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Abstract

Apokin V.D. et al, Mesasurement of One-Spin Asyummeiries in
Inclusive %° and n Production at 90° cme in the Reactions
ﬁ’p*drﬁ°(q) + X at 40 GeV/c: IHEP Preprint 89-37. - Serpuk~
hov, 1989. -~ p., 21, fige. 10, tabl., 3, refe.: 17.

The one-spin asymmetries of m? and 1 produced by the
40 GeV/c negative plon and kaon beams on the polarized pro-
pane-diol target have been measured in the region |x|< 0,2
and 1.6 ¢ py <3.2 GeV/c. A sizable asymmetry of %°'s has
been observed which amounts up to (40-50)% at Pp 2.4 GeV/o,
An evidence has been obtained for similar behaviour of po-
larization asymmetry in 4 production.

AnHOTEIEA

Anoxwr B.J. ® np. HamepeHme ONHOCHMHOBHX acHMMOTDHEE B HH-
EJBEBHOM 0C0DAS3OBSHAN 7%_ w M-mes0HOB mox yraow 90° B c.m.Mm.
B DOSKIEAX T D, — 7°(n) + X mpm 40 TeB/c: lpenpmar MIBD
89-37. - Cepmyxorp, I989. - 2I c¢., I0 pme., 3 Tada;., OuG-
Jmorp.: I7.

VsMODeHH ONHOCIMHOBHe SCHMMATDEM B OOpascBammz %O- mn-
MOB0HCB HE HOJADHSOBEEHHX IPOTOHAX K HAelfiTpoHAX OTPHHOATEAB-
HHMY MHOHOMZ M KaoHAaMH IpE mMryiakce 40 T9B/c B oGmactn |x1<
< 0,2 1 I1,6<pp<3,2 TaB/c. HadimneeTcd SHAIMTOABHAA ACHM—
MeTpES B oCpasoBaHmE KO-Me30HOB, focTErammas (40-50)% B o6-
JACTE Dp & 2 2,4 TeB/c. lonydeno yRa3sHMe HA SHAJOTATHOS ITOBO—
IOHEG SCUMMOTDHY B OCDaZOBSHNM 1 -Me30HORE.

© HecTuTyr fE3mke BHCORKMX Heprm#, I1989.



Introduction

A large one-gpin asymmetry at 90%cms was discovered in the
reaction ppT+n°+x at 24 GeV/c’1/. It wags negative and was on
the level of tens per cent in the region pg>{,8 GeV/¢. But the
error bars in that experiment were too large, 2o the rasults
were considered as an evidence for possible large asymmetry in
hard pion production. That was in contradiction with the
conventional models for hard scattering which predicted zsro
one-spin asymmetry.

Recently new results were published in refs. 2,3/,
Inclusive production of protons and pions by polarized proton
beam was studled at 13,3 and (8,5 GeV/e. A fairly large
asymmetry (up to 25%) was obsarved in n* production. The
proton production exhibited small agymmeiry (about &%), and no
asymmetry for n~ production was establighed within 1the
errorbars.

At the same time, the “raw" asgymmetiry in n® production by
K~ beam on polarized propane-diol at 40 GeV/¢ was published in
ref.“4’, In the region of X=0 and poe2 GeV/c it was equal %o
~“3%. The estimations of the dilution factor showed that the
"pure" asymmetry could be on the lavel of Z0+30%.

In this paper we present the final measurements of the
one-spin asymmetiries in inclusive production of 2% and n
mesons by +the 40 GeV/¢c n~ and K~ beams on the iransversely
polarized proion and deuteron targets. The investigations wera
performed by the Serpukhov-Dubna-Tbilisi collaboration on the
Serpukhov accelerator in {986+88. The following reactions were '



studied:

wpyan’X, (1)
nDyr’X, (2)
X ppnX, (33
K—DT-an, (4}
K HganX (5)

in the kinematic region [Xx}<0,2 and {,6<pp<3,2 Ge¥/c. In (5)
the symbol N means that the resuits were obtained by welghting
tha propane-diol and deuterium data.

i. Experimental Set-up.

The experimental set-up consisted of the fellowing

principal parts (see fig.{):

- beam apparatus/3/;

- polarized propane-diol/s/ and deuterium’/ 7/ targeis;

- two electromagnetic calorimeters of the GAMS/8/ type;

- glectronics and data acquisition system.

The negative beam particles were focused on the polarized
target. It was monitored by the telescope of counters
$1.52.83.A0. The type of each particle was determined by three
threshold Cerenkov counters Ci,C2,C3, and the incoming angle
of a particle in the target was measured by two iwo-coordinate
hodoscopes Hf and HZ with 0,4 mrad accuracy.

Two polarized targets were used in ihe experiment: proton
target (propane-diol CsHg0z) and deuterium target (CaDglz}),
both with frozen polarization, and horizontal eryostai. The
mean target polarizations measured by the NMR (Nuclear
Magnetic Resonance) method were equal to «75% and «36% for
proton and deuterium targetis, respectively. The related
accuracies in measurements of the target polarizations were 3

and 6 per cent.
The gamma pairs from 7° and n decays were detecied by two

identical electromagnetic calorimeters positioned 2 m down the
target at the angles 12,3° and -12,3° with the beam line in
the horizontal plane. Each calorimeter consisted of 144 lead



glass counters with 38x38x450mm® gize. The radiation length of
glass used was equal to 2,5 em. The signals from the counters
were measured by the 10-byte ADC/9/, The calorimeters were
calibrated by the 10 deV/c electrons twlce each accelerator
run: at the beginning and at the end of measurements. The
energy resolution of the measurements was AE/E=0,{S/vE. The
time resolution was due to the signal lengths permitting the
coding in ADG, and it was equal to 60 nsec. The gain stability
in each channel was controlled with LED‘s each time per
accelarator spill.

Fig. 1. The layout of the experimental facility.

The background induced by nuclei in polarized targets was
measurad on the carbon target whith the size and weight which
were equivalent to the unpolarized content of t{he polarized
targets,

Due te the faet of strong pr—depandence of the Cross
sections in reactions (1+6) the specific trigger was created
to remove events with pp<i,5 GeV/¢c and to increase the
calorimeter efficiency for high-py events. The summary anode
pignals of the vertical sets of elaments (columns) were summed
with certain weights, depending on +the resistors of the
summation device. The resistorg were chosen to set the
contribution of each column into the sum to be propoertional to
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E-gind. Here & is the mean scattering angle and E the energy
deposition in a given column. The summary signal from the
calorimeter was detected by a discriminator with controlled
threchold, and the signal of the presence of a high-pn
particle was created. The final tirigger was obtained by
crossing this signal with one of the chosen beam particle. Tha
value of pp-threshold ({,5 GeV/c) was chosen to limit the
quantity of the read-out information during one accelerator
8pill by the size of the buffer memory.

The data acquisition and the on-line data handling were
performed on the two-computer complex CM-4/CM-1420 with the
operation system RSX{{M. The buffer memory was located in the
dynamic region of the CM-4 memory of 90 Kbytes, so that some
hundreds of events per spill were accepted. The accepted
information was written on magnetic tapes and partly on disks
of <the CM-1420 during the time between spills (“7sec). The
disk data wag handied on-line to estimate the quality of
incoming information, 1o control the long-time stability of
all the elements and to get some preliminary results.

£. Data reduction and analysis

First of all the parameters of all electromagnetiic showers
{energy and coordinates) were determined for both
calorimeters. The parameters for overlappad showers were
restored using the well known iteration procedure’1¢/. The
energies and coordinates of 1the raconstructied gammas were
written on the Data Summary Tape. About 30% of the total
statiatiecs consists of events with three or more gammas, but
their contribution to n° mass gpectrum was about 5% due to the
huge combinatorial background. So only the two-gamma events
(“50% of the total statiatic) were analysed. "Good" events
wera selected under the following conditions:

- the energy of gamma-pairs was in the ranga 5+15 GeV;
- the effective two-gamma mass was chosen in the range
70+220 MeV for =x° and 480+660 MeV for n. The effective



two-gamma mass distributions are shown in fig.2. The
background under n° peak was, in genasral, py-dependent: from
about  10% at p.={,8 GeV/¢c it increased up to 20% at
Prp=3,0 Ge¥/c. Under n-meson peak the background was on the
level of "“50%;

- |cos8*[<0,8 for n° and |cos6*|<0,6 for n, whera &% is the
decay angie of the meson in its rest frame. The cosé™
distritutions are plotted in fig.3a.

na1gt
6..
5-
Na0
4 2k
3-
2r 1+
I
" | {
E i ;
i | |
0 L [ ] 1 r 1 2 I 1 1 1 1

100 200 300 400 500 600 700 800 900 1000

My, MeV/c?

Fig. 2. The two-gemms effective mame distributione for %°
and M mass reglona.
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After all selections the total statistics was about 2,2x105
n%/s produced on the proton target and z,axio’ 7%/ produced
on the deuterium target, both at py>{,6 GeV/c. The statistics
for reactions (3),(4) and (5) was {,2x10%, 3x10* and 7x10°,
respectively. From these data the two-dimenslonal
digtributions in x and p, for inclusive x® and 1 were measured
apparently for polarized targets with positive and negative
poiarizations and for a carbon target. The pp- and
x-distributions for inclusive =® production are shown in
Figs.3b and 3e.

The one-spin pelarization asymmetry A(X,Dy) Was determined
as follows:

{ jEdst- JEds

F T§351+ jEds"

p-rari

Alx,p) =

Here Ed61(1) denotes the invariant inclusive eross section at
a fixed direction of the target polarization. Prarg i5 a mean
value of the target polarization. The quantity F is the ratio
of events produced on the free polarized protong (or
deuterons) inside the target. The dilution factors D={/F are
shown in Fig.4 for iwo polarized targets.

1 +++ﬁﬁ |

-
I TP =X

$- U o X

1 i 3
=] Gevic

Plg. 4. pT-dependonce of the dilution factors.



3. Results

The results of the asymmetry measurements in reactions ({)
and (2) are presented in Tables { and 2 and shown in Fig.5.
The values of A(pp) measured on the proton and deuterium
polarized targets are the same within the errors. Very large
values of the asymmetry were observed at pp»2,2 GeV/c, but the
errorbarsg are also large, The mean welghted value of A{py) for
reactions (1) and (2) is equal to ~(37x1{)% at pp>£,2 GeV/c.
The systematic errors do not exceed {5+20%.
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The “raw" asymmetries Tfor reactions (3+5) were calculated
in the same manner. The dilution factors were taken the same
as for reactions (i} and (2). The data on the n asymmetry in
reactions (3),(4) and on the n® asymmetry in reaction (5) are
summarized in Table 3 and shown in Fig.6. An avidence was
obtained for sizable asymmeiry in all three reactions (3+5) ai
pr>2,2 GeV/e. The number of evenis with pe>2,2 GeV/e in
reactions (3),(4) and (56) was equal to 2024, 2791 and 830,
respectively. The systematic errors were estimated to be <Z0%.
The py-dependences of mean weighted asymmeiries for n°
{averaged over reactions (i) and (2)) and 1 (averaged over
reactions (3) and (4)) are shown in Fig.7. The data dispiay
approximately a similar pp-behaviour for 7° and n.
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Fig. T. pT-dapendence of asymmetry in the reactions
*7H, < %°X (open circles) and KNy =+ nX (full oir-
clee), averaged over the data on the proton and
deuterium polarized targets at 40 GeV/c.
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Qur choica of the ¢oordinate axes is connected with the
Tollowing sign converntion: the negative sign of asymmeiry
means that when the target polarization vector is diracted up,
the number of particles scattered to the left is less than the
number of particles scattered to the right.

4. Systematic errors

The ecrucial point is the estimation of systematie errors
leading to false asymmetry. The main source of the false
asymmetry was instability of the calorimeter energy scale. As
mentioned above, the pulsed LED‘s were used to control the
gtability. The time shift of the LED system resulted in the
raw false asymmeiry which did not exceed {%. Corrected by the
factor D/Pparg, Vhat gave the estimation of the false
asymmeiry “i0%.

The estimationr of the effects of time instability was made
using the sample of continious measurements obtained at fixed
direction of the target polarization. The sample was divided
into two equal parts with the opposite signs of Pgarg
assignement and the procedure of asymmetiry calculation was
applied to it. “Asymmetries" for reactions (i) and (2)
obtained in that fashion were less 20%.

The false asymmetry was alsc estimated by a use of the
two-gamma events with the effective mass between &% and |
masges, Presumably they were treated as smooth unpolarized
continuum. The asymmetry of such gamma-gamma pairs calculated
in the interval 2,2<py<3,2 GeV/c is plotied In Fig.8a. For
comparison the asymmetiry for gamma-gamma pairs with the
effective masses in the accepted 2% and n mass regions (see
sect.2) is shown. The false asymmeiry pp-dependence 1s shown
in Fig.8b. These data do not exhibit any gizable background
asymmetry. Other uncertaintiesz, connecled with measurement
inaccuracy of the target polarization and the dilution factor,
were found less than 10%.
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5. Discussion

In Fig.9 we compare our results in the reaction n‘HT+n°x
(Fig.9¢) with the experimental data on the reaction pr»ﬂ*+X
at 3,3 and 18,5 GeV/c’2,3’ on the polarized proton beam
(Fig.9a) and in the reaction pprm°+x at 24 GeV/c’f/ on the

.polarized proton target (Fig.9b).

Comparing the asymmetry signs in various experiments, one
should remember that in refs./2,3/ the choice of the
coordinate axes corresponds to the kanonic helieity frames. In
our experimeni this choice corresponds to the Basel convention
as in ref’f/. In the kanonic helicity frames all values of
A(pp) in Figs.9b and 9¢ will have the opposiie sign. Hence all
asymmetries presented in Fig.9 will be positive at
pr31,5 Ge¥/c.  The two features of the data presented in

Figs.9a,b,c should bhe stiraessed:

- a sizable increase of the absolute value [A(pp)]| with
increasing py {(at ppal GeV/c);

- the asymmetries change the sign or go to zero in pp-interval
between 1 and 2 Ge¥/c.

It i interesting to study the energy dependence of the
¢rossing point ph where A(pd)=0. It can be connected with the
energy dependence of the phase difference between spin-flip
and non-flip amplitudes. In Fig.{0 the energy dependences of
pd and x3=2pd/v® are plotted. To determine them we have
performed a linear fit over the data presented in Fig.9. It is
ceqn that in the energy range 5<yS<{0 GeV xg does not depend
on v8. The agymmetry changes its sign at x$=0.4010.03.

The experimental results discussed above allow us to regard
large single-spin asymmetries in the central region as
established ones. From the theoretical point of view, the
discovery of large single-spin effects In inclusive
hadron-hadron reactions means, that the conventional
hard-scattering models with a trivial non-coherent dynamics
are now not fully valid in the quark phenomenology.
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Since the polarization effects are connected with long
distances, the constituent quark models must, in general,
reflect the main features of the effects. In ref./1§/
H.Fritzsech have studied this point in the frame of SU(E)
symmetry and its possible connection with the gluon anomaly
contribution.

In general the polarization effects (A) are considered as a
convolution of amplitudes deseribing the interactions at short
{8) and relatively long (L) distances: A™SgL. The comparison
of the interaction pictures with spin-flip and without one at
large and at short distances can be found, for example, in
ref,/11/, We assume that the proton spin structure is
deseribed in the congtituent quark model  proposed by
Fritzsch’ 1t/ where the gluon contribution to +the proton
polarization can be sizable. We alsc assume that the

polarization asymmetry of & produced meson arises only if a
polarized quark from the polarized protorn contributes to the
production process. At large distances a proton is viewed as
three constituent quarks. PBach constituent quark can be
regarded as a light “current" quark effectively weighted by
its own giuon cloud. Masses of the constituent quarks are not
small and the spin-flip occurs in scattering processes. At
small distances the internal structure of constituant quarks
starts to play a certain role,

The quark helicity amplitudes L, and S), can be defined as
the amplitude components which deseribe the scattering of a
constituent quark as a whole and the scattering of a light
quark, respectively. Helicities )\ and u refer to 2 polarized
quark from the polarized proton after and before quark
scattering, respectively. Other hellcities are omitted because
they are always under summation. The quark helicity amplitudes
are simply related to the six conventional ampiitudes
®¢,...,0¢ for spini/Z+spini/Z  scatiering. Particularly
S =01 +0a.

15



Is the pp-dependence of the amplitude Sxp defined by the
lowest order of QCD? Ag is seen in Fig.3b, the differential
cross section dN/de"IM++I2+|L-+|2 monotonously decreases.
Here M,, denotes the sum (S,,*L,.). Since the condition
[Miil<<|L-+} (and the reversed one) leads 1o negligible
polarization effects (see below), we deduce from the
monotonous behaviour of dN/dp, that M., and L_, have
approximately a similar pp-dependence in the high p, region.
It is also %rue for 8,, and L.,. This dapendence is expressed
by “exp(-Bpy) which is intermediate between tihe exponential
behaviour axp(—apé) at small momentum transfers and the
behaviour of p;“ in the pertubative QCD. The experimental
similarity of the p,-dependences of the amplitudes Syu and Lyy
is not clear. Probably it takes place at our not high energiaes
(ve<i0 @eV¥), and it will disappear at higher vE. Alternatively
ong could assume thai the proposed decomposition with S)y and
Lyu 18 not relevant.

The modifiad constituent approaches cannot give a full
agreement with the EMC results’/12/. This problem is discussed
by H.Fritzseh 1in ref.’/t1/. It is connected with the gluon
anomaly contribution to the non-conserved quark axial veector
current ag hasg been shown by Efremov and Teryaev/138 and by
Altarelly and Ross’13b/,

The spin-rlip alone does not lead to polarization effects.
It 18 necessary to have non-zero phase difference between M,,
and L_,. We give below a simple phenomenclogical expression
for A(pp) supported by connectlon with the classical
transparency of the proton. The main assumption ig that the
Phage difference between amplitudes Sy and Ly, arizes when a
scattered quark lg leaving the confinement regilon in the
process of hadronization. The characteristic length for this
process s I”E(pT)/ng. Supposing that the absorption in giuon
medium is deseribed by the eikonal Tfactors of amplitudes, it
would be reasonable to assume that the phases of the
ampl itudes sxy and L}“ are proportional to 1. As the lengthes

16



l in qu and Lkp are different, it gives the nonzero phase
difference ©;"E(py). Classically it can be treated as an
abgorption in a dense gluon matter. This picture is somewhat
similar to that of Szwed’/147, In which a massive quark becomes
polarized due to a multiple scattering from a static colour field.
Then the phase is ruled by ¢;"E(pq)/n(s), whare n(s) is the
iransparency of the gluon matter. It can be identified with
the classical proton transparency depending on the imaginary
part of the eikonal. Analyses in the eikonal models (see
ref.”13/ and refs. therein) show that n(s) increases in the
momentum  interval  pp ., “20+100 GeV/c. This increase is
consistent with the behaviour of ~/8'within the errorbars. At
the ISR energles vB=20+60 GeY the value of n(s) Iis
approximately constant. Therefore the phase difference between
flip and non-flip scattering can be written aszrollovs:
€ x B, 8<200 deV ,

® () = 14 p,*by 82200 Gov’. (6

The coefficients a and b can be related to « and g on the
boundary between the two energy intervals: b=f and a«2d/vZ00.
Hence at our initial energies the phase changes between j and
e+8, The condition
sin @) (py)=0

gives the values of pT-pg, where the asymmetry goes to zero.
In this context the experimental results presented in Fig.10
are naturally explained.

In the spirit of the conventional parton model the
polarization asymmetry is given by the formula:

*

AX,p) = a?b]dxadxb qa(Xa)Aqb(xb)( 2im M++L“)D(z)/z
’ ’

T aEdexagqua(xa)qb(xb)(|"‘+1‘*|L_+I’)D(z)/z

where X, Xp and z denote the usual values. The summation over
omitted quark  helicities 1is assumed. The funetions
QxX)=q, (X)+q_ (%) and Aq(x)=q.{x)-q_-(x) are the quark dengities
and the net quark helicities at the given x of those quarks in
the proton, which fragment intc produced meson. The q.(Xx) are
the quark densities with the definite hellclities.

17
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Now let r»r(8,t) be the ratio of the flip and non-flip
amplitudes, defined as |L_,|/|M,,|2r"pp. It is seen from the
fit in Fig.3b that the constani value r=0,5 Gev-! is relevant.
Taking for simplicity the SU{E)} constant ratios for 4q/q, we

reduce the above expression to:

zrpT

A(O,p,r) = Kk Fﬁif:

sin °1(pT)' (7)

Here &) (pp) is given by (6), K=(nydu/u+ngdd/d)/(ny*ng) is a
weighting coefficient, n,(nq) 48 the number of subprocesges
with the valence u(d)-quark producing the observed meson.
Formuia (7) probably ineludes all ingredients leading to the
one-spin asymmetry: helicity densities Aq, the quark-quark
polarization asymmeiry and the long-distance phase.

For rough estimations the SU(6) values of Au/u=2/3 and
Ad/d=-1/3 were used. The sign of k is defined to be positive
for the reaction pr+n*X. Numerically k is equal to {/2, 1{/3
and {/3 for 1ihe 1inclusive reactions praﬂ*x, pp?+n°x and
K"ppR°X, respectively.

18



The fit to the experimental data at 13,3 and 18,5 GeV/c
gives the values d=f,22+0,09 and p/d=-0,39:0,04. The resultis
of the fit are plotied in Fig.9 together with the predictions
for the reactions ppy»n®+X at 24 GeV/c and noppern’+X  at
4G geV/c (solid ecurves). For the last iwo reactions the sign
of eq.(?) has been reversed as mentioned above.

In ref./18/ a phenomenclogical model is proposed in which
the spin-flip arises due to the quark colour magnetic moment.
It leads %o the observed polarization asymmeiry. The
prediction of this model is given in Fig.Jc¢c by dashed line.
The dotted-dashed line in Fig.9¢ presents asymmeiry obiained
in ref./17/ by introducing the orbital momentum of gluon
clouds into U-matrix.

It is a pleasure for authors o thank L.G.Landsberg,
M.G.Ryskin, R.M.Sulyaev, S.M.Troshin and N.E.Tyurin for
fruitful discussions.

Table {. The raw asymmatry Ap, the dilution Tfactor D
and the asymmeiry A in reaction (1) at
fxpl<0,2 for different pp-intervals.

Py GeY/c Py, xF Ar,% b A,%

{,2-1,4 1,28 0,03  1,020,6  8,0:1,0 {046
{,4-1,6 1,49 0,01 -0,42(,0  8,12{,2  -4*10
{,6-4,8 1,69 ~-0,0{ -0,820,7  8,1%0,7  -8t7
1,8-2,0 1,89 ~-0,02 -1,3t0,5  8,2t0,9 -14s5
2,0-2,2 2,09 -0,03 -0,6:0,6  8,8%(,3  -7:7
2,2-2,4 2,29 -0,04 -3,0:0,9  9,2¢1,6 -35:12
2,4-2,6 2,49 -0,05 ~-4,6:(,3  9,6:2,0 -56:20
2,6-3,2 2,79 -0,07 -2,7:1,3 10,122,6 -35:(9
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Table 2. The raw asymmetry A, the dilution factor D
and the asymmetry A in reaction (2) at
ixp|<0,2 for different pyp-intervals.

P 8eV¥/c Ar,% b A%
1,6-1,8 0,2:0,3  4,4120,1 324
1,8-2,0 -1,0¢0,4  4,820,1 -14:6
2,0-2,2 -0,9t0,6  5,210,3 -1349
2,2-2,4 -1,420,9  6,0¢0,6 -24:15
2,4-2,6 -2,6%1,4  6,6:0,8 -47427
2,6-9,2 -5,0¢1,3  7,0:{,2 -1003{

Table 3. The asymmetry A in reactions (3-8) at
|xp|<0,2 for different pp-intervalg®).

Py GoV/c AL%(3) | A%N4) | A%
1,6-1,8 -5t17 {3t -25:23
1,8-2,2 ~-38¢47 14143 -28t25
2,2-3,2 52129 -74:33 -116:54

#) The asymmetiries for n-production were estimated without
corrections for the background under n-signal.
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30BAHEE X°- X n-u?30303 non43rnan 90 B ¢.O.M. B pe-
akmAx %P, —~*'(n) + X opr 40 TaB/ec.
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