
*H
EP
-E
X/
06
∣2
05
9*

 DESY 06-227
ar

X
iv

:h
ep

-e
x/

06
12

05
9v

1 
  2

2 
D

ec
 2

00
6

Beam-Spin Asymmetries in the Azimuthal Distribution of Pion Ele
troprodu
tionA. Airapetian,16 Z. Akopov,27 M. Amarian,7, 27 A. Andrus,15 E.C. As
henauer,7 W. Augustyniak,26 H. Avakian�,11R. Avakian,27 A. Avetissian,27 E. Avetisyan,11, 27 A. Ba

hetta,6 P. Bailey,15 S. Belostotski,19 N. Bian
hi,11H.P. Blok,18, 25 H. B�ott
her,7 A. Borissov,14 A. Borysenko,11 A. Br�ull�, V. Bryzgalov,20 M. Capiluppi,10G.P. Capitani,11 G. Ciullo,10 M. Contalbrigo,10 P.F. Dalpiaz,10 W. De
onin
k,16 R. De Leo,2 M. Demey,18L. De Nardo,6, 23 E. De San
tis,11 E. Devitsin,17 M. Diefenthaler,9 P. Di Nezza,11 J. Dres
hler,18 M. D�uren,13M. Ehrenfried,9 A. Elalaoui-Moulay,1 G. Elbakian,27 F. Ellinghaus,5 U. Els
henbroi
h,12 R. Fabbri,18 A. Fantoni,11L. Felawka,23 S. Frullani,22 A. Funel,11 G. Gapienko,20 V. Gapienko,20 F. Garibaldi,22 K. Garrow,23G. Gavrilov,6, 19, 23 V. Gharibyan,27 F. Giordano,10 O. Grebeniouk,19 I.M. Gregor,7 H. Guler,7 C. Hadjidakis,11K. Ha�di,1 M. Hartig,13 D. Has
h,11 T. Hasegawa,24 W.H.A. Hesselink,18, 25 A. Hillenbrand,9 M. Hoek,13Y. Holler,6 B. Hommez,12 I. Hristova,7 G. Iarygin,8 A. Ivanilov,20 A. Izotov,19 H.E. Ja
kson,1 A. Jgoun,19R. Kaiser,14 T. Keri,13 E. Kinney,5 A. Kisselev,5, 19 T. Kobayashi,24 M. Kopytin,7 V. Korotkov,20 V. Kozlov,17B. Krauss,9 P. Krav
henko,19 V.G. Krivokhijine,8 L. Lagamba,2 L. Lapik�as,18 P. Lenisa,10 P. Liebing,7L.A. Linden-Levy,15 W. Lorenzon,16 J. Lu,23 S. Lu,13 B.-Q. Ma,3 B. Maiheu,12 N.C.R. Makins,15 Y. Mao,3B. Marianski,26 H. Marukyan,27 F. Masoli,10 V. Mexner,18 N. Meyners,6 T. Mi
hler,9 O. Mikloukho,19C.A. Miller,23 Y. Miya
hi,24 V. Mu

ifora,11 M. Murray,14 A. Nagaitsev,8 E. Nappi,2 Y. Naryshkin,19M. Negodaev,7 W.-D. Nowak,7 K. Oganessyan,6, 11 H. Ohsuga,24 A. Osborne,14 R. Perez-Benito,13 N. Pi
kert,9M. Raithel,9 D. Reggiani,9 P.E. Reimer,1 A. Reis
hl,18 A.R. Reolon,11 C. Riedl,9 K. Rith,9 G. Rosner,14A. Rostomyan,6 L. Ruba
ek,13 J. Rubin,15 D. Ry
kbos
h,12 Y. Salomatin,20 I. Sanjiev,1, 19 I. Savin,8A. S
h�afer,21 G. S
hnell,12 K.P. S
h�uler,6 J. Seele,5 R. Seidl,9 B. Seitz,13 C. Shearer,14 T.-A. Shibata,24V. Shutov,8 K. Sinram,6 M. Stan
ari,10 M. Statera,10 E. Ste�ens,9 J.J.M. Steijger,18 H. Stenzel,13 J. Stewart,7F. Stinzing,9 J. Streit,13 P. Tait,9 H. Tanaka,24 S. Taroian,27 B. T
huiko,20 A. Terkulov,17 A. Trz
inski,26M. Tytgat,12 A. Vandenbrou
ke,12 P.B. van der Nat,18 G. van der Steenhoven,18 Y. van Haarlem,12V. Vikhrov,19 C. Vogel,9 S. Wang,3 Y. Ye,4 Z. Ye,6 S. Yen,23 B. Zihlmann,12 and P. Zupranski26(The HERMES Collaboration)1Physi
s Division, Argonne National Laboratory, Argonne, Illinois 60439-4843, USA2Istituto Nazionale di Fisi
a Nu
leare, Sezione di Bari, 70124 Bari, Italy3S
hool of Physi
s, Peking University, Beijing 100871, China4Department of Modern Physi
s, University of S
ien
e and Te
hnology of China, Hefei, Anhui 230026, China5Nu
lear Physi
s Laboratory, University of Colorado, Boulder, Colorado 80309-0390, USA6DESY, 22603 Hamburg, Germany7DESY, 15738 Zeuthen, Germany8Joint Institute for Nu
lear Resear
h, 141980 Dubna, Russia9Physikalis
hes Institut, Universit�at Erlangen-N�urnberg, 91058 Erlangen, Germany10Istituto Nazionale di Fisi
a Nu
leare, Sezione di Ferrara andDipartimento di Fisi
a, Universit�a di Ferrara, 44100 Ferrara, Italy11Istituto Nazionale di Fisi
a Nu
leare, Laboratori Nazionali di Fras
ati, 00044 Fras
ati, Italy12Department of Subatomi
 and Radiation Physi
s, University of Gent, 9000 Gent, Belgium13Physikalis
hes Institut, Universit�at Gie�en, 35392 Gie�en, Germany14Department of Physi
s and Astronomy, University of Glasgow, Glasgow G12 8QQ, United Kingdom15Department of Physi
s, University of Illinois, Urbana, Illinois 61801-3080, USA16Randall Laboratory of Physi
s, University of Mi
higan, Ann Arbor, Mi
higan 48109-1040, USA17Lebedev Physi
al Institute, 117924 Mos
ow, Russia18Nationaal Instituut voor Kernfysi
a en Hoge-Energiefysi
a (NIKHEF), 1009 DB Amsterdam, The Netherlands19Petersburg Nu
lear Physi
s Institute, St. Petersburg, Gat
hina, 188350 Russia20Institute for High Energy Physi
s, Protvino, Mos
ow region, 142281 Russia21Institut f�ur Theoretis
he Physik, Universit�at Regensburg, 93040 Regensburg, Germany22Istituto Nazionale di Fisi
a Nu
leare, Sezione Roma 1, Gruppo Sanit�aand Physi
s Laboratory, Istituto Superiore di Sanit�a, 00161 Roma, Italy23TRIUMF, Van
ouver, British Columbia V6T 2A3, Canada24Department of Physi
s, Tokyo Institute of Te
hnology, Tokyo 152, Japan25Department of Physi
s and Astronomy, Vrije Universiteit, 1081 HV Amsterdam, The Netherlands26Andrzej Soltan Institute for Nu
lear Studies, 00-689 Warsaw, Poland27Yerevan Physi
s Institute, 375036 Yerevan, Armenia(Dated: De
ember 22, 2006)A measurement of the beam-spin asymmetry in the azimuthal distribution of pions produ
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2ing the HERMES spe
trometer with a hydrogen gas target and the longitudinally polarized 27.6 GeVpositron beam of HERA. The sinusoidal amplitude of the dependen
e of the asymmetry on the an-gle � of the hadron produ
tion plane around the virtual photon dire
tion relative to the leptons
attering plane was measured for �+; �� and �0 mesons. The dependen
e of this amplitude on theBjorken s
aling variable and on the pion fra
tional energy and transverse momentum is presented.The results are 
ompared to theoreti
al model 
al
ulations.PACS numbers: 13.60.-r; 13.87.Fh; 13.88.+e; 14.20.Dh; 24.85.+pSingle-spin asymmetries (SSA) in semi-in
lusive deep-inelasti
 s
attering (SIDIS) are known as a powerful toolto probe the partoni
 stru
ture of the nu
leon. If the or-bital motion of the quarks is negle
ted, the stru
ture ofnu
leon 
an be des
ribed in the leading twist by 3 par-ton distribution fun
tions (PDF) de�ning the momen-tum f1, heli
ity g1, and transversity h1 distributions.The observation of di�erent azimuthal asymmetries and,in parti
ular SSAs were an indi
ation of a more 
om-plex inner stru
ture of the nu
leon. Those e�e
ts werere
ognized to be due to 
orrelations of spin and trans-verse momentum of quarks and/or hadrons and appearas moments of the azimuthal angle between s
atteringand produ
tion planes. The sin� azimuthal moments
ontain 
ontributions from di�erent 
hiral-odd and/orna��ve time-reversal-odd (T-odd) distribution and frag-mentation fun
tions, arising from interferen
e of wavefun
tions for di�erent orbital angular momentum statesand �nal state intera
tions [1, 2, 3, 4, 5, 6, 7, 8, 9, 10℄.Experimentally 
orrelations between spin and transversemomentum either in the initial target nu
leon (e.g. theSivers me
hanism [11℄) or in the fragmentation pro
ess(e.g. the Collins me
hanism [12℄) result in an asymmetryof the distribution of hadrons around the virtual pho-ton dire
tion. Asymmetries are attra
tive observablesas they are expe
ted to be less sensitive to a number ofhigher order 
orre
tions than 
ross se
tions measured inSIDIS [13℄. SSAs in produ
tion of pseudos
alar mesonswere studied with both longitudinally [14, 15, 16℄ andtransversely [17, 18℄ polarized targets. Re
ently, SSAshave been observed also in SIDIS with longitudinal po-larized beams and unpolarized targets (in the followingrefered to as beam SSAs) [14, 19℄.Under the assumption of fa
torization [20, 21℄, the gen-eral expression for the SIDIS 
ross se
tion � 
an be givenas 
onvolutions of distribution fun
tions fH!q (DF), el-ementary hard s
attering 
ross se
tion �eq!eq , and frag-mentation fun
tions Dq!h (FF),�eH!ehX = fH!q 
 �eq!eq 
Dq!h: (1)In the parti
ular 
ase of a longitudinally polarized beam(L) and an unpolarized target (U), and in the limit ofmassless quarks, the di�erential polarized 
ross se
tion�Present address: Thomas Je�erson National A

elerator Fa
ility,Newport News, Virginia 23606, USA
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FIG. 1: De�nition of kinemati
 planes for semi-in
lusive deep-inelasti
 s
attering.�LU 
an be written as a sum of 
onvolutions of twist-2and twist-3 fun
tions [22, 23℄d5�LUdxdydzd�dP 2h? / �e sin� yp1� yMQ �Z d2pT d2kT Æ(2)�pT � Ph?z � kT�� P̂h? � pTM �MhMz h?1 E + x g?D1��P̂h? � kTMh �MhMz f1G? + x eH?1 ��: (2)In Eq. 2, �e is the lepton heli
ity, M and Mh are thenu
leon and hadron masses, �Q2 is the 4-momentumtransfer squared, Ph? is the transverse momentum of thedete
ted hadron with P̂h? = Ph?=jPh?j, pT (kT ) is theintrinsi
 quark transverse momentum in the generi
 dis-tribution fun
tion f (fragmentation fun
tion D), E(E0)and Eh are the energies of the in
oming(s
attered) leptonand the hadron produ
ed, � is the energy of the virtualphoton and the azimuthal angle � is de�ned as the an-gle between the lepton-s
attering and hadron-produ
tionplanes a

ording to the Trento 
onvention [24℄. See Fig. 1for the de�nition of the kinemati
 planes, where k (k0)is the four-momentum of the in
oming (s
attered) leptonand q that of the virtual photon. In Eq. 2, a 
harge-weighted sum over quark and antiquark 
avours is im-pli
it. The quantities f1 and D1 are the twist-2 DF andFF, whi
h appear in the unpolarized 
ross-se
tion whenintegrated over �d3�UUdxdydz / (1� y + y2=2)f1(x)D1(z): (3)



3In Eq. 2, e is a 
hiral-odd twist-3 unpolarized DF [25℄that 
an be related to the pion-nu
leon �-term, whi
h inits turn is related to the strangeness 
ontent of the nu-
leon [26℄. The T-odd DF e is 
onvolved with the twist-2Collins FF H?1 , whi
h also appears in longitudinal andtransverse target-spin asymmetries [17℄. Another 
ontri-bution is given by the twist-2 DF h?1 (Boer-Mulders DF[8℄), whi
h is interpreted as representing the 
orrelationbetween the transverse spin and intrinsi
 transverse mo-mentum of a quark in an unpolarized nu
leon. Here itis 
onvolved with the twist-3 
hiral-odd FF E [27, 28℄.The remaining terms 
ontain the twist-3 DF g? and FFG? 
onvolved with the unpolarized FF and DF, respe
-tively. The DF g? 
an be dire
tly a

essed through ameasurement of the beam-spin asymmetry in jet produ
-tion [22, 29℄. Sin
e the beam SSA has no leading-twist
ontribution (
f. Eq. 2) it is expe
ted to be a

essibleonly at moderate values of Q2.In this paper we present a measurement of the beamSSA for 
harged and neutral pions produ
ed in SIDIS atHERMES during the years 1996-2000. The results pre-sented super
ede a previous HERMES measurement ofthe beam SSA for �+ [14℄ by almost doubling the statis-ti
s, whi
h allowed the extra
tion of the kinemati
 de-penden
es of the beam SSA on z, x and Ph? and the ad-dition of a measurement for �� and �0 mesons. The ex-periment used the polarized positron beam of the HERAa

elerator and a hydrogen gas target. Positrons with anenergy of 27:6 GeV were s
attered o� hydrogen nu
lei inan atomi
 gas target [30℄. The beam was polarized in thetransverse dire
tion due to the Sokolov-Ternov e�e
t [31℄.Longitudinal orientation of the beam spin was obtainedby using a pair of spin rotators lo
ated before and behindthe intera
tion region of HERMES. The beam heli
itywas 
ipped every few months. The beam polarizationwas measured by two independent HERA polarimeters[32℄ and had an average value of 0:53 with a fra
tionalsystemati
 un
ertainty of 2:9%. The target mode waseither unpolarized or longitudinally polarized with a fast(90 s) heli
ity 
ip. The resulting target polarization inthe analyzed sample was �1:3 � 10�4, whi
h is 
onsistentwith zero and was safely ignored in the analysis. Thes
attered positrons and asso
iated hadrons were dete
tedby the HERMES spe
trometer [33℄. Positrons were dis-tinguished from hadrons by the use of a set of parti
leidenti�
ation dete
tors: a transition-radiation dete
tor, apreshower radiator/hodos
ope, a threshold �Cerenkov de-te
tor (upgraded to a RICH dete
tor [34℄ in 1998) and anele
tromagneti
 
alorimeter [35℄. The average positronidenti�
ation eÆ
ien
y ex
eeded 98% with a hadron 
on-tamination in the positron sample below 1%. Severalkinemati
 requirements were imposed on the s
atteredpositron, namely 1 < Q2 < 15 GeV2, 0:023 < x < 0:4,W 2 > 4 GeV2, y < 0:85.For identi�
ation of 
harged pions the �Cerenkov andRICH dete
tors were used during the 
orresponding datataking periods. To assure reliable identi�
ation of pionsin both dete
tors the momentum range of 4:5 < P < 13:5
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FIG. 2: Beam SSA as a fun
tion of � for �+ ele
troprodu
tionat mid-z range. The solid 
urve represents a sin� �t, and thedashed one in
ludes also the sin 2� harmoni
. Only statisti
alerrors are shown.GeV was 
hosen.Neutral pions were identi�ed requiring two neutral
lusters in the ele
tromagneti
 
alorimeter with energiesabove a threshold of 1 GeV. A peak around the �0 massof 0:135 GeV with a resolution of about 0:012 GeV was
learly observed in the invariant mass M

 distributionof all photon pairs. Neutral pions were sele
ted requiring0:11 < M

 < 0:16 GeV. By �tting the M

 distribu-tion with a Gaussian plus a polynomial of third order,the 
ombinatorial ba
kground was estimated to be upto 35% in the lower-z region and negligible (< 5%) forz > 0:5. A momentum 
ut of P > 2 GeV was used toredu
e the low-energeti
 
ombinatorial ba
kground. Thespatial granularity of the ele
tromagneti
 
alorimeter im-poses an upper limit of about P < 15 GeV on the �0momenta.The dependen
e of the 
ross-se
tion asymmetry on theazimuthal angle � was extra
ted asALU (�) = 1jPB j !N (�)�  N (�)!N (�)+  N (�) ; (4)where jPB j is the average absolute luminosity-weightedbeam polarization, ! ( ) denotes positive (negative)heli
ity of the beam and !N ( N) is the number of sele
tedevents with a dete
ted pion for ea
h beam spin state nor-malized to DIS. The 
ross-se
tion asymmetry dependen
eon � for �+ mesons is shown in Fig. 2 at mid-z rangewith mean kinemati
 values (0:5 < z < 0:8): hzi = 0:62,hxi = 0:10, hQ2i = 2:55 GeV2, and hPh?i = 0:45 GeV.Fourier amplitudes were extra
ted with �ts using thefun
tions p1 �sin� and p1 �sin�+p2 �sin 2�, also shown inthe �gure. For both �ts the resulting asymmetry ampli-tude Asin�LU equals 0:020� 0:005. The amplitude Asin 2�LUis 
ompatible with zero.



4The amplitudes Asin �LU for all pions are shown in Fig. 3and Table I as a fun
tion of z, x, and Ph?. Three regionsin z are 
onsidered: the low-z (0:2 < z < 0:5), the mid-z(0:5 < z < 0:8), and the high-z region (0:8 < z < 1). Inthe latter region the 
ontributions of ex
lusive pro
essesbe
ome sizeable. The distributions of Asin �LU in x and Ph?are extra
ted for the low- and mid-z regions separatelyand presented as open and full 
ir
les, respe
tively.The sour
es of systemati
 un
ertainties are the beampolarization measurement with an average relative un-
ertainty on the asymmetry of 5:5%, radiative pro-
esses, a

eptan
e e�e
ts, asymmetry amplitude extra
-tion method and the hadron identi�
ation eÆ
ien
y. The
ombined systemati
 un
ertainty, ex
luding the 
ontribu-tion from the beam polarization measurement, was eval-uated by Monte Carlo studies and found to be less than0.005 in total.For the determination of the �0 asymmetries, theasymmetry of the 
ombinatorial ba
kground AbgLU wasmeasured outside the mass window of the �0 peak andfound to equal about 0:03 on average. Sin
e the 
ontri-bution from the 
ombinatorial ba
kground is negligiblein the mid- and high-z regions, a systemati
 un
ertaintydue to 
ombinatorial ba
kground subtra
tion adds to thetotal systemati
 un
ertainty in the low-z region rea
hing0:007. The measured asymmetry AmeasLU was 
orre
ted inea
h kinemati
 bin using the equationA
orrLU = AmeasLU Nmeas �AbgLUNbgNmeas �Nbg ; (5)where Nmeas and Nbg are the number of photon pairs inthe region 
onsidered in the invariant mass distributionand un
orrelated photon pairs, respe
tively.The amplitude Asin�LU for �+ mesons is found to be pos-itive on average. It is 
ompatible with zero in the low-zregion and exhibits a rise to values of about 0:02 for in-
reasing z. The x and Ph? dependen
es of the amplitudeare 
onsistent with zero in the low-z region whereas inthe mid-z region they de
rease at large x and Ph?.The amplitude Asin �LU for �� mesons is 
onsistent withzero in the whole z range, with 
u
tuations around zeroin the x and Ph? distributions.The asymmetry for �0 mesons is positive and of theorder of about 0:03 in the whole z range ex
ept in thehighest and lowest bins where the asymmetry is 
ompat-ible with zero. The dependen
e of the asymmetry ampli-tude on x is weak while for Ph? the amplitude de
reasesat higher Ph?.Semi-in
lusive pion produ
tion (ep ! e0�X) with anunderlying me
hanism of quark fragmentation is dilutedby ex
lusive ve
tor meson (VM) produ
tion whi
h 
an
ontribute signi�
antly in 
ertain kinemati
 regions atHERMES. In Fig. 4 (lower panel) the relative 
ontribu-tion of ex
lusive VM produ
tion in the semi-in
lusivepion sample is shown as obtained with the PythiaMonte-Carlo generator tuned for HERMES kinemati
s
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e of the beam SSA on z, x, and Ph?.Results for the x and Ph? dependen
es are presented sepa-rately for the low-z (0:2 < z < 0:5) and mid-z (0:5 < z < 0:8)regions, indi
ated by open and full 
ir
les, respe
tively. Forthe high-z (0:8 < z < 1, open squares) region only the z de-penden
e is pi
tured. The error bars represent the statisti
alun
ertainty. An additional 5:5% fra
tional s
ale un
ertaintyis due to the systemati
 un
ertainty in the beam polarizationmeasurement. Total systemati
 un
ertainties do not ex
eed0:005.[36℄. The VM 
ontribution in
reases with z from about4% in the lowest z-bin to approximately 40%(60%) in thehighest z-bin for the �+(��) mesons. The �0 meson sam-ple is less 
ontaminated with VM de
ay produ
ts sin
ethe ! meson produ
tion rate is very small at HERMESenergies; hen
e its 
ontribution to the �0 sample does notex
eed 5% in the kinemati
 range 
onsidered.To assess the e�e
t of the ex
lusive pro
esses, the am-plitude Asin �LU has been extra
ted for pions identi�ed asde
ay produ
ts of ex
lusive �0 mesons in the data, and
ompared with a Monte-Carlo simulation based on theVMD model and spin-density matrix elements extra
tedfrom HERMES data [37℄. The asymmetry as a fun
tionof z extra
ted for �+ from the Monte Carlo and the datais presented in Fig. 4 (upper panel). Due to the symmet-ri
 de
ay of the �0 mesons the asymmetry amplitudes of�� and �+ mesons are identi
al. The agreement between
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al a
-
ura
y is 
learly visible.The information obtained from the Monte-Carlo simu-lation was used to subtra
t the 
ontribution from ex
lu-sive VM produ
tion to the measured asymmetry ampli-tudes Asin�LU . The subtra
tion was performed similarly tothe 
ombinatorial ba
kground 
orre
tion in the �0 me-son sample (
f. Eq. 5). The 
orre
ted asymmetry eAsin�LUis presented in Fig. 5 for 
harged pions. The asymmetryis roughly 
onstant at about 0:01 for �+ and 
ompatiblewith zero for �� in the low and middle range of z andexhibits a steep rise in the highest z bins for both �+and ��. The un
ertainties from Pythia and rhoMCMonte Carlo generators are in
luded in the systemati
error band.A similar measurement [19℄ has been performed for�+ mesons by the CLAS 
ollaboration at JLab at a lowerbeam energy (4.3 GeV), higher average x (hxi ' 0:3) andlower average Q2 (hQ2i ' 1:55 GeV2). The 
omparisonof the HERMES and CLAS measurements of Asin�LU as afun
tion of z is shown for �+ in Fig. 6. No 
orre
tion forVM 
ontribution was applied. In order to a

ount for thedi�erent kinemati
 ranges of the two experiments, bothAsin�LU amplitudes are s
aled by an hQi=f(y) kinemati
prefa
tor (
f. Eq. 2 and 3), wheref(y) = yp1� y(1� y + y2=2) : (6)The f(y) s
aled asymmetries are also often referred toas virtual photon asymmetries in 
ontrast to the usual
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al models [10, 26, 27, 28, 29℄ have beendeveloped to des
ribe the beam SSA measurements. InFig. 7 the Asin�LU asymmetry amplitudes of �+ mesonsare 
ompared to two model predi
tions. The solid 
urverepresents a quark-diquark model 
al
ulation [27℄, whi
h
laims a dominant 
ontribution from the eH?1 term overthe h?1 E term (
f. Eq. 2). In 
ontrast, the dashed 
urveis a 
al
ulation using the 
hiral quark model [28℄ underthe assumption that the asymmetry arises solely fromthe h?1 E term. Both models negle
t the 
ontribution ofthe remaining terms in Eq. 2. The full 
ir
les representthe measurement of the beam SSA for �+ mesons andthe empty squares the asymmetry amplitudes eAsin�LU 
or-
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FIG. 6: Comparison of the kinemati
ally res
aled asymmetryamplitudes Asin�LU � hQi=f(hyi) for �+ between the HERMES(
ir
les) and CLAS (triangles) measurements. The full squarerepresents a previous HERMES measurement [14℄, averagedover the indi
ated large z range (0:2 < z < 0:7). The outererror bars represent the quadrati
 sum of the systemati
 un-
ertainty and the statisti
al un
ertainty (inner error bars).re
ted for the 
ontribution from the de
ay of ex
lusivelyprodu
ed VMs. Both models des
ribe the data in thelow and middle z-range equally well, while in the higherz-range, where the in
uen
e of the ex
lusive pro
essesin the data in
reases, the models diverge. In the high-z range the quark-diquark model is in better agreementwith the un
orre
ted asymmetry amplitudes while the
orre
ted asymmetry amplitudes exhibit a rise at high zthat is des
ribed better by the 
hiral quark model pre-di
tion. Sin
e the models are not reliable in the high-zrange su
h a 
omparison should be treated 
arefully, anddoesn't allow to expli
itely rule out any of the modelswith the available statisti
al a

ura
y.In [29℄ the Asin(�)LU amplitude is 
al
ulated within asimple quark-diquark model with a �nal state gluon ex-
hange without requiring the quarks to have spin. Therethe 
ontribution of the g? term is 
onsidered and the re-sulting asymmetry 
ompared to the measurements from[19℄ and preliminary HERMES data on asymmetry am-plitude dependen
e on x. In addition, a pQCD based
al
ulation predi
ting su
h asymmetries at a per millelevel [38℄ should be noted.In 
on
lusion, beam-spin asymmetry amplitudes Asin�LUhave been measured in the azimuthal distribution ofpions produ
ed in semi-in
lusive DIS. The amplitudesAsin�LU for �+ are 
onsistent with zero for low z and exhibita rise with in
reasing z, rea
hing values of about 0:02.This result is in reasonable agreement with 
al
ulationsbased on quark-diquark and 
hiral quark models, as wellas with data measured previously at di�erent kinemati
s.The 
omparison with the latter gives no experimental ev-iden
e for a strong dependen
e of the amplitudes Asin�LU
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FIG. 7: Comparison of the �+ amplitude un
orre
ted Asin�LU(full 
ir
les) and 
orre
ted eAsin�LU (open squares) for VM 
on-tribution with model predi
tions. Outer error bars representthe un
ertainties introdu
ed by VM subtra
tion. A fra
tionals
ale un
ertainty of 5:5% and a systemati
 un
ertainty of0:005 are 
ommon. The solid 
urve represents the quark-diquark model [27℄, and the dashed 
urve the 
hiral quarkmodel [28℄.on the beam energy.The results of the �rst measurement of Asin�LU for neg-ative pions are 
onsistent with zero within the availablestatisti
al a

ura
y. The asymmetry for neutral pions isroughly 
onstant and of the order of 0:03, de
reasing tozero only in the lowest and highest z regions.The variety of 
omponents in the polarized 
ross-se
tion (
.f. Eq. 2) make it diÆ
ult to disentangle themand �nd a dominant sour
e of the beam-spin asymmetry.Two theoreti
al models whi
h both des
ribe the data wellare based on opposite assumptions. Other models whi
hdo not in
lude the quark spin degrees of freedom pre-di
t sizeable asymmetries. It would be interesting toextend these studies to double-hadron produ
tion inte-grated over the transverse momentum of the hadron pairas there all terms in Eq. 2 that expli
itely require intrin-si
 transverse momentum vanish [39℄.The 
ontribution of ex
lusive VM produ
tion to theSIDIS asymmetries observed indi
ates that a proper in-vestigation of the hadron produ
tion pro
ess throughfragmentation requires a good knowledge of ex
lusive me-son produ
tion me
hanisms and 
orresponding asymme-tries. The latter have been investigated using experimen-tal data and Monte-Carlo simulations. They were usedto obtain the asymmetry amplitudes for pions produ
edin the fragmentation pro
ess in SIDIS without 
ontami-nation by ve
tor mesons.In a global analysis the beam SSA 
ombined with longi-tudinal and transverse target spin asymmetries in single-and double-hadron produ
tion, as well as jet asymme-tries, if available, will allow a more 
omplete understand-



7TABLE I: Beam SSA: z, x, and Ph? dependen
es of Asin�LU and eAsin�LU for 
harged and neutral pions. The systemati
 un
ertaintyindu
ed by VM subtra
tion is given as e���vm. An additional 5:5% s
ale un
ertainty is due to the beam polarization measurement.Other systemati
 un
ertainties do not ex
eed 0:005.hzi hxi hPh?i hQ2i Asin�;�+LU ���+stat Asin�;��LU ����stat Asin�;�0LU ���0stat eAsin�;�+LU � e��+stat � e��+vm eAsin�;��LU � e���stat � e���vm0.26 0.065 0.40 2.29 -0.009 � 0.006 -0.001 � 0.007 0.002 � 0.006 0.003 � 0.006 � 0.005 0.012 � 0.007 � 0.0050.34 0.082 0.45 2.53 0.006 � 0.005 -0.007 � 0.006 0.028 � 0.006 0.013 � 0.005 � 0.005 0.001 � 0.006 � 0.0050.44 0.092 0.46 2.55 0.004 � 0.005 -0.007 � 0.006 0.035 � 0.008 0.005 � 0.005 � 0.005 -0.007 � 0.007 � 0.0050.54 0.098 0.47 2.51 0.016 � 0.006 0.009 � 0.008 0.025 � 0.009 0.011 � 0.006 � 0.005 0.000 � 0.008 � 0.0060.64 0.104 0.47 2.47 0.026 � 0.007 0.003 � 0.009 0.028 � 0.012 0.012 � 0.008 � 0.006 -0.018 � 0.010 � 0.0080.74 0.108 0.47 2.37 0.021 � 0.009 0.011 � 0.011 0.020 � 0.015 0.000 � 0.010 � 0.008 -0.023 � 0.013 � 0.0110.84 0.117 0.46 2.27 0.024 � 0.010 0.013 � 0.014 0.019 � 0.020 0.026 � 0.013 � 0.012 0.003 � 0.019 � 0.0230.95 0.128 0.45 2.20 0.011 � 0.013 0.007 � 0.020 -0.018� 0.030 0.065 � 0.019 � 0.032 0.099 � 0.033 � 0.0690.62 0.043 0.53 1.30 0.019 � 0.010 0.016 � 0.013 0.025 � 0.018 0.002� 0.012 � 0.022 -0.007 � 0.015 � 0.0240.63 0.075 0.44 1.84 0.024 � 0.006 0.017 � 0.008 0.016 � 0.010 0.012� 0.007 � 0.016 -0.001 � 0.009 � 0.0210.62 0.137 0.42 3.19 0.020 � 0.007 -0.016 � 0.009 0.030 � 0.012 0.012� 0.008 � 0.009 -0.030 � 0.010 � 0.0130.62 0.269 0.43 6.08 -0.005� 0.015 0.018 � 0.022 0.037 � 0.03 -0.012� 0.016 � 0.007 0.009 � 0.023 � 0.0080.62 0.108 0.17 2.44 0.019 � 0.009 0.004 � 0.01 0.000� 0.015 0.001� 0.009 � 0.021 -0.025 � 0.012 � 0.0310.62 0.105 0.35 2.45 0.028 � 0.007 0.028 � 0.009 0.035� 0.012 0.013� 0.008 � 0.020 0.006 � 0.010 � 0.0300.62 0.103 0.54 2.52 0.027 � 0.008 0.012 � 0.010 0.049� 0.013 0.024� 0.009 � 0.009 0.004 � 0.012 � 0.0110.61 0.095 0.74 2.49 0.015 � 0.011 -0.030 � 0.016 0.009 � 0.018 0.015� 0.012 � 0.006 -0.036 � 0.017 � 0.0060.61 0.084 1.02 2.39 -0.009� 0.014 -0.054 � 0.020 0.005 � 0.020 -0.010� 0.014 � 0.005 -0.058 � 0.020 � 0.005ing of the nu
leon stru
ture as well as the underlyingme
hanisms of the quark fragmentation.A
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