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Abstract

The single-spin asymmetry AN(PP) for inclusive ®° production at
0.5 < py< 2 GeV/fc by 200-GeV transversely-polarized antiprotons on
protons has been measured at Fermilab over a wide range of xp. We
observe that AN (PP) has the same sign, a similar xg dependence, and
about half the magnitude as ApN(PP) for m® production by protons. We
also present the ratio of the spin-averaged cross sections for m©

productidn by antiprotons and by protons.

We report the results of an experiment to measure the single-
spin asymmetry AN(PP) with transversely-polarized antiprotons for the

incluysive reaction,
P+P => 10 + X, (1)

at 0 < xp < 0.8 and transversc momenta p; ranging from 0.5 to 2 GeV/c.
The parameter AN is defined as the left-right asymmetry of the
production cross section by vertically-polarized incident particles.
Positive values of AN correspond to larger cross sections for production
to the beam left when the beam particle spin is vertically upward. The
results are compared 10 AN(PP)in m° production by protons measured
with the same apparatus and presented in Ref.[1]. These data are also
used 10 determine the ratio of the spin-averaged cross sections for
production by protons and by antiprotons as a function of xg and py.
The experiment was performed using the 200-GeV antiproton
beam described in Ref.[2]. The polarization of the antiprotons, arising
from the decay of antilambdas, is determined by tagging the antiproton
irajectories. The tagged beam polarization values, which range from Ppg

= -0.65 to 0.65, are divided into three parts with average polarizations, Pg
= -0.45, 045, and 0. A set of spin-rotating magnets changes the beam
polarization from the transverse-horizontal to the vertical direction at

the experimental target and reverses the sign of the beam polarization 5



times per hour. For a given polarity of these magnets, the same initial
spin direction for antiprotons and protons is rotated into opposite
vertical directions because the particle magnetic moment and spin
directions are parallel for protons and antiparallel for antiprotons. The
beam contains a background of about five negative pions per
antiproton. A beam particle lighter than an antiproton is identified by
two threshold gas Cherenkov counters.

Two photon calorimeters (detectors D1 and D2) of different design
and at different distances from the 1arget, as shown in Fig.1, were used
for separate measurements of the paramcter Ayn. The calorimeters
provide position and energy information from showers due to the
photons f{rom n®s produced by interactions of polarized beam
antiprotons with protons in a 100-cm liquid hydrogen target.

The detector D1, located 10 m from the target, consists of 504 lcad-
glass counters (3] in an array of 21 columns by 24 rtows offset to the left
side of the beam with the first column centered on the beam axis. The
size of cach lead-glass block is 3.81 cm x 3.81 cm x 18 radiation lengths.
The trigger ratc was typically 1500 to 2000 events per 20-sec beam spill,
at an average polarized antiproton intensity of 5 x 103 particles per
spill. A total of 4 x 106 evenis was recorded with D1. The method of
analysis, the efficiencies for shower identification and =n©
reconstruction in different kinematical regions, the two-photon
invariant-mass resolution, and the background under the =© peak from
uncorrelated photon pairs and n®s produced outside the target volume
were the same as in Ref.[1] for incident protons. The (wo-photon
invariant mass distributions for the present measurement are shown in
Fig.2. The analysis uses 4.4 x 105 n° events from DI,

The layout, trigger conditions, and method of analysis for D2 were
the same as described in Refs.[2],{4]. The detector, located at 50 m from
the target and behind a sweeping magnet, consists of an array of 123
Icad-glass blocks, each 6.35 cm x 6.35 cm x 13 radiation lengths. The
lead-glass array is followed by a 16-layer lead-scintillator sandwich
calorimeter, with 6.35 mm of lead and 1.27 c¢m of scimillator per layer. A
scintillation counter is used to veto charged particles incident on the
calorimeter. The D2 trigger required at least 30 GeV of energy to be

deposited by a neutral particle, produced by interactions of polarized



antiprotons with the target. The reconstructed ®? mass resolution was
measured to be 17 MeV/c2. The rate of background events in the mass
distribution was found to be independent of the beam polarization. The
number of m° events from D2 used in the present analysis is 4.6 x 104.

The values of AN measured with D1 in different regions of xg and
pt are presented in Table I, and the combined results from D1 and D2 for
AN as a function of xg integrated over the entire p; region are given in
Table II and Fig.3. In the intervals of xg where both data sets cover the
same p; regions, the results from the two detectors agree within the
statistical errors. The values for AN, integrated over the p; regions, are
small and consistent with zero at xp < 0.2. At larger xp, AN rises with
increasing xp. The p; dependence is small at low xp, whereas at large xpg
the asymmetry as a function of p; increases rapidly from 0 at py = 0 to AN
= (.07 at p; > 0.5.

The tables and figures show only the statistical errors. The
systematic errors are small, due to the periodic reversal of the beam
polarization by the spin-rotating magnets. The "beam-spin-reversal
asymmetry"”, for events tagged with average beam polarization of zero,
provides upper limits on possible false asymmetries of AAN = 0.01 at xp <
0.5 and AAN = 0.03 at the largest xp values for either detector. Systematic
errors proportional to AN such as uncertainties in the beam polarization
and in subtracting the background contained in the two-photon
invariant-mass distributions, are estimated to be 10 %.

Tabte II and Fig.3 also show AN as a funtion of xg for incident
protons with data taken from Ref[1]. The n® productions by protons and
antiprotons are related by charge conjugation of the beam and the
produced particle. The measured asymmetries have the same sign and
similar xg dependence. At large xp, we see an indication that the
magnitude of AN for € production by incident antiprotons is less than
for incident protons. This implies that the interactions involve
constituents in the target proton that arc not invariant under charge
conjugation..

The increase of AN for xg => 1 in both reactions suggests either a
spin-dependent mechanism that dominates in the production of 7O%s at
large xF, or a production process with a spin dependence that is

stronger at large xpg. The first is assumed in the fragmentation-



recombination model [5] applied to pion production with polarized
becams [6]. This model attributes the asymmetry to a specific spin effect
in the transfer of polarized, lecading valence quarks from the beam
particle to the meson produced at large xF and small p;. The second
assumption is made in Ref.[7], which relates the observed xg dependence
of AN to the xg dependence of a transverse-momentum asymmetry for
the constituents in transversely-polarized protons. No information
exists on the energy dependence of AN in reaction (1) since this is the
first experiment using a polarized antiproton beam.

In addition to the spin asymmetries presented above, the ratio
R(P/P) of the spin-averaged invariant cross sections for inclusive m©°
production by antiprotons and protons has been determined from the
measurement presented here and the corresponding measurement[1]
with incident protons. The beam line is readily changed {from
antiprotons to protons without any change of the geometry for the
beam, target, and detector. Therefore, the acceptance of the detectors,
and the efficiencies for shower identification and 7° reconstruction in
different kinematical regions, cancel in the determination of R.

The results for R as a function of xg and p;, measured with DI, are
presented in Table III and Figure 4. and show a strong dependence on
kinematics. The statistical accuracy is substantially better than in
pevious measurements (8] of R with unpolarized beams containing
fewer antiprotons. The difference in m° production by antiprotons and
by protons is largest for high-energy n°s produced at small angles with
the beam. At large xF and small p;, the ratio R is close to R = 2 and
decreases rapidly with increasing transverse momentum, while at xp <
0.3, one observes ratios between R = 1.0 and 1.3 at all values of py.

The ratio of the spin asymmetries is AN(PP)/AN(PP) = 0.54 £ 0.18,
and the ratio of the spin-averaged cross sections is R = 1.50 + 0.01,
averaged over the kinematical region 0.5 < xg < 0.8 and 0.6 < p; < 2 GeV/c.
In this region, unpolarized antiprotons produce 1.5 times more 7% and
the relative difference between the cross sections for opposite
antiproton-spin states is about one-half that for opposite proton-spin
states.

The first high-energy data for (a) the asymmetry AN in the
reaction P + P => n% + X, (b) the asymmetry AN in the reaction P + P =>



n° + X, and (c) the ratio R(P/P) of the spin-averaged production cross
sections provide a large amount of input and significant constraints for
the phenomenology of “soft" pion production by protons and
antiprotons in definite transverse-spin states. The interpretation of the
results involves assumptions about the internal spin structure of
transversely-polarized protons and antiprotons, leading to different
explanations how the beam-polarization information is transmitted in
the ®9 production process.
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FIGURE CAPTIONS

Fig. 1 The schematic layout of the apparatus.

Fig. 2 The 1wo-photon invariant-mass distributions for detector
D1 for (a) 0<xp<0.1, (b) 0.4<xg<0.5, and (c) 0.5<xg<0.8.

Fig. 3 The asymmetries AN in the reactions P+ P => 10 + X (closed
circles) and P + P => 1% + X (open squares, see Ref.[1]) at 200
GeV in different regions of xf, integrated over p; from 0.5
to 2 GeV/e. 6T/0l s the ratio of the n© production cross

sections for opposite beam spins.
Fig. 4 The ratio R(P/P) of the spin-averaged cross section for 7°

production by antiprotons and by protons. The dotted lines
are added to guide the eye.



TABLE 1. The asymmetry parameter Ay for inclusive #° production by 200-GeV an-

tiprotons given as a function of both pr and xr.

XF PT An
(GeV/c) (%)
00-0.3 0.5-0.7 1.7+ 1.1
0.7-0.9 00 £ 1.7
0.9-1.3 28 £ 2.1
1.3-2.0 32+ 43
0.3-0.4 0.5-0.7 1.2 £+ 2.1
0.7-0.9 1.8 +£29
0.9-1.3 —-25 4+ 34
1.3-2.0 25 £ 6.7
04-0.5 0.5-0.7 31 £ 2.5
0.7-0.9 36 £ 34
0.9-1.3 10.0 + 4.0
1.3-2.0 14.5 £ 8.9
0.5-0.8 0.5-0.7 7.0 £ 2.8
0.7-0.9 75 + 3.7
0.9-1.3 7.1 + 4.1

1.3-2.0 11.5 £ 8.7




TABLE 1I. The asymmetry parameters Ay for inclusive 7° production by 200-GeV polar-
ized antiproton and proton beams, respectively, for different regions of xr and averaged

over different pr regions. Data given in the last column is taken from Ref. 3.

Xf {xF) PT (PT) No. = AN AN
Events P beam p beam

(GeV/c) (GeV/c) (%) (%)
0.0-0.1 0.03 0.5-2.0 0.7 60 300 16 + 1.4 —-0.1 £ 1.2
0.1-0.2 0.13 0.5-2.0 0.7 151 600 0.4 £ 0.9 0.8 £038
0.2-03 0.23 0.5--2.0 0.7 117100 29 £ 09 0.7+ 1.0
03-04 033 0.6-2.0 0.8 87 800 3.1 £ 1.1 4.1 £ 1.0
0.4-05 043 0.7-2.0 0.9 44 600 5.0 + 1.6 6.2 + 1.1
05-06 (.53 0.8-2.0 0.9 19600 6.8 £ 2.4 115+ 1.6

0.6-0.8 0.67 0.8-2.0 1.0 7300 7.2 £ 3.7 15.0 £ 2.7




TABLE 1II. The ratio of the spin-averaged invariant cross sections for the reactions,

pT +p—7° + X and pl +p — 7° + X at 200GeV, given as a f{unction of both pr

and xf.

PT XF Ratio PT XF Ratio
(GeV/c) B/p (GeV/c) p/p
0.4-0.6 0.0-0.1 1.22 £ 0.01 1.2-1.4 0.0-0.1 1.10 £ 0.04

0.1-0.2 1.25 £ 0.01 0.1-0.2 1.07 £ 0.03
0.2-0.3 1.26 £+ 0.01 0.2-0.3 1.03 £ 0.03
0.3-04 1.44 + 0.01 0.3-0.4 1.11 £ 0.03
0.4-0.5 1.70 £ 0.02 0.4-0.5 1.16 £+ 0.04
0.5-0.6 2.00 + 0.03 0.5-0.6 1.35 + 0.05
0.6-0.8 0.6-0.8 1.44 4 0.08

0.6-0.8 0.0-0.1 1.19 £ 0.01 1.4-1.6 0.0-0.1 1.09 + 0.06

0.1-0.2 1.21 £+ 0.01 0.1-0.2 1.07 £ 0.04
0.2-0.3 1.23 + 0.01 0.2-0.3 1.05 £ 0.04
0.3-0.4 1.25 + 0.01 0.3-0.4 1.01 + 0.04
0.4-0.5 1.31 £ 0.02 0.4-0.5 1.12 £ 0.05
0.5-0.6 1.54 £ 0.03 0.5-0.6 1.25 £ 0.07
0.6-0.8 e 0.6-0.8 1.30 £ 0.10

0.8-1.0 0.0-0.1 1.13 + 0.01 1.6-2.0 0.0-0.1 1.04 + 0.06

0.1-0.2 1.12 £ 0.01 0.1-0.2 1.01 £ 0.04
0.2-0.3 1.12 + 0.01 0.2-0.3 1.04 £ 0.03
0.3-0.4 1.19 £ 0.01 0.3-0.4 1.03 + 0.05
0.4-0.5 1.23 + 0.02 0.4-0.5 1.04 & 0.06
0.5-0.6 1.38 + 0.03 0.5-0.6 1.26 £ 0.08
0.6-0.8 1.84 + 0.05 0.6-0.8 1.28 £ 0.10

1.0-1.2 0.0-0.1 1.12 £ 0.02
0.1-0.2 1.09 £ 0.02
0.2-0.3 1.09 + 0.02
0.3-0.4 i.12 £ 0.02
0.4-0.5 1.21 £+ 0.03
0.5-0.6 1.30 £+ 0.04
0.6-0.8 1.65 + 0.07
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