‘H 2 August 2001

Nﬁ% PHYSICS LETTERS B

ELSEVIER Physics Letters B 513 (2001) 301-310

www.elsevier.com/locate/npe

Double-spin asymmetry in the cross section for
exclusivep® production in lepton—proton scattering

HERMES Collaboration

A. Airapetiant®, N. Akopov®, Z. Akopov3, M. Amarian®#2¢, J. ArringtorP,
E.C. Aschenauér H. Avakian, R. Avakiarf®, A. Avetissiart®, E. Avetissiari®,
P. Bailey®, B. Bains®, C. Baumgartet, M. Beckmann', S. Belostotski,
S. Bernreuthér, N. Bianchi, H. Bottche®, A. BorissoV"s, M. Bouwhuis®,
J. Bracke, S. Brauksiepk B. Braun, W. Briickner", A. Brill ", P. BudZ,
H.J. Bulterf-2d G.P. Capitarti, P. Cartef, P. Chumney, E. Cisbant, G.R. Cour?,
P.F. Dalpiaz, R. De Led, L. De Nardd, E. De Sancti§, D. De Scheppet,

E. Devitsin', P.K.A. de Witt Hubert¥, P. Di Nezz#, V. Djordjadze?, M. Diiren',
A. Dvoredsky?, G. Elbakiart®, J. Ely®, A. Fantoni, A. Fechtchenk8, L. Felawka®,
M. Ferro-Luzzi", K. Fiedler, B.W. Filippone®, H. Fischet, B. Fox®, J. Franz,

S. Frullan?, Y. Garbe®', F. Garibaldf, E. Garuttl¥, G. Gavrilov*, V. Gharibyart®,
A. Golendukhiri“2, G. Graw', O. Grebeniouk, P.W. Greeft®, L.G. Greeniaug®,
A. Gute', W. Haeberl?, M. Hartig?®, D. Hasct¥, D. Heesbeet, F.H. Heinsius,
M. Henoch, R. Hertenbergey, W. Hesselink29, G. Hofmarf, Y. Holler!, R.J. Holt®,
B. HommezZ", G. larygin", M. lodice?, A. Izotov*, H.E. Jacksof, A. Jgour¥,

P. Jund, R. Kaise¥, J. Kanesak#, E. Kinney®, A. Kisselev*?, P. Kitching?,

H. Kobayashi¢, N. Koch', K. Kénigsmann, H. Kolster*-24", V. Korotkov?, E. Kotik?,
V. Kozlov!, V.G. Krivokhijine", G. KyleY, L. Lagambé, A. Laziev", P. Lenisa,

T. Lindemann, W. Lorenzorf, N.C.R. Making, J.W. Martin’, H. Marukyarf®,

F. Masoli, M. McAndrewP, K. Mcllhany®'", R.D. McKeowrf, F. Meissnef"Y,

F. Menden, A. Metz', N. Meyners, O. Mikloukho*, C.A. Miller 22, R. Milner',
V. Mucciforak, R. Mussa, A. NagaitseV, E. Nappf, Y. Naryshkirn, A. Nass,

K. Negodaevd, W.-D. Nowak?, K. Oganessyaf) T.G. O'Neill®, R. Openshaw®,
J. Ouyang®, B.R. Ower?, S.F. Pat&, S. Potashoy D.H. Potterveld, G. Raknes$
V. Rappoport, R. Redwiné, D. Reggiani, A.R. Reolorf, R. Ristinerf, K. Rith',
D. Robinsor?, A. Rostomyari, M. Ruh'!, D. Ryckboscl, Y. Sakemf®, F. Satd®,
I. Savin", C. Scarlett, A. Schafer, C. Schill', F. Schmidt, G. Schnelt, K.P. Schiilef,
A. Schwind?, J. Seibert, B. SeitZ, T.-A. Shibat&®, T. Shin', V. ShutoV",

C. Simani*¥, A. Simon', K. Sinram, E. Steffens, J.J.M. Steijge¥, J. Stewart 39,

0370-2693/01/$ — see front mattér 2001 Published by Elsevier Science B.V.
PIl: S0370-2693(01)00639-6



302 HERMES Collaboration / Physics Letters B 513 (2001) 301-310

U. Stossleirt®, K. Suetsugd®, M. Sutter, L. Szymanowski, S. Taroiari®,

A. Terkulovt, O. TeryaeV, S. Tessarih E. Thoma$, B. Tipton"d, M. Tytgat™,
G.M. Urciuoliz, J.F.J. van den Brarittd, G. van der SteenhovénR. van de Vyvef,
J.J. van Hune¥, M.C. Vetterli#32® V. Vikhrov*, M.G. Vincter?, J. Vissel’, E. Volk",

C. Weiskopf, J. Wendland®®, J. Wilbert, T. Wised, S. Yerf®, S. Yoneyam&,

H. Zohrabiari®

@ Department of Physics, University of Alberta, Edmonton, AB T6G 2J1, Canada
b Physics Division, Argonne National Laboratory, Argonne, |L 60439-4843, USA
C |gtituto Nazionale di Fisica Nucleare, Sezione di Bari, 70124 Bari, Italy
dWK. Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, CA 91125, USA
€ Nuclear Physics Laboratory, University of Colorado, Boulder, CO 80309-0446, USA
f DESY, Deutsches Elektronen Synchrotron, 22603 Hamburg, Ger many
9 DESY Zeuthen, 15738 Zeuthen, Germany
. h Joint Institute for Nuclear Research, 141980 Dubna, Russia
! Physikalisches Institut, Universitat Erlangen-Nurnberg, 91058 Erlangen, Germany
I 1stituto Nazionale di Fisica Nucleare, Sezione di Ferrara
and Dipartimento di Fisica, Universita di Ferrara, 44100 Ferrara, Italy
K |stituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Frascati, 00044 Frascati, Italy
I Fakultat fiir Physik, Universitat Freiburg, 79104 Freiburg, Germany
M Department of Subatomic and Radiation Physics, University of Gent, 9000 Gent, Belgium
N Max-Planck-Institut fir Kernphysik, 69029 Heidelberg, Germany
O Department of Physics, University of lllinois, Urbana, IL 61801, USA
P Physics Department, University of Liverpool, Liverpool L69 7ZE, UK
4 Department of Physics, University of Wisconsin-Madison, PMadison, WI 53706, USA
" Laboratory for Nuclear Science, Massachusetts Ingtitute of Technology, Cambridge, MA 02139, USA
S Randall Laboratory of Physics, University of Michigan, Ann Arbor, MI 48109-1120, USA
U Lebedev Physical Institute, 117924 Moscow, Russia
U Sektion Physik, Universitat Miinchen, 85748 Garching, Germany
V Department of Physics, New Mexico Sate University, Las Cruces, NM 88003, USA
W Nationaal Ingtituut voor Kernfysica en Hoge-Energiefysica (NIKHEF), 1009 DB Amsterdam, The Netherlands
X Petershurg Nuclear Physics Institute, St. Petersburg, Gatchina, 188350 Russia
Y Ingtitut fur Theoretische Physik, Universitat Regensburg, 93040 Regensburg, Germany
Z |dtituto Nazionale di Fisica Nucleare, Sezione Romal-Gruppo Sanita
and Physics Laboratory, Istituto Superiore di Sanita, 00161 Roma, Italy
aapepartment of Physics, Smon Fraser University, Burnaby, BC V5A 16, Canada
ab TRIUMF, Vancouver, BC V6T 2A3, Canada
ac Department of Physics, Tokyo Institute of Technology, Tokyo 152, Japan
ad Department of Physics and Astronomy, Vrije Universiteit, 1081 HV Amsterdam, The Netherlands
3€Yerevan Physics Institute, 375036 Yerevan, Armenia

Received 26 February 2001; accepted 5 April 2001
Editor: K. Winter

Abstract

Evidence for a positive longitudinal double-spin asymmdm;f) = 0.24 £ 0.11stat = 0.02syst in the cross section for
exclusive diffractivep®(770) vector—-meson production in polarised lepton—proton scattering was observed by the HERMES
experiment. The longitudinally polarised 27.56 GeV HERA positron beam was scattered off a longitudinally polarised pure
hydrogen gas target. The average invariant mass of the photon—proton system has a va@lye=0f.9 GeV, while the
average negative squared four-momentum of the virtual phot({)Q% = 1.7 Ge\2. The ratio of the present result to the
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corresponding spin asymmetry in inclusive deep-inelastic scattering is in agreement with an early theoretical prediction based

303

on the generalised vector—-meson dominance mad2001 Published by Elsevier Science B.V.

PACS 13.25.-k; 13.40.-f; 13.60.-r; 13.60.Le; 13.88.+e; 14.40.Cs
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Diffractive p° production in lepton—-nucleon scat-
tering is often described as the fluctuation of the vir-
tual photon emitted by the lepton into an intermedi-
ate virtualgg state or off-shellp® meson. This in-

calculation that includes a combination of both quark
and gluon exchange mechanisms [6].

Previously, the spin dependence of gfeleptopro-
duction process has been investigated by measuring

termediate state is scattered onto the mass shell bythe angular distributions of the production and the self-
a diffractive strong interaction with the target, leav- analysingp® — 7tz ~ decay. Spin degrees of free-
ing the target nucleon intact [1]. Several competing dom in the cross section can be described by spin den-
models for this process are schematically shown in the sity matrix elements constructed from helicity-conser-
graphs of Fig. 1. At low energy the® cross section  ving and non-conserving amplitudes for particle ex-
shows a strong decrease with increasing energy [2—4], change in the-channel [13]. Experiments have shown
which can be described by the exchange of Reggeons.that the helicity of the photon in thg*N centre-of-
At an invariant mass of the photon—nucleon system mass system is approximately retained by tRene-

of approximatelyW =5 GeV (see below for defini-  son, a phenomenon known &shannel helicity con-
tions of all kinematic variables), the cross section ex- servation (SCHC), and that the exchanged object has
hibits a dramatic change from a rapidly falling to a natural parity(—1)~ [2], which can be associated with,
weakly risingW-dependence [5,6]. Above this energy, e.g., Reggeon and Pomeron exchange. Typically, the
models of the interaction based on Regge theory in- initial spin states of the target nucleon were averaged
volve the exchange of Pomerons. Alternatively, there and the final spin states were summed [13], since they
exist perturbative QCD calculations of vector—meson were experimentally inaccessible. The general case
production by longitudinal photons that are based on where the initial spin states of a longitudinally po-
the exchange of quarks and gluons and on the non-larised beam and a longitudinally or transversely po-
perturbative description of nucleon structure in terms larised target are explicitly included in the formalism
of skewed parton distributions [7—10]. Both types of of spin density matrix elements has been discussed in
models — Regge theory and pQCD calculations — Ref. [14].

have achieved some degree of success in reproducing Up to now, little attention has been paid to the
the observed unpolarised cross sectiongfoproduc- theoretical prediction of double-spin asymmetries in
tion [6,11,12]. It has been shown that in the HERMES the cross section for diffractive processes, i.e., to the
kinematic range, the data for exclusiw® production dependence of the cross section on the product of
by longitudinal photons can be described by a pQCD the initial polarisations of bearand target; usually
a double-spin asymmetry of zero was assumed for
02 production. Nevertheless, there exists early work
where spin asymmetries are given by the ratio of
helicity-conserving amplitudes of unnatural to nat-
ural parity exchange in the-channel; this work is
based on the formalism of spin density matrix ele-
ments and the generalised vector meson dominance
model (GVMD) [15] which describes the hadronic

] ) ) o _ fluctuation of the virtual photon as a coherent super-
Flog. 1. Sch_em.anc graphs for various models of excll_sze diffractive position of vector meson states and the transitions be-
p* production: (a) Reggeon or Pomeron exchange in models based

on Regge theory; (b) two-gluon exchange and (c) quark exchange in tWeen them._ In partic_ular, the Iong_itudinal doubl_e—spin
models inspired by perturbative QCD. asymmetry in exclusivg® production was predicted
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to be about twice as large as the corresponding asym-

metry in inclusive deep-inelastic scattering (DIS) [16].
No published prediction based on perturbative QCD
calculations exists for double-spin asymmetries in the
photo- or lepto-production 0p® mesons. Polarised
quasi-real J /¢ photoproduction involving the ex-
change of two gluons was discussed in Ref. [17]. How-
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tector. The positron identification has an efficiency of
better than 98% at a hadron contamination of less
than 1% over the kinematic range of the experiment.
The relative luminosity for the two target spin states
is measured by counting coincidedite~ pairs from
elastic (Bhabha) scattering of the beam positrons off
the electrons of the target gas atoms. The present

ever, because this calculation relies on the heavy quarkdata correspond to an integrated luminosity of about
approximation, the relevant physics for this process is 55 pb 2.

qualitatively different and no direct implications for
exclusive p® production in the HERMES kinematic
range can be drawn.

This Letter presents the first observation of a non-
zero longitudinal double-spin asymmetry in the cross
section for exclusiveo®(770) meson production in

At HERMES energies, the lepton—nucleon inter-
action is mediated by a virtual photon with nega-
tive 4-momentum square@? = —g% = —(k — k')% ~
4EE'sir?(6/2), wherek (E) and k'(E’) denote the
four-momenta (energies) of the incoming and outgo-
ing lepton and is the polar scattering angle of the

polarised lepton—nucleon scattering. This observable lepton. The target nucleons are at rest= (M, 6).

was measured by the HERMES experiment [18] in the
years 1996 and 1997.

The HERMES experiment uses the polarised
27.56 GeV positron beam of the HERA storage ring.
A transverse polarisation of the positron beam de-
velops through an asymmetry in the small spin-flip
amplitudes for synchrotron radiation in the bending
dipoles — the Sokolov—Ternov effect [19]. Longitu-
dinal beam polarisation is achieved by spin rotators in
front and behind the experiment. Typical beam polari-
sation values are betweerb@do 0.6, measured with a
negligible statistical uncertainty and a systematic un-
certainty of 0.02 [20].

In the years 1996 and 1997 a longitudinally po-
larised internal atomic hydrogen gas target was
used [21]. The orientation of the target polarisation is

The invariant mass¥ of the photon—nucleon sys-
tem is given byW?2 = (¢ + p)2' @ M2 + 2Mv — Q2.
Here,v = p-q/M = E — E’ denotes the photon en-
ergy in the target rest frame and= v/E the frac-
tional photon energy. The Bjgrken scaling variable is
defined asc = Q2/2Mv. In diffractive p° production,
the photon—nucleon cross section falls exponentially
with the squared four-momentum transfer to the tar-
getr = (¢ — v)? < 0, with v the four-momentum of
the p° meson. Atrg, the maximum (least negative)
value oft kinematically allowed for fixedd?, v, My,

and M, the momentum of the final stag® meson

is parallel to the direction of the incoming photon in
the photon—nucleon centre-of-mass system. Hefie,

is the invariant mass of the undetected final state and
My, = ~/v2 is the reconstructed invariant mass of the

randomly selected about once per minute. The average,0 candidate. The squared four-momentum trangfer

target polarisation for the combined 1996 and 1997
data on the polarised hydrogen target 883 0.05,
where the uncertainty is predominantly systematic.
The forward magnetic spectrometer [18] is divided
into symmetric upper and lower halves by the positron

and the (unused) proton beam lines. The acceptance” ~

covers 40< |6, < 140 mrad in the vertical direc-
tion and|0,| < 170 mrad in the horizontal direction.
Over the kinematic range of the experiment, the mo-
mentum resolution for positrons is 0.7-1.3% and the

uncertainty in the scattering angle is about 0.6 mrad.
Positrons are distinguished from hadrons by four sub-
systems for particle identification: a lead—glass elec-
tromagnetic calorimeter, a preshower detector, a tran-

sition—radiation detector, and a threshGlerenkov de-

beyondrg is given byt’ =t — 19 < 0. In order to se-
lect exclusive diffractive events, the excitation energy
AE transferred to the target nucleon can be used as

a measure of exclusivityAE = (M2 — M?)/2M 'ab

E, +1t/2M, with E, the energy of the@® meson.

In the case of an exclusive process, no energy is trans-
ferred to the targetA E = 0), and the target nucleon
stays intact p'2 = p?).

Three angles®, ¢, and 6 are necessary for a
complete description of the angular distribution of the
0% meson production and decay [13]. The azimuthal
production angle? is the angle between the lepton
scattering plane and the® meson production plane
in the photon—nucleon centre-of-mass frame. BAe
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decay is described in thge® meson rest frame by
two angles: (i) the azimuthal angle between the
production and the decay plane and (ii) the polar
angled of the positively charged decay particle with
respect to the-axis of thep® meson rest frame, which

is defined opposite to the direction of the scattered
nucleon.

get. After all selection criteria were applied, about
2800 exclusive? events remained from the combined
1996 and 1997 data on the polarised hydrogen tar-
get. The average values of the relevant kinematic vari-
ables argW) = 4.9 GeV, (0?) = 1.7 Ge\?, (—t') =
0.1 Ge\?, (x) = 0.07. HERMES results on the cross
section for exclusive)® production and spin density
In the exclusive process ep epp?, only the scat- matrix elements as well as distributions of the invari-
tered positron and the® — 7t~ decay productsare  ant mass;’ and other kinematic variables can be found
detected at HERMES, since the recoiling target pro- in Refs. [6,22,27].
ton remains outside of the spectrometer acceptance. The predominant contribution to the background
Consequently, as a first step, only events were selectedfrom nonexclusive processes is combinatorial hadro-
with exactly three tracks — a positron and two op- nic background from deep-inelastic scattering events.
positely charged hadrons. The tracks are required toIn the region of the exclusive peak (shaded area
be within the nominal spectrometer acceptance and toin Fig. 2), it is not separable on an event-by-event
originate from a common vertex in the target region. basis. It is subtracted using a Monte Carlo simulation
To ensure that the trigger efficiency is close to unity, based on the LEPTO [23] generator and the LUND
a minimum energy of the scattered positron above the fragmentation model [24]. The Monte Carlo events are

calorimeter threshold of the trigger is required.

The p° candidates are selected within the range
0.62 < M, < 0.92 GeV of the reconstructed invari-
ant mass of the hadron pair. The requirement <
0.4 Ge\? suppresses nondiffractive processes, which
fall off more slowly with —¢’ than diffractivep® pro-

subject to thep® event selection criteria yielding the
AE distribution shown by the histogram in Fig. 2; it
is normalised to the data in the regisv > 3 GeV.

The contamination in th@® data sample within the
signal region|AE| < 0.6 GeV is typically less than
10%. For the asymmetry analysis, the background was

duction. Exclusive events appear as a peak near zero insubtracted separately for each spin state and kinematic

the excitation energy distribution shown in Fig. 2; the bin, accounting for the asymmetry contribution from

shaded arep\ E| < 0.6 GeV indicates the events used DIS background. The statistical uncertainty in this

for analysis. FOrAE > 2 GeV the spectrum is dom-  background correction is propagated into the statistical

inated by background from nonexclusive processes uncertainty of the measured asymmetry.

where, for example, energy is absorbed by the tar- Anadditional contribution to the nonexclusive back-
ground arises from double-dissociative diffractip
production. This process is similar to the exclusive

.é?oo 3 ' process of interest, except that the proton target is dis-
& E sociated. Based on previous measurements [25], the
600 3 ' . DATA contribution of this background was estimated [6] to

500 - | DIS mMC be less than 6 2% within the stringenfAE| <

a00F 0.6 GeV requirement.

300 ¢ Background from exclusive processes includes the

2005_ contributions of nonresonant pion pair production

: and of the decaw(783 — =7~ (branching ratio

100p - 2.2%). These two processes contribute less than 1%

0 =0 "2 "2 6 8 10 12 to thg si_gnal regiqn; fc_)r _the present analysis bpth
AE (GeV) contributions remain within the data sample. Mis-

reconstructegp meson decaye® — KK~ appear at
M, below 0.6 GeV, and are excluded by the invariant
mass requirement.

In lepton—nucleon scattering, with both target and
beam longitudinally polarised, the experimentally ac-

Fig. 2. Distribution in the excitation energyE for the decay chan-

nel o0 — 7+, after all other event selection criteria were ap-
plied. The histogram is a Monte Carlo simulation of combinatorial
background from deep-inelastic scattering (DIS). The shaded area
indicates the events that were used for the analysis.



306 HERMES Collaboration / Physics Letters B 513 (2001) 301-310

cessible lepton—nucleon cross section asymmafry  The effective polarisatiorD of the virtual photon is
is defined in terms of~ ando -, the cross sections ~ 9given by

for parallel and anti-parallel orientation of the target 02
polarisation with respect to the direction of the beam ,, _1-1—=ye .~ 1-y— 2= ’
polarisation: 1+e€R 1—y+ v; + 4Q_EZ2
pid 3 273 2,2 (4)
Ap= oﬁ — oﬁ _ N%Lﬁ — N%Lﬁ ) 1) with € = I'; /I'r the ratio of fluxes an® = o7, /o the
o0“+0” N<Lp+N~Lj ratio of the reaction cross sections for longitudinal and

transverse photons. The kinematic facjon Eq. (3)
It is determined from the number of eveNs <) per is given byn = 2e/02/{(M + 2E)[1— (1 — y)el}.
beam and target spin configuration, weighted with the  In exclusive p® production, the ratioR can be
relative luminosities of each spin configuratibr =) !”ne;\sured viathe angular dist.ribgti(t))ns Ofﬁﬁ)ﬂj?cay;
2@ 2@ 2@ it shows a strong increase witi“, becoming larger
andL, ™. Here,.L,""" = (L - |pg - prl)~') s the than unity! at ng> 3 Ge\2. Fr?m a fit to HEgRMgS

relative luminosity weighted with the product of beam data [27], a parameterisation &fin the form

and target polarisation. For the HERMES pure hydro-
gen gas target, no dilution from other material exists. 29
o . : : 2\ _

The statistical uncertainty of is determined by the ~ R(Q) = CO(W)[W] )
event statistics; the small statistical uncertainties of the P
luminosity and the polarisation measurements are in- with parametersg = 0.32 andc¢; = 0.66 was ob-
cluded in the systematic uncertainty. tained. This parameterisation yields for the present ex-

The spin dependence of the photon—nucleon in- clusive p° data sample an average valuef= 0.4
teraction is characterised by two asymmetries of the at an average value a8 = 0.62. From the value of
interaction cross section for virtual photons: (i) the R follows that the contributions of longitudinal and
asymmetryA; for a transverse photon with well de- transverse photons te° production at HERMES are
fined helicity interacting with a longitudinally po- aboutequally important; however, as longitudinal pho-

larised target nucleon and (i) the asymmetty, tons have zero helicity, the asymmetty discussed
which arises from the interference between transverse here can arise only from transverse photons.
and longitudinal photons. Specifically, In inclusive deep-inelastic scattering, the asymme-
try A> was measured using a transversely polarised
_ 912 —03/2 __or target to be positive but close to zero [28,29]. In con-
Ar=—"—"7 and Ap=———. 2 5 e : pi :
01/2 + 03/2 01/2 + 03/2 trast, inp” production information about’, is avail-

d d he virtual-oh , able through the measurement of angular distributions
Hereos 2 andoy/2 denote the virtual-photon interac- ¢ e gecay pions. FoW > 3 GeV, the interference

tion cross sections, with/2 and ¥2 the projectionof . 1< sections; - is maximal, since the phase dif-
the total spin of the photon—nucleon system z_;tlong the ference between amplitudes foP production from
photon momentum, anel.7 = /o, -or iSthe inter-  y5nqyerse and longitudinal photons was measured to
ference cross section between longitudinal and trans- be small [27]. The contribution oA% to A” is then
verse photons. The definitions df and A, are for- . o 2 5 I
mally independent of the physics process that the vir- 9V€n by the positivity limitA; =/ R(Q?). Itis sup-

tual photon undergoes. Note that in inclusive DAS, pressed by the small kinematic factgr V_Vh'COh has
and Az can be interpreted in terms of the polarised 20 average valugy) = 0.06 for the exclusive™ data
structure functiong; andgo. sample. o _

The measured asymmetry, is related to the The photon-nucleon asymmetty in a given kine-
photon—nucleon interaction asymmetrids and A matic bin is obtained from the experimental lepton—
by

1 For comparison, the ratiR in inclusive DIS has a flat
Ay=D-(A1+1nA2). 3) distribution and varies between 0.2 and 0.4 [26,28].
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nucleon asymmetry!ﬁ’ using Eq. (3): A"l’ was found according to Eq. (6)

Ap <Ai}) == 024Z|: 0.113ta[2l: 0.0ZSyst, (8)
A} = o5~ (VR(@D)). (6) -

(D) where a contributiorinv/R ) = 0.053 by the asymme-

P
where(D) and (7/R(02)) are the average values for Y A2 wWas subtracted. _ _
all events in the bin Fig. 3 shows the dependencefdj on the kinematic

o : i 2
The stability of the observed asymmetry was stud- VariablesQs, W, x, —', and the angle¢ ando. Error

ied by varying the event selection requirements and bars denote the statistical uncertainties and the dark
comparing alternative methods of background subtrac- Pand at the bottom of the plots indicates the systematic
tion [30]. These systematic studies were performed uncertainty. Within the statistical uncertainty of the
for both the experimental asymmetA)ﬁ and for the measurement, no significant dependence on any of the

photon—nucleon asymmetaﬁ. No significant depen- kln_ematlc variables or angles can be seen in emﬁer
dence on the event selection criteria was observed dur-OF in A7 _

ing variation of requirements on vertex geometry, par-  The presentresult fo/ is compared to the already
ticle identification and event kinematics. Using the Mentioned theoretical prediction [16], which is based
DIS Monte Carlo simulation, a contribution of DIS ©n the description of diffractive exclusiye leptopro-
background to the asymmemyﬁ of 0.003 was found,  ductionand inclusive deep-inelastic scattering by the
and taken as an upper limit on the associated system-
atic uncertainty. Two alternative techniques of back- U F
ground subtraction produced similar results: one based < < I
on events at high values eft’ where the nonexclu-
sive background dominates the data [22], and another
using an empirical fit to the elastic peak in theF * \
distribution. The quoted asymmetries and the bincen-

ters have not been corrected for the limited acceptance . . . [ . , ,
of the spectrometer fop® production; resolution ef- o 1
fects and bin-to-bin smearing can be neglected due to 1 1
the large bin size in the present analysis. A compari- < |
son of the 1996 and 1997 data sets with opposite beam I

helicities yielded consistent results, excluding possi- 5[ 0.5
ble contributions from single-spin asymmetries. The { \ i \ \
contribution of electroweak radiative processes to the -
measured asymmetry is expected to be negligible [31]. or or
The uncertainties in the beam and target polarisation 0 005 01 015 0 0.1 02 03
measurements cause % fractional systematic un- 1 1
certainty in the asymmetries.

Evidence for a positive double-spin asymmetry has
been observed in the lepton—nucleon cross section o5

for exclusivep® production on the longitudinally po- \ I

larised hydrogen target. Averaged over the kinematic ‘ I

acceptance, the measured asymmetry has a value of or or

(Aﬁ?) — Ollgi 0-0455tat:i: 00085yst7 (7) -1 -0.5 0 0.5 q>/7: 0 0.25 05 0.75 @/7:
where the systematic uncertainty is dominated by the Fig. 3. Photon—nucleon asymmet#f in exclusivep® production
contributions from the beam and target polarisation yersus 92, w x, —#, @, and 6. Error bars and error bands

measurements. Using the average depolarisation factordenote the statistical and experimental systematic uncertainties,
(D) = 0.40, the average photon—nucleon asymmetry respectively.

1 1

0.5 0.5

< <t
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GVMD. At x < 0.2, this model can relate the asymme-
try for exclusivep® productionA‘l’ to the asymmetry

A{*” for inclusive DIS at the same value of Assum-
ing anapproximate validity of SCHC, spin asymme-
tries were written as the ratio of helicity-conserving
amplitudes of unnatura{—1)“*! to natural (—1)*
parity exchange in the-channel. A nonzero asymme-

try indicates a contribution of exchange processes with

unnatural parity to thenterference responsible for the

asymmetry. This contribution may be large enough to

yield an asymmetry while remaining negligible in the
incoherent sum of squared amplitudes for the cross

section that was observed to be dominated by natural

parity exchange in measurements of angular distribu-
tions in p° production and decay [27]. Such an unnat-
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The ratioA‘l’/A{*” also has another interpretation
if certain assumptions are made. The two processes
are schematically shown in Fig. 4. As already men-
tioned, only transverse photons can contribute to the
double-spin asymmetrieﬁsf andA{*p. For transverse
photons both asymmetries can be expressed in terms
of s-channel helicity amplitudes as

AP L2 =1 12
AR
Y'p _ Imf-H— — Imf—i:lj 9)
Yoomg e imy

Here, f"“" are the heI|C|ty conservingy(= o/, i =
i) amplltudes withi, i’ = +1/2 the helicity of the

ural parity exchange is consistent with an exchange of incident and scattered nucleans= 0, +1 the helicity

diquark objects as they can have both natural and un-of the incident photon, and’

0, =1 the helicity of

natural parity. Quark exchange has been shown to bethe outgoing photon op® meson. Here it is assumed

the predominant contribution in exclusiy® produc-
tion by longitudinal photons at HERMES energies [6];

that the above helicity amplitudes faf production
and inclusive reactions differ only by a common factor,

the present result suggests that diquark exchange mayand that the contributions of helicity-flip amplitudes

also contribute t@° production from transverse pho-
tons.

In Ref. [16], numerical predictions for the ratio
A‘l’/A{*p were made for lepton beam energies of 15
and 50 GeV. From these predictions, a raiig)/A{*‘"
of about 2 can be interpolated for the HERMES
beam energy of 27.56 GeV, i.e., &V) = 4.9 GeV.
With a value ofA{*‘"(x = 0.07) = 0.13, obtained
from a parameterisation of the inclusive asymmetry
measured at HERMES [32], a rauq/AV P=19+
0.8 is inferred from the data, where the uncertainty

is determined from the statistical uncertainty 4f.
This result is consistent with the above theoretical

prediction that was made a quarter of a century before

the data became available.

) b)
voo0 p v =0 oy
q q q n q

, < o
1% % % ' p

Fig. 4. Schematic graphs for exclusiye® production (a) and
inclusive lepton—nucleon scattering (b).

(e #a’,i #i’) are small and can be neglected. For the
asymmetry in the cross section fo? production, the
amplitudes have to be squared, while the expression
for the asymmetry in the inclusive reaction is based
on the optical theorem. Assuming that," and
are primarily imaginary, as is the case for exclusive
reactions at smallr, the ratio A?/AY 7 can be
approximated as

AT 2
AP 14 A2
which is about 2 since the inclusive asymmetry at low
x is of order O1.

In models based on perturbative QCD [9], dif-
fractive p° production by longitudinal photons is de-
scribed by three distinct components: a distribution
amplitude for the meson, a hard scattering amplitude
for the exchange of quarks and gluons, and a nonper-
turbative description of the target nucleon by skewed
parton distributions (SPD’s) allowing a sensitivity of
the diffractive process to the internal (spin) structure
of the nucleon. A general proof of the factorisation
theorem in diffractive meson production, an important
prerequisite for the definition of SPD’s, exists only
for longitudinal photons, and does not apply to the
production of mesons frommansverse photons [9,34].

(10)



HERMES Collaboration / Physics Letters B 513 (2001) 301-310 309
As an important consequence, a clear interpretation of tauschdienst (DAAD); the Italian Istituto Nazionale di
the asymmetry4‘1’ within the framework of perturba-  Fisica Nucleare (INFN); Monbusho International Sci-
tive QCD and skewed parton distributions presently entific Research Program, JSPS, and Toray Science
does not exist and would require substantial theoret- Foundation of Japan; the Dutch Foundation for Funda-
ical progress. menteel Onderzoek der Materie (FOM); the U.K. Par-
The present result indicating a nonzero double-spin ticle Physics and Astronomy Research Council; and
asymmetry is in contrast to the preliminary result of a the U.S. Department of Energy and National Science
similar measurement by the SMC collaboration [33] at Foundation.

comparable values a2 but at three times highe¥,
i.e., at smaller. Their measurement oﬁl’ in several

bins in Q2 is consistent with zero, with a better

statistical precision than the present measurement.

In the context of Ref. [16] theimﬂ’ is expected to
be smaller since the asymmetries in inclusive deep-

inelastic scattering decrease at the smaller values of

x probed by the SMC measurement. Alternatively,
at SMC the diffractive process is believed to be

dominated by Pomeron or gluon exchange, whereas

at the lower HERMES energy, there are indications
that p° production is dominated by Reggeon or quark
exchange [6,10]; the different asymmetry results of
SMC and HERMES might well reflect the different
production mechanisms in the two kinematic regimes.
In summary, evidence for a nonzero longitudinal
double-spin asymmetry in the cross section for ex-
clusive p° production in lepton—nucleon scattering
has been observed. The value measuredA@) =
0.24 £ 0.11gat + 0.025ys; at (W) = 4.9 GeV and
(0?) = 1.7 Ge\2. No significant dependence on any
kinematic variable was observed. A raﬂq/A{*p =
1.9+ 0.8 of the asymmetry ip° production to that in
inclusive lepton—nucleon scattering was obtained. This
result is consistent with an early prediction based on
the generalised vector meson dominance model [35].
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