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AZIMUTHAL ASYMMETRIESAND COLLINS ANALYZING POWER�A.V. Efremov,Joint Institute for Nu
lear Resear
h, Dubna, 141980 RussiaK. GoekeInstitute for Theoreti
al Physi
s II, Ruhr University Bo
hum, Germanyand P. S
hweitzerDipartimento di Fisi
a Nu
leare e Teori
a, Università di Pavia, Italy(Re
eived June 26, 2002)Spin azimuthal asymmetries in pion ele
tro-produ
tion in deep inelasti
s
attering o� longitudinally polarized protons, measured by HERMES, arewell reprodu
ed theoreti
ally with no adjustable parameters. Predi
tionsfor azimuthal asymmetries for a longitudinally polarized deuteron target aregiven. The z-dependen
e of the Collins fragmentation fun
tion is extra
ted.The �rst information on e(x) is extra
ted from CLAS ALU asymmetry.PACS numbers: 13.88.+e 1. Introdu
tionRe
ently azimuthal asymmetries have been observed in pion ele
tro-produ
tion in semi in
lusive deep-inelasti
 s
attering o� longitudinally (withrespe
t to the beam) [1, 2℄ and transversely polarized protons [3℄. Theseasymmetries 
ontain information on the T-odd �Collins� fragmentation fun
-tion H?a1 (z) and on the transversity distribution ha1(x) [4℄1. H?a1 (z) de-s
ribes the left�right asymmetry in fragmentation of transversely polar-ized quarks into a hadron [5�7℄ (the �Collins asymmetry�), and ha1(x) de-s
ribes the distribution of transversely polarized quarks in nu
leon [4℄. BothH?a1 (z) and ha1(x) are twist-2, 
hirally odd, and not known experimentally.Only re
ently experimental indi
ations to H?1 in e+e�-annihilation haveappeared [8℄, while the HERMES and SMC data [1�3℄ provide �rst experi-mental indi
ations to ha1(x).� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.1 We use the notation of Ref. [5, 6℄ with H?1 (z) normalized to hPh?i instead of Mh.(3755)
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hweitzerHere we explain the observed azimuthal asymmetries [1, 2℄ and predi
tpion and kaon asymmetries from a deuteron target for HERMES by usinginformation on H?1 from DELPHI [8℄ and the predi
tions for the transversitydistribution ha1(x) from the 
hiral quark-soliton model (�QSM) [9℄. Ouranalysis is free of any adjustable parameters. Moreover, we use the modelpredi
tion for ha1(x) to extra
t H?1 (z) from the z-dependen
e of HERMESdata. For more details and 
omplete referen
es see Ref. [10�12℄. Finally,using the new information on H?1 (z), we extra
t the twist-3 distributionea(x) from very re
ent CLAS data [13℄.2. Transversity distribution and Collins fragmentation fun
tionThe �QSM is a quantum �eld-theoreti
al relativisti
 model with ex-pli
it quark and antiquark degrees of freedom. This allows an unambiguousidenti�
ation of quark and antiquark distributions in the nu
leon, whi
h sat-isfy all general QCD requirements due to the �eld-theoreti
al nature of themodel [14℄. The results of the parameter-free 
al
ulations for unpolarizedand heli
ity distributions agree within (10�20)% with parameterizations,suggesting a similar reliability of the model predi
tion for ha1(x) [9℄.H?1 is responsible in e+e� annihilation for a spe
i�
 azimuthal asymme-try of a hadron in a jet around the axis in dire
tion of the se
ond hadron inthe opposite jet [5℄. This asymmetry was probed using the DELPHI data
olle
tion [8℄. For the leading parti
les in ea
h jet of two-jet events, averagedover quark �avors, the most reliable value of the analyzing power is givenby (6:3� 2:0)%. However, the larger �optimisti
� value is not ex
luded���� hH?1 ihD1i ���� = (12:5 � 1:4)% (1)with unestimated but presumably large systemati
 errors.3. The azimuthal asymmetryIn [1, 2℄ the 
ross se
tion for l~p ! l0�X was measured in dependen
e ofthe azimuthal angle �, i.e. the angle between lepton s
attering plane andthe plane de�ned by momentum of virtual photon q and momentum Ph ofprodu
ed pion. The twist-2 and twist-3 azimuthal asymmetries read [6℄2Asin 2�UL (x) / Xa e2ah?(1)a1L (x)hH?a=�1 i�Xa e2afa1 (x)hDa=�1 i ; (2)2 Note a sign-misprint in Eq. (115) of [6℄ for the sin �-term Eq. (3). It was 
orre
ted inEq. (2) of [15℄. The 
onventions in Eqs. (2)�(4) agree with [1,2℄: Target polarizationopposite to beam is positive, and z axis is parallel to q (in [6℄ it is anti-parallel).



Azimuthal Asymmetries and Collins Analyzing Power 3757Asin�UL(1)(x) / MQ Xa e2axhaL(x)hH?a=�1 i�Xa e2afa1 (x)hDa=�1 i ; (3)Asin�UL(2)(x) / � sin �
 Xa e2aha1(x)hH?a=�1 i�Xa e2afa1 (x)hDa=�1 i ; (4)with sin �
 � 2xp1� y(M=Q) and Asin�UL = Asin�UL(1)+Asin�UL(2). In Eqs. (2)�(4)the pure twist-3 terms are negle
ted. The results of Ref. [16℄ justify to usethis WW-type approximation in whi
h xhL = �2h?(1)1L = 2x2 R 1x d� h1(�)=�2.We assume isospin symmetry and favored fragmentation forDa1 andH?a1 ,i.e. D�1 � Du=�+1 = Dd=��1 = 2D�u=�01 et
. and D�u=�+1 = Du=��1 ' 0 et
.4. Explaining, exploiting and predi
ting HERMES asymmetriesWhen using Eq. (1) to explain HERMES data, we assume a weak s
aledependen
e of the analyzing power. We take ha1(x) from the �QSM [9℄ andfa1 (x) from Ref. [17℄, both LO-evolved to the average s
ale Q2av = 4GeV2.In Fig. 1 HERMES data for Asin�UL (x), Asin 2�UL (x) [1,2℄ are 
ompared withthe results of our analysis. We 
on
lude that the azimuthal asymmetriesobtained with ha1(x) from the �QSM [9℄ 
ombined with the �optimisti
�DELPHI result Eq. (1) for the analyzing power are 
onsistent with data.
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 xFig. 1. Azimuthal asymmetries AW (�)UL weighted by W (�) = sin�, sin 2� for pionsas fun
tion of x. Rhombus (squares) denote data for Asin �UL (Asin 2�UL ).We exploit the z-dependen
e of HERMES data for �0, �+ azimuthalasymmetries to extra
t H?1 (z)=D1(z). For that we use the �QSM predi
-tion for ha1(x), whi
h introdu
es a model dependen
e of order (10�20)%. Theresult is shown in Fig. 2. The data 
an be des
ribed by a linear �t H?1 (z) =
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hweitzer(0:33 � 0:06)zD1(z). The average hH?1 i=hD1i = (13:8 � 2:8)% is in goodagreement with DELPHI result Eq. (1) 3. The errors are the statisti
alerrors of the HERMES data.
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Fig. 2.H?1 =D1 vs z, as extra
ted fromHERMESdata for�+ and�0 produ
tion [1,2℄.The approa
h 
an be applied to predi
t azimuthal asymmetries in pionand kaon produ
tion o� a longitudinally polarized deuterium target, whi
hare under 
urrent study at HERMES. The additional assumption used isthat hH?K1 i=hDK1 i ' hH?�1 i=hD�1 i. The predi
tions are shown in Fig. 3.The �data points� estimate the expe
ted error bars. Asymmetries for �K0and K� are 
lose to zero in our approa
h.
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Fig. 3. Predi
tions for Asin�UL , Asin 2�UL from a deuteron target for HERMES. Asym-metries for �K0, K� are 
lose to zero in our approa
h.Interestingly all sin� asymmetries 
hange sign at x � 0:5 (unfortunatelythe HERMES 
ut is x < 0:4). This is due to the negative sign in Eq. (4)and the harder behaviour of h1(x) with respe
t to hL(x). This predi
tionhowever is sensitive to the favoured fragmentation approximation.3 SMC data [3℄ yield an opposite sign, hH?1 ihD1i = �(10�5)%, however, seem less reliable.



Azimuthal Asymmetries and Collins Analyzing Power 3759We learn that transversity 
ould be measured also with a longitudinallypolarized target, e.g. at COMPASS, simultaneously with �G.5. Extra
tion of e(x) from Asin�LU asymmetry at CLASVery re
ently the sin� asymmetry of �+ produ
ed by s
attering of po-larized ele
trons o� unpolarised protons was reported by CLAS 
ollabora-tion [13℄. This asymmetry is interesting sin
e it allows to a

ess the unknowntwist-3 stru
ture fun
tions ea(x) whi
h are 
onne
ted with nu
leon �-term:1Z0 dxXa ea(x) = 2�mu +md � 10 : (5)The asymmetry is given by [6℄Asin�LU (x) / MQ Xa e2aea(x)hH?a=�1 i�Xa e2afa1 (x)hDa=�1 i : (6)Disregarding unfavored fragmentation and using the Collins analysing powerextra
ted from HERMES in Se
. 4, whi
h yields for z-
uts of CLAShH?�1 i=hD�1 i = 0:20 � 0:04, we 
an extra
t eu(x) + e �d(x)=4. The result ispresented in Fig. 4. For 
omparison the So�er lower bound [18℄ from twist-3density matrix positivity, ea(x) � 2jgaT(x)j � haL(x)4, and the unpola-
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xFig. 4. The �avour 
ombination e(x)=(eu+ e �d=4)(x), with errorbars due to statis-ti
al error of CLAS data, vs. x at hQ2i=1:5GeV2. For 
omparison fu1 (x) and thetwist-3 So�er bound are shown.4 For gaT(x) we use the Wandzura�Wil
zek approximation gaT(x) = R 1x d� ga1 (�)=� andnegle
t 
onsistently ega2 (x) whi
h is strongly suppressed in the instanton va
uum [19℄.For haL(x) we use the analogous approximation, as des
ribed in Se
. 3.
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hweitzerrized distribution fun
tion fu1 (x) are plotted. One 
an guess that the largenumber in the sum rule Eq. (5) might be due to, either a strong rise of e(x)in the small x region, or a Æ-fun
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