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DESY 06-119Modeling dihadron fragmentation fun
tionsAlessandro Ba

hetta�Theory Group, Deuts
hes Elektronen-Syn
hroton DESY,D-22603 Hamburg, GermanyMar
o Radi
iyDipartimento di Fisi
a Nu
leare e Teori
a, Universit�a di Pavia, andIstituto Nazionale di Fisi
a Nu
leare, Sezione di Pavia, I-27100 Pavia, ItalyWe present a model for dihadron fragmentation fun
tions, des
ribing the fragmentation of a quarkinto two unpolarized hadrons. We tune the parameters of our model to the output of the PYTHIAevent generator for two-hadron semi-in
lusive produ
tion in deep inelasti
 s
attering at HERMES.On
e the parameters of the model are �xed, we make predi
tions for other unknown fragmentationfun
tions and for a single-spin asymmetry in the azimuthal distribution of �+�� pairs in semi-in
lusive deep inelasti
 s
attering on a transversely polarized target at HERMES and COMPASS.Su
h asymmetry 
ould be used to measure the quark transversity distribution fun
tion.PACS numbers: 13.87.Fh, 11.80.Et, 13.60.HbI. INTRODUCTIONDihadron Fragmentation Fun
tions (DiFF) des
ribe the probability that a quark hadronizes into two hadrons plusanything else, i.e. the pro
ess q ! H1H2X. They 
an appear in any pro
ess where hadronization is involved, inparti
ular in lepton-lepton, lepton-hadron and hadron-hadron 
ollisions produ
ing �nal-state hadrons. They 
arryinformation that is not a

essible to single-hadron fragmentation fun
tions, but on the other hand they are more
omplex to study and to measure.Unpolarized DiFF were introdu
ed for the �rst time by Konishi, Ukawa and Veneziano [1℄. Their evolution equationshave been studied in Refs. [2, 3℄ and more re
ently reanalyzed in Refs. [4, 5, 6℄. All these studies fo
used on theprobability of produ
ing two hadrons with energy fra
tions z1 and z2 by integrating over the invariant mass of theprodu
ed pair. However, it is fair to say that the only experimental information related to unpolarized DiFF 
onsists ofinvariant mass spe
tra of hadron pairs produ
ed in e+e� annihilation [7, 8, 9℄, Semi-In
lusive Deep-Inelasti
 S
attering(SIDIS) [10, 11, 12℄ and proton-proton 
ollisions [13, 14, 15℄. Re
ently, it has been suggested to use DiFF as toolsto investigate the in-medium e�e
ts in heavy-ion 
ollisions [5, 6, 15, 16, 17℄. To address this and other issues, it isne
essary to improve our knowledge of unpolarized DiFF in va
uum.DiFF 
an be used also for spin studies. In parti
ular, they 
an a
t as analyzers of the spin of the fragmentingquark [18, 19, 20, 21, 22℄ and they 
an be used to study ve
tor meson polarization [23, 24, 25, 26℄. The de�nition andproperties of all possible DiFF for two unpolarized dete
ted hadrons have been presented in Ref. [27℄ up to leadingtwist, and in Ref. [28℄ up to subleading twist integrated over the transverse 
omponent of the 
enter-of-mass (
m)momentum of the hadron pair. Despite the wealth of observables related to polarized DiFF, experimental informationis limited [29, 30, 31℄.At present, the most important appli
ation of polarized DiFF appears to be the measurement of the quark transver-sity distribution in the nu
leon. This fun
tion, h1, represents the probabilisti
 distribution of transversely polarizedpartons inside transversely polarized hadrons, and is a missing 
ornerstone to 
omplete the knowledge of the leading-order (spin) stru
ture of the nu
leon (for a review see Ref. [32℄). Being a 
hiral-odd fun
tion, h1 needs to be 
ombinedwith another 
hiral-odd soft fun
tion. The simplest possibility is to 
onsider double-spin asymmetries in polarizedDrell-Yan pro
esses [33℄. This option is under investigation at BNL using high-energy polarized proton-proton 
olli-sions [34, 35℄ and 
ould be studied also at GSI using polarized proton-antiproton 
ollisions [36, 37, 38, 39℄.Another possibility is to measure Single-Spin Asymmetries (SSA) in the SIDIS produ
tion of a pion on transverselypolarized targets. Re
ent data have been released using proton [40, 41℄ and deuteron [42℄ targets. Their interpretationadvo
ates the so-
alled Collins e�e
t [43℄, by whi
h a leading-twist 
ontribution to the 
ross se
tion appears whereh1 is 
onvolved with the Collins fun
tion H?1 , a fragmentation fun
tions that des
ribes the de
ay probability of a�Ele
troni
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2transversely polarized quark into a single pion. However, extra
ting h1 from SSA data requires the 
ross se
tion todepend expli
itly upon the transverse momentum of the dete
ted pion with respe
t to the photon axis [44℄. This fa
tbrings in several 
ompli
ations, in
luding the possible overlap of the Collins e�e
t with other 
ompeting me
hanismsand more 
ompli
ated fa
torization proofs and evolution equations [45, 46℄.Semi-in
lusive produ
tion of two hadrons [19, 21℄ o�ers an alternative way to a

ess transversity, where the 
hiral-odd partner of transversity is represented by the DiFF H<)1 [47℄, whi
h relates the transverse spin of the quark to theazimuthal orientation of the two-hadron plane. This fun
tion is at present unknown. Very re
ently, the HERMES
ollaboration has reported measurements of the asymmetry 
ontaining the produ
t h1H<)1 [48℄. The COMPASS
ollaboration has also presented analogous preliminary results [49℄. In the meanwhile, the BELLE 
ollaboration isplanning to measure the fragmentation fun
tions H<)1 in the near future [50, 51℄.In this 
ontext, it seems of great importan
e to devise a way to model DiFF. From the theoreti
al side, this 
anhelp understanding what are the essential building blo
ks and me
hanisms involved in dihadron fragmentation. It 
analso provide a guidan
e for �ts to data and further phenomenologi
al studies. From the experimental side, a model
ould be useful to study the e�e
ts of 
uts and a

eptan
e, to estimate the size of observables in di�erent pro
essesand kinemati
al regimes. Our work is not the �rst one in this dire
tion [21, 47, 52℄. The model presented here is
lose to the one dis
ussed in Ref. [47℄. However, for the �rst time we are able to �x the parameters by 
omparing ourunpolarized DiFF D1 with the output of the PYTHIA event generator [53℄ tuned for HERMES [54℄. Then, withoutintrodu
ing extra parameters, we make predi
tions for the polarized DiFF H<)1 and the related SSA involving thetransversity distribution h1.The paper is organized as follows. In Se
. II, we review the basi
 formalism of DiFF and of SIDIS 
ross se
tionfor two-hadron produ
tion. In Se
. III, we des
ribe our model for the fragmentation of a quark into two unpolarizedhadrons and give analyti
 results for DiFF 
al
ulated in this model. In Se
. IV, we �x the parameters of the modelby 
omparing it to the output of the PYTHIA event generator tuned for HERMES kinemati
s. In Se
. V, we shownumeri
al predi
tions for the DiFF and for the above-mentioned SSA in the kinemati
s explored by the HERMES [48℄and COMPASS 
ollaborations [49℄. Finally, in Se
. VI we draw some 
on
lusions.II. BASICS OF DIHADRON FRAGMENTATION FUNCTIONSDihadron Fragmentation Fun
tions are involved in the des
ription of the fragmentation pro
ess q! �+��X. Thequark has momentum k. The two pions have masses m� = 0:140 GeV, momentaP1 and P2, respe
tively, and invariantmass Mh (
onsidered to be mu
h smaller than the hard s
ale of the pro
ess, e.g., the virtuality of the photon, Q, inSIDIS). We introdu
e the ve
tors Ph = P1+P2 and R = (P1�P2)=2. We des
ribe a 4-ve
tor a as [a�; a+; ax; ay℄, i.e.in terms of its light-
one 
omponents a� = (a0 � a3)=p2 and its transverse spatial 
omponents. We introdu
e thelight-
one fra
tion z = P�h =k� and the polar angle �, being the angle between the dire
tion of P1 in the pair's 
enterof mass and the dire
tion of Ph in the lab frame [55℄, so that the relevant momenta 
an be written ask� = �P�hz ; z(k2 + ~k2T )2P�h ; kxT ; kyT�; (1)P�h = �P�h ; M2h2P�h ; 0; 0�; (2)R� = � j~RjP�hMh 
os �; �j~RjMh2P�h 
os �; RxT ; RyT�= � j~RjP�hMh 
os �; �j~RjMh2P�h 
os �; j~Rj sin � 
os�R; j~Rj sin � sin�R�; (3)where 1 j~Rj = Mh2 s1� 4m2�M2h ; (4)1 Note that there is a misprint in the expressions for j~Rj in Eq. (27) of Ref. [55℄ and in Eq. (23) of Ref. [28℄.



3and �R is de�ned later in Eq. (15) (see also Fig. 1). It is useful to 
ompute the s
alar produ
tsPh �R = 0; (5)Ph � k = M2h2z + z k2 + j~kT j22 ; (6)R � k = �Mh2 z � z k2 + j~kT j22Mh � j~Rj 
os � � ~kT � ~RT : (7)Fragmentation fun
tions are extra
ted from the 
orrelation fun
tion [55℄�q(z; 
os �;M2h ; �R) = zj~Rj16Mh Z d2~kT dk+�q(k;Ph; R)���k�=P�h =z ; (8)where [28, 56℄�q(k; Ph; R)ij =XX Z d4�(2�)4 e+ik��h0jUn+(�1;�) qi (�)jPh; R;XihPh; R; ; Xj � qj(0)Un+(0;�1)j0i : (9)Sin
e we are going to perform the integration over the transverse momentum ~kT , the Wilson lines U 
an be redu
edto unity using a light-
one gauge.The only fragmentation fun
tions surviving after ~kT -integration are [27, 55℄Dq1(z; 
os �;M2h ) = 4�Tr[�q(z; 
os �;M2h ; �R) 
�℄; (10)�ijT RTjMh H<) q1 (z; 
os �;M2h ) = 4�Tr[�q(z; 
os �;M2h ; �R) i �i� 
5℄: (11)These fun
tions 
an be expanded in the relative partial waves of the pion pair system. Trun
ating the expansion atthe p-wave level we obtain [55℄Dq1(z; 
os �;M2h) � Dq1;oo(z;M2h) +Dq1;ol(z;M2h) 
os � +Dq1;ll(z;M2h) 14 (3 
os2 � � 1) ; (12)H<) q1 (z; 
os �;M2h) � H<) q1;ot(z;M2h ) +H<) q1;lt(z;M2h) 
os � : (13)The fragmentation fun
tion D1;oo 
an re
eive 
ontributions from both s and p waves, but not from the interferen
ebetween the two, D1;ol and H<)1;ot originate from the interferen
e of s and p waves, D1;ll 
omes from polarized p waves,and H<)1;lt originates from the interferen
e of two p waves with di�erent polarization.Our model 
an make predi
tions for the above fragmentation fun
tions as well as for transverse-momentum-dependent fragmentation fun
tions, whi
h we do not 
onsider in this Se
tion. However, we will fo
us our at-tention mainly on the fun
tions D1;oo and H<)1;ot be
ause of their relevan
e for transversity measurements inSIDIS [19, 21, 47, 57℄.Let's 
onsider in fa
t the SIDIS pro
ess l p! l0 �+ ��X, where l and l0 are the momenta of the lepton before andafter the s
attering and q = l � l0 is the momentum of the virtual photon. We 
onsider the 
ross se
tion di�erentialin dM2h , d�R, dz, dx, dy, d�S , where z, x, y are the usual s
aling variables employed in SIDIS, and the azimuthalangles are de�ned so that (see Fig. 1)2
os�S = (q̂ �~l)jq̂ �~lj � (q̂ � ~S)jq̂� ~Sj ; sin�S = (~l � ~S) � q̂jq̂�~lj jq̂� ~Sj ; (14)
os�R = (q̂ �~l)jq̂ �~lj � (q̂ � ~RT )jq̂� ~RT j ; sin�R = (~l � ~RT ) � q̂jq̂�~lj jq̂� ~RT j ; (15)where q̂ = ~q=j~qj and ~RT is the 
omponent of R perpendi
ular to Ph.2 The de�nition of the angles is 
onsistent with the so-
alled Trento 
onventions [58℄.
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qFIG. 1: Angles involved in the measurement of the transverse single-spin asymmetry in deep-inelasti
 produ
tion of two hadronsin the 
urrent region.When the target is transversely polarized, we 
an de�ne the following 
ross se
tion 
ombinations 3d6�UU = d6�" + d6�#2 =Xq �2e2q� y Q2 1� y + y2=2 + y2 
2=41 + 
2 fq1 (x)Dq1;oo(z;M2h); (16)d6�UT = d6�" � d6�#2 = �Xq �2e2q4 y Q2 1� y � y2 
2=41 + 
2 sin(�R + �S)hq1(x) j~RjMh H<)q1;ot(z;M2h); (17)where � is the �ne stru
ture 
onstant, 
 = 2Mx=Q, and M is the mass of the target. These expressions are validup to leading twist only. Subleading 
ontributions are des
ribed in Ref. [28℄. In parti
ular, they give rise to a termproportional to 
os�R in d�UU and a term proportional to sin�S in d�UT . Corre
tions at order �S were partiallystudied in Ref. [4℄, but further work is required.We 
an de�ne the asymmetry amplitudeAsin(�R+�S)UT (x; y; z;M2h) � 1sin(�R + �S) d6�UTd6�UU = � 1�y�y2 
2=4x y2 (1+
2)1�y+y2=2+y2 
2=4x y2 (1+
2) � j~Rj4Mh Pq e2q hq1(x) H<)q1;ot(z;M2h)Pq e2q fq1 (x) Dq1;oo(z;M2h) : (18)Note that we avoided simplifying the prefa
tors be
ause numerator and denominator are usually integrated separatelyover some of the variables.III. FRAGMENTATION FUNCTIONS IN A SPECTATOR MODELWe aim at des
ribing the pro
ess q! �+��X at invariant mass Mh . 1:3 GeV. To have an idea of the prominent
hannels 
ontributing to this pro
ess, we examined the output of the PYTHIA event generator [53℄ tuned for HER-MES [54℄, whi
h well reprodu
es the measured events at HERMES. Further details 
on
erning the event generator'soutput will be dis
ussed in the next se
tion. Fig. 2 shows the number of 
ounted dihadron pairs in bins of Mh (200bins from 0.3 to 1.3 GeV). The total amount of events is 2667889.A few prominent 
hannels 
ontribute to this pro
ess:1. q! �+��X1: fragmentation into an \in
oherent" �+�� pair that we will 
all, in the following, \ba
kground";2. q ! � X2 ! �+��X2: fragmentation into a � resonan
e de
aying into �+��, responsible for a peak at Mh �770 MeV (14.81%);3. q ! ! X3 ! �+��X3: fragmentation into a ! resonan
e de
aying into �+��, responsible for a small peak atMh � 782 MeV (0.31%);3 The de�nition of the angles in Eqs. (14,15) is 
onsistent with the so-
alled Trento 
onventions [58℄ and it is the origin of the minus signin Eq. (17) with respe
t to Eq. (43) of Ref. [55℄ (
ompare �R and �S in Fig. 1 with the analogue ones in Fig. 2 of Ref. [55℄).
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1FIG. 2: Semi-in
lusive dihadron 
ounts in bins of Mh from the PYTHIA event generator [53℄ tuned for HERMES [54℄. Thethi
k solid line represents the sum of all 
hannels. The thin solid line represents the sum of 
hannels 2,3, and 4 des
ribed in thetext. The dashed line represents the sum of 
hannels 5 and 6 (whi
h are ex
luded in our model). The gray line is the di�eren
ebetween the total and the sum of all 
hannels 2 to 6 and is assumed to represent 
hannel 1.4. q ! ! X04 ! �+��X4 with X4 = �0 X 04: fragmentation into a ! resonan
e de
aying into �+���0 (�0unobserved), responsible for a broad peak around Mh � 500 MeV (8.65%);5. q ! � X05 ! �+��X5 with X5 = X X 05: fragmentation into a �(547) or �0(958) de
aying into �+��X (Xunobserved), responsible for a peak around Mh � 350 MeV (2.05%);6. q! K0 X6 ! �+��X6: fragmentation into a K0 resonan
e de
aying into �+��, responsible for a narrow peakat Mh � 498 MeV (3.41%).On top of these, there 
ould be the presen
e of two other 
hannels:7. q ! � X7 ! �+��X7: fragmentation into the largely debated � resonan
e (see, e.g., Ref. [59℄) de
aying into�+��, whi
h 
ould be responsible for a very broad peak anywhere between 400 and 1200 MeV;8. q! f0 X8 ! �+��X8: fragmentation into a f0 resonan
e de
aying into �+��, whi
h should give rise to a peakat Mh � 980 MeV, not evident in the output of PYTHIA.In our model, we 
onsidered only 
hannels 1 to 6. All events not belonging to 
hannels 2 to 6 were in
luded in 
hannel1, whi
h then 
ontains 70.77% of the total events.We work in the framework of a \spe
tator" model for the fragmentation pro
ess: for q ! �+��X, the sum overall possible intermediate states X is repla
ed by an e�e
tive on-shell state { the spe
tator { whose quantum numbersare in this 
ase the same as the initial quark and whose mass is one of the parameters of the model. In prin
iple,di�erent 
hannels 
ould produ
e spe
tators with di�erent masses. Moreover, ea
h 
hannel 
ould end up into morethan one possible spe
tator [60℄. For sake of simpli
ity, here we 
onsider just a single spe
tator for all 
hannels. Weshall denote its mass as Ms and its momentum as Ps. The 
hoi
e of using the same spe
tator for all 
hannels impliesin parti
ular that the fragmentation amplitudes of all 
hannels 
an interfere with ea
h other maximally. In reality, itis plausible that only a fra
tion of the total events ends up in the same spe
tator and 
an thus produ
e interferen
ee�e
ts.Pions in 
hannels 2 and 3 are obviously produ
ed in relative p wave, sin
e they 
ome from the de
ay of a ve
tormeson. In 
hannel 4, ea
h 
harged pion 
an be in a relative p wave with respe
t to the other one or to �0, the netresult being that there is a fra
tion of �+�� pairs that is produ
ed in a relative s wave. In the following, we willnegle
t this fra
tion and assume that all 
harged pairs are produ
ed in p wave; at present we don't have enoughinformation to dis
riminate the two 
ontributions. This assumption is most probably inadequate and would lead toan overestimate of the 
ontribution of 
hannel 4 to the �nal single spin asymmetry.We further assume that all pions in 
hannel 1 are produ
ed in s wave. It is possible that a fra
tion of the ba
kgroundevents are also produ
ed in p wave. However, su
h a fra
tion 
annot be too big, as it would give rise to interferen
ee�e
ts that would distort the shape of the � meson peak. It is a
tually known that su
h a distortion 
an indeed o

ur,but also that it is not big [9, 61℄. We think that this point deserves further attention, but should not 
hange the mainfeatures of our results.
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2
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q
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2
+ R

k − PhFIG. 3: Diagrammati
 representation of the 
orrelation fun
tion � in the spe
tator model.We model the 
orrelation fun
tion in the following way (see Fig. 3):�q(k; Ph; R) = 1(2�)4 ( k=+m)k2 �m2 �F s? e� k2�2s + F p? e� k2�2p R=� ( k=� P=h +Ms)� �F s e� k2�2s + F p e� k2�2p R=� ( k=+m)k2 �m2 2� Æ�(k � Ph)2 �M2s � : (19)Isospin symmetry implies that the fragmentation 
orrelator for u ! �+��X is the same as for �d ! �+��X,d! ���+X, �u! ���+X. Therefore, the result for d and �u quarks 
an be obtained from the result for u quark bysimply 
hanging the sign of ~R, i.e. 
hanging � ! � � � and � ! � + �. From now on we will drop the supers
riptindi
ating the quark 
avor and 
al
ulate the fragmentation fun
tions for u ! �+��X. The terms with vertex F srefer to the s-wave 
ontribution, the terms with vertex F p to the p-wave 
ontribution. The exponential form fa
torssuppress the 
ontributions from high quark virtualities [62℄. Other possibilities 
an be 
onsidered, e.g., dipole formfa
tors [47, 52℄, or sharp 
uto�s [63℄.Inserting Eq. (19) into Eq. (8), we get�(z; 
os �;M2h ; �R) = j~Rj128�2Mh z22 (1� z)P�h Z dj~kT j2 �jF sj2 e� 2 k2�2s ( k=+m) ( k=� P=h +Ms) ( k=+m)(k2 �m2)2+ jF pj2 e� 2 k2�2p ( k=+m) R= ( k=� P=h +Ms) R= ( k=+m)(k2 �m2)2+ F s?F p e�k2 �2s+�2p�2s �2p ( k=+m) ( k=� P=h +Ms) R= ( k=+m)(k2 �m2)2+ F sF p? e�k2 �2s+�2p�2s �2p ( k=+m) R= ( k=� P=h +Ms) ( k=+m)(k2 �m2)2 �; (20)with k2 �xed by the on-shell 
ondition of the spe
tator [52℄, i.e.,k2 = z1� z j~kT j2 + M2s(1� z) + M2hz : (21)The �rst and se
ond lines of Eq. (20) des
ribe the pure s- and p-wave 
ontributions and, as su
h, they are the onlyones that 
an 
ontribute to the fun
tions D1;oo, D1;ll of Eq. (12) and H<)1;lt of Eq. (13), while the third and fourthlines des
ribe the sp interferen
e and they 
ontribute to the fun
tions D1;ol and H<)1;ot.For 
onvenien
e, we introdu
e the fun
tionL2(z;M2h) = 1� zz2 M2h + 1z M2s � 1� zz m2: (22)This fun
tion has to be always positive for kinemati
al reasons.



7We obtain the following result for the unpolarized fragmentation fun
tionD1;oo(z;M2h) = z j~Rj16�Mh jF sj2 e� 2m2�2s "�1 + 2M2h � (m +Ms)2z �2s ���0; 2 z L2(1� z) �2s�� 1� zz2 M2h � (m +Ms)2L2 e� 2 z L2(1�z) �2s #+ z j~Rj16�Mh jF pj2 e� 2m2�2p j~Rj23M2h "�2M2h + 2� zz (m2 �M2s )+ 2 (M2h � (m �Ms)2) (2M2h + (m+Ms)2)z �2p ���0; 2 z L2(1� z) �2p�+ 1� z2 z2 L2 ��M2s + 1� zz (M2h � z m2)��2p� 2 (M2h � (m �Ms)2) (2M2h + (m+Ms)2)� e� 2 z L2(1�z) �2p #: (23)The in
omplete � fun
tion { typi
ally appearing in model 
al
ulations with exponential form-fa
tors [62℄ { is de�ned as�(0; z) � R1z e�t=t dt. The �rst term of the fragmentation fun
tion 
an be identi�ed with the pure s-wave 
ontribution,also 
alled Ds1;oo=4 in Ref. [55℄, and the se
ond one with the pure p-wave 
ontribution, also 
alled 3Dp1;oo=4.We give here the results also for the other fun
tions appearing in Eq. (12):D1;ol(z;M2h) = zj~Rj16�Mh 2Re(F s?F p) e� 2m2�2sp j~Rjz2Mh "(m+Ms) 1� zz (2 � z)M2h � z (m2 �M2s )L2 e� 2 z L2(1�z) �2sp� �2 (m +Ms) (2� z)M2h � z (m2 �M2s )�2sp + z�m+ (1� z)Ms����0; 2 z L2(1� z) �2sp�#; (24)D1;ll(z;M2h) = 2716 Dp1;oo(z;M2h) + z j~Rj16�Mh jF pj2 e� 2m2�2p 9 j~Rj24 z3 �2p ��1� z2zL2 �2p e� 2 z L2(1�z) �2p � ��0; 2 z L2(1� z) �2p��� �2M2h�2� 2z + z2� + 4z2mMs � 2z (2� z)�m2 �M2s ��� z �2p �2� 2z + z2���0; 2 z L2(1� z) �2p��;(25)where 2=�2sp = 1=�2s + 1=�2p.For the interferen
e fragmentation fun
tion H<)1;ot we obtainH<)1;ot(z;M2h) = � z j~Rj16�Mh 2 Im(F s?F p) e� 2m2�2sp Mhz2 "1� zz M2h � z2m2L2 e� 2 z L2(1�z) �2sp� �z + 2 M2h � z2m2�2sp ���0; 2 z L2(1� z) �2sp�#: (26)The interferen
e fun
tion H<)1;lt vanishes in our model, sin
e it would be proportional to Im(F p? F p). It would bene
essary to have other sour
es of nontrivial phases in the amplitudes for p wave produ
tion, as the ones given byloop 
orre
tions [64℄.The verti
es F s and F p are essential ingredients to reprodu
e the 
orre
t invariant-mass behavior and to produ
ethe imaginary parts required for the generation of T-odd fragmentation fun
tions. When no resonan
e is present,we assume the verti
es to be real. When resonan
es are present, the vertex in
ludes the resonan
e propagator and
ontains therefore real and imaginary parts. We assume in our 
al
ulation that the s-wave ba
kground is free ofresonan
es and thus is purely real (at tree level). This is one of the main assumptions we make in the present workand has 
riti
al 
onsequen
es on the invariant-mass behavior of the fragmentation fun
tions D1;ol and H<)1;ot. As 
anbe readily seen from Eqs. (24) and (26), assuming F s to be real implies that D1;ol is proportional to Re(F p) and H<)1;otis proportional to Im(F p).



8At this point it is worthwhile to make a 
omparison with the results presented in the literature in the past. InRef. [21℄, the ne
essary phase di�eren
e between s and p waves was taken from � � phase shifts in elasti
 s
atteringdata [65℄. No hypothesis was made on the invariant-mass behavior of the s and p amplitudes, i.e., on the fragmentationme
hanism. The main assumption was that the interferen
e pattern o

urring in the fragmentation pro
ess, wherethe initial state is a quark and the �nal state is 
omposed of many hadrons, is supposed to be the same as in � �s
attering, where initial and �nal states are simply two pions. In parti
ular, the predi
tion of Ref. [21℄ 
hanges sign
lose to the � mass. The e�e
t is in fa
t proportional to the sum of the real part of the � resonan
e times the imaginarypart of the � plus the real part of the � times the imaginary part of the �. Both real parts 
hange sign 
lose to the� mass. On the 
ontrary, in our approa
h we negle
t the 
ontribution of the � and we take a purely real s-waveba
kground, but we try to take into a

ount in a 
olle
tive manner all other ways in whi
h pion pairs 
an be produ
edin a semi-in
lusive fragmentation pro
ess.A di�erent model predi
tion was also presented in Ref [47℄. In that model, the s-wave amplitude was modeled asa sequen
e of two single-pion emissions and was purely real, while the p-wave amplitude 
ontained only the � de
ay,therefore having a predi
tive power limited to invariant masses around the � resonan
e. The s � p phase di�eren
efollowed from the presen
e of an imaginary part in the meson propagator. The parameters of the model were �xedusing theoreti
al arguments, sin
e no experimental input was available as a 
omparison. As already pointed out, thepresent work is similar to Ref [47℄, but the s-wave amplitude is modeled by means of an e�e
tive real vertex and thep-wave amplitude 
ontains 
ontributions from the � and the ! mesons. Last but not least, the parameters of themodel are �xed by �tting the output of the PYTHIA Monte Carlo generator, whi
h is known to reprodu
e very wellthe unpolarized data.Our ansatz for the verti
es isF s = fs; (27)F p = f� (M2h �M2� ) � i��M�(M2h �M2� )2 + �2�M2� + f! (M2h �M2!) � i�!M!(M2h �M2!)2 + �2!M2!� i f 0! q��M2!;M2h ;m2���(M! �m� �Mh)4� �!M2! 4q4M2!m2� + ��M2!;M2h ;m2�� ; (28)where ��M2!;M2h ;m2�� = [M2!� (Mh +m� )2℄[M2!� (Mh �m� )2℄ and � denotes the unit step fun
tion. The 
ouplingsfs, f�, f! and f 0! are parameters of the model. The �rst two terms of F p 
an be easily identi�ed with the 
ontributionsof the � and the ! resonan
es de
aying into two pions. The Lorentz stru
ture of the resonan
e propagators is alreadytaken into a

ount in Eq. (19). The masses and widths of the two resonan
es are taken from the PDG [66℄: M� = 0:776GeV, �� = 0:150 GeV, M! = 0:783 GeV, �! = 0:008 GeV. The details of the resonan
e propagators 
ould be alsoextra
ted from phase-shift analyses, as done in Ref. [21℄. In this 
ase the 
ontribution of the � resonan
e would bef� � tan Æ11 � i tan2 Æ11��M� (1 + tan2 Æ11) ; (29)where Ælm are the �� phase shifts for the spe
i�
 (l;m) 
hannel. However, using Ælm from, e.g., Ref. [67℄ leads to nosigni�
ant 
hange 
ompared to Eq. (28), espe
ially 
onsidering the 
oarse level of a

ura
y of our model.The third term in Eq. (28) 
omes from the de
ay of an ! resonan
e into three pions, of whi
h the �0 goes undete
ted,i.e., 
hannel 4. Let's introdu
e the momentum P! = Ph + P0, where P0 is the momentum of �0 and P 2! = M23 .Taking for ! the usual Lorentz stru
ture of a ve
tor meson resonan
e, the evaluation of the 
orrelator � involves the
ontra
tion 
���g�� + P�!P �!M23 �R� = �R=+ R � P0 (P=h + P=0)M23 = �R=�1 + j~P0j3M23 �: (30)In the last step we took into a

ount the fa
t that R has no timelike 
omponent and we have to integrate over ~P0.When performing the integration over P0, we make a narrow-width approximation and we assume that the threepions are produ
ed exa
tly at the ! mass (M3 = M!). In this approximation, j~P0j is �xed, the last term of Eq. (30)be
omes negligible, the 
ontribution of 
hannel 4 to the vertex turns out to be purely imaginary and o

urs only atinvariant masses lower thanM!�m� = 0:643 GeV. Abandoning the narrow-width approximation has the 
onsequen
eof smearing the invariant-mass distribution and allowing pairs to appear at invariant masses higher than 0.643 GeV,as well as giving a real part to the third term of Eq. (28).Note that we sum the three 
ontributions in Eq. (28) at the amplitude level. This is the �rst instan
e wherethe assumption of equal spe
tators has a dire
t 
onsequen
e, and deserves further 
omments. Channels 2, 3 and 4
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an interfere if X2 = X3 = X4. In general, only a fra
tion of the total events will ful�ll this requirement. On the
ontrary, sin
e we have a single spe
tator for all 
hannels this is always the 
ase in our model. That's why we addup the amplitudes in Eq. (28). As we shall see in the next se
tion, the e�e
t of these interferen
es in the unpolarizedfragmentation fun
tion is in any 
ase quite small, due to the small 
ontribution of 
hannel 3 and the small overlapbetween 
hannels 2 and 4. However, a similar problem will show up also in the 
al
ulation of the fun
tion H<)1 , withmore relevant 
onsequen
es, as we shall see in Se
. V.Finally, we felt the need to use z-dependent �-
uto�s to have an a

eptable des
ription of the data. We used thefollowing ansatz: �s;p = �s;p z�s;p (1� z)
s;p : (31)The total number of parameters of the model is thus 12: 3 parameters for the form-fa
tor 
uto� �s, 3 parametersfor the 
uto� �p, the 
ouplings fs, f�, f! and f 0!, the mass of the spe
tator, Ms, and the mass of the fragmentingquark, m. However, in the following we shall always assume m = 0.IV. COMPARISON WITH PYTHIA AND PARAMETERS FITIn order to �x the parameters of the model, we 
ompare it to the output of the PYTHIA event generator [53℄tuned for HERMES [54℄. The events are generated in 4�. Ex
lusive 
hannels are dropped. The standard HERMESsemi-in
lusive DIS 
uts are applied, in parti
ular Q2 > 1 GeV2, 0:1 < y < 0:85, 0:023 < x < 0:4, W 2 > 4 GeV2 andthe momenta of the pions (j~P1;2j) are 
onstrained to be larger than 1 GeV. 4 The 
ounts per Mh-bin are proportionalto the 
ross se
tion of Eq. (16) times 2Mh (sin
e the 
ross se
tion in the former equation is di�erential in dM2h),integrated over y, x, �R, �S , and further over 0:2 < z < 0:8. For the 
ounts per z-bin, we integrated the 
ross se
tionover 0:3GeV < Mh < 1:3GeV.In Fig. 4 the number of 
ounted dihadron pairs is presented binned in Mh (200 bins from 0.3 to 1.3 GeV) and z(200 bins from 0.2 to 0.8). From the total 
ounts, we ex
luded the 
ontributions from � and K0, i.e., 
hannels 5 and6 (see Fig. 2), be
ause they are not relevant for our purposes. The lowest dark-gray histogram represents the sum ofthe � and ! 
ontributions (
hannels 2, 3, and 4), assumed to des
ribe the whole p-wave 
ontribution. The light-grayhistogram in the middle is the \ba
kground" 
ontribution, i.e. 
hannel 1, representing the s-wave 
ontribution. Theupper histogram is the sum of the other two and 
orresponds to the total 
ounts minus 
hannels 5 and 6.Instead of leaving all parameters of the model free, for sake of simpli
ity we assumed the fragmenting quark to bemassless. We take the spe
tator mass to be proportional to the pair's invariant mass. The number of free parameterswe used is then 11.The �2 minimization was performed using MINUIT. The �2 fun
tion was de�ned as the square of the di�eren
ebetween the expe
ted number of events in the bin and the measured value, divided by the expe
ted number (equivalentto assigning a statisti
al error equal to the square root of the number of events in the bin). The resulting �2=d.o.fis very high, about 25. However, we believe that the main 
hara
teristi
s of the Mh and z shapes of the unpolarizedfragmentation fun
tions are qualitatively well des
ribed. The result of the �t for the s and p wave is shown on top ofthe PYTHIA output in Fig. 4.The values of the parameters obtained by the �t are:�s = 2:60� 0:05 GeV2; �s = �0:751� 0:008; 
s = �0:193� 0:004; (32)�p = 7:07� 0:11 GeV2; �p = �0:038� 0:003; 
p = �0:085� 0:004; (33)fs = 1197� 2 GeV�1; f� = 93:5� 1:6; f! = 0:63� 0:03; (34)f 0! = 75:2� 1:2; Ms = (2:97� 0:04)Mh: (35)The 
oupling 
onstants are �xed modulo an overall normalization fa
tor whi
h depends on the luminosity and isirrelevant for asymmetry 
al
ulations. The sign of the 
oupling 
onstants is also not �xed, but the relative sign of f�,f! and f 0! is (see below).In the p-wave 
hannel, our model deviates signi�
antly from the generated spe
trum in the region around 0.6 GeV,substantially in
reasing the �2. This is due to the interferen
e between 
hannels 2 and 4, whi
h is not in
luded in theMonte Carlo generator. At the same time, in the s-
hannel the 
urve obtained from our model underestimates thedata in the same region. Thus, the sum of the two 
urves is in good agreement with the total generated spe
trum, to4 To perform the �t, we negle
ted the last 
ut.
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(a) (b)FIG. 4: Semi-in
lusive dihadron 
ounts from the PYTHIA event generator [53℄ tuned for HERMES [54℄ and results of the �t(a) as a fun
tion of Mh, (b) as a fun
tion of z. Solid line: p-wave 
ontribution; dashed line: s-wave 
ontribution; dotted line:sum of the two. The 
ontributions of the � and K0 have been ex
luded.whi
h the Monte Carlo generator is a
tually tuned. The agreement would be improved further if the 
ontribution ofthe ! were extended at higher invariant masses by leaving the narrow-width approximation for the ! resonan
e andsmearing the step fun
tion in Eq. (28). Note that the interferen
e is in this 
ase 
onstru
tive be
ause the signs of the
ouplings f� and f 0! have been taken equal. If the two 
ouplings were taken opposite, then a destru
tive interferen
ewould take pla
e and the model would underestimate the p-wave data at around 0.6 GeV. The agreement with thetotal spe
trum would then be worsened. Also the f! 
oupling has been taken to have the same sign of f� to avoiddestru
tive interferen
e patterns. It is diÆ
ult with the present poor knowledge to make any 
on
lusive statementabout �-! interferen
e in semi-in
lusive dihadron produ
tion. However, we 
an at least 
on
lude that in our modelthe best agreement with the event generator is a
hieved when the three 
ouplings f�, f! and f 0! have the same sign.V. PREDICTIONS FOR POLARIZED FRAGMENTATION FUNCTIONS AND TRANSVERSE-SPINASYMMETRYUsing the parameters obtained from the �t we 
an plot the results for the fragmentation fun
tions D1;ll , H<)1;ot, andD1;ol. The fun
tion D1;ll is a pure p-wave fun
tion. It depends on jF pj2, the modulus square of Eq. (28), and hasa behavior very similar to Dp1;oo, the p-wave part of D1;oo. In Fig. 5 (a) we plot the ratio between D1;ll and D1;oo,integrated separately over 0:2 < z < 0:8. In Fig. 5 (b) we plot the same ratio but with the two fun
tions multipliedby 2Mh and integrated over 0:3GeV < Mh < 1:3GeV. In the same �gures, the dotted lines represent the positivitybound [55℄ �32 Dp1;oo � D1;ll � 3Dp1;oo: (36)The fun
tions D1;ol and H<)1;ot arise from the interferen
e of s and p waves, i.e. from the interferen
es of 
hannels 1-2,1-3, and 1-4, proportional to the produ
t (fs f�), (fs f!), (fs f 0!), respe
tively. Sin
e the relative sign of fs and thep-wave 
ouplings is not �xed by the �t, we 
an only predi
t these fun
tions modulo a sign. For the plots, we assumethat the p-wave 
ouplings have a sign opposite to fs (as suggested by the sign of preliminary HERMES data [48℄).In Fig. 6 (a) we plot the ratio between �j~Rj=MhH<)1;ot and D1;oo, integrated separately over 0:2 < z < 0:8. In Fig. 6(b) we plot the same ratio but with the two fun
tions multiplied by 2Mh and integrated over 0:3GeV < Mh < 1:3GeV.In the same �gures, the dotted lines represent the positivity bound [55℄j~RjMh H<)1;ot �s38 Ds1;oo �Dp1;oo � 13 D1;ll�: (37)As is evident, there are two main 
ontributions:� the interferen
e between 
hannel 1 (s-wave ba
kground) and the imaginary part of 2 (� resonan
e), with a shapepeaked at the � mass, i.e. roughly proportional to the imaginary part of the � resonan
e in Eq. (28);
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tion for the ratio D1;ll=D1;oo: (a) as a fun
tion of Mh, (b) as a fun
tion of z. The dotted lines representthe positivity bounds of Eq. (36).
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(a) (b)FIG. 6: Model predi
tion for the ratio (�j~RjH<)1;ot)=(MH D1;oo): (a) as a fun
tion of Mh, (b) as a fun
tion of z. The overallsign of H<)1;ot 
annot be predi
ted by the model and is 
hosen to have an agreement with the sign of preliminary HERMESmeasurements [48℄. The dotted lines represent the positivity bounds of Eq. (37).� the interferen
e between 
hannel 1 (s-wave ba
kground) and 4 (! resonan
e de
aying into three pions), with ashape peaked at Mh � 0:5 GeV, roughly proportional to the third (imaginary) term in Eq. (28).The two 
ontributions have 
omparable size and are large. At this point, we want to stress on
e more that our modelassumptions imply that the above 
hannels 
an interfere in a 
omplete way, sin
e the spe
tators X1, X2 and X4 arethe same. As already argued before, it is likely that only a fra
tion of the X2 and X1 states interfere, and so does a(in general di�erent) fra
tion of the X4 and X1 states. This 
ould de
rease the sizes of the two \peaks" of Fig. 6 (a)and a

ordingly the overall size of the 
urve in Fig. 6 (b). This is beyond the rea
h of our model in its present form,but 
ould be a way to pro
eed when �tting data related to H<)1;ot.In Fig. 7 (a) we plot the ratio between �D1;ol and D1;oo, integrated separately over 0:2 < z < 0:8. In Fig. 7 (b)we plot the same ratio but with the two fun
tions multiplied by 2Mh and integrated over 0:3GeV < Mh < 1:3GeV.The dotted line in Fig. 7 (a) represents the positivity bound [55℄ (in the se
ond plot the bound lies beyond the plotrange) D1;ol �s34 Ds1;oo �Dp1;oo + 23 D1;ll�: (38)In this 
ase, the fun
tion D1;ol re
eives basi
ally only one 
ontribution, namely from the interferen
e between
hannel 1 (s-wave ba
kground) and the real part of 2 (� resonan
e). In fa
t, its shape has a sign 
hange at the � massand is roughly proportional to the real part of the � resonan
e in Eq. (28). Channel 3 is negligible as in the previous
ase, while 
hannel 4 plays no role now be
ause we assumed it to be purely imaginary.
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(a) (b)FIG. 7: Model predi
tion for the ratio �D1;ol=D1;oo: (a) as a fun
tion of Mh, (b) as a fun
tion of z. The overall sign of D1;oldepends on the 
hoi
e made on the sign of H<)1;ot. The dotted lines represent the positivity bounds of Eq. (38).Next we 
ompute the asymmetry de�ned in Eq. (18), integrated over all variables but one. In Fig. 8 (a) we plotAsin(�R+�S)UT (Mh) = 
 R 0:80:2 dz j~Rj=Mh H<)1;ot(z;M2h)R 0:80:2 dz D1;oo(z;M2h) ; (39)and in Fig. 8 (b) we plot Asin(�R+�S)UT (z) = 
 R 10:5 dMh 2Mh j~Rj=Mh H<)1;ot(z;M2h)R 10:5 dMh 2Mh D1;oo(z;M2h) ; (40)where 
 = �4 R 0:850:1 dy R xmaxxmin dx 1�y�y2 
2=4xy2 (1+
2) �4 �hu1(x) � h�u1 (x)�+�h �d1(x) � hd1(x)��R 0:850:1 dy R xmaxxmin dx 1�y+y2=2+y2 
2=4x y2 (1+
2) �4 �fu1 (x) + f �u1 (x)�+�f �d1 (x) + fd1 (x)�� : (41)We negle
ted strange quark 
ontributions. The fa
t that the d and �u transversity distributions enter with an op-posite sign is due to the symmetry properties of the fragmentation fun
tions. As already dis
ussed in Se
. III, thefragmentation fun
tion H<)1;ot is the same for all quarks, but the sign of sin(�R + �S) 
hanges for d and �u.In Fig. 8 (
) we plotAsin(�R+�S )UT (x) = 
0 R 0:85ymin dy 1�y�y2 
2=4y2 (1+
2) �4 �hu1(x) � h�u1 (x)�+�h �d1(x) � hd1(x)��R 0:85ymin dy 1�y+y2=2+y2 
2=4y2 (1+
2) �4 �fu1 (x) + f �u1 (x)�+�f �d1 (x) + fd1 (x)�� ; (42)where 
0 = �4 R 0:80:2 dz R 10:5 dMh 2Mh j~Rj=Mh H<)1;ot(z;M2h)R 0:80:2 dz R 10:5 dMh 2Mh D1;oo(z;M2h) : (43)The 
hoi
es of the integrations boundaries for x, y, z and Mh are inspired by the HERMES 
uts [48℄. We took(s = 56:2 GeV2) xmin = Max�0:023; Q2min=�y(s �M2)��; (44)xmax = Min�0:4; 1� (W 2min �M2)=�y(s �M2)��; (45)ymin = Max�0:1; Q2min=�x(s�M2)�; (W 2min �M2)=�(1 � x)(s �M2)��: (46)For the unpolarized parton distribution fun
tions we take the parameterization of Ref. [71℄. For the transversitydistribution fun
tion, we take the estimates of Refs. [35, 68, 69, 70℄. The sign of the preliminary data indi
ates that thes-wave and p-wave 
ouplings should have opposite signs and thus H<)1;ot should be negative. The asymmetry obtained
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s for a proton target: (a) as a fun
tion of Mh, (b) as afun
tion of z, (
) as a fun
tion of x. The di�erent lines 
orrespond to di�erent models of the transversity distribution fun
tion:dotted line from Ref. [68℄, dash-dotted line from Ref. [69℄, dashed line from Ref. [70℄, solid line from Ref. [35℄.from our model appears to overestimate the preliminary HERMES data [48℄ by about a fa
tor 3-4. This probablyindi
ates that the model overestimates in general the e�e
t of interferen
es. Apart from the overall normalization,the height of the bump around Mh � 0:5 GeV seems to be too big relative to the � peak, whi
h is probably due tothe fa
t that not all the �+�� pairs in 
hannel 4 should be 
onsidered in p wave. However, in order to make more
on
lusive statements it is ne
essary to wait for HERMES �nal data. Obviously, it would be better to 
ompare ourmodel with an observable where H<)1;ot 
an be isolated, e.g., in e+e� annihilation at BELLE [51℄.In Fig. 9 we plot the same asymmetry as before, but for the kinemati
s of the COMPASS experiment. We assumedthe same 
uts as before and 
hange only the value of s. The size of the Mh- and z-dependent asymmetries is smallerthan at HERMES. This is due to the sensitivity of COMPASS to lower values of x, where models predi
t transversityto be small, while the unpolarized distribution fun
tions are big. Due to the same reason, there is a mu
h largerdi�eren
e among the models, as they di�er substantially at low x. The asymmetries 
ould be enhan
ed if the low-xregion is ex
luded from the integration.The COMPASS 
ollaboration has also presented preliminary data of the above asymmetry for a deuteron tar-get [49℄. We plot our predi
tion in Fig. 10.5 The di�erent isospin stru
ture of the target, 
ombined with that of thefragmentation fun
tions in our model, de
reases the asymmetry. The x-dependent asymmetry is less than half of thatfor the proton target, while the Mh- and z-dependent asymmetries are about 10 times smaller than for the protontarget.5 Note that the preliminary measurements of COMPASS 
orrespond to �Asin(�R+�S )UT .
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)FIG. 10: Asin(�R+�S )UT moment de�ned in Eq. (18) at COMPASS kinemati
s for a deuteron target: (a) as a fun
tion of Mh,(b) as a fun
tion of z, (
) as a fun
tion of x. The di�erent lines 
orrespond to di�erent models of the transversity distributionfun
tion: dotted line from Ref. [68℄, dash-dotted line from Ref. [69℄, dashed line from Ref. [70℄, solid line from Ref. [35℄.VI. CONCLUSIONSIn this paper we presented a model for the pro
ess q ! �+��X at invariant mass Mh . 1:3 GeV. We used a\spe
tator" model, where the sum over all possible intermediate states X is repla
ed by an e�e
tive on-shell state.Using this model we 
al
ulated the fragmentation fun
tions that 
an be de�ned at leading twist when 
onsideringonly relative s and p waves of the pion pair [55℄. We obtained nonzero results for four out of �ve of them.We �xed the values of the parameters of the model by 
omparing the unpolarized fragmentation fun
tion D1;oowith the output of the PYTHIA event generator [53℄ tuned for HERMES [54℄. The main 
hara
teristi
s of the Mhand z shapes of D1;oo are qualitatively well des
ribed.We made predi
tions for the fragmentation fun
tions D1;ll, D1;ol, and H<)1;ot. The �rst one is a pure p-wave fun
tion,it is found to be positive, about 50% of the unpolarized fragmentation fun
tion and with peaks at the � mass and ataround Mh � 0:5 GeV, where the ! de
aying into three pions gives a large 
ontribution.The fun
tion D1;ol arises from the interferen
e between s and p wave. Sin
e in our model we assumed the s waveto be purely real, this fun
tion turns out to be proportional to the real part of the p wave and in parti
ular displaysa sign 
hange at the � mass. The size of the fun
tion is small, in parti
ular when integrated over the invariant mass,due to the sign 
hange. Our model 
annot predi
t the overall sign of the fun
tion.The fun
tion H<)1;ot also arises from the interferen
e between s and p waves, but is proportional to the imaginarypart of the p wave, i.e., it has peaks at the � mass and at around Mh � 0:5 GeV, due to the 
ontribution of the! ! 3� 
hannel. Its size is about 30% of the unpolarized fragmentation fun
tion. Our model 
annot predi
t theoverall sign of the fun
tion.The fun
tion H<)1;ot is of parti
ular interest be
ause in two-hadron-in
lusive deep inelasti
 s
attering o� transverselypolarized targets it gives rise to a single-spin asymmetry in 
ombination with the transversity distribution fun
tion.Therefore, it 
ould be used as an analyzer for this so far unknown distribution fun
tion. We estimated this single-spinasymmetry at HERMES kinemati
s using four di�erent models for the transversity distribution fun
tion. We foundthe asymmetry to be of the order of 10% on average. The sign of the preliminary HERMES measurements suggeststhat H<)1;ot should be negative. The measurement indi
ates that the asymmetry in our model is about 3-4 timesbigger than the data. This probably means that our model overestimates the e�e
ts of interferen
es. However, �nalexperimental results are needed to make more reliable 
omparisons.For COMPASS kinemati
s, the enhan
ed sensitivity to the portion of phase spa
e at very low x indu
es a redu
tionin the spin asymmetry with respe
t to HERMES, whi
h 
an largely di�er depending on the model for transversity. Forthe deuteron target, the parti
ular isospin stru
ture, 
ombined with that of the fragmentation fun
tions in our model,indu
es a further redu
tion su
h that the resulting asymmetry is mu
h smaller than for the proton, in agreement withpreliminary data of the COMPASS 
ollaboration.A
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