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“Deep Inelastic Scattering off Polarized Targets: Theory Meets Experiment”

Abstract

I review the ways that have been proposed to measure the quark transversity
distribution in the nucleon. I then explain a proposal, developed by Xuemin Jin,
Jian Tang and myself, to measure transversity through the final state interaction
between two mesons (ππ, KK, or πK) produced in the current fragmentation
region in deep inelastic scattering on a transversely polarized nucleon.

1 Introduction

Three parton distributions characterize the quarks in the nucleon. Two are now quite
well known: the momentum distribution, q(x, Q2), has been studied for decades [1];
the helicity distribution, ∆q(x, Q2), has been measured accurately only recently.[2]
The discovery that the integrated quark helicity accounts for little of the nucleon’s
total spin initially shocked students of QCD and ignited a renaissance in QCD spin
physics.

The third distribution has quite a different history. It escaped notice until 1979
when Ralston and Soper found it in their study of Drell-Yan spin asymmetries.[3]
Its place along with q and ∆q in the complete description of the nucleon spin was
not appreciated until after measurements of ∆q had spurred interest in QCD spin
physics.[4, 5, 6] It is known generally as the “transversity distribution”, denoted
δq(x, Q2).1 δq measures the distribution of quark transverse spin in a nucleon po-
larized transverse to its (infinite) momentum.

1Although the name transversity is fairly universal, the notation is not. In addition to δq, the
notation ∆T q due to Artru and Mekhfi[4] is common, as is the designation δq ↔ h1 in analogy to
∆q ↔ g1.
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Transverse Correlations from Fragmentation Functions

h
✦ TMD FF

✦ DiFF
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Semi-inclusive production of two hadrons [19,21] offers
an alternative way to access transversity, where the chiral-
odd partner of transversity is represented by the DiFF H!

1
[47], which relates the transverse spin of the quark to the
azimuthal orientation of the two-hadron plane. This func-
tion is at present unknown. Very recently, the HERMES
collaboration has reported measurements of the asymmetry
containing the product h1H!

1 [48]. The COMPASS col-
laboration has also presented analogous preliminary results
[49]. In the meanwhile, the BELLE collaboration is plan-
ning to measure the fragmentation functions H!

1 in the near
future [50,51].

In this context, it seems of great importance to devise a
way to model DiFF. From the theoretical side, this can help
in understanding what are the essential building blocks and
mechanisms involved in dihadron fragmentation. It can
also provide guidance for fits to data and further phenome-
nological studies. From the experimental side, a model
could be useful to study the effects of cuts and acceptance,
to estimate the size of observables in different processes
and kinematical regimes. Our work is not the first one in
this direction [21,47,52]. The model presented here is close
to the one discussed in Ref. [47]. However, for the first time
we are able to fix the parameters by comparing our unpo-
larized DiFF D1 with the output of the PYTHIA event
generator [53] tuned for HERMES [54]. Then, without
introducing extra parameters, we make predictions for
the polarized DiFF H!

1 and the related SSA involving the
transversity distribution h1.

The paper is organized as follows. In Sec. II, we review
the basic formalism of DiFF and of SIDIS cross section for
two-hadron production. In Sec. III, we describe our model
for the fragmentation of a quark into two unpolarized
hadrons and give analytic results for DiFF calculated in
this model. In Sec. IV, we fix the parameters of the model
by comparing it to the output of the PYTHIA event gen-
erator tuned for HERMES kinematics. In Sec. V, we show
numerical predictions for the DiFF and for the above-
mentioned SSA in the kinematics explored by the
HERMES [48] and COMPASS collaborations [49].
Finally, in Sec. VI we draw some conclusions.

II. BASICS OF DIHADRON FRAGMENTATION
FUNCTIONS

Dihadron fragmentation functions are involved in the
description of the fragmentation process q ! !!!"X.
The quark has momentum k. The two pions have masses
m! # 0:140 GeV, momenta P1 and P2, respectively, and
invariant mass Mh (considered to be much smaller than the
hard scale of the process, e.g., the virtuality of the photon,
Q, in SIDIS). We introduce the vectors Ph # P1 ! P2
and R # $P1 " P2%=2. We describe a 4-vector a as
&a"; a!; ax; ay', i.e. in terms of its light cone components
a( # $a0 ( a3%=

!!!
2

p
and its transverse spatial components.

We introduce the light cone fraction z # P"
h =k

" and the
polar angle ", being the angle between the direction of P1
in the pair’s center of mass and the direction of Ph in the
lab frame [55], so that the relevant momenta can be written
as

 k# #
"
P"
h

z
;
z$k2 ! ~k2T%

2P"
h

; kxT; k
y
T

#
; (1)

 P#
h #

"
P"
h ;

M2
h

2P"
h
; 0; 0

#
; (2)

 

R# #
"j ~RjP"

h

Mh
cos";" j ~RjMh

2P"
h

cos"; Rx
T; R

y
T

#

#
"j ~RjP"

h

Mh
cos";" j ~RjMh

2P"
h

cos";

) j ~Rj sin" cos$R; j ~Rj sin" sin$R

#
; (3)

where1

 j ~Rj # Mh

2

!!!!!!!!!!!!!!!!!!!
1" 4m2

!

M2
h

s
; (4)

and $R is defined later in Eq. (15) (see also Fig. 1). It is
useful to compute the scalar products

 Ph * R # 0; (5)

 Ph * k # M2
h

2z
! z

k2 ! j ~kT j2
2

; (6)

 

Ph

Ph

P2

P1

RT

S S
φ

φ
R

two−hadron plane

scattering plane

l l’

q

FIG. 1 (color online). Angles involved in the measurement of
the transverse single-spin asymmetry in deep-inelastic produc-
tion of two hadrons in the current region.

1Note that there is a misprint in the expressions for j ~Rj in
Eq. (27) of Ref. [55] and in Eq. (23) of Ref. [28].
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plitude times the conjugate of a different scattering ampli-

tude !12". However, for conciseness we follow the notation

of Ref. !2". The polarization of the incident beam is indicated
with #e and

A$y %!1"y#
y2

2
, B$y %!1"y , C$y %!y$2"y %.

$23%

In Eq. $22%, the indices (&1 ,&1!) refer to the chiralities of the
entering quarks and identify each submatrix, while (&2 ,&2!)
refer to the exiting quarks and point to the elements inside

each submatrix. By expanding the sum over repeated indices

in Eq. $21%, we get the expression

d7'

d(dMh
2d)Rdzdxdyd)S

!*
a
ea
2
2+2

4,Q2y
! A$y % f 1

a$x %D1
a$z ,( ,Mh

2%

##e#
C$y %

2
g1
a$x %D1

a$z ,( ,Mh
2%

#B$y %
"S! T""R! T"
Mh

sin$)R#)S%h1
a$x %H1

!a$z ,( ,Mh
2%# .

$24%

For an unpolarized beam (#e!0, indicated with O) and a
transversely polarized target (#!0, indicated with T), Eq.
$24% corresponds to Eq. $10% of Ref. !6" after integrating over
all transverse momenta. The following SSA can be built:

A
OT

sin()R#)S)$y ,x ,z ,Mh
2%

!
$ d)Sd)Rd( sin$)R#)S%d

7'OT

$ d)Sd)Rd(d7'OO

!"S! T"
B$y %

A$y %

*
a
ea
2h1

a$x %$ d(
"R! T"
2Mh

H1
!a$z ,( ,Mh

2%

*
a
ea
2 f 1

a$x %$ d(D1
a$z ,( ,Mh

2%

,

$25%

which allows us to isolate the transversity h1 at leading twist.

Apart from the usual variables x , y , z , the only other vari-

able to be measured is the angle )R#)S . Instead of using

the scattering plane as a reference to measure azimuthal

angles, it is sometimes convenient to use the directions of the

beam and of the transverse component of the target spin. The

new plane is rotated by the angle )S-") l
S with respect to

the scattering plane; therefore, we have )R-)R
S") l

S and

)R#)S-)R
S"2) l

S !6".
The asymmetry described in Eq. $25% is the most general

one at leading twist for the case of two-hadron production

when an unpolarized lepton beam scatters off a transversely

polarized target. No assumptions are made on the behavior of

the fragmentation functions. However, as we shall see in the

next section, it is useful and desirable to understand how

different partial waves contribute to the above fragmentation

functions.

III. PARTIAL-WAVE EXPANSION FOR THE

TWO-HADRON SYSTEM

If the invariant mass Mh of the two hadrons is not very

large, the pair can be assumed to be produced mainly in the

relative s-wave channel, with a typical smooth distribution,

or in the p-wave channel with a Breit-Wigner profile !32".
Therefore, it is useful to expand Eq. $16%—or equivalently
Eq. $19%—in relative partial waves keeping only the first two
harmonics. To this purpose, in the following we reformulate

the kinematics in the c.m. frame of the two-hadron system.

Then, the leading-twist projection for the quark-quark cor-

relator . is conveniently expanded deducing a more detailed

structure than Eq. $19%. A set of new bounds is derived and
the corresponding expression for the cross section is dis-

cussed.

In the c.m. frame the emission of the two hadrons occurs

back to back. The direction identified by this emission forms

an angle / with the direction of Ph in the target rest frame

$see Fig. 3%. In this frame, the relevant variables become

Ph
0!%Mh

!2
,

Mh

!2
, 0, 0& ,

R0!%!M 1
2#"R! "2"!M 2

2#"R! "2"2"R! "cos /

2!2
,

!M 1
2#"R! "2"!M 2

2#"R! "2#2"R! "cos /

2!2
,

"R! "sin / cos)R ,"R! "sin / sin)R& ,
(!

2R"

Ph
"

!
1

Mh

$!M 1
2#"R! "2"!M 2

2#"R! "2"2"R! "cos /%,

$26%

where

FIG. 3. The hadron pair in the c.m. frame; / is the c.m. polar
angle of the pair with respect to the direction of Ph in the target rest

frame.
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Direction of 
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Knowledge on DiFFs leads to h1(x, Q2)

Semi-inclusive production of two hadrons [19,21] offers
an alternative way to access transversity, where the chiral-
odd partner of transversity is represented by the DiFF H!

1
[47], which relates the transverse spin of the quark to the
azimuthal orientation of the two-hadron plane. This func-
tion is at present unknown. Very recently, the HERMES
collaboration has reported measurements of the asymmetry
containing the product h1H!

1 [48]. The COMPASS col-
laboration has also presented analogous preliminary results
[49]. In the meanwhile, the BELLE collaboration is plan-
ning to measure the fragmentation functions H!

1 in the near
future [50,51].

In this context, it seems of great importance to devise a
way to model DiFF. From the theoretical side, this can help
in understanding what are the essential building blocks and
mechanisms involved in dihadron fragmentation. It can
also provide guidance for fits to data and further phenome-
nological studies. From the experimental side, a model
could be useful to study the effects of cuts and acceptance,
to estimate the size of observables in different processes
and kinematical regimes. Our work is not the first one in
this direction [21,47,52]. The model presented here is close
to the one discussed in Ref. [47]. However, for the first time
we are able to fix the parameters by comparing our unpo-
larized DiFF D1 with the output of the PYTHIA event
generator [53] tuned for HERMES [54]. Then, without
introducing extra parameters, we make predictions for
the polarized DiFF H!

1 and the related SSA involving the
transversity distribution h1.

The paper is organized as follows. In Sec. II, we review
the basic formalism of DiFF and of SIDIS cross section for
two-hadron production. In Sec. III, we describe our model
for the fragmentation of a quark into two unpolarized
hadrons and give analytic results for DiFF calculated in
this model. In Sec. IV, we fix the parameters of the model
by comparing it to the output of the PYTHIA event gen-
erator tuned for HERMES kinematics. In Sec. V, we show
numerical predictions for the DiFF and for the above-
mentioned SSA in the kinematics explored by the
HERMES [48] and COMPASS collaborations [49].
Finally, in Sec. VI we draw some conclusions.

II. BASICS OF DIHADRON FRAGMENTATION
FUNCTIONS

Dihadron fragmentation functions are involved in the
description of the fragmentation process q ! !!!"X.
The quark has momentum k. The two pions have masses
m! # 0:140 GeV, momenta P1 and P2, respectively, and
invariant mass Mh (considered to be much smaller than the
hard scale of the process, e.g., the virtuality of the photon,
Q, in SIDIS). We introduce the vectors Ph # P1 ! P2
and R # $P1 " P2%=2. We describe a 4-vector a as
&a"; a!; ax; ay', i.e. in terms of its light cone components
a( # $a0 ( a3%=

!!!
2

p
and its transverse spatial components.

We introduce the light cone fraction z # P"
h =k

" and the
polar angle ", being the angle between the direction of P1
in the pair’s center of mass and the direction of Ph in the
lab frame [55], so that the relevant momenta can be written
as

 k# #
"
P"
h

z
;
z$k2 ! ~k2T%

2P"
h

; kxT; k
y
T

#
; (1)

 P#
h #

"
P"
h ;

M2
h

2P"
h
; 0; 0

#
; (2)

 

R# #
"j ~RjP"

h

Mh
cos";" j ~RjMh

2P"
h

cos"; Rx
T; R

y
T

#

#
"j ~RjP"

h

Mh
cos";" j ~RjMh

2P"
h

cos";

) j ~Rj sin" cos$R; j ~Rj sin" sin$R

#
; (3)

where1

 j ~Rj # Mh

2

!!!!!!!!!!!!!!!!!!!
1" 4m2

!

M2
h

s
; (4)

and $R is defined later in Eq. (15) (see also Fig. 1). It is
useful to compute the scalar products

 Ph * R # 0; (5)

 Ph * k # M2
h

2z
! z

k2 ! j ~kT j2
2

; (6)

 

Ph

Ph

P2

P1

RT

S S
φ

φ
R

two−hadron plane

scattering plane

l l’

q

FIG. 1 (color online). Angles involved in the measurement of
the transverse single-spin asymmetry in deep-inelastic produc-
tion of two hadrons in the current region.

1Note that there is a misprint in the expressions for j ~Rj in
Eq. (27) of Ref. [55] and in Eq. (23) of Ref. [28].
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plitude times the conjugate of a different scattering ampli-

tude !12". However, for conciseness we follow the notation

of Ref. !2". The polarization of the incident beam is indicated
with #e and

A$y %!1"y#
y2

2
, B$y %!1"y , C$y %!y$2"y %.

$23%

In Eq. $22%, the indices (&1 ,&1!) refer to the chiralities of the
entering quarks and identify each submatrix, while (&2 ,&2!)
refer to the exiting quarks and point to the elements inside

each submatrix. By expanding the sum over repeated indices

in Eq. $21%, we get the expression

d7'

d(dMh
2d)Rdzdxdyd)S

!*
a
ea
2
2+2

4,Q2y
! A$y % f 1

a$x %D1
a$z ,( ,Mh

2%

##e#
C$y %

2
g1
a$x %D1

a$z ,( ,Mh
2%

#B$y %
"S! T""R! T"
Mh

sin$)R#)S%h1
a$x %H1

!a$z ,( ,Mh
2%# .

$24%

For an unpolarized beam (#e!0, indicated with O) and a
transversely polarized target (#!0, indicated with T), Eq.
$24% corresponds to Eq. $10% of Ref. !6" after integrating over
all transverse momenta. The following SSA can be built:

A
OT

sin()R#)S)$y ,x ,z ,Mh
2%

!
$ d)Sd)Rd( sin$)R#)S%d

7'OT

$ d)Sd)Rd(d7'OO

!"S! T"
B$y %

A$y %

*
a
ea
2h1

a$x %$ d(
"R! T"
2Mh

H1
!a$z ,( ,Mh

2%

*
a
ea
2 f 1

a$x %$ d(D1
a$z ,( ,Mh

2%

,

$25%

which allows us to isolate the transversity h1 at leading twist.

Apart from the usual variables x , y , z , the only other vari-

able to be measured is the angle )R#)S . Instead of using

the scattering plane as a reference to measure azimuthal

angles, it is sometimes convenient to use the directions of the

beam and of the transverse component of the target spin. The

new plane is rotated by the angle )S-") l
S with respect to

the scattering plane; therefore, we have )R-)R
S") l

S and

)R#)S-)R
S"2) l

S !6".
The asymmetry described in Eq. $25% is the most general

one at leading twist for the case of two-hadron production

when an unpolarized lepton beam scatters off a transversely

polarized target. No assumptions are made on the behavior of

the fragmentation functions. However, as we shall see in the

next section, it is useful and desirable to understand how

different partial waves contribute to the above fragmentation

functions.

III. PARTIAL-WAVE EXPANSION FOR THE

TWO-HADRON SYSTEM

If the invariant mass Mh of the two hadrons is not very

large, the pair can be assumed to be produced mainly in the

relative s-wave channel, with a typical smooth distribution,

or in the p-wave channel with a Breit-Wigner profile !32".
Therefore, it is useful to expand Eq. $16%—or equivalently
Eq. $19%—in relative partial waves keeping only the first two
harmonics. To this purpose, in the following we reformulate

the kinematics in the c.m. frame of the two-hadron system.

Then, the leading-twist projection for the quark-quark cor-

relator . is conveniently expanded deducing a more detailed

structure than Eq. $19%. A set of new bounds is derived and
the corresponding expression for the cross section is dis-

cussed.

In the c.m. frame the emission of the two hadrons occurs

back to back. The direction identified by this emission forms

an angle / with the direction of Ph in the target rest frame

$see Fig. 3%. In this frame, the relevant variables become

Ph
0!%Mh

!2
,

Mh

!2
, 0, 0& ,

R0!%!M 1
2#"R! "2"!M 2

2#"R! "2"2"R! "cos /

2!2
,

!M 1
2#"R! "2"!M 2

2#"R! "2#2"R! "cos /

2!2
,

"R! "sin / cos)R ,"R! "sin / sin)R& ,
(!

2R"

Ph
"

!
1

Mh

$!M 1
2#"R! "2"!M 2

2#"R! "2"2"R! "cos /%,

$26%

where

FIG. 3. The hadron pair in the c.m. frame; / is the c.m. polar
angle of the pair with respect to the direction of Ph in the target rest

frame.
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the uncertainty in the target polarization. Other contributions to the systematic uncertainty are
summed in quadrature and represented by the asymmetric error band.
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twist. In order to eliminate effects of the natural polarization of the Hera lepton beam,

data with both beam-helicity states were combined. The resulting net beam polarization is

−0.020 ± 0.001. The influence of this small but nonzero net polarization on the amplitude

extracted was shown to be negligible by analyzing separately the data of the two beam-

helicity states. There is also no influence from the addition to the fit of a constant term,

the latter being consistent with zero. Identical results were obtained using an unbinned

maximum-likelihood fit.

Tracking corrections that are applied for the deflections of the scattered particles caused

by the vertical 0.3 T target holding field have also a negligible effect on the extracted

asymmetries.

The fully differential asymmetry depends on nine kinematic variables: x, y, z, φR⊥,

φS , and θ, Mππ, and Ph⊥ ( d2Ph⊥ = |Ph⊥|d|Ph⊥|dφh). Due to the limited statistical

precision, it is not possible to measure the asymmetry AU⊥ fully differential in all relevant

variables. Combined with the fact that the Hermes spectrometer does not have a full 4π

acceptance, this implies that the measured number of events is always convolved with the
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terms of the form sinφS (which appears at subleading twist in the polarized cross section
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cross section σUU ). These angular combinations exhaust the possibilities up to subleading

twist. In order to eliminate effects of the natural polarization of the Hera lepton beam,

data with both beam-helicity states were combined. The resulting net beam polarization is

−0.020 ± 0.001. The influence of this small but nonzero net polarization on the amplitude

extracted was shown to be negligible by analyzing separately the data of the two beam-

helicity states. There is also no influence from the addition to the fit of a constant term,

the latter being consistent with zero. Identical results were obtained using an unbinned

maximum-likelihood fit.

Tracking corrections that are applied for the deflections of the scattered particles caused

by the vertical 0.3 T target holding field have also a negligible effect on the extracted

asymmetries.

The fully differential asymmetry depends on nine kinematic variables: x, y, z, φR⊥,

φS , and θ, Mππ, and Ph⊥ ( d2Ph⊥ = |Ph⊥|d|Ph⊥|dφh). Due to the limited statistical

precision, it is not possible to measure the asymmetry AU⊥ fully differential in all relevant

variables. Combined with the fact that the Hermes spectrometer does not have a full 4π

acceptance, this implies that the measured number of events is always convolved with the
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summed in quadrature and represented by the asymmetric error band.

The modulation amplitudes extracted are not influenced by the addition in the fit of

terms of the form sinφS (which appears at subleading twist in the polarized cross section

σUT ), or of the form cosφR⊥ sin θ (which appears at subleading twist in the unpolarized
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twist. In order to eliminate effects of the natural polarization of the Hera lepton beam,

data with both beam-helicity states were combined. The resulting net beam polarization is

−0.020 ± 0.001. The influence of this small but nonzero net polarization on the amplitude

extracted was shown to be negligible by analyzing separately the data of the two beam-

helicity states. There is also no influence from the addition to the fit of a constant term,

the latter being consistent with zero. Identical results were obtained using an unbinned

maximum-likelihood fit.

Tracking corrections that are applied for the deflections of the scattered particles caused

by the vertical 0.3 T target holding field have also a negligible effect on the extracted

asymmetries.

The fully differential asymmetry depends on nine kinematic variables: x, y, z, φR⊥,

φS , and θ, Mππ, and Ph⊥ ( d2Ph⊥ = |Ph⊥|d|Ph⊥|dφh). Due to the limited statistical

precision, it is not possible to measure the asymmetry AU⊥ fully differential in all relevant

variables. Combined with the fact that the Hermes spectrometer does not have a full 4π

acceptance, this implies that the measured number of events is always convolved with the
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largest. The error bars show the statistical uncertainty. A scale uncertainty of 8.1% arises from
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σUT ), or of the form cosφR⊥ sin θ (which appears at subleading twist in the unpolarized

cross section σUU ). These angular combinations exhaust the possibilities up to subleading

twist. In order to eliminate effects of the natural polarization of the Hera lepton beam,

data with both beam-helicity states were combined. The resulting net beam polarization is

−0.020 ± 0.001. The influence of this small but nonzero net polarization on the amplitude

extracted was shown to be negligible by analyzing separately the data of the two beam-

helicity states. There is also no influence from the addition to the fit of a constant term,

the latter being consistent with zero. Identical results were obtained using an unbinned

maximum-likelihood fit.

Tracking corrections that are applied for the deflections of the scattered particles caused

by the vertical 0.3 T target holding field have also a negligible effect on the extracted

asymmetries.

The fully differential asymmetry depends on nine kinematic variables: x, y, z, φR⊥,

φS , and θ, Mππ, and Ph⊥ ( d2Ph⊥ = |Ph⊥|d|Ph⊥|dφh). Due to the limited statistical

precision, it is not possible to measure the asymmetry AU⊥ fully differential in all relevant

variables. Combined with the fact that the Hermes spectrometer does not have a full 4π

acceptance, this implies that the measured number of events is always convolved with the
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twist. In order to eliminate effects of the natural polarization of the Hera lepton beam,

data with both beam-helicity states were combined. The resulting net beam polarization is

−0.020 ± 0.001. The influence of this small but nonzero net polarization on the amplitude

extracted was shown to be negligible by analyzing separately the data of the two beam-

helicity states. There is also no influence from the addition to the fit of a constant term,

the latter being consistent with zero. Identical results were obtained using an unbinned

maximum-likelihood fit.

Tracking corrections that are applied for the deflections of the scattered particles caused

by the vertical 0.3 T target holding field have also a negligible effect on the extracted
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The fully differential asymmetry depends on nine kinematic variables: x, y, z, φR⊥,

φS , and θ, Mππ, and Ph⊥ ( d2Ph⊥ = |Ph⊥|d|Ph⊥|dφh). Due to the limited statistical

precision, it is not possible to measure the asymmetry AU⊥ fully differential in all relevant

variables. Combined with the fact that the Hermes spectrometer does not have a full 4π

acceptance, this implies that the measured number of events is always convolved with the
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✦  azimuthal modulation between the 2 hemispheres

Ae+e−(z, M2
h , z̄, M̄2

h , Q2)

= − 〈sin2 θ2〉
〈1 + cos2 θ2〉

〈sin θ〉 〈sin θ̄〉 5 |R̄|
Mh

H! u
1 (z, M2

h , Q2) | ¯̄R|
M̄h

H! u
1 (z̄, M̄2

h , Q2)
6 Du

1 (z, M2
h , Q2)Du

1 (z̄, M̄2
h , Q2) + 4 Dc

1(z, M2
h , Q2)Dc

1(z̄, M̄2
h , Q2)

See A. Vossen’s talk

[arXiv:1104.2425] 

http://arxiv.org/abs/1104.2425
http://arxiv.org/abs/1104.2425
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From Belle data (in particular Mh1-Mh2 asymmetries):
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From Belle data (in particular Mh1-Mh2 asymmetries):

(Ae+e−)H = − 〈sin2 θ2〉
〈1 + cos2 θ2〉

〈sin θ〉 〈sin θ̄〉 5 (n↑u)2

6 (nu)2 + 4 (nc)2
-0.0307±0.0011

0.753

0.871

n↑
u(Q2)

nu(Q2)
= −0.276± 0.007exp± 0.006theo

PRELIMINARY

4 nc2/6 nu2=0.415

Evolution effects : n↑
u(Q2)

nu(Q2)
= −0.304± 0.008exp± 0.021theo

needs analytical expression and gluon DiFF

Hermes’scale



Transversity   from e p↑→e’ (π+π-) X @ HERMES

!

!

!

!

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

0.0

0.1

0.2

0.3

x

x h
1

uv !x"! x h
1

dv !x"#4

Anselmino et al.

1st extraction
 in

collinear factorization 
framework

xhuv
1 (x, Q2)− 1

4 xhdv
1 (x, Q2) = −C−1

y ADIS(x, Q2)
nu(Q2)
n↑u(Q2)

∑

q=u,d,s

e2
q

e2
u

xfq+q̄
1 (x, Q2)

-0.304-1   (± 7% theo. err.)   from BELLE

7% theo. err.

PRELIMINARY
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• Dihadron Fragmentation Functions

• Fits in (z, Mh, Q2) to be published soon                              [Bacchetta, Courtoy, Radici]

• Belle data for KK, Kπ, ... 

• BaBar data for DiFFs ?

• Transversity via DiFF

• COMPASS data for pion pair production in DIS off transversely pol. target   

                                                                                                                         to be published soon ?  

•  CLAS12  ππ, Kπ, KK production in DIS off transversely pol. target ?

• Higher-twist PDFs via DiFF

•  CLAS  ππ, Kπ, KK production in DIS

Outlook


