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Abstract

A single-spin asymmetry in the distribution of exclusively produeetd mesons azimuthally around the virtual photon
direction relative to the lepton scattering plane has been measured for the first time in deep-inelastic scattering of positrons off
longitudinally polarized protons. Integrated over the experimental acceptance, gnmsiment of the polarization asymmetry
of the cross section is measured to-b@.18 + 0.05(stat) &+ 0.02(syst). The asymmetry is also studied as a function of the
relevant kinematic variables, and its magnitude is found to grow with decreasind increasing-+ and vanish at — fipin
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(wherex is the Bjorken scaling variable andis the squared four-momentum transferred to the nuclenr002 Elsevier
Science B.V. All rights reserved.

PACS: 13.60.-r; 13.60.Le; 13.85.Fb; 13.88.+e

The interest in hard exclusive processes has grown In the case of electroproduction from a target
since a QCD factorization theorem was proved for the polarized longitudinally with respect to the lepton
hard exclusive production of mesons by longitudinal beam momentum, a small transverse compongny (
virtual photons (helicity 0) [1]. The Generalized Par- of the target polarization orthogonal to the virtual
ton Distribution functions (GPDs) [2,3] appearing in photon direction does appear, along with the dominant
this factorization scheme are of great interest becauselongitudinal component ;). The polarized cross
they can be related to parton angular momentum dis- section &) for this reaction has the form [10,11]
tribution functions that are not directly constrained or )
inaccessible through semi-inclusive or inclusive mea- os ~ [S1 oz + Sjoc7]1AY Y sing, 1)
surements [4,5]. .

While unpolarized GPDs (typically designated as where AJ)” is the sinp moment of the polarization
E and H) can be probed through exclusive vec- asymmetry. The SUbSCfiptS U and L indicate the use
tor meson production, polarized GPDs (typically des- of an unpolarized beam and longitudinally polarized
ignated asE and H) can be probed through ex- target, respectively. Eq. (1) shows that in the case of
clusive pseudoscalar meson production without the @ longitudinally polarized target an additional term
need for a polarized target or beam. However, only appears which contains the interference of longitu-
a quadratic combination of GPDs appears in the un- dinal (£) and transverseZ() virtual photon ampli-
polarized cross section for exclusive meson electro- tudes. Since a factorization theorem was not proved
production, and so several independent observablesyet for transverse virtual photons quantitative predic-
are needed to disentangle the various distributions [6]. tions for this term would require a calculation in next-
Additional observables can be accessed through theto-leading twist [9].
measurement of the polarized cross section. For ex- This Letter reports on the first measurement of
ample, it has been predicted [7] that for the exclusive @ single-spin asymmetry in the exclusive reaction
production ofz™ mesons from a transversely polar- et + p— T +n+ nt. The relevant kinematic
ized target by longitudinal virtual photons, the inter- Vvariables of this process in the target rest frame are
ference between the pseudoscalgy énd pseudovec-  the space-like squared four-momentusp? of the
tor (H) amplitudes leads to a large target-related €xchanged virtual photon with energy the squared
single-spin asymmetry in the distribution of the an- four-momentum: transferred to the nucleon, the
gle ¢. Here ¢ is the azimuthal angle of the pion Bjorken scaling variabler = Q2/2Mv, where M is
around the virtual photon momentum relative to the the proton mass, and the azimuthal angldescribed
lepton scattering plane. The predicted asymmetry is @bove. The sign op is given by(é™ x ez /|(e* x
of order unity. Moreover, the scaling region of this € )7 ™|.
asymmetry (Where corrections proportiona| to pow- The data were collected in 1997 using a Iongitudi-
ers of 1Q are Sma”) is reached at |oweQ2 of nally polarized hydrogen gas target in the 27.6 GeV
the virtual photon than for the absolute cross sec- HERA positron storage ring at DESY. While the lep-
tion [8]. It has also been shown that corrections that ton beam was usually polarized oppositely to its di-
are next-to-leading order (NLO) ia, cancel in the rection, a small data sample taken with parallel beam
transverse asymmetry [9]. No factorization theorem polarization has shown that the measured asymme-
has been proved for transverse virtual photons (he-try is independent of the lepton beam polarization.
licity +1), but their contribution to the cross sec- The average target polarization was 0.88 with a frac-

tion is predicted to be suppressed by at least a powertional uncertainty of 5% [12]. The scattered positron
of 1/0 [1]. and the produced hadron were detected by the HER-

MES spectrometer [13]. Positrons were distinguished
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from hadrons with an average efficiency of 99% and
a hadron contamination of less than 1% using the in-
formation from an electromagnetic calorimeter, a tran-
sition radiation detector, a preshower scintillator de-
tector, and a threshol@erenkov detector. The kine-

matic requirements imposed on the scattered positrons

were 02 > 1 Ge\?, 0.02 < x < 0.8 and an invari-
ant mass squared of the initial photon—nucleon system
W2 > 4 Ge\A.

The recoiling neutron was not detected, and so
exclusive production of mesons was selected by re-
quiring that the missing mas3a/(y) of the reaction
et +p— et +aT + X corresponded to the nucleon
mass. The missing mass distribution for is shown
in Fig. 1a (filled circles), for the pion momentum range
from 4.9 to 14.0 GeV. These cuts on the pion’s mo-
mentum serve only to restrict to a kinematic region
in which theCerenkov detector provides pion identi-
fication, and were not used in any other part of the
analysis. A large number of events is observed in the
missing mass region around the nucleon mass. How-
ever, from thex* missing mass distribution alone,
it is not possible to separate the exclusive channel
et + p — et + nt 4+ n from the neighboring (de-
fined as non-exclusive) channel$ + A%, 7+ + (N )
and nt 4+ (Nmw), which can be smeared into the
7T + n region due to the limited experimental reso-
lution. The histogram which is represented by a solid
line in Fig. 1ais an arbitrarily normalized Monte Carlo
simulation of the detector response to exclusive
generated according to the predictions of Refs. [14,15]
for the HERMES kinematics. It yields an experimental
My resolution for the exclusive ™ channel of about
230 MeV, which is larger than the separation from the
non-exclusive channels mentioned before. The latter
ones are also presentintht + p - et + 77+ X
process and are shown in Fig. 1la as empty circles,
while exclusiverr — production with a nucleon in the
final state is forbidden by charge conservation. As for
7T, also non-exclusiver~ events are smeared into
the exclusive region. Therefore, the non-exclusive
background was estimated from the normalized num-
ber of 7~ passing the same cuts as tht and found
in the same exclusive missing mass region.

In Fig. 1b, the difference between the” andz~
missing mass distributions is shown, after normaliz-
ing the integral of ther ™ distribution with respect
to the #* one in the range .B < My < 2.0 GeV.
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Fig. 1. (a) Missing mass distribution fart (filled circles) andr —~
(empty circles) electroproduction at HERMES. The histogram is
a Monte Carlo prediction for exclusivet production with arbitrary
normalization. (b) Difference between the™ and normalizedr ~
distributions (see text). The curve is a Gaussian fit to the data for
0.4 < Mx < 1.2 GeV. The vertical dotted line indicates the nucleon
mass. The error bars represent the statistical uncertainties.

This interval sees strong contributions from non-
exclusive background from both resonant (+ A9)
and non-resonantr(* + (Nx) and n* + (Nmw))
channels. The resulting background normalization fac-
tor is about 16, with a systematic uncertainty of
13%. The systematic uncertainty was estimated by us-
ing different normalization regions, i.e.,2l< My <
1.5 GeV and 20 < Mx < 2.5 GeV. The difference
between ther™ and 7w~ missing mass distributions
shows a clear peak centered at the nucleon mass. The
curve in Fig. 1bis a Gaussian fit to the data. The deficit
seen in the distribution @y ~ 1.2-16 GeV is due to
a difference in the relative contribution of the resonant
and non-resonant channels to the andz ~ yields.

The ¢ dependence of the polarized cross section
appears in the cross section asymmetry for exclusively
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producedr*, which is defined by

1 NeT —Nj 0.25 |
Ay LN @ =N @

ISIN @)+ N @)
Here N, represents the yield of exclusive", the su- 0 { --------- + e

(2)

perscriptt () denotes a target polarization direction
antiparallel (parallel) to the positron beam momen-
tum, ands is the degree of polarization of the target -0.25 -
protons. All the tracks identified as hadrons were as-
sumed to be pions, as the requirement that the miss-
ing mass corresponds to the nucleon mass removes all
the hadrons heavier than the pion from the data sam-
ple. An analysis requiring pion identification by the
Cerenkov detector was performed and gave similar re-
sults but with reduced statistics.

To evaluate the a;ymmetry defmed_by Eq. (2), Fig. 2. Aﬂftp for the ¢* + 7 — ¢+ + A" + X reaction as
a background correction has been applied. The total a function of missing mass. The error bars represent the statistical
number of eventsN(¢) in each bin is the sum  uncertainties.
of exclusive eventsV,(¢) and background events
Npg(¢). Eq. (2) can thus be written

Asinqb
UL

0 1 2
M, [GeV]

asymmetry is compatible with that measured for semi-
inclusiverr* production [16]. Therefore the sinmo-
1 NT@) - N @) - |S|Abg(¢)Nbg(¢), ment of the background asymmetry has been taken
151 N1 (@) + N*(¢) = Nog(¢) conservatively to be & 0.1. It is important to stress
3) that the exclusive asymmetry computed by means of
where Eq. (3) (i.e., after background correction) is indepen-
wi @) — A @) dent of the missing mass cut within the ran_gé Q
Abg(¢) = i bg bg My <15 GeV_, despite the fact that the S|g_nal—to-
S| N§Q(¢) + Ngg(qs) background ratioX./ Npg) goes from 20 to 0.8 in the
same interval. However, a missing mass cut has been
is the asymmetry of the background. As shown in gpplied to optimize the statistical accuracy. For a cut at
Eq. (3), only two parameters are needed to Cor- high missing mass the statistical error ap) given
rect for background processes: the background yield, by Eq. (3) is dominated by the statistics of the back-
Npg(p) = N§9(¢>) + Nég(¢>), and its asymmetry,  ground sample. For a cut at low missing mass it is de-
Apg(¢). As discussed earlier, the background yield in  termined by the (reduced) number of exclusive events.
each bin was estimated from the normalized number The best statistical accuracy is obtained by requiring
of 7~ events passing all the cuts appliedtt events. A7y < 1.05 GeV. For this cut, the inferred signal to
Since the background originates from the smearing background ratio is about 6 and therefore, the result
of events occurring at higher missing mass, the back- depends only weakly on any systematic uncertainty
ground asymmetry was estimated to be the asymmetry of the background yield or its asymmetry. All the re-
from the neighboring missing mass region where the sults presented in this paper were obtained by requir-
contribution of exclusiver * events is negligible. The  ing My < 1.05 GeV.
sing moment of the uncorrected asymmetr(§) in The cross section asymmetry integrated over
Ed. (3) with Npg = 0) is shown in Fig. 2 as a func- Q2 and+ is shown in Fig. 3. The average values
tion of Mx. All the other moments were found to of the kinematic variables aréx) = 0.15, (Q?) =
be compatible with zero. In the missing mass region 2.2 Ge\? and (1) = —0.46 Ge\? (with 75% of the
from 1.3t0 2.0 GeVAﬂE¢’ ranges betweer0.05 and events occurring alf| < 0.5 Ge\?). The data show
+0.05 with an average value of @9+ 0.014. This a large asymmetry in the distribution versus azimuthal

Alp) =



90

¢ [rad]

Fig. 3. Cross section asymmetA(¢) averaged ovex, 02, and
t for the reactione™ + p — ¢/t +n + 7+, The curve is the best

fit to the data byA(¢) = A" sing with A%'® = —0.18+ 0.05
at a reducedy? of 0.8. The error bars and bands represent the
statistical and systematic uncertainties, respectively.

angle¢, with a clear sip dependence. A fit to this
dependence of the form
Ag) =AY} sing (4)

yields A5 = —0.18+ 0.05+ 0.02 with a reduced
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Table 1
Results of the fit ofA(¢) (Fig. 3) to the formA(¢) = asing +
bsin2p + ccosg + d cos 2. The reduced 2 is 0.9

a b c d
—0.19+0.06 005+005 —-0.03+£005 —0.03+0.05

ton frame is given by

S, =|S|sin6,

2,2 2,2,2
= |S|\/%<1—y - . ) (5)
0%+ 4M?x 0

where#, is the virtual photon emission anglé&, is
the lepton beam energy and= v/E is the frac-
tion of the lepton’s energy carried off by the virtual
photon. The average value of $in for the present
measurement is.06. As discussed before, estimates
for the asymmetry arising from the longitudinal com-
ponent of the target polarization are not yet avail-
able. _

The dependence of;? on the individual kine-
matic variablest, 02, andt is shown in Fig. 4 and
reported in Table 2. The table shows that these three
kinematic quantities are strongly correlated by the
experimental conditions. The absolute magnitude of
the asymmetry shows a clear rise with decreasing
The values of the relative transverse target polariza-

x? of 0.8. The background correction described above tion component (sing,,)) are given in Table 2 and

and its associated uncertainty account f60.024 +
0.011 (syst.) in this value. A fit toA(¢) using

a more general functiod (¢) = asing + bsin2p +
ccosp + dcos2p yields values for, ¢, andd that
are compatible with zero, showing the dominant role
of the sing contribution. The results of this fit are
listed in Table 1. The band in Fig. 3 represents the
systematic uncertainty from background yield and
asymmetry, and from target polarization. It has been
shown by a Monte Carlo simulation [17] of exclu-
sive events that the momentum resolution of the HER-

MES spectrometer does not affect the magnitude of

shown with both signs by the two full lines in the first
panel of Fig. 4, indicating the limits for any asymme-
try arising from that component. At low the asym-
metry must arise from the longitudinal target polar-
ization component, independent of any model. No
strong Q2 dependence is observed within the statis-
tical accuracy. Finally, the asymmetry is seen to in-
crease in absolute magnitude withr and vanish in
the forward limit ¢ — 7min), Where the pion momen-
tum becomes collinear to the virtual photon momen-
tum.

In summary, a single-spin azimuthal asymmetry

the measured asymmetry over the kinematic range of has been measured for the first time in the exclu-
the measurement, and that acceptance effects cancesive electroproduction ofr* mesons from a lon-

in Eq. (2).
Current theoretical calculations [7-9] for a trans-

gitudinally polarized proton target. The measured
asymmetry is large and negative. The dependence

versely polarized target are in agreement with each of this asymmetry on the kinematic variablas
other and predict a large asymmetry. The transverse 02, and r has been investigated, and its magni-

component of the target polarization in the virtual pho-

tude is found to increase at low and at large



HERMES Collaboration / Physics Letters B 535 (2002) 85-92 91

0.4

0.2 -

Asmcp
UL
o
!
-

_0.6 L L L L L L L L
0.2 0.4 2 4 6 8 10 -1 1

X Q? [GeV?] -t [GeV?]

Fig. 4. Kinematic dependence aﬂf"’ on the variables:, 92, and for the reactione™ + p— et +n+xt. The error bars and bands
represent the statistical and systematic uncertainties, respectively. The solid lines show the upper limits for any asymmetry arising from the
transverse target polarization component.

Table 2
Af,'E¢ as a function of, 02, ands
(x) (0?) [GeV?] (sin6, ) ALY
X
0.05 1.3 0.06 —0.40+0.164+0.02
0.08 1.6 0.10 —0.24+0.104+0.02
0.16 2.6 0.16 —0.10+0.074+0.01
0.31 3.6 0.29 —0.04+0.224+0.02
0.47 5.0 0.36 25+ 0.544+0.02
02 [GeV?]
1.5 0.12 0.15 —0.20+0.074+0.02
2.4 0.17 0.17 —0.21+0.114+0.02
3.4 0.21 0.17 —0.13+0.144+0.01
5.1 0.26 0.16 —0.07+0.174+0.01
7.9 0.38 0.19 —0.13+0.514+0.01
—t [GeV2]
0.04 0.11 2.2 0.11 —0.04+0.084+0.01
0.14 0.13 2.4 0.13 —0.18+0.134+0.02
0.25 0.14 2.3 0.14 —0.31+0.154+0.02
0.39 0.16 25 0.16 —0.33+0.144+0.02
1.34 0.24 2.8 0.24 —0.20+0.124+0.02

|t|. Further, the data show that the longitudinal tar- ture HERMES measurements on a transversely polar-
get polarization component with respect to the vir- ized target [18] for which a large asymmetry is ex-
tual photon direction provides the dominant contri- pected, opens the way to experimentally disentangle
bution to the measured asymmetry at small A the asymmetry arising from the two target polariza-
next-to-leading twist calculation would thus be re- tion components. This information may provide a first
quired for a complete description of the measure- glimpse of certain unknown Generalized Parton Dis-
ment. The present data, in combination with fu- tributions.
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