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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 transversity dis-
tributions are found to be compatible with each other and with previous analyses.
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1. Introduction

The transversity distribution function h1 was introduced already thirty five years
ago1 but it has been convincingly shown to be different from zero only recently,
in the last ten years, when several measurements of semi-inclusive deep inelastic
scattering (SIDIS) on transversely polarized targets have been performed at COM-
PASS, on deuterons and protons, at HERMES, on protons, and very recently in
Hall A at JLab, on neutrons (for reviews see Refs. 2, 3). In those measurements tar-
get transverse spin dependent azimuthal asymmetries were observed in the hadrons
produced in the current jet, which depend both on the transversity distribution
of the struck quark and on a fragmentation function (FF). Two situations were
hypothesized. In the first only one hadron in the current jet is observed, and the
asymmetry is given by a convolution of the transversity function h1 and a frag-
mentation function H1, the so-called Collins FF,4 which depends on the transverse
momentum of the fragmenting hadron. In the second, a pair of oppositely charged
hadrons is observed, and the asymmetry is given by the product of the transversity
distribution and another FF, the dihadron FF H∠

q .5, 6 Both asymmetries have been
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measured to be different from zero in SIDIS experiments. Essential complementary
information on the Collins and the dihadron FFs has been provided by the Belle
Collaboration, which measured the correlations between the azimuthal angles of the
hadrons belonging to two back to back jets in e+e− → qq̄ → jj̄ which depends on
the square of the relevant FF. Suitably parametrizing the parton distribution func-
tions (PDFs) and the FFs global fits with SIDIS and e+e− data could separately
extract the transversity distributions and the two FFs.2, 7, 8 In this work we adopt
a different approach and extract the transversity PDF directly from the 1-h and
2-h SIDIS and e+e− data, without any parametrization of transversity PDFs and
FFs, and consequently without performing any global fit. The strategy is to extract
from the e+e− data the analyzing power of 1-h and 2-h production from a trans-
versely polarized quark, and then use this information to obtain point-by-point the
transversity distributions from the SIDIS data. The need to dispose of both proton
and deuteron data measured at the same x and Q2 values limited the data set to
the COMPASS data. Preliminary results on this work have already been presented9

and an extensive paper with the final analysis and results has been sent for publi-
cation soon after this Symposium,10 The present report only sketches rapidly the
procedure, discussing first the 2-h case and moving to the 1-h case afterwards.

2. Dihadron Asymmetries

In SIDIS, after correcting for the spin transfer parameter, the differential transverse
spin asymmetry for dihadron production is given by11, 12

A2h =

∑
q,q̄ e2

qxhq
1Hq∑

q,q̄ e2
qxf q

1Dq
. (1)

where f q
1 are the unpolarised PDFs, Dq are the FFs for hadron pair production,and

we have defined

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

with M2h the invariant mass of the hadron pair, z = z1 + z2 the fraction of lon-
gitudinal momentum carried by the two hadrons, θ the angle in the two hadron
center of mass system, �R = (�P1 − �P2)/2, where �P1,2 are the momenta of the two
hadrons. With very reasonable assumptions11, 12 and neglecting the s and c quark
contribution, the asymmetries measured in COMPASS 13, 14 in the different x bins
can then be written as:

A2h
p � 4xhuv

1 − xhdv
1

4x(fu
1 + f ū

1 ) + x(fd
1 + f d̄

1 )
< Hu >

< Du >
,

A2h
d � 3

5
xhuv

1 + xhdv
1

x(fu
1 + f ū

1 ) + x(fd
1 + f d̄

1 )
< Hu >

< Du >
, (3)

where < Hu > and < Du > are the FFs of the u quark integrated over z and M2h.
The values of the COMPASS asymmetries we have used in this analysis are taken
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from Refs. 13, 14 and we have assumed that the charged hadrons are pions, which
is a good approximation. The combinations of the unpolarised PDFs have been
computed using CTEQ5D thus the only missing piece to extract the transversity
combinations from eq. (3) is the analysing power < aP >=< Hu > / < Du >.

The extraction of the analysing power from the Belle data is very similar to
what has been done by the Pavia group in their early paper on this subject.11

In e+e− → qq̄ → jj̄ the asymmetry can be written as12, 15

a12 =
s2

1 + c2

∑
q e2

qHqHq̄∑
q e2

qDqDq̄
� s2

1 + c2

5
8

H2
u

D2
u

. (4)

where the “bar” quantities refer to the jet initiated by the q̄, and s2 = sin2 θ2 and
c2 = cos2 θ2, with θ2 the angle between the e+ and the pair direction. We have used
the previous assumptions on the FFs and Dc = 0.5Du . From the fully integrated
asymmetry measured by Belle,15 aI

12 = −0.0196 ± 0.0002 ± 0.0022, the analysing
power turns out to be < aP >= −0.203. The value has been taken as negative in
order to get a positive transversity for the u quark.

From eq. (3) it is now possible to compute the quantities 4huv

1 −hdv

1 and huv

1 +hdv

1

which are shown in Fig. 1 and, from these, the transversity PDFs xhuv
1 and xhdv

1

whose 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 (from p data) and xhuv
1 + xhdv

1 (from d data).
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3. Collins Asymmetries

The notation we use is the same as in ref..16, 17 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 with the deuteron18 and with the proton target.19

To calculate the analysing power from the Belle data we have used the so-called
AUL

12 asymmetry20 measured for z1 = z2 = z in 4 z bins. With the usual assumptions
on the FFs, the asymmetry can be written as

AUL
12 (z) =

< s2 >

< 1 + c2 >

[
Hfav

1 (z)

Dfav
1 (z)

]2

B(z) (5)

where the favored and disfavored FFs have the usual definition, namely

Hfav
1 = H+

1u = H−
1d = H−

1ū = H+
1d̄

Hdis
1 = H−

1u = H+
1d = H+

1ū = H−
1d̄

(6)

and correspondingly for the D±
1q FFs. B(z) depends on the ratios

a(z) =
Hdis

1 (z)

Hfav
1 (z)

, b(z) =
Ddis

1 (z)

Dfav
1 (z)

. (7)

Only the b(z) values can be obtained by the standard FF parametrisations, while
a(z) is not known. To evaluate the analysing power AP,B(z) = Hfav

1 (z)/Dfav
1 (z) in

the 4 z bins we have done two alternative assumptions:

A : a(z) = −1 , i.e. Hdis
1 (z) = −Hfav

1 (z) (8)

B : a(z) = −b(z) , i.e. Hdis
1 (z)/Ddis

1 (z) = −Hfav
1 (z)/Dfav

1 (z).

The measured values of the analyzing power and the fitting functions are shown
in Fig. 2. After integration over z one gets for the two hypothesis

A : < Hfav
1 > / < Dfav

1 >� 0.12, B : < Hfav
1 > / < Dfav

1 >� 0.17 . (9)

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)
= CG ·

∑
q,q̄ e2

qxhq
1(x)H±

1q(z)∑
q,q̄ e2

qxf q
1 (x)D±

1q(z)
(10)

using the “Gaussian ansatz”.16 In the following we assume CG = 1, a reasonable
assumption at low z, where the statistics is highest.

1660034-4

In
t. 

J.
 M

od
. P

hy
s.

 C
on

f.
 S

er
. 2

01
6.

40
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 1

77
.8

5.
19

.5
4 

on
 0

6/
20

/1
6.

 F
or

 p
er

so
na

l u
se

 o
nl

y.



February 18, 2016 15:1 WSPC/CRC 9.75 x 6.5 1660034

Transversity: Point-by-Point Extraction

z
0 0.2 0.4 0.6 0.8 1

P
,B

A

0

0.1

0.2

0.3
A

z
0 0.2 0.4 0.6 0.8 1

P
,B

A

0

0.1

0.2

0.3

0.4

0.5

B

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

1 (z) as function of z for a = −1 (right)
and a = −b (left).

When only the x dependence of A±
Coll is considered, and neglecting the s and c

quark contributions, one gets

A+
Coll,p =

< Hfav
1 >

< Dfav
1 >

4(xhu
1 + αxhū

1 ) + (αxhd
1 + xhd̄

1)
d+

p
(11)

where α =< Hdis
1 > / < Hfav

1 >, and the quantity d+
p corresponds to the numerator

when evaluated with unpolarised PDFs and FFs. The analysing power < Hfav
1 >

/ < Dfav
1 > values are those obtained from Belle data and given in (9). Similar

expressions, containing different combinations of the PDFs have been written for
A−

Coll,p, A+
Coll,d and A−

Coll,d.

x
-210 -110

1
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-0.5

0
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1
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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).
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In this preliminary work q̄ transversity was neglected (on the contrary, in Ref.10

it was extracted from the data). Solving the four equations, in the two different
assumptions for a(z) and α, we got the preliminary values for the valence quarks
transversity PDFs given in Fig. 3. The values in the figure have been obtained
neglecting Q2 evolution of the spin dependent FFs which at least for the 2-h case
is known to be small.

4. Conclusions

In spite of the large difference in the analysing power in the two hypothesis A and
B, 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. The u-quark transversity is definitively different from
zero and is determined rather well, thanks to the larger amount of data collected by
the COMPASS Collaboration with the proton target as compared to the deuteron
target. The d-quark transversity has larger statistical errors, but in our extraction
it is also definitively different from zero, and has roughly the same size and opposite
sign as compared to the u-quark transversity. As a further remark, 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.
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