated by fitting each mass spectrum using

the following model function;
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where z is an invariant mass, the first term represents the A mass spectrum with

a certain mass resolution of detector and f(z) is the background (BG) mass spec-
trum. The f(z) is fixed by using a spline function obtained by fitting the 'other side’
background (OSBG), in which we took pr~ pairs under the same selection criteria
described above but with the angular difference defined in (II) larger than 140 de-
grees, i.e. the other side of normal selection. Because both BG and OSBG are given
under the same geometrical condition, they should be the same distribution. The
values of parameters A’s were determined by the least-squares method. As expected,
Ay = 1.00 £ 0.01 was obtained, typically. We have defined the A, as N{0,T). ¢ is
the efficiency of detector system, n is the acceptance correction factor including the
selection efficiency by the above selection criteria (I)-(III}, which is calculated by
using a Monte Carlo method, and 7yccay is a decay branching ratio of A — pr~. The
systematic error for the absolute cross section was evaluated by considering change
of parameters used in the above reduction, and was £18% typically.

We have measured the invariant cross sections shown in fig.3a. In order to under-
stand the measured results, we have carried out a calculation based on a quark-parton
model of nuclear production {6}, which works well over a wide incident energy region

from 6 GeV to 400 GeV, and a Thomas precession model of hyperon polarization [7].
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In these models, the following assumptions were made. (I) A A hyperon is produced
through recombination of a spin-singlet diquark (ud)o and a strange quark (s) in nu-
clear fragmentation where the absorption of the diquark is taken into account and the
rescattering of it is not. (II) The dynamical origin of A polarizations arises from the
Thomas precession of the s-quark’s spin in the recombination process. (III) When
the incident = collides with the target nucleus, it interacts with the nucleons that lie
within an imaginary tube of cross section oy(7p) = 26 mb = x(0.9fm)? drawn along
its straight path through the nucleus. (IV) For simplicity, the secondary processes;
e.g., LN conversions and 7K reactions, were not considered and the possible final
state interaction between the A hyperon and the residual nucleus was not considered
either.

The invariant cross section was calculated by the following expressions;
do Zs: E*(z) d%(s)
dP {5 Phac(i) dzp,(i)dPr
Po(i) = o(x=°Li)CP(i)P(i;6) [(1/3)10(i)Di(zpi) + (2/3)1p(i) D} (zpi)]

-f(Pr)dzpy(i)dPr
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where E™(i) and P7 (i) are the energy and the maximum available momentum of the
A in the c.m. system of the 7~ and the i-nucleon tube respectively, zp, is the Feyn-
man scaling variable P7(t)/ Py, . (%) in which P}(i) is the longitudinal momentum of A
hyperon in the c.m. system of 7~ and i-nucleon tube, yp(1) is an attenuation factor of
the diquark in the i-nucleon tube and f(Pr) is a universal Pr distribution of valence
quarks obtained from pp collisions [6]. The total cross section o(w~6Li) is given as
123 mb. This value is evaluated by extrapolation of the total inelastic cross sections
on various targets [8]. Di(zp:)( D!(zp:)) and P(i;6) are the diquark (wounded di-
quark) (ud), distribution function and the probability of finding the i-nucleon tube in
the target nucleus ®Li, respectively. CP(i) is a recombination factor for the diquark

to recombine with an s-quark from the sea to form a A hyperon in the i-nucleon tube.
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In the present calculation, we assumed CP() = 0.044 considering its possible depen-
dence on the number of nucleons in the tube, while CP(1) = 0.04 [6] was obtained by
fitting the experimental data on pA — A{0°) at 300 GeV, where A = Be, Cu and Pb,
which is considered to be a proton fragmentation on the nucleus. This dependence
of CP on the number of participant nucleons is not trivial, Indeed, the K*/rx+ ra.
tio measured at backward angles [9] seems to suggest significant enhancement of cP
in the region of zr > 1, where more than one nucleon participates. This behavior
may be considered to be related to nontrivial quark-gluon structure of nucleus., If
an effective confinement size is changed by the clustering of t-nucleons, enhanced sea
quarks will be produced according to ref.10. The enhancement is proportional to the
number of nucleons i for small z under simplified calculatjon. Moreover, the effect
of the chemical potential of nuclear matter will suppress the enhancement of nop-
strange sea. As a result, the strange sea may be enhanced relative to the nonstrange
sea. The calculation (solid curves) has reproduced the measured cross sections very
well. In addition, the calculation for '2C target is shown in fig.3b together with our
previous measurement (3]. The calculation has also reproduced the data quite well,
It should be noted that the quark parton model for the backward A production by
taking C2 = 0.04, which is presumably suggested by the calculation for the backward
pion production [6], can predict only about half of the measured cross sections,

Fig.4 shows the dependence of differential cross sections integrated over the range
of kinetic energies from 50 to 160 MeV on the target mass number A in the reaction
TTA — A(90°)X at 5 GeV/c [11]. Our results on both 5L and 2C-targets at 4 GeV/c,
are also shown in fig.5. The quark-parton model calculations for the case of CP(i) =
0.04: and CP = 0.04 have been done for these data, The calculation with CP@) =
0.047 (solid curve) reproduces the data very well over the wide range of nuclear mass
number from 8Lj to 208, while that with CP = 0.04 does not especially for heavier
nuclei.

We have also measured the polarization of A hyperons as shown in fig.5. The
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perpendicular 7 to the production plane corresponds to the axis of the A polarization,
We define the positive polarization as a direction of 7i = 1_",,,,,,,, x 13,\, i.e., the Basel
convention, where ﬁ,,,m and PA are the momentum vectors of the incident beam
particle and the A hyperon, respectively. The systematic asymmetry was checked by
using of the "polarization” asymmetry of K$ particles, which should be zero because
it has a spin 0. The procedure of the reduction of polarizations is the same as that in
ref.3. The asymmetry of K was obtained as —0.04 £ 0.08. This value of systematic
bias is negligible in our result. A quark-parton model calculation is also shown. It
seems consistent with our measurement.

In conclusion, we have measured the invariant differential cross sections and polar-
izations of A hyperons produced in the backward angular region (70° < 6, < 145°)
in the reaction 7~ 6Li — AX at 4GeV/c. The A hyperon production in this region
is kinematically forbidden in the reaction of 7~ with a free nucleon. This is the first
experimental measurement of backward A hyperon production on SLj target. A cal-
culation based on a quark-parton model has reproduced the measured cross sections
very well under the ad hoc assumption for the behavior of the recombination factor
CP (i) between the (ud)o diquark and the s-quark concerned, which is proportional
to the number of participant nucleons i. Such behavior of CP(i) may be considered
to be related to the nontrivial quark-gluon structure of the nucleus, probably due to
the clustering of nucleons. The target-mass number dependence of the cross section
at 90° has been also reproduced very well over the wide range of mass number from
SLi to 208Pp, We have also measured the polarizations of A hyperons. It is consistent,
with the quark-parton model calculation.

We acknowledge all the staff of the KEK for their support of the present work. One
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FIGURE CAPTIONS

Fig.1.

Fig.2.

Fig.3.

Fig4.

Fig.5.

The set-up of the experiment. The spectrometer consists of beam-line
detectors, a cylindrical spectrometer and a vertex detection system.

The invariant-mass spectra of a p, ™ pair of under the selection criteria
of (I)-(I11). Solid curves are fitted results by the least-squares method.

The invariant cross sections for the production of backward A hyperons
versus its kinetic energy at each emission angle for (a) ®Li-target and (b)
12C.target [3]. The solid (dashed) curves are calculations based on the
quark-parton model using CP = 0.04i (CP = 0.04) for ®Li and 12G, re-
spectively.

The differential cross sections for 7~ A — AX at the 90° in the laboratory
system integrated over the range of kinetic energies from 50 to 160 MeV,
versus the target-mass number A. The open circles and diamonds are the
data at 4 GeV/c and 5 GeV/c [11], respectively. The solid (dashed) curve is
a calculation based on the quark-parton model with CF (i) = 0.04 (c? =
0.04).

The polarizations versus emission angles for the SLi target. The solid curve
is a calculation based on the quark-parton model.
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