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Abstract

Adams D.1. et al. Single-Spin Asymmetries and Invariant Cross Sections of the High-
Transverse-Momentum Inclusive 7° Production in 200 GeV/c pp and pp Interactions: IHEP
Preprint 94-88. - Protvino, 1994. - P 18, figs. 5, tables 4, refs.: 25.

The E704 experiment at FNAL measured the x° inclusive and semi-inclusive single -
transverse spin asymmetries in collisions of polarized proton and antiproton beams of 200
GeV/c with an unpolarized hydrogen target. The measured region was: zg = 0 £ 0.15 and
| < pr < 4.5 GeV/c. The asymmetries are consistent with zero within the error bars indicating
that a PQCD expectation seems confirmed and the high twist contribution to single-spin effect
in 7° production at zp = 0 not be as large as was expected. Additional arguments for such
a conclusion come up from the measurements of the semi-inclusive 7° asymmetry with the
detection of associated charged particles emitted opposite to the 7° azimuthal direction. This
experiment presents also high statistics inclusive 7° cross-section data for pp and pp collisions
at 200 GeV/c. The data are consistent with the parton inspired distribution functions.

AHHOTADUA

Anamc LI u np. OnvocniHOBHE aCAMMETPHM H HHBAPHAHTHEIE CEUEHHA MHKJII03UBHOrO 06pa-
30BAHHUA T°-ME30HOB C GONBIIKMHA OTEPEYHLIMM UMIYILCAMH B pp- H Dp-B3aNMONENCTBHAX NPH
200 I'sB/c: lpenpuur KPBD 94-88 . - MIporeuno, 1994. - 18 ¢., 5 puc., 4 Tabu., 6ubanorp.: 25.

B skcrepumente E-704 so PHAJle uamepens 0MHOCHMHOBEIE aCHMMETPHA B WHKJTIO3HB-
HOM 1 [OJIYMHKTIO3HBHOM 06pa3oBatiy 7°-Me3010B NpH B3AMMONEACTBUY NIONEPEYHO [ONAPH30-
BaHHBIX MPOTOHOB ¥ aHTHHPOTOHOB C HMIYJILCOM 200 I'>B/c ¢ renon4pHu30BaHHOM BOJOPOIHOI
MumIenso. VaMepenns 6blin TpoBeieHH B obnactn zr = 0+ 0.15u 1 < pr < 4.5 I'sB/c.
ACUMMETPHH COBMECTHMBL € HyJ€M B MIPELeTaX oGOk D70 yKasbiBaeT Ha TO, YTO OKHAAHKS
nepTypGarusroii KXl NOATBEPKAAIOTCH, & BKIIAL BHICIINX TBUCTOB B acMMETpHIO B 0Bpaso-
BAHME 7°-Me30108 OpM Tp = U HC Tak BENHK, KaK OXNAaiocCh. JlonoNHUTENbHREE apTyMEHTRl
B TONB3Y TAKOTO 3aKJIOUEHUs NOSBAKIOTCH U3 W3IMEPEHUI ACHMMETPUH B HOJTYHHKIIOSHBHOM
06pa30BAHMH T°-ME3OHOB, KOTZa B UPOTHBOIOIOKHOM 7°-Me30HAM a3AMYTaJIBLHOM HalpaBlIeHnn
PErHCTPUPYIOTCH ACCOUNATHBHEEIE 3APAKEHHBIE TACTUILL.

B pa6oTe Takxe UpenCcTaBlenbl HHBAPHAHTHEIE CEUCHIA 06pa3oBaHus 7°-Me30HOB LTI pp- M
fp-BsaumoneiicTsui mpu 200 I'sB Jc. DTy maHHBIE XOPOMIO ONUCHIBAIOTCH B PAMKaX [apTOHHOM
MOZICIIH.

© Institute for High Energy Physics, 1994.
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1. INTRODUCTION

Interest in the single-transveise spin asymmetry has been growing recently.
The discovery of a large left-right asymmetry in inclusive production of pions
at 13 and 18 GeV/c [1], 24 GeV/c [2] and 40 GeV/c [3], and the hyperon polar-
izations [4] challenge the PQCD based model predictions. Since in these models
any transverse single-spin effect is proportional to the product of the small pa-
rameters like ag, strong coupling constant, mg, a quark mass, and to 5705,
the expected spin effect becomes less than a percent at sufficiently high energy.
But the data indicated spin effects of order ten percent. The ways of avoiding
such contradictions were proposed in a set of theoretical papers. Examples are
the model of quark-gluon correlation [5], the color string model [6], and wmodel
of un-suppressed high twist effects [7). These approaches are promising, but
they badly need the experimental data for their justifications. Moreover there
are theoretical models differing in predictions of transverse asymmetry by one
order of magnitude (compare [8] and [9}).

The single-transverse spin asymmetries for inclusive and semi - inclusive
7° productions were measured in the E704 experiment at 200 GeV/c beam
momentum in transverse momentum region 1 to 4.5 GeV/c. The energy and
transverse momentum in this experiment were high to hope that the PQCD
estimates are applicable at the highest pr. The reliability of asymmetry data
has been checked by reconstructing the inclusive cross sections and comparing
them with the published data.

The paper is organized in ihe following way. In Sec.II the experimental set-
up and Data Analysis are described. Sec.III gives the invariant cross sections
for both pp and pp interactions. The single-spin asyranetries are presented in
Sec.IV. Sec.V is devoted to the discussions of the presenied results.



2. EXPERIMENTAL SET-UP AND DATA ANALYSIS

A polarized proton (antiproton) beam with 200 GeV/c momentum has been
built at Fermilab. The polarization of the proton (antiproton) beam comes from
the parity-violating decays of A-hyperons (A). The beam transport system has
been designed to minimize depolarization effects. A set of twelve dipole mag-
nets have been used to rotate the spin direction of beam particles. A beam-
tagging system determined the momentum and polarization of individual beam
particles. This allowed a selection of beam particles in definite intervals of
momentum and polarization. The maximal value of the proton (antiproton)
polarization was 65%. A total of 13 bins described the interval between — 65%
Lo +65% polarization in 10% intervals. The same was done for scalers to count
the flux of particles passing through the target. Protons (antiprotons) with
polarization values between +35% and +65% were designated as "positive”,
those between - 35% and - 65% “as negative”, and those between — 35% and
+ 35% "as zero” polarization. The beam - tagging system assigned a polariza-
tion value for each beam particle relative to a known trajectory. An absolute
measurement of the beam polarization was necessary to confirm those values.
Two independent measurements with two polarimeters have been carried out,
they agreed with the expected results [10], [11].

A spin — precession rotator, loosely called a ”snake”, consisted of a set of
magnets that changed the beam-particle polarization state from one direction
to another. The design had no overall perturbation of the beam - particle tra-
jectory; the bends and displacements of the trajectory must be canceled during
passage through the snakes. A spin rotator was used in the beam line for two
reasons: (1) to periodically reverse the polarization direction so that experi-
mental systematic errors were controlled, and (2) to change the spin direction
from horizontal, which was the spin component actually tagged, to vertical for
experimental measurements. The net spin rotation was in the same direction
for both protons and antiprotons.

Details of the channel of the polarized protons and antiprotons are described
elsewhere [12]. The target was 100 cm of liquid hydrogen.

Photons from the decay of neutral mesons produced in the target were
detected in the Central Electromagnetic Calorimeters CEMC1 and CEMC2
(Fig.1), located symmetrically to the left and to the right of the beam axis at
10 m from the center of the target. Each calorimeter comprised 504 lead-glass
counters in an array of 21 columns by 24 rows. The dimensions of each lead-
glass block were 3.31 ¢m X 3.81 cm x 18 radiation lengths. Each array covered
a polar angle of (5.5 £ 2.2)° in the laboratory frame, where 5.5° corresponded



to 90° in the c.mn., and azimuthal angles of +25° with respect to the horizontal
plane containing the beam axis.
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We had a set of proportional chambers between the target and the CEMCs
(Fig.1). The track reconstruction of charged particles has been done using these
chambers. But this system worked only for last half of our running time during
the single-spin asymmetry measurements. We used these events to calculate
the asymmetry of the 7° - production associated with charged particles.

A total of 2 x 107 events were recorded with incident protons and a total of
2 x 108 events recorded with incident antiprotons.

The calibration of the CEMC was carried out with an E, = 30 GeV positron
beam. Coefficients ¢;, transforming signal amplitude A; into energies Ej

Ey=ci- Aa, (1)

were defined as a result of the calibration. Here i a counter number; [ is an
event number. The coefficiénts ¢; were defined using the equations

;(Z Ey — E,)? = min. (2)

The details of the solution of these equations were described elsewhere [7].
The energy resolution 7% (FWHM) was achieved.

In cur previous publication [13] the energy scale in each CEMC was based
ouly on the calibiation described above. We have recalibrated CEMC1 and
CEMC?2? using events with 7°- and n—mesons. We have demanded from the ~-
pairs in the effective mass regions of 7%~ and n-mesons to have the expected mass
values at all pr. The corrections to the calibration coefficients obtained earlier
with the positron beam varied from 1 to 5% for different runs and different pr.
This recalibration has not practically affected the asymmetry in the pr-range



between 1 and 3 GeV/c where statistics is enough and affected the pr-range
with poor statistics at higher pr. In the last range a small regrouping of events
into new pr-bins due to change in the energy scale might result in significant
change of asymmetry.

Signals from all counters in each set of the calorimeters were summed with
appropriate weights to generate the ”pr signal” whose amplitude is approx-
imately proportional to the pr value dcposited by detected particles in the
calorimeter This signal enabled us to select the pr of the events and suppress
the data taking of the low-pr events. Data were taken at several pr thresholds
to enrich the statistics at higher pr values. The highest trigger threshold was
slightly beyond pr = 2 GeV/c.

For many events electromagnetic showers from two y-quanta originated in
7°-decay were overlapping in the CEMC. The first task of the data analysis
was to reconstruct these y-quanta, i.e., to define their energies and coordinates.
The electzomagnetic shower shape table was defined by averaging fluctuations of
9-10° positron events with an additional proportional chamber placed in front of
the CEMC only during the calibration runs for a positron coordinate defimtion.
This shower shape table is a two — dimensional table ET(z,y), where z and y
are shower coordinates relatively to the center of an ¢ — th counter. The best
description of a real isolated energy cluster in the CEMC by two shower energy
distribution according to the shower shape table had been looked for in each
particular event. As a result, from energy deposition of two overlapping showers
six parameters were defined, two energies, two z- and two y-coordinates of v-
quanta. The details of the 7°-reconstruction algorithm are described elsewhere
[14].

All combinations of photon pairs satisfying the following criteria were se-
lected as 7 candidates:

1) the energy asymmetry Ag = | Ey — Eq|/(E1+ E2) between the two showers
was less than 0.8;

2) both pliotons were contained within a distance of more than one counter
width from the edge of the calorimeter to avoid leakage of deposited energy;

2) the two-photon invariant mass was between 110 and 155 MeV/c? for
pr < 2.4 GeV/c, and between 110 and 170 MeV /c for pr > 2.4 GeV/c to take
into account the change of mass distribution width;

4) the zp value was within +0.15.

The analysis yielded about 108 #° events satisfying these conditions, pro-
duced by the beam protons tagged with average polarizations [10), [11] of +45%
or —45%, and an approximately equal number produced by protons tagged with
average polarization of zero. The analysis of the events produced by polarized
antiprotons yielded 1.7 x 10° n°s.



The two-photon mass distributions are given in Fig.2. The spatial reso-
lution (r.m.s. 1.5 mm), energy resolution (rms. AE/E = 0.14/VE) and
target length (100 cm) contributed to an overall resolution of Am = 18 MeV/c
(FWHM) at pr = 1.5 GeV/c. The resolution deteriorated with increasing py
because of some inefficiency of the reconstrction algorithm (increased shower
overlap, leading to poorer position resolution) and was equal to 27 M eV/c?
(FWHM) at pr = 3.5 GeV/c. The n° signal was extracted by fitting a gaussian
signal plus a third order polinomial for a background to each mass distribution.
The background had a magnitude = 7% at low pr and increased up to =~ 26%
at the highest pr in the experiment. The background was mainly composed of
pairs of unrelated photons. Hadronic showers werc rejected approximately one
order cf magnitude by applying a residual cut {comparing of a shower shape in
a particular event with the average electromagnetic shower shape). The mass
distributions from CEMC1 and CEMC2 were identical in most pr bins, demon-
sirating that the absolute calibrations and the energy resolutions were the same
for the two detectors.
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In principle, one of the CEMC detectors, one of the two polarized parts of
the beam, and polarization reversal by the spin-rotating magnets in the beam
line were sufficient to determine the asymmetry. The two parts of the beam
with opposite polarizations and the left-right symmetric detector apparatus
represented two levels of redundancy. Consistency among the four possible
methods to calculate the asymmetry provided a check of instrumental errors
specific to each method. Furthermore, we calculated the false asymmetry for
the events tagged with average beam polarization of zero. We did not find
any false asymmetry. We have used the achieved statistical errors in the false
asymmetry definitions as an estimate of point-to-point systematic errors for
single-spin asymimetries. The relative systematic error proportional to Ay was
estimated to be 10% and was due principally to the uncertainty in the beam
polarizacion. e

3. INVARIANT CROSS SECTIONS

In this section we present our measurements of the inclusive 7° production
cross sections averaged over rp region from -0.15 to +0.15.
Invariant cross sections Ed°o/dp® were defined as follows:

fo 1 NE_NEL 1
’ dp3 T " Prnax MH ME Egeom EREC
1 1 A
kpack - ) . -, 3
P ®)

where pp,, 1s the maximal momentum of 7° in the c.m. of the pp(pp) interaction
(Praz = V/5/2, where s is the Mandelstam variable);

NHE NE. - anumber of 7°s which survived ail the selection criteria described
in the Sect. II for the hydrogen and the empty targets, respectively;

MY M¥® - beam scaler counts for the hydrogen and the empty targets,
respectively;

€geom — the geometrical efficiency of the 7° detection by the CEMC;

erec - the efficiency of the 7° reconstruction algorithm;

kpack — ratio of "pure” n°-mesons to the full number of two-gamma pairs
within the chosen mass interval (the full number was 7“-mesons plus combina-
torial background);

Apr and Azp are py- and xp-bins;

Napl

A

- the number of hydrogen nuclei per cm? .



The acceptance and the #° reconstruction efficiency were calculated using
a Monte-Carlo program. This program generated n°-mesons with zr and pr
distributions and utilized shower profiles obtained from positron beam calibra-
tion data to simulate the detector response. The Monte-Carlo generated events
were analyzed with the same shower ~ reconstruction program as used with the
real data.

We have found that the ratio of the NE/MF to the N /M¥ was 10% and
did not depend on pr in the region of interest. £g.om increased from 12% at pr =
1.5 GeV/cup to 28% at pr = 4.5 GeV/c (for both calorimeters). rpc decreased
slowly from 72% (including Ag = 0.8 cut) at pr = 1.5 GeV/c down to 66% at
pr & 3.5 GeV/c and then decreased rapidly down to 56% at pr =~ 4.5 GeV/c.
kpack decreased from 0.93 at pr = 1.5 GeV/c down t6 0.74 at pr = 4.5 GeV/ec.
Apr = 0.2 GeV/c, and Azp = 0.3. E{;‘&' = 4.23 - 10* nucl/cm?.

The invariant cross sections of inclusive 7° - production in pp— and pp—
interactions are presented in the Table 1 and in-Fig.3 (pp only). The errors
in Fig.3 are statistical only. An additional normalization uncertainty was esti-
mated to be £10% and a pr scale uncertainty was of +£1%. A comparison of
pp and pp interactions was made. No significant differences were observed.

S .
R
> 10 *
(3} E Y
“% sof b
o 0§ s
s
,.,B ) ls- .(i
Fig. 3. The invariant cross B £ °
sections foi the re- 320 ©
action p + p — 10 ¢ .
7°X at 200 GeV/c F L
at 2p = 0 (black 431 .
. 10 = .
points) and at E °0
300GeVatzp=0 E .
(open points). 10 =
£ e This Experiment °
35|
10 = o NA24 .
I
361 | ! .
0 i 2 3 4 5 6

Pr(GeV/c)



This agreement of pp-data and pp - data is consistent with the results ob-
tained at /s = 24.3 GeV/c [15]. We have measured the ratio of the spin -
averaged invariant cross sections for the pp— and pp-interactions witk the same
electromagnetic calorimeter but in another kinematic region [16]. We have
found that the ratio was close to unity when zp — 0 and 1.4 < pr < 2.0 GeV/e.
That is very consistent with the results of the present paper.

Table 1.

[nvariant cross sections Ed®a/dp® (in em?GeV~?/c®) for inclusive 7° production av-
eraged over zy range from _0.15 to 0.15. The errors are statistical and systematical.
The additional systematic uncertainties are £1% in the pr scale and £10% in the
normalization. When calculating the ratio R of the two invariant cross sections, both
statistical and systematical errors were taken into account.

pr, GeV/c pp — ™ X pp -+ 10X R..(pp/pp)

148 [0.26 & 0.01 &£ 0.03) x 1072 (0.24 £ 0.01 £ 0.02) x 1008 0.02+0.13
1.67 (0.93 + 0.05 + 0.08) x 1072 (0.10 £0.01 £0.01) x 1072*  1.07 £0.11
1.86 (0.41 £ 0.01 £0.03) x 1072 (0.48+0.01 £0.04) x 107 1.17+0.13
2.05 (0.18 £0.01 £0.01) x 1072 (0.21£0.01 £0.02) x 107* 117 £0.17
2.24 (0.77 £0.02 £ 0.06) x 107 (0.9 £0.03 £ 0.07) x 107 1.18 £0.14
.42 (0.35 + 0.02 £0.03) x 107%°  {0.45£0.02 £0.03) x 107* 1.2 £0.19
2.60 (0.16 + 0.01 £0.01) x 10-%°  (0.21 £0.01 £0.01) x 107% 1.31£0.2
2.78 (0.75 4 0.02 £ 0.05) x 107 (0.98 +:0.07 +0.07) x 107°!  1.31£0.16
2.97 (0.34 £ 0.01 £ 0.02) x 103" (0.33 £0.04 £0.02) x 10> 0.97:£0.16
3.16 (0.16 + 0.01 £0.01) x 1073 (0.18+0.03 £0.01) x 107" 1.i3+0.23
3.35 (0.75 + 0.04 £ 0.05) x 107%*  (0.71 £0.20 = 0.05) x 107  0.95£0.29
3.55 (6.34 4 0.02 + 0.03) x 107
3.74 (0.16 £0.01 £ 0.01) x 107
3.93 (0.83 & 0.09 + 0.09) x 107
412 (042 £ 0.06 + 0.05) x 197
4.31 (0.22 +0.04 £ 0.03) x 10

For all pr - bins we have broken our c1oss sections into three rz — bins from
zrp = —0.15 up to zr = 0.15 with a step Azp = 0.1. Our data confirm well
at all pr the central plateau for inclusive m°-production presented in the paper
7).

Our invariant cross sections for the reaction pp — n°X are in a fair agree-
ment with the results of the other experiments {17]-[19]. Invariant cross sections
from the experiment NA24 at CERN [18] are shown in Fig.3 (open points). A
wide pr — coverage up to pr = 6 GeV/c in this experiment allows a change of the
exponential slope to be seen from 4 (GeV/ ¢)~! down to lower number (about
3 (GeV/c)™!) somewhere for pr near 3.6 GeV/c. The E704 points also indicate
this behaviour as follows. If we fit our cross section by one exponent e T in
the region 1.6 < pr < 4.4 GeV/c, then we come up with the exponential slope

10



b=(42+0.1) (GeV/c)™' and x? = 41/13 degrees of freedom. If we fit these
data by two exponents, the results are as follows: b= (4.3 & 0.1) (GeV/e)lin
the region 1.6 < pr < 3.6 GeV/c and b = (3.6 £ 0.7) (GeV/c)™! in the 1egion
3.6 < pr < 4.4 GeV/c and x? = 10/11 degrees of freedom.

4. SINGLE-SPIN ASYMMETRIES

For each selected event the transverse momentum pr, Feynman variable
rp, and azimuthal angle ¢ were determined, and a six-dimensional matrix
(pr,zF, ¢, SN, CEMC, POL) was accumulated. The three adaitional dimeu-
sions were as follovs:

SN - snake states 1 (or 2), which meant that the right or "positive” (looking
downstream) side of the beam had a spin direction "up” (or "down”) at the
target. The left "negative” side had the opposite direction.

CEMC - 1 or 2 (depended on which CEMC was triggering).

POL - 1, 2 or 3 for "positive”, "negative” and "zero” polarization regions
(see description above).

The asymmetry Ay(pr) for the CEMC1 and for the right "positive” side of
the beam was determined from the expression

[n*(pr,9) —n”(pr, )] _
[Tl+(PT, <P) + "_(pTv ‘P)]

where n* and n~ are the numbers of events registered for "up”(SN = 1) and
»down” (SN = 2) directions of the beam polarization, which were normalized by
a flux of particles M¥ passing through the target; pieam - the beam polarization
(about 0.46).

We calculated four sets of asymmetries with four independent combinations
of calorimeter and beam polarization. We used CEMC1 and CEMC?2, right and
left parts of the beam with average polarizations about 46%. For each of these
four methods we used two snake states, SN=1 and SN=2 to calculate nt and
n~ in the expression (4).

An(Pr) - Ppeam - Cosg, (4)
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The details are expressed in the Table 2.

Table 2.
CEMC | PART OF Snake status,
THE BEAM | corresponding to
nt [ n-
1 right 1 12
1 left 2 |1
2 right 2 11
2 left 1 ]2

Then the final results were obtained by averaging the four asymmetries with
their errors. We should mention here that all four asymmetries were in good
agreement with each other (within the statistical errors).

Further analysis on the entire data sample has produced different results
from a previous publication {13]. The correction of a problem with the po-
larization decoding, which increases the overall final data set by 30%, mostly
accounts for this difference in results. In the 1 < pr < 3 GeV/c region, the cur-
rent result is the same as that given previously, which is a zero asymmetry value.
The statistics are large in this region, and the difference in the amount of data
analyzed does not impact the asymmetry value. However, in the 3.1 < pr < 4.6
GeV/c region, where the amount of statistics is much smaller, the asymmetry
values have changed to zero values. In our publication [13] we have claimed
that we had seen nonzero asymmetry in this region. Also the recalibration pro-
cedure (see Sect. II) may have contributed to this change. Less than 10% of
the total number of events were finally removed by different cuts on the data.

Besides the pure inclusive reaction p T p — 7m°X we also selected events
in which at lcast one charged particle was observed at the azimuthal angle
¢ = (180 £ 30)” relative to the produced 7° direction. Single-spin asymmetries
of inclusive #° -production in p T p- and § T p-interactions near 90° in the
c.m. are presented in the Tables 3 and 4, and in Fig.4 and 5. The errors are
statistical and systematical.

12



Table 3. Asymmetries in the pure inclusive reaction p T p — #°X (1) and in the seiniinclusive
reaction p T p — 7°X when at least one associated charged particle goes at {180+ 30)

relatively to the x° (2).

pr,GeV/c 1) (2)
An, % An, %

1.09 ~0.8+0.4£0.4 —1.7+1.6x1.4
1.29 —0.7£0.5£0.4 —0.3+1.6%1.4
1.48 0.7£0.5+0.5  2.1+£1.5x1.3
1.67 1.0+0.6£0.5  0.8+1.5+1.3
1.86 0.1£0.63+0.5 —1.241.6+1.4
2.05 —-1.0+0.7£0.6 —2.0£1.7+1.5
2.24 0.6+0.9+0.8 ~0.5+£2.1+1.9
2.42 1.6+1.2+1.1 2.4+2.8+2.4
2.60 1.0£1.741.5 —-2.943.8+3.3
2.82 —3.8+£2.1+1.9 —9.8+4.7%4.2
3.07 3.244.1+3.6  4.5+9.218.2
3.26 —4.2+5.845.0 1613 +£il
3.49 1.1£7.2+6.3 —1415 £13
3.78 —6+12 £10

4.12 4+14 £13

Table 4. Asymmetries in the pure inclusive reaction p T p — 7°X (1) and in the semiinclusive
reaction § 1 p — 7°X when at least one associated charged particle goes at (180£30)°

relatively to the x° (2).

pr,GeV/e 1) 2)
AN7 % AN, %
1.09 1.24+1.5+1.4  4.0+2.412.2
1.29 0.941.64+1.4 29424422
1.48 ~2.6+1.8+1.6 —3.1£2.8+£2.5
1.67 2.0+2.242.0 —4.7+£3.6+3.3
1.86 ~5.94:3.0+£2.7 -3.1£5.0%4.5
2.05 2.2+4.243.8 1247 46
2.24 —T7.946.31+5.5 2+9 18
2.42 2.6+8.2+7.4 —2+14 £13
2.60 8+12 £11 2418 +£16
2.78 —50+17 £15  —50+28 £25
3.10 -33+19 +£17 —1433 +£29
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Fig. 4. The asymmetry parameter Ay as a function of pr at zp = 0 for the pure inclusive
eaction p T p — 7°X (a) and for the same reaction, but when at least one charged
particle goes at an azimuthal angle, within (180+30)° relative to the x° {b). Statistical
plus systematical errors are shown.

We have investigated the "stability” of the results in different ways.

For each run we calculated the ratio of n*/n~ (see expxession (4)) for whole
the beam. The idea was in that ratio was actually the ratio of invariant cross
sections at two opposite snake states and had to be near unity. We calculated
the asymmetry only for the runs with this ratio within 1 + 20, where ¢ is a
statistical error of the ratio. We have nct found a significant influence of this
criteria on the final results. Eventually we have not used this criteria to save
the number of events.

A test was made by eliminating the first 50 events in a spill and the corre-
sponding monitor counts. It turned out that we had ” killed” 25% of all events.
The conclusion was that the first part of the beam spills with possible "bad
structure” did not make a significant impact on the asymmetry.
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Fig. 5. The asymmetry parameter Ap as a function of pr at zp = 0 for the pure inclusive
reaction § T p — 7°X (a) and for the same reaction, but when at least one charged
particle goes at an azimuthal angle, (180 + 30)° relatively to the =° (b). Statistical
plus systematical errors are shown.

We have used a pseudorapidity 7 instead of the Feynman variable zp. We
integrated over | 7 |< 0.4 — region instead of | zz |< 0.15 - region. It did
not affect the result at all, because the small CEMC calorimeters could accept
only rather sharp zp-distributions around zp = 0, and the asymmetry did not
change very rapidly with deviation from 90° in the c.m.

5. DISCUSSIONS

As was mentioned in the Sect. IIi, by analysing our cross section measured
up to pr ~ 4.5 GeV/c and the NA24 data [18] measured up to pr ~ 6 GeV/e,
we have concluded that there is a slope break in the 7° inclusive production
cross sections in pp-collisions somewhere near pr ~ 3.6 GeV/c. In the previous
polarization data (for example, in the measurements of the polarization in the
charge — exchange exclusive reactions 7~ + p T— 7° (or 7(550), or w(783),
or f(1270)) + n), it has been found [20]-[23] that there is a strong correlation
between cross section and asymmetry behaviour. In the place of a slope break
in a cross section there is always a peculiarity in the asymmetry behaviour.

15



We now compare the present results for the pr-dependence of Ay in 7°
production by 200-GeV polarized protons with the results from four previous
measurements of inclusive pion production at zr = 0 and pr < 3 GeV/c, with
transversely polarized proton targets or beams at initial energies from 13 to
40 GeV. The Brookhaven experiment[1] had studied 7% production at 13.3 GeV
and 18.5 GeV with the AGS polarized proton beam incident on an unpolarized
target. The CERN-PS [2] and Serpukhov [3] experiments had measured 7°
production on polarized proton targets by 24-GeV protons and 40-GeV negative
pions, respectively. In all of these experiments the asymmetry was small at
low pr and then rose to relatively large positive values. A positive sign of
Ay corresponds to a larger production cross-section to the beam-left (beam-
right) when the beam (target) proton spin is vertically-upward. The similarity
between 7 and 7° production asymmetries may be expected considering that
both involve valence u-quark scattering. It had been noticed (3] that, at
energies from 13.3 to 40 GeV, the rise of Ay to large positive values occurred
at fixed values of the transverse scaling variable z7 = 0.4.

This z7-value was interpreted [3] as a point 2%, where the relative flip-nonflip
phase goes to zero and probably changes sign. This scaling of the single-spin
asymmetry phase seems to be clearly supported by the experimental data in
the beam momentum range from 13 to 40 GeV/c.

The experimental data on Ay(0,pr) in this experiment do not exhibit a
structure around the predicted point pr & 4GeV/c, however the pr dependence
of the production cross section Edc/dpr at zr = 0 shows a change of the
exponential slope near pr = 3.6 GeV/c. It can indicate that there is some
peculiarity in the asymmetry behaviour. that may be the asymmetry phase
scaling. By extrapolating this % -scaling seen at low energies to the energy of
200 GeV, one can expect that the asymmetry should start to rise up from zero
values somewhere near pr = 4 GeV/c.

What we have observed in the asymmetry measurements is as follows. The
asymmetry is zero for single inclusive m°-production in pp-interactions in the
1 < pr < 3 GeV/c region within the accuracy of up to 2%. At larger pr, the
errors grow from 5% at pr = 3.3 GeV/c up to 15% at pr =~ 4.1 GeV/c. The
statistics are too poor to make a definite conclusion about nonzero asymmetry,
though in our previous publication with the preliminary results [13] we claimed
that we have seen positive asymmetry.

No significant difference was observed when we selected events with addi-
tional charged particles (at least one), going at (180 % 30)° relatively to the =”.
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It was based on an idea that by using the criteria described above we should
enrich Liard parton-parton interactions and the asymmetry would not be diluted
by soft processes, but the asymmetry remained equal to zero.

For § T p-interactions, the statistics are an order of magnitude less. The
asymmetry is equal to zero within statistical accuracy in the 1 < pr < 3 GeV/c
region, except the two last points (3 and 1.5 standard deviations from zero).

In the model for inclusive processes based on the U-matrix it is predicted
that asymmetry decreases with the energy increased [24]. The expected value

of asymmetry in this model is at the level of a few percents at 200 GeV, that
does not contradict with our results.

Observations of small or zero asymmetry at large pr agree with the recent
calculation of a twist-3 effect [9], and also with the model of an orbiting valence
quark around a polarization axis that produces zero asymmetry at 7 = 0, but
a large asymmetry at large z5 [25].
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