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ESTIMATE OF THE COLLINS FUNCTIONIN A CHIRAL INVARIANT APPROACH�A. Ba

hettaa, R. Kundub, A. Metza and P.J. MuldersaaDivision of Physi
s and Astronomy, Fa
ulty of S
ien
e, Free UniversityDe Boelelaan 1081, NL-1081 HV Amsterdam, The NetherlandsbDepartment of Physi
s, RKMVC CollegeRahara, North 24 Paraganas, India(Re
eived July 1, 2002)We estimate the Collins fun
tion at a low energy s
ale by 
al
ulatingthe fragmentation of a quark into a pion at the one-loop level in the 
hiralinvariant model of Manohar and Georgi. We give a useful parametrizationof our results and we brie�y dis
uss di�erent spin and/or azimuthal asym-metries 
ontaining the Collins fun
tion and measurable in semi-in
lusiveDIS and e+e� annihilation.PACS numbers: 12.39.Fe, 13.88.+eThe Collins fun
tion H?1 , des
ribing the fragmentation of a transverselypolarized quark into an unpolarized hadron [1℄, plays an important role instudies of the nu
leon spin stru
ture. Although H?1 is T -odd, it 
an benonzero due to �nal state intera
tions. In fa
t, we were able to show forthe �rst time that a nonvanishing Collins fun
tion 
an be obtained in a�eld theoreti
al approa
h through a 
onsistent one-loop 
al
ulation of thefragmentation pro
ess [2℄.To obtain a reasonable estimate of the Collins fun
tion, we 
al
ulate itin a 
hiral invariant approa
h at a low energy s
ale [3℄. We use the modelof Manohar and Georgi [4℄, whi
h in
orporates 
hiral symmetry and itsspontaneous breaking, two important aspe
ts of QCD at low energies.The Collins fun
tion enters several spin and azimuthal asymmetries inone-parti
le in
lusive DIS. Of parti
ular interest is the transverse single spinasymmetry, where H?1 appears in 
onne
tion with the transversity distribu-tion, for whi
h we predi
t e�e
ts of the order of 10%. In prin
iple in semi-� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3761)
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hetta et al.in
lusive DIS only the shape of the Collins fun
tion 
an be studied, whilea purely azimuthal asymmetry in e+e� annihilation allows one to measurealso its magnitude. For this asymmetry we obtain e�e
ts of the order of 5%.1. Model 
al
ulation of the Collins fun
tionConsidering the fragmentation pro
ess q�(k) ! �(p)X we de�ne theCollins fun
tion, whi
h depends on the longitudinal momentum fra
tion zof the pion and the transverse momentum kT of the quark, as [5℄"ijTkT jm� H?1 (z; z2k2T) = 14z Z dk+ Tr [�(k; p)i�i�
5℄���k�=p�=z ; (1)with the 
orrelation fun
tion�(k; p) =XX Z d4�(2�)4 e+ik��h0j (�)j�;Xih�;Xj � (0)j0i : (2)To get an estimate of the Collins fun
tion at a low energy s
ale wemake use of the 
hiral invariant model of Manohar and Georgi [4℄. Themodel 
ontains massive 
onstituent quarks and Goldstone bosons as e�e
tivedegrees of freedom. The Lagrangian of the model readsL = � (i/� + /V �m+ gAA=
5) : (3)The Manohar�Georgi model des
ribes the valen
e part of the normal unpo-larized fragmentation fun
tion D1 fairly well [3℄.While at tree level the Collins fun
tion is zero, the situation 
hangesif res
attering 
orre
tions are in
luded in �(k; p). In a 
onsistent one-loop
al
ulation the diagrams in Fig. 1 
ontribute to H?1 . Be
ause of the presen
eof nonvanishing imaginary parts in these diagrams, we obtain a nonvanishingCollins fun
tion.
Fig. 1. One-loop 
orre
tions to the fragmentation of a quark into a pion 
ontributingto the Collins fun
tion. The Hermitian 
onjugate diagrams are not shown.The z behaviour of asymmetries 
ontaining H?1 is typi
ally governed bythe ratio H?(1=2)1 (z)D1(z) � �D1(z) z2 Z dk2T j~kTj2m� H?1 (z; z2k2T) : (4)
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h 3763In our model, it turns out that this ratio is approximately equal toH?(1=2)1 (z)D1(z) � hj ~KTji(z)2zm� H?1 (z)D1(z) � q0:9hK2Ti(z)2zm� H?1 (z)D1(z) : (5)For 
onvenien
e of use, the result of our model 
an be roughly parametrizedby means of a simple analyti
 form, i.e.H?(1=2)1 (z)D1(z) � 0:316 z + 0:0345 11� z � 0:00359 1(1� z)2 : (6)Fig. 2 shows the result of our model together with the parametrization wesuggested. The ratio H?(1=2)1 =D1 is 
learly in
reasing with in
reasing z; thisfeature is largely independent of the parameter 
hoi
e in our approa
h [3℄.
H?(1 2) 1=D 1
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Fig. 2. Model result for the ratio H?(1=2)1 =D1 as a fun
tion of z and the simpleanalyti
 parametrization of Eq. (6).2. ObservablesIn semi-in
lusive DIS, three important single spin and azimuthal asym-metries 
ontaining the Collins fun
tion exist. Negle
ting quark mass termsone has [5℄hsin�hiUL / 1Qh�
1 hL(x) + 
2 h1(x)�H?(1=2)1 (z) + other termsi;(7)hsin�hiLU / 1Q e(x)H?(1=2)1 (z) ; (8)hsin(�h + �S)iUT / h1(x)H?(1=2)1 (z) : (9)
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hetta et al.where only the asymmetry numerators are written down. �h (�S) is the az-imuthal angle of the produ
ed hadron (target spin); the subs
ript UL, e.g.,indi
ates an unpolarized beam and a longitudinally polarized target; h1 de-notes the transversity distribution and hL,e denote two twist-3 distributions;
1 and 
2 are kinemati
al fa
tors.From the asymmetry (7) it is di�
ult to draw any 
on
lusion on theCollins fun
tion. However, if we assume that the other terms in (7) aresmall, then the z dependen
e of the asymmetry should be almost entirelydue to the Collins fun
tion. In Fig. 3 we 
ompare the parametrization (6)of our results with HERMES data on hsin�hiUL [6℄ and preliminary dataon the same asymmetry from CLAS [7℄. The agreement of the z shapeis remarkable. Note that we arbitrarily normalized our 
urve to take intoa

ount the unknown distribution fun
tions and prefa
tors.
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Fig. 3. Comparison between the results of our model and data from the HERMESand CLAS experiments.The transverse spin asymmetry in Eq. (9) is one of the most promisingobservables to measure h1. In fa
t, it is one of the ambitions of the HERMESCollaboration to extra
t the transversity distribution from this observable.However, without any knowledge on the Collins fun
tion it is impossible toevaluate the magnitude of the asymmetry. Using our model and two extreme
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h 3765assumptions on the transversity distribution, we obtain values up to about10% for the asymmetry (left panel of Fig. 4), whi
h therefore should beobservable. Our results support the intention of extra
ting the transversityin this way.At present, data on semi-in
lusive DIS allow us to extra
t in an assump-tion-free way only the shape of H?1 . The azimuthal asymmetry [3, 8℄hP 2h? 
os 2�ie+e� = 2 sin2 �1 + 
os2 � H?(1)1 (z1) �H?(1)1 (z2)�D1(z1) �D(1)1 (z2) +D(1)1 (z1) �D1(z2)� ; (10)a

essible in e+e� annihilation into two hadrons, 
an provide information onthe magnitude ofH?1 as well. As shown in the right panel of Fig. 4, our resultfor this asymmetry is of the order of 5%. Possible a

urate measurementsof this observable at BABAR or BELLE would be very useful to better pindown the Collins fun
tion from the experimental side.hsin�i UT z0.2 0.3 0.4 0.5 0.6 0.7
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Fig. 4. Left panel: spin asymmetry hsin�iUT of Eq. (9) as a fun
tion of z, assumingh1 = g1 (solid line), and assuming h1 = (f1 + g1)=2 (dashed line). Right panel:azimuthal asymmetry hP 2h? 
os 2�ie+e� of Eq. (10), integrated over the angularrange 0 � � � �, and over the z2 ranges 0:2 � z2 � 0:8 (solid line) and 0:5 � z2 �0:8 (dashed line). REFERENCES[1℄ J. Collins, Nu
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