
Pro
eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaUNDERSTANDING THE TRANSVERSE TARGETSINGLE SPIN ASYMMETRIES AT HERMESA. V. EFREMOV1, K. GOEKE2, P. SCHWEITZER21 Joint Institute for Nu
lear Resear
h, Dubna, 141980 Russia2 Institut f�ur Theoretis
he Physik II, Ruhr-Universit�at Bo
hum, GermanyThe HERMES data on transverse target single spin azimuthal asymmetries are
onfronted with results from our approa
h whi
h was able to explain satisfa
torilydata from longitudinal target single spin asymmetries.1 Introdu
tionThe azimuthal single spin asymmetries (SSA) in semi-in
lusive deeply inelasti
s
attering (SIDIS) [1,2,3℄ are a ri
h sour
e of information on new distribution andfragmentation fun
tions { among others the 
hirally odd ha1(x), haL(x) and ea(x)[4℄, the "naively time reversal odd" Sivers fun
tion [5,6℄, and the 
hirally and "timereversal odd" Collins fragmentation fun
tion [7℄. The longitudinal SSA observedby HERMES [1℄ and CLAS [2℄ are power suppressed (\twist-3") e�e
ts and theirtheoreti
al des
ription is involved [8℄. Transverse target SSA seem easier to des
ribetheoreti
ally. However, only most re
ently �rst preliminary results were reported[9,10℄. Therefore the 
hallenge to understand SSA in SIDIS began with the moreinvolved longitudinal target SSA [11,12,13℄. In this pro
eeding we shall 
riti
allyreview the attempts made in [13,14℄ in light of the re
ent HERMES data. Sin
e thedata [9℄ are preliminary our dis
ussion is to be understood as intermediate resumee.2 Longitudinal SSAFig. 1 shows how the HERMES data [1℄ are des
ribed in the approa
h of [13℄ whi
his based on the following ingredients. (i) Assumption that the pro
ess fa
torizes,is due to Collins e�e
t and the tree-level des
ription [8℄ applies. (ii) A simpli�eddes
ription of transverse momenta as f(x;k2T ) � f(x)G(k2T ). This would not bene
essary if the 
ounting rates were adequately weighted [8℄. (iii) Predi
tions forha1(x) and haL(x) from 
hiral quark-soliton model [15℄ and instanton va
uum model[16℄ whi
h is a 
onsistent and su

essful �eld theoreti
al approa
h [17℄. (iv) Negle
tof unfavoured fragmentation with hH?fav1 i=hDfav1 i � (12 � 14)% for hzi = 0:4 atHERMES [13℄ whi
h is not unreasonable in view of the results from DELPHI [18℄or the model 
al
ulation [19℄.As demonstrated in Fig. 1 this approa
h, whi
h has no adjustable parameters,yields a satisfa
tory des
ription { though it soon be
ame 
lear that the assumption\the pro
ess is due to Collins e�e
t only" is not 
orre
t: The Sivers e�e
t 
ontributesalso to Asin�UL [6℄. Sin
e it seems possible to ni
ely des
ribe the HERMES data [1℄in terms of the Collins e�e
t only, does it then mean that the Sivers e�e
t is small?
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xFigure 1. The longitudinal target azimuthal SSA Asin�UL in the produ
tion of �+ and �0 from aproton and �� from a deuteron target. Data are from [1℄, theoreti
al 
urves are from [13℄.Possibly yes [20℄. However, as observed in [21℄, the 
ontribution of the Sivers e�e
t
ould not resolved within error bars of the data [1℄ even if the Sivers fun
tion wereas large as allowed by model independent positivity bounds [22℄.Let us mention that en
ouraging preliminary data from CLAS indi
ate a nega-tive Asin 2�UL for �+ [23℄ as in our approa
h [13℄. On the basis of this understandingof longitudinal target SSA in [24℄ a �rst extra
tion of ea(x) from the CLAS dataon Asin �LU [2℄ was attempted. The analysis of [24℄ 
ould be, however, in
omplete.Previously un
onsidered distribution fun
tions seem of importan
e also here [25℄.3 Sivers e�e
t transverse target SSAPreliminary results from HERMES [9℄ indi
ate that the Sivers e�e
t is not small.In Fig. 2 we 
ompare the preliminary HERMES data with the parameterization ofthe Sivers fun
tion obtained by Anselmino et al. [26℄ assuming that the SSA inp"p ! �X is due to the Sivers e�e
t only. Considering that there are 
ompetingme
hanisms [7,27℄ in this rea
tion one �nds the e�e
ts 
omparable, 
f. Fig. 2.The size of the e�e
t hints at that the "Asin�UL -without-Sivers-e�e
t-analyses"[11,12,13℄ should be re
onsidered.4 Collins e�e
t transverse target SSABased on our understanding of the longitudinal target SSA [13℄ we made estimatesfor the Collins e�e
t transverse target SSA Asin(�+�s)UT [14℄. Of 
ourse, sin
e thetheoreti
al des
ription of the power suppressed (\twist-3") longitudinal SSA [13℄is involved and we made simpli�
ations, whi
h are diÆ
ult to 
ontrol, one 
annotexpe
t that we a

urately predi
t the overall magnitude of the e�e
t. However, one
ould have a 
ertain 
on�den
e that the shape of Asin(�+�s)UT (x) is des
ribed satisfy-ingly, as it is di
tated by the model predi
tion for ha1(x) [15℄ and the approximationof favoured 
avour fragmentation only. As 
an be seen in Fig. 3 our results [14℄ donot even des
ribe the shape of the preliminary HERMES data [9℄. Why not?Apparently some assumption(s) we made must be in
orre
t. The �rst suspi
ionis favoured fragmentation [9℄.
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xFigure 2. The Sivers e�e
t transverse target SSA Asin(�+�s)UT in the produ
tion of �+, �0 and ��from a proton target. Preliminary data are from [9℄, theoreti
al 
urves from [14℄.
-0.2

0

0.2

0 0.1 0.2 0.3

 AUTAsin(φ+φs)(x) vs.  HERMES preliminary

π+

x

-0.2

0

0.2

0 0.1 0.2 0.3

 AUTAsin(φ+φs)(x) vs.  HERMES preliminary

π0

x

-0.2

0

0.2

0 0.1 0.2 0.3

 AUTAsin(φ+φs)(x) vs.  HERMES preliminary

π-

xFigure 3. The Collins e�e
t transverse target SSA Asin(�+�s)UT in the produ
tion of �+, �0 and�� from a proton target. Preliminary data are from [9℄, theoreti
al 
urves from [14℄.5 Favoured vs. unfavoured Collins fragmentationCharge 
onjugation and isospin invarian
e relate pion fragmentation fun
tions asH?u=�+1 = H? �d=�+1 = H?d=��1 = H?�u=��1 � H?fav1 ; (1)H?d=�+1 = H?�u=�+1 = H?u=��1 = H? �d=��1 � H?unf1 ; (2)H?u=�01 = H?�u=�01 = H?d=�01 = H? �d=�01 !� 12(H?fav1 +H?unf1 ) : (3)A 
omment is in order on relation (3). Of 
ourse, there is only favoured frag-mentation of the 
avours u; �u; d; �d into a �0. Nevertheless, as a 
onsequen
e of
avour SU(2) symmetry, the \favoured" �0 fragmentation is given as the averageof favoured and unfavoured �� fragmentation fun
tions.aLet us fo
us on the SSA for �0 whi
h a

ording to Eq. (3) is given byAsin(�+�s)UT (�0)| {z }<0 in experiment /Pae2aha1(x)| {z }>0 in models hH?fav1 +H?unf1 i =) hH?fav1 +H?unf1 i < 0 ; (4)where h: : :i means the average over 0:2 � z � 0:7 at HERMES.aIn the talk presented at the 
onferen
e this point was treated in
orre
tly.
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hweitzerIf we 
ombine the experimental observation that the �0 SSA is negative, 
f.Fig. 3, and the observation that in all available models the "stru
ture fun
tion"Pa e2aha1(x) is positive, then we arrive at the remarkable 
on
lusion that the sum offavoured and unfavoured Collins fragmentation fun
tions is negative, 
.f. Eq. (4).In order to explain SSA of 
harged pions the option H?fav1 < 0 
an be ruled out,unless (4hu1 +h �d1) < (hd1 +4h�u1 ) whi
h would 
ontradi
t models, e.g. [15℄. Thus, theoption H?fav1 > 0 is 
learly preferred { as was so far 
ommonly assumed [7,11,12,13℄or observed in the model 
al
ulation of Ref. [19℄.Then, with the remaining option H?fav1 > 0, we 
an draw two interesting 
on-
lusions from the observation in Eq. (4). Firstly, H?unf1 has opposite sign withrespe
t to H?fav1 . This 
ould have a natural explanation, in parti
ular in the HER-MES kinemati
s with low parti
le multipli
ity jets [9℄. Se
ondly, the absolute valueof H?unf1 has to be larger than the absolute value of H?fav1 whi
h, if 
on�rmed, willbe more diÆ
ult to understand.6 Con
lusionsThe present situation is paradoxi
al. We have a reasonable understanding of AULSSA, but we know that it possibly is based on an in
omplete theoreti
al des
riptionof the pro
ess { with the Sivers e�e
t and other 
ontributions omitted. We probablyhave a 
omplete des
ription of the AUT SSA, but 
annot understand the preliminarydata { unless the Collins fragmentation fun
tion exhibits unexpe
ted properties.However, one should keep in mind the preliminary stage of the data [9℄, whi
hdoes not allow yet to draw de�nite 
on
lusions. Further data from HERMES aswell as COMPASS, CLAS, HALL-A and HALL-B experiments will 
ontribute 
on-siderably to resolve the present puzzles and pave the way towards a qualitative andquantitative understanding of the numerous new distribution and fragmentationfun
tions.A
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