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Universality ?
Vacuum vs inside a nucleaon ?
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Four Types of Frag. Func.

Spin independent Fragmentation Functions

Spin dependent Fragmentation Functions
(i.e. initial quark spin to final hadron azimuthal).

Spin Transfer Fragmentation Functions
(i.e. initial quark spin to final hadron spin)

Fragmentation Function of Induced hadron polarization
(i.e. unpolarized quark to polarized final hadron)
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Flavor Tagging in Semi-Inclusive DIS

(E.p) " Detect the leading hadron from the cur-
. rent fragmentation and measure the
. (E.p) ) double-spin asymmetry:
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z=FE;/v

Assume leading order naive x-z separation:

Ach(z,Q%z)  2¢ et Aqr(z,Q%) - D} (2, Q%)
oMz, Q%2) Y ,etqr(z,Q?)- Di(2,Q%)

Each asymmetry measurement provides an independent constrain on Agq f-

A?N(a"’ QQa z) =



Semi-inclusive DIS at NLO

LO: NLO-qq:

Figure 3: Semi inclusive deep inelastic scattering diagrams at leading order (LQ)) and the next to
leading order (NLO).
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SIDIS Cross Section at the Next-to-Leading-Order

. dx’ [ dz' T . 2 . .
q(w,Q2)~D(z,Q2)é/ x,/Z,q(x,)C(:v,z)D(—,)=q®Co.<>D

A

' are well-known Wilson coefficients (D. Graudenz, NPB432, 351(1994)).
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Isospin symmetry and charge conjugation: D = DZ‘;, > egD(’I‘i =) efD(’;‘t_.

e ("and AC are very similar, NLO effects could cancel out in A7r NS

e NLO global QCD-fit with inclusive and SIDIS data constrain Ag and AG.
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BELLE

World Data (Sel.) for e 'e" — n*+X Multiplicities
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Belle results vs. World Data Selection

World Data (Sel.) for e 'e' — K™+X Production
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Multiplicity
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FIG. 9. Comparison of the vector-meson-corrected mul-

tiplicities measured on the proton for various hadrons with
LO calculations using CTEQ6L parton distributions [45] and
three compilations (see text) of fragmentation functions. Also
shown are the values obtained from the HERMES Lund
Monte Carlo. The statistical error bars on the experimen-
tal points are too small to be visible.
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SIDIS HERMS

Charged Hadron
Multiplicities on
a Proton Target
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SIDIS COMPASS
Charged Hadron
Multiplicities on
a Proton Target
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FIG. 4: L.h.s. comparison of our NLO results for charged pion multiplicities in SIDIS, (1/Nprs)dN w* /dde’, with preliminary
HERMES data [18]. Also shown are the results obtained with the KRE [7] parametrization. R.h.s. “(data-theory)/theory”
for our NLO results, open and full circles denote 7% and #~ multiplicities, respectively. The shaded bands indicate estimates
of theoretical uncertainties due to finite bin-size effects (see text).
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FIG. 13: Same as in Fig. 4 but now for charged kaons.
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Pion Multplicity
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Spin dependent frag. Func.
to access quark transversity distributions ...

* Transversity distribution is chiral--odd, not accessible through inclusive deep-
inelastic scattering. Need to be combined with another chiral-odd object, i.e.
Collins fragmentation function.

Through target single spin asymmetry in semi-inclusive DIS.
J.C. Collins, NPB 396, 161(1993).

e'E)
&/h ACOllinS(Qj Z) x Zq 63 (SQ(ZC) & HlJZIh(Z7 Pf?J_)
7 o > ez alz) ® Diy(2, L))

Collins frag. fun. can be accessed in e*e” collisions
(BELLE experiment at KEK).
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Collins-Soper Frame

FIG. 1: Definition of the azimuthal angles of the two hadrons.
In each case, ¢; is the angle between the plane spanned by the
lepton momenta and the thrust axis 72, and the plane spanned

by 7 and the hadron transverse momentum Fp; ) .
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Gottfried-Jackson Frame
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FIG. 3: Values of Ay and A5 as functions of 2, corrected for

the contribution of charm events. The lower scales show the
boundaries of the bins in z; and z5; see the text. The shaded
band shows the size of the systematic errors.
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Collins asymmetries for light quarks measured in bins of fractional energies (24,25), in RF0.
Asymmetries for the UL (up triangles) and UC (down triangles) ratios are reported, with statistical error bars and systematic



STAR 2006 Preliminary p+p -> hadron azimuthal distribution

Midrapidity Collins: Ay is related to Apf(z) @ AD(z) Collins Asymmetry A= 2 <sin(¢s—¢h)> Vs 2
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Collins Asymmetry A =2 <sin(q)h - ¢s)> VS. 2z

Collins Asymmetry A =2 <sin(¢h - ¢S)> VS. jT
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Di-hadron Correlation

+ ->measure simultaneous azimuthal modulation of two pion pair yields in
opposing hemispheres

A cosloy + ) Hi ey, ) (20,ms)
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« ITransverse quark spin distributions Gchan be extracted from

measurements in pp and SIDIS experiments via:

- transversity x Collins FF: oq X .
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p+p— AT+ X
'g\;“‘o ' 1 The puzzle of large
~ induced polarization
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Fig. 3. Pro versus x for those data in fig. 2 with p,>0.96 GeV/c
(the average p,=1.14 GeV/c). The straight line is the fit dis-
cussed in the text. The open circles are Fermilab results from ref.
[12] with p,>0.95 GeV/c.
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FIG. 3. Comparison of the Q ~ polarization with those of the
=% A° and = as a function of the transverse momentum. For
a given transverse momentum, the average xr of the A° is
slightly lower than that of the @ ~. The =~ and E7* data are
from this experiment (see Refs. [4] and [10]), and the 400
GeV/c A° results are taken from Ref. [8].



Left-Right Asymmetry of Lambda
E704. PRL 75, 3073(1995). T + p — A _|_ X
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FIG. 3. Ay data for pl +p — A" + X as a function of xf.
Data at 18.5 GeV/c [7] (©) are also shown.



D\n: Transverse Spin Transfer to Lambda
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(transversity)*(final-spin dependent Frag. Func.)

E704: PRL 78, 4003 (1997)
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FIG. 2. Depolarization Dyy data as a function of xz. The
FIG. 1. Depolarization Dyy data as a function of pr in errors shown are statistical only. Also shown are Dyy mea-

pl+p— A" + X at 200 GeV/c. The errors shown are surements at 18.5 GeV/c from Ref. [12] ((pr) ~ 1.0 GeV/c
statistical only. for the plotted points).



