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HYPERON POLARTZATION IN INCLUSIVE AND MXCLUSIVE PROCESSES

Je Szwed
Institute for Computer Science,Jagellonian University,Cracow,Poland

Avstract

Hyperon polarization in inclusive and exclusive processes is

mexplained by aultiple scattering of the strange quark. Enexgy,
Feynmann x and transverse momentum dependernce is discussed, rela-
tions between polerizations of different hyperons in various pro-
cesses ée~given. The charmed and botom baryons are predicted to

i

be anslogically polarized. & ,: - -

I would like to report ir the idea which explains gualitatively

why the hyperons are polarized when produced in high energy pro-
cesses at non zero transverse momentum. The subject causes some
excitement since the measurements [ﬁ] of the /\\ polarization
which is esseﬁtially independent of energy and-decreases from zero
w#ith increasing tramsverse momentum (Fig. 1). Similarly behaves the
polarization of E: s the = gets polarized in the opposite di-
rection. The axis with respect to which the polarization is meas-
ured points in the direction perpendicular to the scattering plane
and is defined by - _o

y_.f______ﬂ__.
lP? *'ig;

where pP and pH are the c.me. momenta of the incoming proton and
the hyperon, regpectlvely. Similar measurements showed no sign of
polarization for the protons and ;( « To summarize the experimen=-
tal facts one can say that there exists guite a complete ;et of
information. A£ the same time we have no convincing explenation of

this phenomenon. The data were a surprise - many people did mnot
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expect important spin effects at high energies, the mors at higner
4ransverse momentum where a real, hard amplitude doxminates,

Let me start to present the model with the A polarizatiorn.
Here the situation is the clearest. The A wave function consists
of ud diquark in spin zero state so the spin projection of the A
is entirely given by that of the s-quark and comnsequently their pola-
rizations are equal: P (A) = P (s).

Looking into the proton hemisphere one already has an ud\s=O
digquark originating from the proton, The source of the s-gquarlks
which are nceded to Tecombine into the A are twofold: they either
come from the proton sea or ere produced in the interacfion region
by gluons in the subprocess g —> 58. In both cases its enerzy in the
Cemte System is low. The A energy is essentially given by that of -
the ud-diguerk.

- Look‘ng for the A’s witﬁ a given trénsverse momentum D, ore
automatically chooses states in which the s-quark has ccnsiderzble
transverse womentum k, - pointing in most cases in the direciion of
p; » Our main assumption is that the s-quark geté its reguired EL
by multiple scattering off quarks and gluons.‘Eany disgrams contri-
bute to this process and there is no clear suming technique due to
rether low momentum transferse We. approximate the procedure by as-

suming the scattering off extermal gluonic field
’ . a
of = 4a g I
¢ (1) - q—). )

g is the guark-gluon coupling constant, T - the momentum transfer
and I8, a = 1,.4.,8 i8 the vector representing the external field.
Polarization appears already in the second order of perturbation
theory and reads then [2]

2 g . 3 N P

P= C g*m K| sim'8f2 lmsim B2 5

z . : m
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N

where m, k, & and © are the mass,'momentgy,egergy and scattering

3 »Us
sin O points in the

engle of the qQuark. The unit yector V=
direction perpendicular to the scattering plane. The colour factor

C = %(dabcIaIbIc)/(Ia)z. For positive C the expression multiplying

$ 1s negativ;,‘thus the polarization is ppposife to v (Pigs 2}
Another way of calculating T’(q) is to solve the Dirac equation in
external field. The exact answer [j] looks then gualitatively the
same as in Fige 2. Many required features follow immediately. In-
creasing k 4 means increasing € between O°and~- 90° -~ one sees that
the polarization increases then in magnitude with p, . The polariza-
tion increases with the quark mass. We thus expect stronger polari-
zation of baryons containing charmed and bottom quarks (e.g. ,\c)
1f the ¢=- or b-quark sea is not much different from the s~quark sea.
This is also the reason why we do not expect the protens to be pola-

rized. ) .
Because X4 comes predominately from the X4 there is no strong z, .
dependence of polarization. This statement concerns hoqgver directly
produced A “s, the total sample which contains A °s being resonance
decay products may show some increase of ¥ (A) with Xy o

Once the mechaniswm of the quark polarization is fixed many re-
lations among polarizations of differemt hyperons are giver by their
spin-flavour wave functionse. So one expects e«.ge T (D) = =~ 1/33(A)
a relation which holds experimentally [A] but without the factor
1/3. This can again be attributed to the resonance decays which pre-
dominately "polute" the A sample.

It is crucial that the s~quark is relatively slow, otherwise the
polarization would be negligible. This i3 the reason yhy 7; is not

polarized in proton induced reactions, for its finite X~ one needs

finite Xz I
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finite xze It can be however polarized in the U induced reactions
in the I hemisphere.

Our idea can be easily implemented in exclusive processes.
Strong A and 2 polarizations analogical to these in inclusive
production was observed in pp—> AN  and PP —> X (51. &4n in-
teresting effect appears when comparing two processes

Wp — KK A+ piows (28)
Kp— A+ pions , (2v)

In both cases one looks at the A polarizatiorn in the proton hemi-
sphere. In the first process the kmon scetiers predominatel& by a
small angle so the A gets the s-guark in the uspal way from the
proton - one expects thus no difference as comparing 4o inclusive
production. In the second case however the s-guark turms by a large
angle to form the A in the proton hemisphere (p4,= O corresponds
to the scattering by 180°). Incressing P, @eans again an increase
in 3 (A), but the question is with respect to which exis. Looking
at G ~ i; x ;; one sees that it changes sign when going from the
process (2a) to (2b) ﬁecause ki changes 1ite direction. Consequently
one expects in both processes analogical behﬁviour of polarization
but of opposite sign. This ie in fact what is seen experimentally tﬁ].
To summarize, we héve ghown how & single idea is able to account
quazitatively for all ¥mowmn facts of hyperon polarization. It would
be interéstiné‘to check the predictions which were made in this talke.
It is worth noting that this idea can be easily implemented in

the mown models of low and intermediate p, « 4 quantitative descrip-

tion requirés only the kmowledge of the quark structure functions.
I would like to thank M. Krawczyk, W. Ochs and L. Stodolsky for

discussions.
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Figure  captions
Fige 1. Polarization as a function of the transverse momentum

pJ. (from Ref, [1]) e

Fige. 2. Polarization of the quark in extermal gluonic field

{arbitrary normalization).

Fige 3. A polarization in the process K p —> KEA + pioms

{cricles) and X' p —> A + pions (sguares) at 4.2 GeV/c
(from Ref. [6]).

19,
cs5,

< /EP/

nomen

fiel

~»ions

;a2 &



74

(*A20) Td

m,_.cd
e

S0-

19,
05,

S0

IAUE |
5]
0081 006 0
By
{ -
o g
n %]
ST g
O H
o 58 ~
o+ e~ Pr

momentum

T 1)
| and
-

e

<" 006’ Xy — dd o

_ﬂ <=-p0y ' Xy —sgd »
=4 006" XV —n)d a
=008’ XV —gd o

FoIAP092 ' Xy —dd v

AL

Q-
20-

0 (ud

A0

70

field

wions

ie2 GeV/c



