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ABSTRACT

The polarization of hyperons produced in inclusive hadronic collisions has been
reviewed. The polarization seems to increase in magnitude with an increase in the
transverse momentum of the hyperon almost in a linear fasion. The magnitude of the
polarization of all the hyperons seems to be the same at a given transverse momentum.
However the sign of the polarization differs from hyperon to hyperon viz it is positive for
¥’s and negative for A, Z’s. A-polarization in the target fragmentation region 1s weakly
dependent on the c.m. energy and the beam particle. Nuclear targets yield a somewhat
smaller value of the polarization which can be understood as a rescattering effect in the
nucleus. The polarization measurements have been compared with the predictions of
Regge pole models as well as those of quark models involving fragmentation and
recombination. Polarized hyperons have provided some precise measurements of the
hyperon magnetic moments. These measurements need a more refined static quark model
to explain the spectroscopic properties of baryons.

1. INTRODUCTION

THE non-zero polarization of A’s produced in
inclusive p-Be collisions' at 300 GeV/c at
large transverse momenta and the almost linear
correlation between the polarization and the
transverse momentum created a lot of interest in
studies of hyperon polarization in inclusive colli-
sions. The observed polarization is along the
normal to the plane of production of the hyp-
eron, i.e. the plane containing the beam and the
hyperon. This observation was confirmed with a
variety of beams at different c.m. energies *~'° for
inclusive A as well as other hyperons.

The study of hyperon polarization has indeed
given insight to the strong interaction dynamics.
In addition the polarized hyperons provide a
means of determining the magnetic moments of
the hyperons very accurately. These results on the
magnetic moments of hyperons have been a
testing ground of static quark models.

The plan of the paper is as follows: Section 2
will summarize the experimental data available
on hyperon polarization. The theoretical frame-
work to study the hyperon polarization will be

briefly outlined in §3. Section 4 will contain a
comparison of the model predictions with the
existing data. Measurements of hyperon mag-
netic moments and the implication of these
measurements will be discussed in §5. The main
conclusions will be summarized 1n § 6.

2. EXPERIMENTAL DATA ON
HYPERON POLARIZATION

The hyperon polarization P; is measured
through its decay angular distribution. From N
hyperon decays, one can estimate P" through

Pi' = {3/(“N)}Z kf'ﬁi

where A, = unit vector along the direction of the
z-axis; k; = unit vector along the decay baryon in
the hyperon rest frame; and a = the analyzing
power of the hyperon. The values of the analyz-
ing powers of various hyperons arc summarized
in table 1.
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Table | Analyzing powers af hyperons

—_——n . —r— - —rr— =

Hyperon type  Decay channel Analyzing power o

- ——

A p +0.642+0.013
A n n' +0.646+ 0.044
)2 p n" ~0.979+0016
>’ n o +0.066 +0.016
)3 nn —0.068 + 0.008
= A n¥ -~0413+0.022
= An -0434+0.01]5

The definition of the normal to the production
plane varies from one experiment to another,
which results in a flip in the sign of the measured
polarization. In this summary, we have tried to
keep the following definition of the normal, n

ktargf:! kh
h = |ktargel khl i

(2)

where the target (hyperon) momentum k'8 (k")
1s measured in the c.m. frame.

The bulk of the available data is for inclusive
A-production. As one knows, a large fraction of
the A’s comes from the decays of the heavier
resonances and in most of the analyses, one has
not taken into account of this. Now for Z° decays
it has been shown'’ that the decay A’s from X°
has polarization Pg. given by

PY = — P* /3, (3)

Even if one takes P¥ = — P* (as has been
suggested by some of the models), the observed
A-polarization is significantly smaller than the true
polarization of the directly produced A’s. One
should remember this fact when one compares
the data with the model predictions.

The data can broadly be classified into two
categories depending on the nature of the target,
(a) hydrogen target, (b) nuclear target. Hyperons
are produced mainly through the fragmentation
of the target. The mechanism of the strange
quark production can cause a further classif-
cation into two categories: (i) strange quark
coming from the sea. Examples of such processes
are target fragmentation with n*, K™, p, p beams
and also certain final states using K~ beam

K ~p - AKK + anything. (4)

(11) The valence strange quark from the beam
takes part in the formation of the hyperon, which
can only be seen in K " -induced reactions where
the final states should be

K p — A+ nonstrange particles. (3)

In Regge language'” the K~ induced A pro-
duction data have been understood in terms of
‘K" exchange at the pA vertex and this implies
that there will be a K™ ‘K™’ interaction at the
other vertex. It has been shown’“ that the process
(5)can be identified with strangeness annihilation
and it should have an energy dependence s ',
whereas the process (4) is due to strangeness non-
anmhilation. The non-annihilation component
has two components with energy dependence
s~ 1% 5% due to normal meson and pomeron
exchange. Indeed the separation of the com-
ponent (4) has been done (figure 1a) and one sees
that the abundance of the non-annihilation com-
ponent in the inclusive A data increases with c.m.
energy. The polarization of the A’s produced 1n
the two sub-processes has been separated in a
4.2 GeV/cK "p experiment. There one finds
(figures 1b, Ic) that the A-polanzation n the
strangeness annihilation process (K, ) differs
significantly from those in the strangeness non-

annihlation process (K, ).

2.1. Energy dependence of A-polarization

The A-polarization data in the target fragmen-
tation region have been plotted separately for n ™,
K* and proton beams (figure 2a); Ky,, n , P
beam (figure 2b). The A-polarization is slightly
negative and it stays almost constant over the
entirc energy range for n*, K", Ky, and p
beams. On the other hand the proton beam data
show a strong positive polarization at all the
energy points where data are available.

For K~ beam, A-polarization data exist in the
kaon fragmentation region as well and there
(figure 2¢) one sees again no or very little energy
dependence over the entire energy region scan-
ned. The value is negative but the magnitude of
the polarization is somewhat larger than that
observed in the proton fragmentation region

—_—

with n¥, K, n~, K, or p beams.
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Figure 1a. The fraction of strangeness non-annihilation component in the inclusive A sample produced in K " p
interactions as a function of the beam momentum. b—c. A-polarization for inclusive A sample produced via
strangeness annihilation and non-annihilationin 4.2 GeV/c K" p interactions as a function of (b) Feynman x, (¢)

transverse momentum.

2.2. Dependence on kinetic variables

Figures 3a and 3b show the A-polarnization
measured as a function of the Feynman x variable
for K., n~, p induced and n*, K™, p induced
processes respectively. Again the data show no
energy or beam particle dependence over the
entire x-region except at very large x-values In
p— p collisions where a large positive polariz-

ation is observed. The x-dependence is otherwise
not very strong. Figure 3c shows the A-polariz-
ation in the kaon fragmentation region plotted as
a function of x. Again no energy dependence 1s
observed. Howsever, there is an indication of some
increase tn the magnitude of the polanzation
with increase in x (P" ~ 0.0 near x = 0 and P*
~ —0.3t0 —04 at x = 1).
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Figure 2. A-polarization as a function of c.m. energy in (a) proton fragmentation region with p,n*, K* beams, (b)
proton fragmentation region with p, n~, Ky, beams, (¢} kaon fragmentation region.

Figure 4a shows the dependence of A-polariz-
ation on transverse momentum p, of A. As has
been scen by Bunce et al', there is almost a linear
dependence of A-polarization with its transverse
momentum taking large negative values at large
p-. This phenomenon does not depend on the

beam type nor its energy. Figure 4b shows similar
data for photo-production processes. Although
the overall data do not show any p, dependence,
one sees large negative polarization at large py
values in the target fragmentation region (by

restricting x, < 0).
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Figure 3. A-polarization as a function of Feynman x in (a) proton fragmentation region with p, n*, K™ beams, (b)

proton fragmentation region with p, n~7, Ky, beams,

2.3. A-dependence

Figure 5a shows the A-polarization data as a
function of p, for hydrogen and deuterium
targets (both with proton beam at 28.5 GeV/c}.
There is hardly any difference in the two sets of
measurements and one sees the already establis-
hed linear correlation between P* and p; in the

(c) kaon fragmentation region.

data. Figure 5b shows the polarization data on
Be-target using proton beams at three different
energies. These three sets cover different x-region
for a given p, value (x-range may difter by 3G7).
The close agreement between the three sets
indicates a rather weak x-dependence of the
polarization. However, when one compares the
combined H-De data with the combined Be data
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(figure 5¢), one sees that the Be-target results
have somewhat smaller magnitude for P4. This
has been corroborated by comparing the A-
polarization data in Be and Pb/Cu targets using
400 GeV/c proton beam (hgure 5d). Thus the A-
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polarization in nuclear targets 1s significantly
smaller and the magnitude of the polarization
decreases with increase i A-number of the
target. The nuclear target may tend to wash out
the polarization effects through another scatter
of the A in the struck nucleus.

2.4. Polarization of other hyperons

— r—) ——

Polarization data exist for 27, X, E°, 7 1n
proton-nucleus collisions at high energies. They
all show (figures 6a,b) an approximate linear
dependence of the hyperon polarization with p;
and the magnitude of the polarization gets
significantly large at large p; values. While 2%, =~
are polarized in the same direction as A, the
polarization direction is flipped 1n the case of 2’s.

Polarization data exist for =~ (figure 7a),
T° (figure 7b) and X** (not shown) in K p
collisions. The x-dependence of =~ polarization
is similar to that of A. However, the data on X°
are not good enough to make a similar statement.
Polarization data on A exist in pp as wellas K™ p
collisions (figure 7¢). The A’s produced in p-
nucleus collisions are not polarized, whereas the
A’s produced inthe K fragmentation are signifi-

cantly polarnzed.

3. THEORETICAL FRAMEWORK

There are basically two approaches to under-
stand the hyperon polarization in hadronic colli-
sions. The old approach is to use the Regge pole
exchange ideas'”. In the other method, one tries
to understand the hyperon polarization through
quark fragmentation or quark recombination

models!4-1¢,

3.1. Regge pole approach

Single and triple Regge'” analyses for the
unpolarized cross sections have been extended to
explain the polarization measurements. In fact
the polarization measurements can give rise to
information on the Regge exchanges which are
not accessible to the unpolarized cross-sections.
For the inclustve process,

a+b-c+ X, (6)
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Figure 6(a). A and Z polarization measurements in
proton-nuclues collisions at a fixed production angle
as a function of the hyperon momentum. (b) A,Z " and
T - polarization measurements in proton-nucleus col-
lisions as a function of transverse momentum.

let us examine the polanzation at the fragmen-
tation vertex, i.e. b 5 ¢. There are three distinct
classes for A-polarization. (a) Exotic processes
(ab¢ exotic and b¢ non-exotic): The polarnzation
should be independent of energy and also of the
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Figure 7{a). A and Z polarization in K~ p interac-
tions at 4.2 GeV/c as a function of Feynman x. (b). A,
2% A (in 4C fits), Ay (from Z° decay) polarization as
a function of Feynman x in K™ p interactions at
8.25 GeV/c. (¢). A polarization in K * p interactions at
32 and 70 GeV/c as a function of Feyman x.

incident particle a. Examples of such processes

4+

LLSLIYN (b) Non-exotic processes (abé

are p

and bé non-exotic); At a given energy, the polariz-
ation 1s expected to be independent of a for a set
of non-exotic reactions where the relative

Reggeon to Pomeron contributions are expected
to be approximately equal by the exchange
degeneracy and the two-body coupling const-

ants. Examples for such processes are p - Koo P
A. Using f-Pomeron proportionality as a crude
approximation, one expects the above nonexotic
processes to be roughly energy-independent.

(c) Strangeness annmihilation: The annihilation

components p—f_"‘_,.:\ Is also expected to have
energy-independent polarization,

Detailed prediction on hyperon polarization
ts, however, hmited, since the polarized as well as
the unpolarized cross-sections involve compli-
cated residue functions which are input to the
model.

3.2. Quark model approach

In the quark models, the hyperon polarization
stems from the production mechanism of the
strange quark which forms the valence partner in
the hyperon. Let us consider the hyperon A. It 1s
made of uds quarks of which ud make a diquark
state of I = J = 0. Thus the hyperon spin 1s the
same as the strange quark spin and hence the
polarization. In the literature, there are basically
three approaches: (1) Lund model'* using frag-
mentation of quarks (2,3} models due to
DeGrand-Miettinen'® and Szwed'® using quark
recombination. It is clear that, in these models,
the polarization of the hyperon from p 5 h will
be independent of the incident particle a as long
as the production mechanism of the s-quark
remains the same. This 1s more or less true for a
= n*,p,p, K" and K, where the s-quark comes

from the sea, whereas a = K| uses a distinctive
different mechanism.

3.2a. Lund model

In this approach, a linear colour field 1s
stretched and the fragmentation process pro-
ceeds by producing a g pair which breaks the
colour field. If the gq pair is massless, the pair can
be classically produced in a single spacetime
point and afterwards pulled apart by the colour
force field. However, if the quark has a transverse
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mass (mass and/or transverse momentum), the
situation cannot occur classically if the energy-
momentum 1s to be conserved. Thus the quark
and the anti-quark are produced at a distance so
that the energy of the force field in between them
can be transformed into the transverse mass. This
will create an orbital angular momentum per-
pendicular to the string. The angular momentum
conservation thus demands that the gqq pair will
be polarized so that the spin of the pair com-
pensates the orbital angular momentum.

Let us consider A production with a definite
value of transverse momentum p_. There will be
an enhanced number of events where k;, (the
transverse momentum of the s-quark) points 1n
the same direction as p,. The correlation of k;
and the spin of the s-quark will make the A’s
polarized. This is a so-called trigger bias effect.
Simiarly one can predict polarization of the other
hyperons in this model. Detailed consideration
gives that X’s would have positive polarization,
whereas A, =’s would have negative polarization
as bourne out by the data.

3.2b. Recombination mode!

In this model, proton in the infinite momen-
tum frame is built up of three valence quarks and
a large number of sea partons. In the collision, the
slow or ‘wee’ partons interact destroying the
coherence of the wave function. The parton-to-
hadron transformation takes place semilocally in
rapidity and is pictured as proceeding via quark
recombinations. The fastest particles are formed
by the recombination of the beam’s valence
quarks with other valence or sea quarks. Baryons
can be formed via recombination of two valence
quarks with a sea quark (V'VS,eg A, Z7, 2% or
via recombination of one valence quark with two
sea quarks (VSS, eg. £, E° E7). Here all
baryons are described by nominal SU(6) wave
functions. One assumes all sea quarks to be
initially polarized and the recombination mech-
anism enhances asymmetry in one spin state over

the other. Baryons are treated as a bound state of

quark and a diquark where the diquark is made
of two most similar quarks (1.e. 2 valence quarks
in VVS and 2 sea quarks in VSS). With the

following three assumptions, one can then relate
the polarization of various hyperons in different
fragmentation processes. (1) The effect of recom-
bination on the partons as they are transferred to
the outgoing hadron may be different depending
on whether they are accelerated (sea partons) or
decelerated (valence partons). (2) Two partons
with similar wave functions (VV or 8S) may
interact with themselves differently than they
interact with a parton of dissimilar wave function
(V'S). (3) The transverse momenta of the outgo-
ing hadron and its constituents are more or less
parallel (1.e. recombination is short range in p;).

In terms of ¢, 9, the asymmetries a quark and
diquark recombination amphtudes, the polariz-
ation of various hyperons can be summarized as
given in table 2.

In the DeGrand-Miettinen model, one con-
siders the effect of the non-colinear boost 1n the
recombination process. The s-quark resides 1n
the sea and carries a small fraction (x, ~ 0.1} of
the momentum whereas it 1s a valence quark of A
and carries a large fraction (~ 1/3) of the A’s
momentum. Since A carries a large fraction x; of
the proton’s momentum, the recombination pro-
cess boosts the iongitudinal momentum of the s-
quark from x,p to x.p/3. The s-quark also carries
transverse momentum; on average it 1s the same
in proton as well as in A. The velocity vector of
the s-quark 1s thus not parallel to the direction of
the change in momentum induced by the recom-
bination process. This will result in a boost and a
rotation and hence an additional spin-dependant
component will appear in the Hamiltonian. This
will give rise to the polarization asymmetry
similar to Thomas preciston tn atomic physics.

Table 2 Polarization of hyperon

Channel Polarization Recombination

p oA g 138

P L /re (e + 20)/3 'S

p — L (4 — 0)/6 A

p = /= —~(e+20/3 N
n/K* - A —8/2 AN

K =SA £ F'SS

p ——p A 0 SSS

Y -~ A ~ /2
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In the Szwed model, one assumes that the large
p, hyperons will preferentially have large p;
partons and the transverse momentum of the sea
partons s generated through its multiple colli-
stons in the quark-gluon matter. For a sea quark
with non-zero mass, this process will make the
quark polarized. This 1s of course a nonpertur-
bative calculation and hence no quantitative
prediction can be made in this mode] for low p;
ProcCesses.

4. COMPARISON OF THE DATA WITH
THE MODEL PREDICTIONS

One sees that the polanization of A in the proton
fragmentation region Is almost energy-
dependent (figures 2a, b). They are also indepen-
dent of beam for n=, K7, K,, P (see table 3).
This is expected from the triple Regge model as
well as from the quark model. However the
polarization with proton beam is significantly
different from those with other beams.
Polarization in the kaon fregmentation region 18
also energy-independent as expected in the Regge
pole model. However, the magnitude of the
polarization of the polarization is significantly
larger in the kaon fragmentation region than in
the proton fragmentation region with Ky, 7, p,
K", n* beams. This is in contradiction with the
recombination model predictions.

Table 3 A polarization for various beams

P{p LA

a=Ky,,n",p” a=K" n" a=p P(K™ 5 A)

—006+005 —-0.14+011 +041+007 —-030+001

x-dependence of the polarization i1s explicitly
given in the model of DeGrand-Miettinen. The
polarization is largely x-indpendent in the proton
as well as in the kaon fragmentation regions
(igures 3a—). The hatched regions i1n these fig-
ures are due to the model prediction and agree
with the data except in the case of p~2>A at large x;
values which shows large positive polarization.

The p, dependence of A-polartzation in the
proton fragmentation region (figure 4a) shows
almost linear increase with p,. Both Lund model
and DeGrand-Miettinen model predict similar

-behaviour (shown by the hatched regions in the

figure). The gross feature of the data is explained
by both the models. However, the A-polarization
in the kaon fragmentation region seems some-
what larger as shown in table 4, where the
data at different energies have been combined
in 3 different p, regions.

The ¥, £~ polarizations are found to be
positive and of the same magnitude as of A-
polarization. The Z°, Z~ polarizations have the
same sign as well as magnitude as of A-polari-
zation. These are in agreement with the quark
model predictions.

5. MAGNETIC MOMENT MEASUREMENTS

The observation that the hyperons are polar-
ized in hadronic collisions at large p; has led to
some precise measurements of the hyperon mag-
netic moments. In a typical experiment'’ to
measure L magnetic moment, a beam of pro-
tons is incident on a copper target at an angle
with respect to the horizontal plane. The target
was placed at an upstream end of a magnetand a
secondary beam emerging from the magnet was
limited by a tungsten channel to a very narrow
emittance. The hyperons produced decay in a

Table 4 p, dependence of A polarization

K3 : _
p,(GeVic)  P(p—2A) P(p2A) P (pSA) P(K™ 5 A)

00-04 +0.01 +0.03 +0.04 +0.02 +0.01 +0.04 — (.12 +0.01
04-08 —-0.07 +0.04 - 0.07+0.02 ~0.10+0.02 -0.25+ 001
08—-1.2 —0.29 + 0.08 —~0.16 + 0.08 —0.30+0.03 - 0.44 +0.02
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Table § Magnetic moments for hyperons

Experimental Naive quark
measurement model prediction
Hyperon (n) (n)

A —0.6138 +0.0047 ~ (.58

r* +2.355 +0016 +2.68

z —089 +0.14 - 1.05

=° —1.253 +0.014 —1.40

= -0.47

B —0.69 +0.04

decay region and there are downstream counters
to detect and analyze the decay products. The
¥ *°s produced with a polarization will precess in
the magnetic field and this would modify the
decay angular distribution. The fit to the decay
angular distribution measures the angle of pre-
cession and hence the magnetic moment of the
hyperon.

The magnetic moments for all the hyper-
ons!”- 1% (measured so far) are summarized In
table 5. For comparison, the predictions of a
naive quark model’® are also given in the table.
The quark model assumes that the baryon $*
octet has an S-wave colour singlet structure. The
overall agreement is qualitatively good. However,
there are substantial differences in the absolute
values (~ 0.2-0.3u,) compared to the exper-
imental uncertainties. A non-relativistic static
quark model is thus inadequate and one has to
incorporate orbital effects, exchange current etc.
No single model has emerged so far which will
explain all the magnetic moments successfully.
Quark anomalous magnetic moments have to be
incorporated.

6. SUMMARY

(i) A-polarization is consistent with no depen-
dence on incident beam momentum in proton as
well as kaon fragmentation region 1n agreement
with model predictions.

(i) A-polarization in the target fragmentation
region for K*,n*, Kg,, n~, p hardly depends on
the beam particle and has very weak Xx-
dependence in agreement with the quark model
picture. However, proton beam data show a large
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positive polarization in the region —1.0 < x
< —0.8 which cannot be accounted for in any of
the models.

(iii) A-polarization in the kaon fragmentation
region is large and increases with x while it 1s
small and nearly independent of x in the proton
fragmentation region (except for the point men-
tioned in (ii) above). This is in disagreement with
the quark model prediction due to DeGrand-
Miettinen.

(iv) A-polarization increases linearly with p;
in the proton as well as in the kaon fragmentation
region. The p, dependence is well explained by
the quark models.

(v) Polarization effect is reduced in nuclear
targets which can be qualitatively understood by
the rescatter effect inside the nucleus.

(vi) Polarization data for £’s show positive
values whereas those for =’s show negative values
(like A). The polarization increases almost
linearly with p, and the correlation of polariz-
ations of the various hyperons can be understood
in the framework of quark models.

(vii) Hyperon polarization has led to very
precise measurements of hyperon magnetic mo-
ments. These measurements demand a more
refined static quark model to explain the baryon

Spectroscopy.
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ANNOUNCEMENT

INTERNATIONAL WORKSHOP ON HCMOGENEOUS CATALYSIS—ACTIVATION OF
MOLECULAR OXYGEN AND CATALYZED OXIDATIONS BY DIOXYGEN COMPLEXES

The Workshop is organized by the Central Salt
and Marine Chemicals Research Institute, Bhavnagar
(CSMCRI). The Workshop will be held at Bhavnagar
during 3-6 October 1986. The main topics are: Novel
dioxygen complexes of metal tons: synthesis, struc-
ture, equilibrium studies, kinetics of metal-dioxygen
complexes formation; Oxidations catalyzed by metal-

dioxygen complexes; Oxidations catalyzed by metal-
peroxo and metal-oxo complexes.

Further particulars may be had from: Prof. M. M.
Taqui Khan, Chairman, Organizing Committee,
International Workshop on Homogeneous Catalysis,
Central Salt and Marine Chemicals Research
Institute, Bhavnagar 364 002.




