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FRAGMENTATION FUNCTIONS AND THEIR ROLEIN DETERMINING THE POLARIZEDPARTON DENSITIES�S. KretzerMihigan State University, East Lansing, MI, USAe-mail: kretzer�pa.msu.eduE. LeaderyVrije Universiteit, Amsterdam, The Netherlandse-mail: e.leader�i.a.ukE. ChristovaInstitute of Nulear Researh and Nulear Energy, So�a, Bulgariae-mail: ehristo�inrne.bas.bg(Reeived May 22, 2002)We extrat the pion fragmentation funtions and their unertaintiesfrom a judiious hoie of e+e� and semi-inlusive DIS data. These areused to study the error propagation in the extration of polarized partondensities from semi-inlusive DIS asymmetries. We onlude that the un-ertainties on polarized PDs have been underestimated in the past.PACS numbers: 13.88.+e 1. IntrodutionFlavour separation of the unpolarized Parton Densities (PDs) relies heav-ily on the neutrino CC reations. Determination of the gluon density relieson the large range of Q2 available. Neither of these possibilities exist forthe polarized PDs. Thus, although the data from polarized DIS studies arenow of superb quality, they, in priniple, only provide information on the� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y Permanent address: Imperial College, London, UK(3743)



3744 S. Kretzer, E. Leader, E. Christovaombinations �q(x) + ��q(x) and on �G(x), and both �s(x) + ��s(x) and�G(x) are poorly known.Ultimately, a neutrino fatory and TESLA-N would remedy this, butfor the next deade progress will rely upon HERMES and COMPASS semi-inlusive (SIDIS) data.Extration of the polarized PDs from polarized SIDIS requires a goodknowledge of Fragmentation Funtions (FFs). We derive values of the pionFFs and a realisti assessment of their unertainties. We then study howthe unertainties of the FFs generate errors on the extrated polarized PDs.We onlude that previous studies have underestimated these errors.For simpliity we employ a LO formalism [1℄. A strategy for a simpli�edNLO treatment is given in [2℄.2. Polarized DIS � urrent statusRemember that, in priniple, we an only obtain information on �u(x)+��u(x), �d(x)+��d(x), �s(x)+��s(x) and�G(x) from present day polarizedDIS. Moreover, whereas (�u+��u)� (�d+��d) is diretly determined fromgp1(x;Q2)�gn1 (x;Q2), the separation of �G, �s+��s and (�u+��u)+(�d+��d) from eah other relies partly on evolution � not very e�aious withthe presently available range of Q2 � and partly on the hyperon �-deaysum rulea8 � 1Z0 dx��u+��u+�d+��d� 2 (�s+��s)	 = 3F �D = 0:58 : (1)All the modern analyses [3℄ agree quite well on the determination of (�u+��u) and (�d + ��d) (results are often presented for �uV , �dV and �sea,but this is quite arti�ial and usually inorporates some assumptions like��u = ��d = �s et.), but there is substantial disagreement about (�s+��s)and �G; though all suggest a non-zero, positive �rst moment R dx�G(x).Eq. (1) assumes that the �-deays of the hyperon otet respet �avourSU(3) symmetry, a belief hallenged by some authors. We have thereforestudied the e�et of varying the value of a8, (1), between the extreme esti-mates 0.40 and 0.86 found in literature [4℄. Very likely this is too extremeto be realisti, but the huge e�et on the poorly determined (�s + ��s)and �G, as seen in Fig. 1 is instrutive. It underlines the importane ofother soures of information on the polarized PDs and this, in the foresee-able future, means polarized SIDIS at HERMES and COMPASS, whih, asmentioned, requires an aurate knowledge of the FFs to whih we now turn.
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(a) (b)Fig. 1. Variation in �s +��s and �G arising from varying the value of a8 in (1)away from its SU(3) value of 0.58 (solid line and error band); a8 = 0:86 (dottedline); a8 = 0:40 (dashed line).3. Extration of the fragmentation funtionsFor a long time it was thought that the majority of FFs were well de-termined by the e+e� ! hX reation. Then in 2000/2001 three papersappeared whih all desribed essentially the same e+e� data equally well,but with signi�antly di�erent individual �avour FFs [5℄. In other words(and in retrospet this is not surprising) e+e� ! hX does not provide asensitive method of �avour separation.Despite this we have been able to extrat the pion FFs with onsider-able auray, by ombining reent HERMES data on �� multipliities onprotons with a judiious hoie of information from e+e� ! ��X [6℄. Thelatter involves a subtle trik whih allows us to avoid the above mentionedambiguities in the FFs derived from e+e� ! hX.There are 3 independent FFs for pions: D�+u , D�+d and D�+s . All theothers an be related to these via harge onjugation invariane or isotopispin invariane. The HERMES data on �� multipliities on protons providesus with 2 equations for 3 unknowns (the ~� di�er from the ross setions �by a standard kinemati fator � see [6℄):~�h = 49 hu(x)Dhu(z) + �u(x)Dh�u(z)i+19 hd(x)Dhd (z) + �d(x)Dh�d (z) + s(x)Dhs (z) + �s(x)Dh�s (z)i ; (2)where h = �� and where we assume known unpolarized PDs.



3746 S. Kretzer, E. Leader, E. ChristovaTo obtain a third relation we note that in e+e� ! hX at low Q2 theoupling to q�q pairs is eletromagneti, withe2u = 49 > e2d = e2s = 19 � (3)However at Q2 =M2Z the eletroweak ouplings ê2q are suh thatê2u < ê2d = ê2s; with ê2ûe2d � 34 � (4)Hene there must exist a �magi� energy Q20 whereê2u(Q20) = ê2d(Q20) = ê2s(Q20): (5)At this energy~��+e+e� � D�+u +D�+d +D�+s +D�+�u +D�+�d +D�+�s � D�+� (6)where D�+� = 2�D�+u +D�+d +D�+s � is the �avour singlet FF.Unfortunately there is no data at the magi energy pQ20 = 78:4 GeV,but it is lose enough to MZ0 to be able to argue that D�+� is very welldetermined by the ombination of FFs measured at the Z0, namely,D�+� = 4377D�++��measured (1:00 � 0:02); (7)i.e. D�+� is known aurately at Q2 = M2Z . However it has to be evolveddown to Q2HERMES. This involves mixing with the poorly known gluon FFD�G. Consequently we end up knowing D�+� at Q2HERMES to �10%.Knowing the value of D�+� provides us with a third equation so that wean now solve for the individual D�+q :D�+u �D�+d = 9�R�+p �R��p � ~�DISp4uV � dV ;D�+u +D�+d = 9�R�+p +R��p � ~�DISp � 2sD�+�4(u+ �u� s) + d+ �d ;D�+s = �18�R�+p +R�+p � ~�DISp + [4(u + �u) + d+ �d℄D��2 [4(u + �u� s) + d+ �d ℄ ; (8)where Rh � �h=�DIS = ~�h=~�DIS. Note that Du�Dd is independent on D� ,that Du+Dd depends weakly on it, and that Ds is most sensitive to it. Thisis re�eted in the unertainties shown on the D�+q derived from (8) (see leftof Fig. 2).
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0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1Fig. 2. The extrated fragmentation funtions (left) with their unertainties. Po-larized parton densities (right) extrated from fake, error-free data, as explained inthe text � the unertainties arise solely from the realisti experimental errors onour FFs. 4. Impliations for the polarized parton densitiesAt present the asymmetry data on �� SIDIS using a polarized targetare not yet available. In order, therefore, to study the error propagation, wegenerate perfet (error-free) fake proton DIS and SIDIS asymmetry data,and then analyze it, following losely the methods advoated by HERMES.Thus we onstrut the �avour f purities (h = �+; ��):P hqf (x) = e2qf qf (x) R dzDhqf (z)Pf 0 e2qf 0 qf 0(x) R dzDhqf 0 (z) ; PDISqf (x) = e2qf qf (x)Pf 0 e2qf 0 qf 0(x) � (9)The measured asymmetries integrated over z, are then given, in LO, byD�Ahp(x)E � R dz�~�h(x; z)R dz ~�h(x; z) =Xq;�q P hq (x)��q(x)q(x) � ; h = ��;DIS :(10)We have data on proton DIS and proton �� SIDIS at eah x, i.e. 3 pieesof information on the LHS of (10). On the RHS there are 6 unknown �q=q.Again, following HERMES, we make the somewhat bizarre assumption��u=�u = ��d�d = �ss = ��s�s � �qsqs (11)and solve for �u=u, �d=d and �qs=qs. The results are shown in Fig. 2.We see that even with our fake, error-free DIS and �� SIDIS data, theunertainties in the FFs indue signi�ant unertainties in both �d=d and�qs=qs.
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