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of the nucleon tensor charge �q =
R 1
0 dx(hq

1(x) � hq̄
1(x))

will directly test our theory of quantum chromodynam-
ics (QCD) when compared to calculations on the lat-
tice or model calculations [2–11]. h1 becomes acces-
sible in physics observables when it is coupled with an
additional chiral-odd partner, e.g. a transverse spin-
dependent fragmentation process. This second part has
to be measured independently in order to extract h1.
Our current knowledge of h1 [2, 4] is based on fixed-
target semi-inclusive deep inelastic lepton-nucleon scat-
tering (SIDIS) [12–16] in combination with data from
electron-positron annihilation [17, 18]. Proton-proton
collisions allow us to reach into the dominant valence
quark region, but the framework of perturbative QCD
introduces complications when the intrinsic transverse
momentum from the hadronization process has to be
considered [19]. It has been shown that di-hadron cor-
relations in the final state persist when integrated over
intrinsic transverse momenta. This so-called Interfer-
ence Fragmentation Function (IFF), H^

1 , can therefore
be described collinearly [20]. Therefore the contributions
to the cross section can be factorized [21] and the IFF
should be universal between electron-positron annihila-
tion, SIDIS, and proton-proton scattering.

We present measurements of charged pion correlations
from the STAR experiment at the Relativistic Heavy
Ion Collider (RHIC) at a center-of-mass energy

p
s =

200 GeV. The data, the first measurement of transver-
sity in polarized proton collisions, show non-zero hq

1(x)
at 0.15 < x < 0.30. In this range, transversity is not well
constrained by previous SIDIS measurements and our re-
sult will be particularly important to restrict the d-quark
transversity which is charge suppressed in lepton-proton
scattering.

RHIC, located at Brookhaven National Laboratory,
collides bunched beams of heavy ions as well as polar-
ized protons. The stable beam polarization orientation
is transverse to the collider plane and the polarization
direction alternates between subsequent bunches or pairs
thereof (polarization up " or down #). The bunch po-
larization pattern is changed from fill to fill in order to
reduce systematic e↵ects. While typically both beams
are polarized, a single-spin measurement is achieved by
summing over the bunches in one beam, e↵ectively re-
ducing its polarization to near zero. The polarization of
each beam is measured by polarimeters using the elastic
scattering of protons on very thin carbon targets, several
times during a RHIC fill. The polarimeter are calibrated
using a polarized hydrogen gas jet target [22]. We report
results from the RHIC run in 2006 with an integrated
luminosity of 1.8 pb�1 and an average beam polarization
of about 60%.

The STAR experiment is located at one of the colli-
sion points in RHIC. This analysis is based on data in
the central pseudorapidity range �1 < ⌘ < 1. Data are
collected by the Time Projection Chamber (TPC) pro-

viding tracking and charged pion identification [23] and
by the Barrel Electromagnetic Calorimeter (BEMC), a
lead scintillator sampling calorimeter [24]. Data from a
pair of scintillator-based beam-beam counters (BBC) at
forward rapidities 3.3 < |⌘| < 5.0 in combination with
the BEMC provides a trigger for hard QCD events [25].
The trigger requires a coincidence between the BBCs and
either a minimum transverse energy, ET > 5 GeV in a
single BEMC tower or one of several jet patch triggers in
��⇥�⌘ = 1.0⇥ 1.0 (ET > 4.0 or 7.8 GeV).
Charged pion pairs are selected by requiring tracks

that originate within ±60 cm in the longitudinal direc-
tion and 1 cm in the transverse direction from the nomi-
nal interaction vertex and that are required to point into
the central region. Tracks are required to have a min-
imum transverse momentum pT of 1.5 GeV/c. Using
dE/dx measurements in the TPC to select pions, a pu-
rity of the single pion sample of greater than 95% over
the whole kinematic range is achieved. All pion pairs in
an event are considered where the pions are close enough
in (⌘,�) space to originate from the fragmentation of the
same parton. The default value of this opening angle
cut is

p
(⌘⇡1 � ⌘⇡2)

2 + (�⇡1 � �⇡2)
2 < 0.3. Pion pairs

produced in the weak decay of the K0 meson are not ex-
pected to contribute to the asymmetry, therefore the cor-
responding mass range (497.6 ± 10 MeV) was excluded
from the analysis.
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FIG. 1. Azimuthal angle defintions in the dihadron system. ~s
a

is the direction of the spin of the polarized proton, ~p
h,{1,2} are

the momenta of the positive and negative pion, respectively
and �

R

is the angle between the production and dihadron
plane.

The transversely polarized cross-section of hadron
pairs in p" + p collisions can be written similar to [26]:
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pairs in p" + p collisions can be written similar to [26]:
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Figure 1: Depiction of the azimuthal angles φR⊥ of the dihadron and φS of the component ST of
the target-polarization transverse to both the virtual-photon and target-nucleon momenta q and P ,
respectively. Both angles are evaluated in the virtual-photon-nucleon center-of-momentum frame.
Explicitly, φR⊥ ≡ (q×k)·RT

|(q×k)·RT | arccos (q×k)·(q×RT )
|q×k||q×RT | and φS ≡ (q×k)·ST

|(q×k)·ST | arccos (q×k)·(q×ST )
|q×k||q×ST | . Here,

RT = R − (R · P̂h)P̂h, with R ≡ (Pπ+ − Pπ−)/2, Ph ≡ Pπ+ + Pπ− , and P̂h ≡ Ph/ | Ph |,
thus RT is the component of Pπ+ orthogonal to Ph, and φR⊥ is the azimuthal angle of RT about
the virtual-photon direction. The dotted lines indicate how vectors are projected onto planes. The
short dotted line is parallel to the direction of the virtual photon. Also included is a description of
the polar angle θ, which is evaluated in the center-of-momentum frame of the pion pair.

two chiral-odd naive-T-odd dihadron fragmentation function H!

1,q [20, 37].2 There are no

contributions to this amplitude at subleading twist (i.e., twist-3). Among the various con-

tributions to the fragmentation function H!

1,q are the interference H!,sp
1,q between the s- and

p-wave components of the π+π− pair and the interference H!,pp
1,q between two p-waves. In

some of the literature, such functions have therefore been called interference fragmentation

functions [15], even though in general interference between different amplitudes is required

by all naive-T-odd functions. In this paper the focus is on the sp-interference, since it has

received the most theoretical attention. In particular, in ref. [15] H!,sp
1,q was predicted to

change sign at a very specific value of the invariant mass Mππ of the π+π− pair, close to

the mass of the ρ0 meson. However, other models [37, 38] predict a completely different

behavior.

The data presented here were recorded during the 2002-2005 running period of the

Hermes experiment, using the 27.6 GeV positron or electron beam and a transversely

polarized hydrogen gas target internal to the Hera storage ring at Desy. The open-

ended target cell was fed by an atomic-beam source [39] based on Stern-Gerlach separation

combined with transitions of hydrogen hyperfine states. The nuclear polarization of the

atoms was flipped at 1–3 min. time intervals, while both this polarization and the atomic

fraction inside the target cell were continuously measured [40]. The average value of the

transverse proton polarization |S⊥| was 0.74 ± 0.06.

2The superscript ! indicates that the fragmentation function does not survive integration over the

relative momentum of the hadron pair.
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of the nucleon tensor charge �q =
R 1
0 dx(hq

1(x) � hq̄
1(x))

will directly test our theory of quantum chromodynam-
ics (QCD) when compared to calculations on the lat-
tice or model calculations [2–11]. h1 becomes acces-
sible in physics observables when it is coupled with an
additional chiral-odd partner, e.g. a transverse spin-
dependent fragmentation process. This second part has
to be measured independently in order to extract h1.
Our current knowledge of h1 [2, 4] is based on fixed-
target semi-inclusive deep inelastic lepton-nucleon scat-
tering (SIDIS) [12–16] in combination with data from
electron-positron annihilation [17, 18]. Proton-proton
collisions allow us to reach into the dominant valence
quark region, but the framework of perturbative QCD
introduces complications when the intrinsic transverse
momentum from the hadronization process has to be
considered [19]. It has been shown that di-hadron cor-
relations in the final state persist when integrated over
intrinsic transverse momenta. This so-called Interfer-
ence Fragmentation Function (IFF), H^

1 , can therefore
be described collinearly [20]. Therefore the contributions
to the cross section can be factorized [21] and the IFF
should be universal between electron-positron annihila-
tion, SIDIS, and proton-proton scattering.

We present measurements of charged pion correlations
from the STAR experiment at the Relativistic Heavy
Ion Collider (RHIC) at a center-of-mass energy

p
s =

200 GeV. The data, the first measurement of transver-
sity in polarized proton collisions, show non-zero hq

1(x)
at 0.15 < x < 0.30. In this range, transversity is not well
constrained by previous SIDIS measurements and our re-
sult will be particularly important to restrict the d-quark
transversity which is charge suppressed in lepton-proton
scattering.

RHIC, located at Brookhaven National Laboratory,
collides bunched beams of heavy ions as well as polar-
ized protons. The stable beam polarization orientation
is transverse to the collider plane and the polarization
direction alternates between subsequent bunches or pairs
thereof (polarization up " or down #). The bunch po-
larization pattern is changed from fill to fill in order to
reduce systematic e↵ects. While typically both beams
are polarized, a single-spin measurement is achieved by
summing over the bunches in one beam, e↵ectively re-
ducing its polarization to near zero. The polarization of
each beam is measured by polarimeters using the elastic
scattering of protons on very thin carbon targets, several
times during a RHIC fill. The polarimeter are calibrated
using a polarized hydrogen gas jet target [22]. We report
results from the RHIC run in 2006 with an integrated
luminosity of 1.8 pb�1 and an average beam polarization
of about 60%.

The STAR experiment is located at one of the colli-
sion points in RHIC. This analysis is based on data in
the central pseudorapidity range �1 < ⌘ < 1. Data are
collected by the Time Projection Chamber (TPC) pro-

viding tracking and charged pion identification [23] and
by the Barrel Electromagnetic Calorimeter (BEMC), a
lead scintillator sampling calorimeter [24]. Data from a
pair of scintillator-based beam-beam counters (BBC) at
forward rapidities 3.3 < |⌘| < 5.0 in combination with
the BEMC provides a trigger for hard QCD events [25].
The trigger requires a coincidence between the BBCs and
either a minimum transverse energy, ET > 5 GeV in a
single BEMC tower or one of several jet patch triggers in
��⇥�⌘ = 1.0⇥ 1.0 (ET > 4.0 or 7.8 GeV).
Charged pion pairs are selected by requiring tracks

that originate within ±60 cm in the longitudinal direc-
tion and 1 cm in the transverse direction from the nomi-
nal interaction vertex and that are required to point into
the central region. Tracks are required to have a min-
imum transverse momentum pT of 1.5 GeV/c. Using
dE/dx measurements in the TPC to select pions, a pu-
rity of the single pion sample of greater than 95% over
the whole kinematic range is achieved. All pion pairs in
an event are considered where the pions are close enough
in (⌘,�) space to originate from the fragmentation of the
same parton. The default value of this opening angle
cut is

p
(⌘⇡1 � ⌘⇡2)

2 + (�⇡1 � �⇡2)
2 < 0.3. Pion pairs

produced in the weak decay of the K0 meson are not ex-
pected to contribute to the asymmetry, therefore the cor-
responding mass range (497.6 ± 10 MeV) was excluded
from the analysis.

𝒑h,2 

𝒑beam 

𝒔𝒂 

𝝓𝑺 

𝒑h,1 

𝝓𝑹 

𝒑h 
𝑹 
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h,{1,2} are

the momenta of the positive and negative pion, respectively
and �
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is the angle between the production and dihadron
plane.

The transversely polarized cross-section of hadron
pairs in p" + p collisions can be written similar to [26]:
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Figure 1: Depiction of the azimuthal angles φR⊥ of the dihadron and φS of the component ST of
the target-polarization transverse to both the virtual-photon and target-nucleon momenta q and P ,
respectively. Both angles are evaluated in the virtual-photon-nucleon center-of-momentum frame.
Explicitly, φR⊥ ≡ (q×k)·RT

|(q×k)·RT | arccos (q×k)·(q×RT )
|q×k||q×RT | and φS ≡ (q×k)·ST

|(q×k)·ST | arccos (q×k)·(q×ST )
|q×k||q×ST | . Here,

RT = R − (R · P̂h)P̂h, with R ≡ (Pπ+ − Pπ−)/2, Ph ≡ Pπ+ + Pπ− , and P̂h ≡ Ph/ | Ph |,
thus RT is the component of Pπ+ orthogonal to Ph, and φR⊥ is the azimuthal angle of RT about
the virtual-photon direction. The dotted lines indicate how vectors are projected onto planes. The
short dotted line is parallel to the direction of the virtual photon. Also included is a description of
the polar angle θ, which is evaluated in the center-of-momentum frame of the pion pair.

two chiral-odd naive-T-odd dihadron fragmentation function H!

1,q [20, 37].2 There are no

contributions to this amplitude at subleading twist (i.e., twist-3). Among the various con-

tributions to the fragmentation function H!

1,q are the interference H!,sp
1,q between the s- and

p-wave components of the π+π− pair and the interference H!,pp
1,q between two p-waves. In

some of the literature, such functions have therefore been called interference fragmentation

functions [15], even though in general interference between different amplitudes is required

by all naive-T-odd functions. In this paper the focus is on the sp-interference, since it has

received the most theoretical attention. In particular, in ref. [15] H!,sp
1,q was predicted to

change sign at a very specific value of the invariant mass Mππ of the π+π− pair, close to

the mass of the ρ0 meson. However, other models [37, 38] predict a completely different

behavior.

The data presented here were recorded during the 2002-2005 running period of the

Hermes experiment, using the 27.6 GeV positron or electron beam and a transversely

polarized hydrogen gas target internal to the Hera storage ring at Desy. The open-

ended target cell was fed by an atomic-beam source [39] based on Stern-Gerlach separation

combined with transitions of hydrogen hyperfine states. The nuclear polarization of the

atoms was flipped at 1–3 min. time intervals, while both this polarization and the atomic

fraction inside the target cell were continuously measured [40]. The average value of the

transverse proton polarization |S⊥| was 0.74 ± 0.06.

2The superscript ! indicates that the fragmentation function does not survive integration over the

relative momentum of the hadron pair.
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of the nucleon tensor charge �q =
R 1
0 dx(hq

1(x) � hq̄
1(x))

will directly test our theory of quantum chromodynam-
ics (QCD) when compared to calculations on the lat-
tice or model calculations [2–11]. h1 becomes acces-
sible in physics observables when it is coupled with an
additional chiral-odd partner, e.g. a transverse spin-
dependent fragmentation process. This second part has
to be measured independently in order to extract h1.
Our current knowledge of h1 [2, 4] is based on fixed-
target semi-inclusive deep inelastic lepton-nucleon scat-
tering (SIDIS) [12–16] in combination with data from
electron-positron annihilation [17, 18]. Proton-proton
collisions allow us to reach into the dominant valence
quark region, but the framework of perturbative QCD
introduces complications when the intrinsic transverse
momentum from the hadronization process has to be
considered [19]. It has been shown that di-hadron cor-
relations in the final state persist when integrated over
intrinsic transverse momenta. This so-called Interfer-
ence Fragmentation Function (IFF), H^

1 , can therefore
be described collinearly [20]. Therefore the contributions
to the cross section can be factorized [21] and the IFF
should be universal between electron-positron annihila-
tion, SIDIS, and proton-proton scattering.

We present measurements of charged pion correlations
from the STAR experiment at the Relativistic Heavy
Ion Collider (RHIC) at a center-of-mass energy

p
s =

200 GeV. The data, the first measurement of transver-
sity in polarized proton collisions, show non-zero hq

1(x)
at 0.15 < x < 0.30. In this range, transversity is not well
constrained by previous SIDIS measurements and our re-
sult will be particularly important to restrict the d-quark
transversity which is charge suppressed in lepton-proton
scattering.

RHIC, located at Brookhaven National Laboratory,
collides bunched beams of heavy ions as well as polar-
ized protons. The stable beam polarization orientation
is transverse to the collider plane and the polarization
direction alternates between subsequent bunches or pairs
thereof (polarization up " or down #). The bunch po-
larization pattern is changed from fill to fill in order to
reduce systematic e↵ects. While typically both beams
are polarized, a single-spin measurement is achieved by
summing over the bunches in one beam, e↵ectively re-
ducing its polarization to near zero. The polarization of
each beam is measured by polarimeters using the elastic
scattering of protons on very thin carbon targets, several
times during a RHIC fill. The polarimeter are calibrated
using a polarized hydrogen gas jet target [22]. We report
results from the RHIC run in 2006 with an integrated
luminosity of 1.8 pb�1 and an average beam polarization
of about 60%.

The STAR experiment is located at one of the colli-
sion points in RHIC. This analysis is based on data in
the central pseudorapidity range �1 < ⌘ < 1. Data are
collected by the Time Projection Chamber (TPC) pro-

viding tracking and charged pion identification [23] and
by the Barrel Electromagnetic Calorimeter (BEMC), a
lead scintillator sampling calorimeter [24]. Data from a
pair of scintillator-based beam-beam counters (BBC) at
forward rapidities 3.3 < |⌘| < 5.0 in combination with
the BEMC provides a trigger for hard QCD events [25].
The trigger requires a coincidence between the BBCs and
either a minimum transverse energy, ET > 5 GeV in a
single BEMC tower or one of several jet patch triggers in
��⇥�⌘ = 1.0⇥ 1.0 (ET > 4.0 or 7.8 GeV).
Charged pion pairs are selected by requiring tracks

that originate within ±60 cm in the longitudinal direc-
tion and 1 cm in the transverse direction from the nomi-
nal interaction vertex and that are required to point into
the central region. Tracks are required to have a min-
imum transverse momentum pT of 1.5 GeV/c. Using
dE/dx measurements in the TPC to select pions, a pu-
rity of the single pion sample of greater than 95% over
the whole kinematic range is achieved. All pion pairs in
an event are considered where the pions are close enough
in (⌘,�) space to originate from the fragmentation of the
same parton. The default value of this opening angle
cut is

p
(⌘⇡1 � ⌘⇡2)

2 + (�⇡1 � �⇡2)
2 < 0.3. Pion pairs

produced in the weak decay of the K0 meson are not ex-
pected to contribute to the asymmetry, therefore the cor-
responding mass range (497.6 ± 10 MeV) was excluded
from the analysis.
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FIG. 1. Azimuthal angle defintions in the dihadron system. ~s
a

is the direction of the spin of the polarized proton, ~p
h,{1,2} are

the momenta of the positive and negative pion, respectively
and �

R

is the angle between the production and dihadron
plane.

The transversely polarized cross-section of hadron
pairs in p" + p collisions can be written similar to [26]:

d�UT / sin(�RS)

Z
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dt̂
H^
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p + p↑ → (π π) + X :    AUT (M, η, |PT|)
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STAR kinematics complementary to SIDIS   
Transversity extraction I 1st step I results
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Òæ xh1,p sizable signal at large x

Chr. Braun (Univ. Erlangen) COMPASS hadron-pair asymmetries DIS 2014 Warsaw 31 / 37

hermes

Airapetian et al.,  
JHEP 0806 (08) 017

Adolph et al.,  
P.L. B713 (12)

Braun et al.,  
E.P.J. Web Conf. 85 (15) 02018

coverage at effective high Q2
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e+e− data do not constrain DiFFs at  z < 0.2

… and complementary to e+e−   

z<0.2
z>0.2 z<0.2 z>0.2

MC sample 
of dσ0 

~ 47k pts

MC sample 
of dσUT 
~ 65k pts

but STAR kin.  at z < 0.2  for ~ 50%
although contribution to integral is small
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need  dσ0  for  p + p↑ → (ππ) + X

D1
q (z, M; Q)   for q = u, d, s, c  at all z
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need  dσ0  for  p + p↑ → (ππ) + X

D1
q (z, M; Q)   for q = u, d, s, c  at all z

D1
g (z, M; Q)   [ now, D1

g (z, M; Q0) = 0 ]

gluon

up



19

100 replicas  
fitting SIDIS 
e+(p↑/D↑)→ e’+(π+π−)+X

Courtoy et al.,  
P.R. D85 (12) 114023

Radici et al., JHEP 1505 (15) 123

100 replicas  
fitting  

e+e−→ (π+π−)+(π+π−)+X

forward AUT(M)   
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100 replicas  
fitting SIDIS 
e+(p↑/D↑)→ e’+(π+π−)+X

Courtoy et al.,  
P.R. D85 (12) 114023

Radici et al., JHEP 1505 (15) 123

100 replicas  
fitting  

e+e−→ (π+π−)+(π+π−)+X

prediction of STAR data for forward AUT(M)
data from Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

forward AUT(M)   
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forward AUT(M)   

prediction of STAR data using 68% of replicas 
forward AUT(M)

data from 

} 68%

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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prediction of new STAR data using 68% of replicas 
forward AUT(M)

run 2006
run 2012 K. Landry,  talk at APS 2015

PRELIMINARY

forward AUT(M)   

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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prediction of STAR data for backward AUT(M)

data from 

backward AUT(M)   

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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prediction of new STAR data using 68% of replicas 
backward AUT(M)

run 2006
run 2012 K. Landry,  talk at APS 2015

PRELIMINARY

backward AUT(M)   

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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prediction of STAR data for backward AUT(PT)

data from 

backward AUT(PT)   

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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prediction of new STAR data using 68% of replicas 
backward AUT(PT)

run 2006
run 2012 K. Landry,  talk at APS 2015

PRELIMINARY

backward AUT(PT)   

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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forward AUT(PT)   

prediction of STAR data for forward AUT(PT)

data from Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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forward AUT(PT)   

prediction of new STAR data using 68% of replicas 
forward AUT(PT)

run 2006
run 2012 K. Landry,  talk at APS 2015

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

PRELIMINARY
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forward AUT(PT)   

prediction of new STAR data using 68% of replicas 
forward AUT(PT)

run 2006
run 2012 K. Landry,  talk at APS 2015

higher 
twists ?

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

PRELIMINARY
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AUT(η)   

prediction of STAR data for AUT(η)

data from 

forward backward

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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AUT(η)   

prediction of new STAR data using 68% of replicas 
AUT(η)

run 2006
run 2012 K. Landry,  talk at APS 2015

similar 
problem ?

backwardforward

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

PRELIMINARY
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reconsider  forward AUT(PT)   

replicas  extra 68%  for  forward AUT(PT)

run 2006
run 2012 K. Landry,  talk at APS 2015

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

PRELIMINARY
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replicas  extra 68%  for  forward AUT(PT)

run 2006
run 2012 K. Landry,  talk at APS 2015
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PRELIMINARY
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reconsider  forward AUT(PT)   
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replicas  extra 68%  for  forward AUT(PT)

run 2006
run 2012 K. Landry,  talk at APS 2015

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

PRELIMINARY



37

reconsider  forward AUT(PT)   

replicas  extra 68%  for  forward AUT(PT)
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reconsider  forward AUT(η)   

replicas  extra 68%  for  AUT(η)

run 2006
run 2012 K. Landry,  talk at APS 2015

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501
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reconsider  forward AUT(η)   

replicas  extra 68%  for  AUT(η)

run 2006
run 2012 K. Landry,  talk at APS 2015
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reconsider  forward AUT(η)   

replicas  extra 68%  for  AUT(η)

run 2006
run 2012 K. Landry,  talk at APS 2015
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reconsider  forward AUT(η)   

replicas  extra 68%  for  AUT(η)

run 2006
run 2012 K. Landry,  talk at APS 2015
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reconsider  forward AUT(η)   

replicas  extra 68%  for  AUT(η)

run 2006
run 2012 K. Landry,  talk at APS 2015

Adamczyk et al. (STAR), P.R.L. 115 (15) 242501

PRELIMINARY
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where are these replicas in the SIDIS fit ?   

transversity  for  valence down
Radici et al., JHEP 1505 (15) 123
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where are these replicas in the SIDIS fit ?   

we know that saturation of 68% of replicas  
on the Soffer bound is due to this bin

transversity  for  valence down fit  SIDIS data on deuteron
Radici et al., JHEP 1505 (15) 123
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where are these replicas in the SIDIS fit ?   

replicas  following the forward AUT(PT) & AUT(η)
do not saturate on Soffer bound at valence x, but later.

They are incompatible with bin #7 in SIDIS deuteron data

we know that saturation of 68% of replicas  
on the Soffer bound is due to this bin

transversity  for  valence down fit  SIDIS data on deuteron
Radici et al., JHEP 1505 (15) 123



the  process  p + p → (π π) + (π π) + X  

 dσ ~ dσ0 +  
          cos(ΦR-ΦR’) dσTT  + 
          cos(2ΦR-2ΦR’) dσgg

dσ0 ~ f1a ⊗ f1b ⊗ dσab→cd ⊗ D1
c ⊗ D1

d

dσTT ~ f1a ⊗ f1b ⊗ dΔσab→c↑d↑ ⊗ sinθ       c    ⊗ sinθ’       d 
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independent extraction of IFF

access fragmentation from 
linearly transverse polarization 

of gluons
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Conclusions   

 Semi-inclusive di-hadron production allows to address transversity 
in all hard processes using collinear factorization.                  
Theoretical framework well under control.

The best 68% replicas of h1
qv and H1

∢ that fit (π+π−) SIDIS data give very 
good predictions for all backward AUT in polarized p-p collisions and for 
forward AUT(M).                                                                           
Deviations from forward AUT(PT) [large] and AUT(η) [small].

Some extra-68% replicas follow forward AUT(PT) and  AUT(η)  but        
are incompatible with SIDIS deuteron data

Universality of transversity seems in good shape…

Next: a combined fit of  e+e− / SIDIS / p-p  data
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Backup   

Bidimensional mapping of AUT with STAR data 
from run 2012 at √s = 200 GeV

Bidimensional mapping of AUT with STAR data 
from run 2011 at √s = 500 GeV

0.2 0.4 0.6 0.8 1 1.2 1.4

−1
−0.5

0
0.5

1
−0.02

0

0.02

0.04

Mπ+π−

inv GeV/c2
ηπ+π−

A
U

T

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05

Mπ+π−

inv GeV/c2

A
U

T

STAR preliminary

P "P ! �+�� +X at
p
s = 200 GeV

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
−0.02

−0.01

0

0.01

0.02

0.03

0.04

0.05

Mπ+π−

inv GeV/c2

A
U

T

P "P ! �+�� +X at
p
s = 200 GeV

STAR preliminary

Asymmetry as function of 

4/10/15& 15&APS&Mee<ng&2015&&&April&11D14&

M�+��

inv , ��+��

h�i = �0.25
h�i = 0.25

h�i = �0.84

h�i = 0.84      expected to show 
minimal asymmetry. 
From unpolarized beam. 

� <

PRELI
MINARY



51

Backup:  M vs. η  at  √s = 200 GeV 
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Backup:  M vs. η  at  √s = 200 GeV 
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Backup:  M vs. η  at  √s = 200 GeV 
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Backup:  M vs. η  at  √s = 200 GeV 
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