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The valence transversity distributions of the u- and the d-quarks have been extracted
point-by-point from single-hadron production and dihadron production data measured in
semi-inclusive deep inelastic scattering and in e+e annihilation. The extraction is based
on some simple assumptions and does not require any parametrization. The transversity
distributions are found to be compatible with each other and with previous analyses.
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1. Introduction

The first evidence that the transversity parton distribution function (PDF) is dif-
ferent from zero came exactly 10 years ago, at the XVI International Spin Physics
Symposium SPIN2014, where the HERMES Collaboration presented convincing
evidence that the Collins asymmetry in e−p → e−hX semi-inclusive deep inelastic
scattering (SIDIS) of 27 GeV electrons on transversely polarized protons is different
from zero.1 At the same conference the COMPASS Collaboration showed that the
Collins asymmetry measured by scattering 160 GeV muons off transversely polarized
deuterons was compatible with zero,2 an indication that there could be cancellation
between the u and d-quark transversity. One year after, an independent assessment
that the Collins fragmentation function (FF) is different from zero came from the
Belle Collaboration which measured, event by event, a non-zero correlation between
the azimuthal angles of the hadrons in opposite jets in e+e− → h1h2X processes.3

At this point it was possible to carry on first extractions4 of the transversity PDF
h1 and of the Collins FF H1 combining in a global fit the SIDIS experimental data
from HERMES5 and COMPASS,6, 7 with the Belle data.3 In the past 10 years the
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experiments have produced more results,8–10 reducing considerably the experimen-
tal errors, a JLab experiment has produced first results on a transversely polarized
neutron target,11 and several extractions of the transversity PDF and of the Collins
FF have been performed by the Torino group.12 Moreover a different method to
address transversity has also been pursued,13 based on the expected transverse spin
asymmetry of the plane defined by two hadrons produced in the SIDIS process.
These dihadron asymmetries were indeed measured by HERMES on a proton tar-
get14 and by COMPASS, first on a deuteron target,15 where the effect was small,
compatible with zero, and later on a proton target.15, 16 The observables measured
in these processes contain, besides the transversity, two unknown dihadron fragmen-
tation functions (DiFFs), Dq and H∠

q . Very much as for the Collins asymmetry, also
in this case independent information on the DiFF’s came from the Belle Collabo-
ration, which measured the correlations between the azimuthal angles of the planes
containing two hadrons belonging to two back to back jets in e+e− → qq̄ → jj̄ [22].
A global fit using SIDIS and e+e− data was performed, by the Pavia group,17 and
indeed the extracted transversity distributions are in rather good agreement with
the corresponding quantities determined by the Torino group.

In this work we adopted a different approach with respect to that of Refs. [12]
and [17]. Our goal was to extract the transversity PDF directly from the 1-h and
2-h SIDIS and e+e− data, without any parametrization of PDFs and FFs, and con-
sequently without performing any global fit. The strategy was to extract from the
e+e data the analyzing power of 1-h and 2-h production from a transversely polar-
ized target, and then use this information to obtain point-by-point the transversity
distributions from the SIDIS data. The main purpose of the exercise was to show
that the transversity distributions could be obtained in a simple and straightforward
way. As a consequence of this approach

i) having no parametrization for the PDFs nor for the FF we could not take care
of evolution,

ii) the need to dispose of both proton and deuteron data measured at the same Q2

value limited the data set to the COMPASS data.

In the following, we first discuss the 2-h case, which is simpler, and move to the 1-h
case afterwards.

2. Dihadron Asymmetries

2.1. Dihadron asymmetries in SIDIS

After correcting for the spin transfer parameter and with the COMPASS azimuthal
angle convention, the transverse spin asymmetry (differential in x, z, M2h, . . .) is
given by18, 19

A2h =
R

M2h

∑
q,q̄ e2

qxhq
1H

∠
q∑

q,q̄ e2
qxf q

1 Dq
=

∑
q,q̄ e2

qxhq
1Hq∑

q,q̄ e2
qxf q

1Dq
. (1)
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where M2h is the invariant mass of the hadron pair, z = z1 +z2 and we have defined

Hq(z, M2h) = sin θq · R/M2h · H∠
q (z, M2h). (2)

with θ the usual angle in the two hadron center of mass system, �R = (�P1 − �P2)/2,
with �RT = �R sin θ and R/M2h =

√
1 − 4m2

π/M2
2h/2.

With very reasonable assumptions,18, 20 namely:
- for the polarised part:

Hq = −Hq̄, Hu = −Hd, Hs = Hc = 0 (3)

- for the unpolarised FFs:

Du = Dd = Dū = Dd̄, Ds = Ds̄, Dc = Dc̄ (4)

and,

Ds � Dc � 0.5Du (5)

which is close the the usual relation between favored and unfavored FFs and gives
a c yield � 0.2 the uds yield neglecting the s and c quarks contributions, and
integrating over z and M . The asymmetries measured in COMPASS in the different
x bins can then be written as:

A2h
p (x) � 4xhuv

1 − xhdv
1

4xf∗u
1 + xf∗d

1

〈Hu〉
〈Du〉 , A2h

d � 3
5

xhuv
1 + xhdv

1

xf∗u
1 + xf∗d

1

〈Hu〉
〈Du〉 . (6)

The values of the COMPASS asymmetries we have used in this analysis are
taken from Refs. [15, 16]. We use the h+h− results, assuming they are pions, which
is a good approximation.

2.2. Dihadron asymmetries at Belle

The extraction of the analysing power described here is very similar to what has
been done by the Pavia group in their early paper on this subject.18

In e+e− → qq̄ → jj̄ the asymmetry (differential in z, z̄, M2h and M2h) can be
written as20, 21

a12 =
s2

1 + c2

∑
q e2

qHqHq̄∑
q e2

qDqDq̄
. (7)

where:
- the “bar” quantities refer to the jet initiated by the q̄;
- s2 = sin2 θ2 and c2 = cos2 θ2, with θ2 the angle between the e+ and the pair
direction;
The terms sin θq (sin θq̄) and R/M2h (R̄/M2h) are included in H∠

q (H∠
q̄ ) as from

Eq. (2).

1560062-3

In
t. 

J.
 M

od
. P

hy
s.

 C
on

f.
 S

er
. 2

01
5.

37
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 6

9.
16

2.
90

.3
4 

on
 0

6/
21

/1
6.

 F
or

 p
er

so
na

l u
se

 o
nl

y.



February 16, 2015 14:57 WSPC/CRC 9.75 x 6.5 1560062

F. Bradamante

The fully integrated asymmetry measured by Belle21 is aI
12 = −0.0196±0.0002±

0.0022. With the previous assumptions on the FFs and Dc fixed in order to repro-
duce the Belle charm yield (4 D2

c � 2.6D2
u [21]), it is

aI
12 � −5

8
s2

1 + c2

( 〈Hu〉
〈Du〉

)2

(8)

where 〈...〉 stays for integral over zi, Mi, and the analysing power is

〈aP 〉 =
〈Hu〉
〈Du〉 =

√
−8

5
(1 + c2)

s2
aI
12 = 0.203, (9)

with negligible statistical error and a systematic uncertainty of about 5%. The value
has been taken as negative in order to get a positive transversity for the u quark.

This value for the analysing power will be used for the extraction of the transver-
sity PDFs from the COMPASS data without any correction because:

- in spite of the different Q2 values, the mean values of the relevant kinematic
variables in COMPASS and BELLE are quite close.

- we have neglected the Q2 evolution of the FFs which can be different for spin
dependent and independent part. In Ref. [18], it has been evaluated as a -8%
effect.

2.3. Transversity PDFs from dihadron asymmetries

Using the previous expressions and experimental values one can extract the transver-
sity PDF from the COMPASS and BELLE results.

To this aim it is useful to introduce the quantities

cp = 4xf∗u
1 + xf∗d

1 , cd = 5(xf∗u
1 + xf∗d

1 )/3, (10)

where f∗q
1 = f q

1 + f q̄
1 . They are obtained from CTEQ5D PDF and DSS LO FF

parametrisations.
From the measured SIDIS asymmetries one can thus evaluate the quantities

4huv
1 − hdv

1 = A2h
p · cp

〈aP 〉 , huv
1 + hdv

1 = A2h
d · cd

〈aP 〉 . (11)

The preliminary results are shown in Fig. 1.
The transversity PDFs are then given by

xhuv

1 =
1
5

1
〈aP 〉 (cp · A2h

p + cd · A2h
d ),

xhdv
1 =

1
5

1
〈aP 〉 (−cp · A2h

p + 4cd · A2h
d ).

(12)

The preliminary values are shown as closed squares in Fig. 3 together with the
corresponding quantities extracted from the Collins asymmetries as described in
the next section.
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Fig. 1. Preliminary values of 4xhuv
1 − xhdv

1 (p) and xhuv
1 + xhdv

1 (d).

3. Collins Asymmetries

The notation we use is the same as in Refs. [25, 23]. For convenience we introduce

H±
1q = H

⊥(1/2)
1(q→π±), D±

1q = D1(q→π±),

and we consider only π+ and π− in the final state. We use in the following the
experimental SIDIS asymmetries for charged hadrons from the entire data set of
COMPASS, from the 2002, 2003 and 2004 runs with the deuteron target6, 7 and
2007 and 2010 runs with the proton target.9, 10

As in the previous case, from the Belle data one has to calculate the analysing
power to be used for the SIDIS asymmetries to extract transversity.

3.1. e+e− annihilation into pions

In e+e− → qq̄ → jj̄ several azimuthal asymmetries have been measured by Belle.22

Here we will use the so-called AUL
12 asymmetry (here the dependence on M1,2 is not

written explicitly) which can be written as4, 23

AUL
12 (z1, z2) =

〈s2〉
〈1 + c2〉 [PU (z1, z2) − PL(z1, z2)] (13)

where z1 and z2 are the relative energies of the two pions, s2 = sin2 θ, c2 = cos2 θ and

PU (z1, z2) =

∑
q e2

q[H
+
1q(z1)H−

1q̄(z2) + H−
1q(z1)H+

1q̄(z2)]∑
q e2

q[D
+
1q(z1)D−

1q̄(z2) + D−
1q(z1)D+

1q̄(z2)]
,

PL(z1, z2) =

∑
q e2

q[H
+
1q(z1)H+

1q̄(z2) + H−
1q(z1)H−

1q̄(z2)]∑
q e2

q[D
+
1q(z1)D+

1q̄(z2) + D−
1q(z1)D−

1q̄(z2)]
.

(14)
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The assumptions on the FFs are the usual ones, namely the favored and disfa-
vored FFs are

Hfav
1 = H+

1u = H−
1d = H−

1ū = H+
1d̄

,

Hdis
1 = H−

1u = H+
1d = H+

1ū = H−
1d̄

,
(15)

and correspondingly for the D±
1q FFs. Here we ignore the s-quark contribution

putting equal to zero both H±
1s(s̄) (see also Eq. (45) of Ref. [23]) and D±

1s(s̄).
In the case z1 = z2 = z, namely when using only the “diagonal” measurements,

it is

AUL
12 (z) =

〈s2〉
〈1 + c2〉

[
Hfav

1 (z)

Dfav
1 (z)

]2

B(z) (16)

where

B(z) =
b(z)[1 + a2(z)] − [1 + b2(z)]a(z)

b(z)[1 + b2(z)]
(17)

and

a(z) =
Hdis

1 (z)

Hfav
1 (z)

, b(z) =
Ddis

1 (z)

Dfav
1 (z)

. (18)

In the right hand term, only the b(z) function can be obtained by standard
parametrisations, and the z dependence of a(z) is not known.

We have done two alternative assumptions:

I1 a(z) = −1, i.e. Hdis
1 (z) = −Hfav

1 (z)
I2 a(z) = −b(z), i.e. Hdis

1 (z)/Ddis
1 (z) = −Hfav

1 (z)/Dfav
1 (z),

both in agreement with the finding that the asymmetries for positive and nega-
tive hadrons have approximately the same size and opposite sign, and with the
strong application23 of the Schäfer-Teryaev sum rule.24 These assumptions allow to
evaluate the ratio Hfav

1 (z)/Dfav
1 (z) in the 4 z bins of the Belle data.

The measured values fitted with a function of z are shown in Fig. 2.

Fig. 2. The analysing power AP (z) = Hfav
1 (z)/Dfav

1 (z) as function of z for a = −1 (right) and
a = −b (left).
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To obtain the analysing power the function are integrated over z giving

I1 Hfav
1 (z)/Dfav

1 (z) � 0.10,
I2 Hfav

1 (z)/Dfav
1 (z) � 0.18

with a weak x dependence if the evolution of Hfav
1 is negligible. If the evolution of

Hfav
1 is the same as that of Dfav

1 the analysing powers decrease in both cases by
about 10% .

3.2. Pion production in SIDIS

The Collins asymmetry for π± in SIDIS can be written as

A±
Coll(x, z) =

∑
q,q̄ e2

qxhq
1(x) ⊗ H±

1q(z)∑
q,q̄ e2

qxf q
1 (x) ⊗ D±

1q(z)
(19)

Using the “Gaussian ansatz” [25] for the PDFs and the FFs, it can be re-written as

A±
Coll(x, z) == CG ·

∑
q,q̄ e2

qxhq
1(x)H±

1q(z)∑
q,q̄ e2

qxf q
1 (x)D±

1q(z)
(20)

where

CG =
1√

1 + z2〈p2
h1
〉/〈p2

H1
〉

(21)

In the following we will assume CG = 1, since (z2〈p2
h1
〉/〈p2

H1
〉) � 1. This assumption

is expected to be reasonable in particular at low z, where the statistics is highest.
When only the x dependence of A±

Coll is considered the previous expression
becomes

A±
Coll(x) =

∑
q,q̄ e2

qxhq
1(x)〈H±

1q〉∑
q,q̄ e2

qxf q
1 (x)〈D±

1q〉
(22)

where, for the COMPASS published data

〈H±
1q〉 =

∫ 1

0.2

H±
1q(z)dz, 〈D±

1q〉 =
∫ 1

0.2

D±
1q(z)dz. (23)

Neglecting the s and c contributions, one gets

A+
Coll,p =

〈Hfav
1 〉

〈Dfav
1 〉

4(xhu
1 + αxhū

1 ) + (αxhd
1 + xhd̄

1)
d+

p

A−
Coll,p =

〈Hfav
1 〉

〈Dfav
1 〉

4(αxhu
1 + xhū

1 ) + (xhd
1 + αxhd̄

1)
d−p

A+
Coll,d =

〈Hfav
1 〉

〈Dfav
1 〉

(xhu
1 + xhd

1)(4 + α) + (xhū
1 + xhd̄

1)(1 + 4α)
d+

d

.

A−
Coll,d =

〈Hfav
1 〉

〈Dfav
1 〉

(xhu
1 + xhd

1)(4α + 1) + (xhū
1 + xhd̄

1)(4 + α)
d−d

.

(24)
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Fig. 3. Preliminary results for the transversity PDFs for u-quark (black points) and d-quark (red
points) from dihadron (squares) and Collins asymmetries (circles for I1, triangles for I2).

where α = 〈Hdis
1 〉/〈Hfav

1 〉, the quantities d±p,d correspond to the numerators when
evaluated with unpolarised PDFs and FFs, and 〈Hfav

1 〉/〈Dfav
1 〉 is taken from the

previous section in the two different hypothesis.
Neglecting q̄ transversity and solving the equations, in the two assumptions for

a(z) and α, one gets the preliminary values for the valence quarks transversity PDFs
given in Fig. 3.

4. Conclusions

In spite of the large difference in the analysing power in the two hypothesis I1 and
I2, the extracted transversity values from the Collins asymmetries are remarkably
close and in very good agreement with the corresponding quantities evaluated from
the dihadron asymmetries.

As a conclusion it can be safely stated that the Q2 evolution affects in a similar
way the Collins and the dihadron asymmetries.

Also, the effect of the convolution over the transverse momenta, which is present
in the Collins asymmetry, seems to be small.

Finally the method looks powerful and in our opinion it can be safely applied
also in the case of the Sivers and Boer-Mulder asymmetries.
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