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Spin Transfer in Inclusive A® Production by Transversely Polarized Protons a200 GeV/c
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Surprisingly large polarizations in hyperon production by unpolarized protons have been known for
a long time. The spin dynamics of the production process can be further investigated with polarized
beams. Recently, a negative asymmetgy was found in inclusiveA® production with a200 GeV/c
transversely polarized proton beam. The depolarizalign in p T +p — A° + X has been measured
with the same beam over a widg range and at moderajer. Dyy reaches positive values of about
30% at highxr and pr ~ 1.0 GeV/c. This result shows a sizable spin transfer from the incident
polarized proton to the outgoing®. [S0031-9007(97)03247-X]

PACS numbers: 13.88.+e, 13.85.Ni, 14.20.Jn

The observation 20 years ago of a large negative polarfound at200 GeV /c in inclusive A° production by a trans-
zation in inclusiveA® production by an unpolarized pro- versely polarized proton beam at high and moderate
ton beam aB00 GeV/c [1] renewed interestin spin as an (pr ~ 1 GeV/c) [3]. Large Ay values have also been
important factor in high-energy hadron interactions. Af-found in inclusive pion production with the same proton
terwards several experiments measured large polarizatioasd antiproton polarized beam [4,5].
for various hyperons over a wide kinematical range [2]. Different quark-parton models using static SU(6) wave
Previous expectations, based on Regge theory and quafunctions were proposed to interpret these polarization
tum chromodynamics (QCD) predictions, were that spireffects by introducing a spin dependence into the partonic
effects would vanish at high energies, since the smallfragmentation and recombination processes [6—8]. The
ness of spin-flip amplitudes and the contribution of sev-A° polarization is attributed to some mechanism, based
eral production channels to an inclusive process with largen semiclassical arguments [6,7] or inspired by QCD [8],
multiplicity of final states make it unlikely to have the by which strangequarks produced in the fragmentation
coherent interference between spin nonflip and spin fligorocess acquire a large negative polarization. The features
amplitudes that leads to sizable polarization effects. Reef the pion Ay data [4,5] are compatible with these
cently, a significant negative analyzing powsgr has been models, provided that this effect occurs also fqgrand
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down quarks. The spin dynamics of these processebounded by0.45 < (p/ — pr)/(pi + pr) < 0.95 and
can be further investigated using polarized proton beamsyr = ¢ = g7 < 0.12 GeV/c, where p; (pr) is the
In the previous models no correlation with the incidentlongitudinal component of the positive (negative) track
proton polarization is expected in inclusié production, momentum and;; is the transverse component of these
since the A spin is carried entirely by its constituent momenta with respect to tHe® line of flight.
strangequark, and thexd di-quark (which is in a spin and These selection cuts led to a clea? peak in the
isospin singlet state) propagates unperturbed as a spectajor ~ invariant mass spectrum, centered dtl6 GeV/c?
in the interaction. Therefore spin asymmetries relatedvith a width o = 1.7 MeV/c? and an estimated 2%
to the beam polarization are expected to vanish. Theniform background below thA® peak, as most sources
negative asymmetryiy observed inA° production [3] is of background were suppressed by the vertex fiducial
difficult to integrate in this picture unless the spectatdr volume cut, the selection of thA® decay phase space
di-quarks play a more significant role in the recombinatiorregion, andk§ — =+ 7~ decays were rejected by C1.
process than generally expected [9]. Studies of othewe selectedA”’s in a mass window of+5.1 MeV/c?
spin asymmetries in high-energy hyperon production addbout the peak. For thé,y analysis we required
further input into understanding these phenomena. additionally that theA”s were produced to the beam
In this Letter we report on the measurement of theright in the azimuthal angular interval af60° from the
depolarization parametddyy in inclusive A° production  horizontal plane around the beam axis. A sample of about
with the200 GeV/c Fermilab polarized proton beam [10] 40 000A%’s was thus selected.
and a 1.0 m long liquid hydrogen target in the kinematical For eachxr and/or p; bin, the double-spin parameter
range0.2 = xr = 1.0and0.1 = pr = 1.5 GeV/c. The Dyy was extracted from the\’ decay proton angular

double-spin parameter, distribution in the A° rest frame by defining four sets
E f_{” - E ‘j;_{{“ of events, integrating separately the decay proton angular
Dyy = dfcrﬂ dfgu ’ (1) distribution above and below th&® production plane for
Egs +Egs the two opposite beam polarizationB,yy is then obtained

. o .. from the asymmetry,
measures the fraction of the incident proton polarization
PR 1 2

transferred to the inclusively produced’. E a Dv = 5~ —

is the spin-dependent differential cross section for the PB(COS;‘Z’W @A B N
processp T +p — A°1 +X with parallel (antiparallel) y (Ngp + Naown) = (Nyp + Naown) )
spi_n configurations _for _the inc!dent proton and the out- (NJb + Nigwn) + (NJp + N(;:)Wn),
going A%, both polarizations being orthogonal to the pro-

duction plane. where, for instancei,vlj;, is the number ofA”’s produced

The transversely polarized proton beam contained siby beam protons polarized upward and emitting decay pro-
multaneously protons of oppositegged polarizations. tons in the positive hemisphere with respect to the normal
This considerably suppressed the systematic effects. The the production plane.Pg is the proton beam polariza-
magnitude of the average beam polarization @Wd$ =  tion, ¢y is the angle between the beam polarization axis
0.03 [10] for both signs. Typical beam intensities at thedirected upward and the normal to the production plane

experimental target were of the order dfx 107 polar-  ({(cos¢y) = —0.85 in the selected azimuthal range), and
ized protons per 20 sec spill. ap = 0.642 isthe A’ — p7~ decay asymmetry.

A hyperons produced at the experimental target were The depolarizatiorDyy is given in Table | and shown
identified by reconstructing their decafx®’ — p7~. in Fig. 1 as a function op; averaged over ther inter-

Charged particles were measured in a forward spectromeal of 0.2—1.0. Dyy increases withpy to significantly
ter, described in Refs. [3,4], equipped with 42 multiwire large positive values with an indication of flatteningzip
proportional planes and ATm [ Bdl dipole analyzing abovel.0 GeV/c, while at low p; values it is compat-
magnet. A threshold Cherenkov counter, C1, downstrearible with zero. Figure 2 and Table Il show the double-
of the magnet, was used for proton identification. spin parametebyy as a function ofr averaged over the

SecondaryA® decay verticesW”’s) were searched by pr interval of 0.1-1.5 GeV/c. At largexy valuesDyy
combining proton tracks identified by C1 with negatively reaches positive values as large as 0.3@at- 1 GeV/c
charged tracks, assuming that they were’'s [3]. It (see also Table I, row 6-11, where the dependence is
was required that (1) the closest distance in space a&fhown for two separater intervals), while almost no de-
the two tracks was<2 mm and that theV® decay pendence iny is observed fory < 0.6, whereDyy is
vertex was located between 20 and 540 cm downstrearompatible with zero or slightly positive. In Figure 3 the
of the target end; (2) the/® came from the target Dyy data are split into twg intervals and plotted as a
and matched there the beam impact point within Zfunction of xz. At low pr they appear to be essentially
mm in the transverse plane; (3) th&”’s populated the zero, while in the highp; bin they show large positive
decay phase space region corresponding\fodecays, values.
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FIG. 1. DepolarizationDyy data as a function ofpy in Xg
pl+p—A°+ X at 200 GeV/c. The errors shown are o .
statistical only. FIG. 2. DepolarizationDyy data as a function okr. The

errors shown are statistical only. Also shown &gy mea-
surements al8.5 GeV/c from Ref. [12] (p;) ~ 1.0 GeV/c
for the plotted points).

The Dy results thus obtained are independent to a good

accuracy of apparatus and reconstruction biases, sin@xample, we obtaine#t, = —0.052 = 0.030 for (pr) ~

A”s were measured with the same apparatus and opp®-5 GeV/c, {(xr) ~ 0.4, and P, = —0.281 * 0.034 for

site beam polarizations simultaneously. Systematic errorépr) ~ 0.9 GeV /c, (xr) ~ 0.7.

from sources such as the uncertainty on the beam polari- A few Dyy measurements in inclusiv&’ production

zation and the background below thé peak were esti- were previously performed with polarized proton beams

mated to be negligible compared to statistical ones. Foat much lower energies of GeV/c [11], 13.3 GeV/c,

a further check of systematic biases we evaluabag, and18.5 GeV/c [12]. Figure 2 also shows data obtained

for non-A? events p7~ combinations outside thd® at 18.5 GeV/c for a bin about pr) ~ 1.0 GeV/c [12].

mass window and(g)_ This backgroundDyy is essen- The present data appear to be compatible with the data

tially independent ofp; and xz, and, for instance, it is of [12] over their overlapping kinematical region, which,

—0.025 *+ 0.062 for xz < 0.5 (+0.028 = 0.050 for xp > however, doesn’'t extend abowxg ~ 0.5, and where both

0.5) and0.010 =+ 0.044 for pr < 0.6 GeV/c (—0.009 =  are close to zero. The range of overlap doesn't extend

0.082 for pr > 0.6 GeV/c). We also evaluated th&° to large xr, where the present data show significantly

polarization P, by averaging over opposite beam polari- large effects, and therefore no statement about the energy

zations and found a good agreement with existing polaridependence oDyy can be made in this case. More

zation results obtained with unpolarized protons [2]. Forrecently, a sizable spin transfer has been inferred in
)~ production by high-energy neutral beams containing

TABLE I. Depolarization Dyy data forp 1 +p — A + X transversely polarized”’s and=%’s [13]. These data, at

at 200 GeV/c as a function ofpr. The errors are statistical o
only; systematic errors were estimated to be negligible comTABLE Il. DepolarizationDyy data forp T +p — A% + X

pared to the statistical ones (see text). as a function ofc (the errors are statistical only).
pr interval (GeV/c) Dny xpy  {pr(GeV/c)) xp interval Dy (xp)  (pr(GeV/c))
02=<xr=10 0.1 < pr = 1.5 GeV/c
0.1-0.3 —-0.5*0.12 042 0.23 0.20-0.35 0.03 = 0.13 0.30 0.41
0.3-0.5 —0.035 £ 0.074 0.49 0.41 0.35-0.45 0.039 = 0.093 0.40 0.49
0.5-0.7 0.147 = 0.071  0.56 0.60 0.45-0.55 0.079 = 0.082 0.50 0.57
0.7-1.0 0.216 = 0.081 0.61 0.82 0.55-0.65 0.081 = 0.086 0.71 0.71
1.0-15 0.26 + 0.17 0.66 1.13 0.80-1.0 0.35 = 0.16 0.85 0.79
02 =xr =05 0.1 = pr =0.6 GeV/c
0.1-0.4 —0.03 £ 0.10 0.38 0.29 0.2-0.4 —0.05 = 0.11 0.33 0.37
0.4-0.6 0.14 = 0.11 0.40 0.49 0.4-0.6 0.01 = 0.08 0.49 0.42
0.6-1.0 0.20 = 0.13 0.42 0.74 0.6-0.8 -0.02 £ 0.11 0.68 0.47
05=xr=10 0.6 = pr = 1.5 GeV/c
0.5-0.7 0.09 + 0.09 0.65 0.60 0.3-0.5 0.17 = 0.12 0.43 0.77
0.7-1.0 0.24 + 0.09 0.67 0.82 0.5-0.7 0.19 = 0.09 0.60 0.81
1.0-1.5 0.31 = 0.18 0.69 1.14 0.7-1.0 0.37 = 0.11 0.79 0.84
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