-~ -
2 K. Heller
= University of Minnesota k 8
Minneapolis, Minnesota, 55455 \
ABSTRACT
L]
P At high energies the reaction p + N + A% X yields A% which

- V4 ~ ¥
- POLARIZATION IN INCLUSIVE LAMBDA PRODUCTION 2O~/ 7'~ 3T

are strongly polarized. The behavior of this polarization should

¥ give information about quark production mgchqusms. The inclusive

ISSN:

0 polarization is also compared with A~ , (=7, and proton
polarization in the fragmentation region of the\jnciuent proton

at Fermileb energies. &

INTRODUCTION

i The reutral hyperon beam collaboration at Fermilab is engaged
in a program using polarization as a probe of the high energy pro-
duction mechanisms. In this talk I will review results which have
already been published and present some new data which are still
preliminary. The people who have contributed to the acquisition,
analysis, and understanding of this data are: R. Grobel, R. Handler,
R. March, P. Martin®, L. Pondrom, M. Shegjf, G w11ken§gn: Univer-
sity of yiigonsin; i Dev]in* B. Edelman ", R. Edwards *,
J. Norem , L. Schachirger , P. Skubic*: Rutgers University;
P. Cox, J. Dworkin, 0. Overseth: University of Michigan; G. Buncett,
P. Yamin*™**: Brookhaven Mational Laboratory; K. Heller*:
University of Minnesota.

& About three years aco this group reported that A° hyperons

- produced by 300 GeV protcns in the interaction_p + Be » AO + X

‘were strongly polarized, as shown in Figure 1.! This was the first
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evidence that all spin effects do not die off with energy as had
been<e§pected. Predictions available at the time were based on
the tr1p]e Regge model.2,3 These predictions called for inclusive
AO pg]ar1zation to be zero and the polarizations of other in-
§1us1ve1y prgduced baryons to decrease with energy. In spite of
its success in dealing with productign cross-sections, the large
A® polarization observed pointed out the failure, or at least

irrelevancy, of this model. :

Lambda production is an ideal tool to probe the structure of
the strong interaction at high energies. Experimentally, its
primary mode A® » pn~ is easily detected with a conventional
charged particle spectrometer (Figure 2). Protons produce AO's
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with a reasonably high probability so that the production cross-
section can be measured over a large region of phase space. At the
same time, the spin direction of the A© sample can be determined
from the asymmetry of the daughter proton distribution in the parit
violating decay. The analyzing power of the decay is 65%. There
is thus no need for rescattering, which reduces statistics and has
a very small analyzing power above a few GeV. The long laboratory
lifetime, 7 meters at 100 GeV, means that ACs can be passed througl
a conventional magnet to precess the spin. Because the A% 48
neutral, its spin can be precessed through any desired angle, up to
about 1500 in our magnet, without changing the direction of the
particle. The ability to control the spin direction allows the
elimination of most asymmetries caused by the apparatus. In additi
the magnitude of the precession must give the particle's magnetic
moment and is thus a powerful test of the measurement.
Theoretically, lambda production by protons can be approached
from the quark viewpoint. In the interaction to be investigated
one and only one valence quark has changed. An up valence quark
in the proton has been exchanged for a strange quark, givin rise
to a A9 in the framentation region of the proton (Figure 3?.

Figure 3: Quark "black

u u }spin=0 box" diagram showing an
p d d X incident proton (u.d,u
u 7™\ s valence quarks) becoming
a lambda (u, d, s valence
quarks) after an inter-
action with a target
" proton.
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A strange valence quark did not exist before the interact-on, so it
must have been "created" by some mechanism during the interaction.
The A9 is not simply a rearrangement of the already existing
valence quarks. Because the AY ic an isosinglet, the symmetry of
the standard s-wave gquark wave function requires that the spin of
the AQ be just that of the s quark. These wave functions have
been successfully usad to predict baryon magnetic moments if trs
quarks are given masses consistent with hadron mass splitzings.

If the A© emerges polarized, w-ich it does, the "created' s

quark must be polarized. The bzsic mechanism involved is thus sp*n
dependent. The properties of t-e quark interaction mechanism can
then be systematically investigzted by finding the kinematic
dependence of the polarization znd its dependence on the quarks
involved.

EXPERIMENTAL RESULTS

The published ?o1agization properties of high energy A%s
produced by protons »455 are:
1. The AO polarization increases monotonically with pt to over
20% at pt = 2 GeV/c. Because of tie IO »AOy contribution to
the sample which dilutes the po arization, this is a lower Timit
of the A9 polarization.
2. " The AO polarization is perpendicular to tne production plane
in the direction -(Q;nx’km.).
Y3, The AO polarization appears to be energy independent between
proton energies of 24 and 400 GeV (Figure 1§.
'4. The parity violating components of AC polarization are both
consistant with zerc to a part in 107°.
The only other high energy inclusive polarization data published
show that AC®s produced by protons are unpolarized over the same
kinematic region in which AOs show substantial polarization
(Figure 4).6
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In addition our group has preliminary data which indicate:
5. The AQ polarizazion is probably also dependent on the
‘longigudina1 momentum (Figure 5). Increasing with increésing
X =P/ (¥572).
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Figure 5: The magnitude of the i
polarization at 5 mrad appears
¥ 2 ] systematically greater than that
T i ] at 7.2 mrad. This behavior indi-
S F %1 cates that at a given pT the
polarization increases with in-
creasing Xx.
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6. The A° palarization from Hp is the same as from Be
(Figure 6), iadicating that the production mechanism is independen:

of target.

Figure 6: Polarization of Ao
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The Hz cata are still being analyzed by R. Grobel. Data
exist at meny inzident angles so the analysis should also determin
the dependence of the polarization on both transverse and longitud
nal kinematic variables.

In anotker =xperiment our group examined the polarization of
A%s produced at J° by a 320 GeV secondary proton beam. The
secondary proton beam was produced at 3 wmro.d from a primary
proton bean of 420 GeV on a Be target. The reaction was
p+ Bet = prk )

: - + Be > AQ + X.

An observed AO polarization would mean the produced protons were
polarized. A null result on the other hand would not exclude the
possibility of proton polarization. The data in Figure 7 show no
AO polarization. This is inconclusive but consistent with the
results of the Indiana group to be reported at this conference.’
Their more direct measurement of inclusively produced protons at
P¢ = 1 GeY/c shcws protons are not polarized to the same extent
as the A°.

Our group ras also taken data of =0 production by protons
detecting both the A and the w0 (via 2y decay). These data
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are undergoing preliminary analysis for polarization by P.

and should yield about 10g fully reconstgucted =0g wi{h Ptcgééve
1 GeV/c. These =0s will then be used to determine Pz, from
p+Be - =0+ X, and the magnetic moment of the=0 .

Another approach to investigating the 3=9° polarization has
been takem by our groun. . In our previous data on A© production
mogt.of the A% reconst-ucted by our spectroneter point back '
precisely to the production target (Figure 8). A small fraction

Figure 8: Wha2n the reconstructed
A% trajectory is extrapolated
back to the plane containing the
production target, r is the
q1stance from that point of
intersection to the target
center. The -adius of the

target is 3 mm. -
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do not. These large rZ A% were analyzed by G. Bunce and
QJOOverseth to determine if they could be daughter AOs fiom
=0 + 10710, In that decay the A° retains a substantial
frqct1on.of the =0 polarization in_the laboratory frame. The
vertex distribution of tke large rZ AOs (Figure 9) is consistent
with a parent-daughter decay such as 20+/070 A0~pm~, This
analysis gives the greliminary result that p + Be + =0 + X
y1eJqs polarized =%s. The pclarization is consistent in
gagg1tzde andod;rection with that of the A%, P =, = -0.09 t
.02 at pr = 0.73 GeV/c, x = .26. Thes ive i
moment othhe =0 of -1.20 + C.06 nm. ¢ data give @ magnetic
|,
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Figure 9: Vertex distribution for A%
which point back to the production target
(small r2) and vertex distribution for
9s which do not point back to the pro-
duction target (large r2).
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CONCLUSIONS

Lambdagand =°s produced by protons are polarized at
pr > 1 GeV/c while KOs and protons are not (Figure 10). Both

%0 oy~ 10aV/e Figure 10: Summary of
" high energy polarization from

§ 3 a inclusive production of baryons
o 3 at py~ 1 GeV/c by protons.
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polarized particles are baryons, presumably manifestations of the
incident proton with a quark change. The AO has nothing in
common with the incident proton and the proton does not
necessarily involve the creation of any new valence quarks.

A theory of quark interactions should explain the large
polarizations observed. QCD gives promise of being such a
theory. However, an analysis of Kane, Pumplin and Repko, which
will be discussed at this conference, shows that a QCD perturba—8
tion expansion would not allow the large observed polarizations.
They conclude that if the effect does not die off at transverse
momenta where the theory is expected to be valid, either QCD or
their analysis method is incorrect. An experiment by our group
to extend the measurement into that region will be run at
Fermilab within a year.
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