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[The experimental check of the change 

of sign] would crucially test the 
factorization approach to the 
description of processes sensitive to 
transverse parton momenta.”

“
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It is a remarkable and fundamental 
QCD prediction that really tests all 
concepts we know of for analyzing hard-
scattering reactions in strong interactions, 
and it awaits experimental verification.”

“
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Its experimental verification would be 

crucial to confirm the validity 
of our present conceptual 
framework for analyzing hard 
hadronic reactions.”

“
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What happens if we don’t find 

the sign change?
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”“ Good tests kill flawed theories. 
We remain alive to guess again.

Karl Popper
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•TMD factorization cannot be used (bad and 

far-reaching conclusion). Problems also with 
CSS formalism. 
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•TMD factorization cannot be used (bad and 

far-reaching conclusion). Problems also with 
CSS formalism. 

• We are oversimplifying the phenomenological 
analysis.
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a with isospin projection 0 and quark u (ca), axial vector-isovector diquark a′ with isospin projection 1 and quark d
(c′a).
The model (hadronic) scale is assumed to be Q2

0 = 0.3 GeV2. At this scale, the contribution of sea over valence
quarks is approximately within 10-20% for x ! 0.1; therefore, we have involved only valence contributions in the
fitting procedure, keeping in mind that there will be discrepancies at x < 0.1. Viceversa, for the D1 fragmentation
function we employ the parametrization of Ref. [55] where both favoured and unfavoured channels are included, the
latter being particularly important even at low Q2. For the Collins function H⊥

1 in Eq. (12), we adopt the analytic
expression of Ref. [56], which was obtained in a similar spectator approach as our model TMDs. However, in this case
the unfavoured contributions are simply assumed to be equal and opposite to the favoured ones.
Evolution with running Q2 is implemented by suitably extending the HOPPET code of Ref. [57] to include also

chiral-odd partonic densities. The modification is here considered at LO only, and the evolution of all partonic densities
will be considered at LO as well in the following, because the factorized expressions of the SSA in Eqs. (12)–(14)
and (31),(32) are valid at LO only.
In the following subsection, we reconsider evolution properties of our T-odd TMDs. In the next two subsections,

we will present our results for weighted SSA in the SIDIS and in the (polarized) Drell–Yan processes, respectively.

A. Results for model T-odd TMDs

As already anticipated in Sec. II A, evolution equations are not available for all partonic densities in the equations

for the considered SSA. At LO, the DGLAP equations for f⊥ (1)
1T (x), g(1)1T (x), h

⊥ (1)
1 (x), are assumed to be the same as

for f1(x), g1(x), h1(x), respectively.
Moreover, the first pT moments of these T-odd TMDs depend linearly on αs [see Eqs. (91)-(94)]. Therefore, a

consistent treatment of evolution effects requires to deduce from the LO renormalization group equations the value
of αs at the scale of the hadronic model, Q2

0, while αs(Q2
0) is often considered as a free parameter.

In this sense, in the following we update the results for the model T-odd TMDs with respect to our previous
paper [10] by replacing the ad-hoc parameter αs(Q2

0) = 0.3 with the value of αs(Q2
0) = 0.697 deduced from the LO

running of the strong coupling starting from a value of α(M2
Z) = 0.125 (see discussion in Ref. [58]) and using the

standard choices of the HOPPET evolution program [57].
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FIG. 5: The first pT moment xf⊥ (1)
1T (x) of the Sivers function; left (right) panel for up (down) quark. Darker shaded area:

statistical uncertainty band of the parametrizations from Ref. [59], lighter shaded area from Ref. [60]. Solid line for the results
of the spectator diquark model at the parametrization scale Q2 = 2.5 GeV2.

In Fig. 5, the first pT moment xf⊥ (1)
1T (x) of the Sivers function is displayed for the up and down valence quarks in the

left and right panels, respectively. The darker shaded area represents the uncertainty due to the statistical error in the
parametrization of Ref. [59], while the lighter shaded area corresponds to the same in Ref. [60]. Both parametrizations
are deduced by fitting data for the Sivers effect measured by the HERMES [61] and COMPASS [62, 63] collaborations,
hence at an average scale Q2 = 2.5 GeV2. The solid line is given by combining the model results of Eqs. (91) and (92)
according to Eq. (95), and by further evolving them at LO from the model scaleQ2

0 = 0.3 GeV2 to the above mentioned
parametrization scale.
First of all, we observe the agreement between the signs of the various flavor components, which also agree with

the findings from calculations on the lattice [64]. The agreement between model and parametrizations is very good
for the up quark, even if the maximum is slightly shifted towards higher x. The size of the function is instead too
small for the down quark, and its shape shifted such that the maximum occurs at a higher value of x ≈ 0.3.

Nodes in the Sivers function

A.B., Conti, Guagnelli, Radici, arXiv:1003.1328 (model)

Anselmino et al., EPJA39(09) (fit)

Collins et al., hep-ph/0510342 (fit)
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statistical uncertainty band of the parametrizations from Ref. [59], lighter shaded area from Ref. [60]. Solid line for the results
of the spectator diquark model at the parametrization scale Q2 = 2.5 GeV2.

In Fig. 5, the first pT moment xf⊥ (1)
1T (x) of the Sivers function is displayed for the up and down valence quarks in the

left and right panels, respectively. The darker shaded area represents the uncertainty due to the statistical error in the
parametrization of Ref. [59], while the lighter shaded area corresponds to the same in Ref. [60]. Both parametrizations
are deduced by fitting data for the Sivers effect measured by the HERMES [61] and COMPASS [62, 63] collaborations,
hence at an average scale Q2 = 2.5 GeV2. The solid line is given by combining the model results of Eqs. (91) and (92)
according to Eq. (95), and by further evolving them at LO from the model scaleQ2

0 = 0.3 GeV2 to the above mentioned
parametrization scale.
First of all, we observe the agreement between the signs of the various flavor components, which also agree with

the findings from calculations on the lattice [64]. The agreement between model and parametrizations is very good
for the up quark, even if the maximum is slightly shifted towards higher x. The size of the function is instead too
small for the down quark, and its shape shifted such that the maximum occurs at a higher value of x ≈ 0.3.

Nodes in the Sivers function

A.B., Conti, Guagnelli, Radici, arXiv:1003.1328 (model)

Anselmino et al., EPJA39(09) (fit)

Collins et al., hep-ph/0510342 (fit)

See discussion in D. Boer arXiv:1105.2543 (yesterday!), 
talks by Z. Kang and A. Prokudin
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1.2 Other TMD features 
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Unpol. TMD “state of the art”
f1(x, kT ;Q) =

1
2π

∫
d2bT e−ikT ·bT [C ⊗ f1](x, bT ) e−S′(bT ,Q) e−S′

NP(x,bT ,Q,αi)

T. Rogers, M. Aybat, arXiv:1101.5057
talk by G. Sterman and by T. Rogers 
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Unpol. TMD “state of the art”

nonperturbative part of TMD

collinear PDF

pQCD

f1(x, kT ;Q) =
1
2π

∫
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talk by G. Sterman and by T. Rogers 

Monday, 6 June 2011



Unpol. TMD “state of the art”

T. Rogers, M. Aybat, arXiv:1101.5057 
Landry, Brock, Nadolsky, Yuan, PRD67 (03)
P. Schweitzer, T. Teckentrup, A. Metz, PRD81(10)

13

0 1 2 3 4 5 6

b
T,max

 = .5 GeV
-1

0.01

0.1

1

F
u

p
/P

(x
=

.0
9

,k
T
) 

(G
eV

-2
)

Cols 1:2

Up Quark TMD PDF, x = .09

0 1 2 3 4 5 6
k

T
 (GeV)

0.01

0.1

1
b

T,max
 = 1.5 GeV

-1

Q = !2.4 GeV 

Q = 5.0 GeV

Q = 91.19 GeV

FIG. 1: The up quark TMD PDF for Q =
√
2.4, 5.0 and 91.19 GeV and x = 0.09. The upper plot shows the result of using the

BLNY fit in Eq. (37) with bmax = 0.5 GeV−1 while the lower panel shows the BLNY fit obtained with bmax = 1.5 GeV−1. The
solid maroon, dashed blue, and red dot-dashed curves are for Q =

√

2.4, 5.0 and 91.19 GeV respectively (see online version for
color).
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BLNY fit 
Landry, Brock, Nadolsky, Yuan, PRD67 (03)δNexp

√
S δNexp

p + p → µ+µ− + X

p + Cu → µ+µ− + X

p + Cu → µ+µ− + X

Z p + p̄ → Z + X

Z p + p̄ → Z + X

Z p + p̄ → Z + X

Z

Q0 = 1.6 bmax = 0.5 −1

QT

Q
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D-Y (including Z production) is the most important 
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x dependence of TMDs
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x dependence of TMDs
T. Rogers, M. Aybat, arXiv:1101.5057 
Landry, Brock, Nadolsky, Yuan, PRD67 (03)
P. Schweitzer, T. Teckentrup, A. Metz, PRD81(10)

Widening driven by Tevatron data
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Multidim. studies are needed
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New E866 data
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Non-Gaussian TMDs
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With orbital 
angular 

momentum, 
TMDs cannot be 

Gaussians!
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Flavor-dependent TMDs
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valence sea
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s− s̄

d̄− ū

D-Y: impact on PDFs

Blue: adding E605 and E866 data

We can expect similar impact on TMDs
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NNPDF Coll., NPB838 (10)

s− s̄
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D-Y: impact on PDFs

Blue: adding E605 and E866 data
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On the cos2ϕ modulation
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Bacchetta, Boer, Diehl, Mulders, JHEP08 (08)
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∝ 1 + λ cos2 θ + µ sin 2θ cos φ +
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On the cos2ϕ modulation
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with pQCD
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Violation of Lam-Tung relation
1− λ = 2ν

May be a better way to study Boer-Mulders function,  
since pQCD contributions should cancel
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The dihadron way to 
transversity is opening. 

Stay tuned.

    dihadron way
to transversity  

2 The
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Single hadron
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Effect of TMD evolution?
56 D. Boer / Nuclear Physics B 806 (2009) 23–67

Fig. 6. The asymmetry factor A(QT ) at Q = 10 GeV (solid curve) and the tree level quantity A(0)(QT ) using R2
u =

1 GeV−2 and R2/R2
u = 3/2. Both factors are given in units of M2.

9.3. Comparison to tree level

We will compare the above result for Q = 10 GeV with the tree level result (cf. Eq. (62)).
In the tree level expression for the asymmetry it is important to keep Gaussians in numerator
and denominator different, in order to ensure the bound given in Eq. (153) is satisfied and an
asymmetry is obtained that falls off at larger QT . The tree level expressions for A(QT ) and
A(QT ) will be denoted by A(0)(QT ) and A(0)(QT ). They are given by (ignoring electroweak
interference effects for simplicity)

(164)A(0)(QT ) = Q2
T R2 exp(−R2Q2

T /2)

4M2R2
u exp(−R2

uQ
2
T /2)

sin2 θ2

1 + cos2 θ2

∑
a e2

aH
⊥a
1 (z1)H

⊥a
1 (z2)∑

b e2
bD

b
1(z1)D

b
1(z2)

,

and

(165)A(0)(QT ) = exp
[
−

(
R2 − R2

u

)
Q2

T /2
]
M2Q2

T R6/R2
u.

In Fig. 6 we have displayed the comparison of A(QT ) at Q = 10 GeV and the tree level quan-
tity A(0)(QT ) using the values R2

u = 1 GeV−2 and R2/R2
u = 3/2, which were chosen such as

to minimize the magnitude of A(0)(QT ), cf. [64] for further discussion. We conclude that in-
clusion of Sudakov factors has the effect of suppressing the tree level result roughly by a factor
of 5, whereas for Q = 90 GeV it is more than an order of magnitude. Tree level extractions of
the Collins function at large Q2 therefore can significantly underestimate its actual magnitude
(roughly by the square-root of the Sudakov suppression factor of the asymmetry). It is impor-
tant to keep this in mind when comparing predictions or fits of transverse momentum dependent
azimuthal spin asymmetries based on tree level expressions applied at different energies.

The above also shows that upon including Sudakov factors one retrieves parton model or tree
level characteristics (also noted in Ref. [75]), but with transverse momentum spreads that are sig-
nificantly larger than would be expected from intrinsic transverse momentum (this is supported
by the presently available parameterizations of SNP in various processes, which usually have
Gaussian b-dependence with widths that increase with Q2, cf. e.g. [81]).

“
”

D. Boer, NPB806 (09)
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tity A(0)(QT ) using the values R2

u = 1 GeV−2 and R2/R2
u = 3/2, which were chosen such as

to minimize the magnitude of A(0)(QT ), cf. [64] for further discussion. We conclude that in-
clusion of Sudakov factors has the effect of suppressing the tree level result roughly by a factor
of 5, whereas for Q = 90 GeV it is more than an order of magnitude. Tree level extractions of
the Collins function at large Q2 therefore can significantly underestimate its actual magnitude
(roughly by the square-root of the Sudakov suppression factor of the asymmetry). It is impor-
tant to keep this in mind when comparing predictions or fits of transverse momentum dependent
azimuthal spin asymmetries based on tree level expressions applied at different energies.

The above also shows that upon including Sudakov factors one retrieves parton model or tree
level characteristics (also noted in Ref. [75]), but with transverse momentum spreads that are sig-
nificantly larger than would be expected from intrinsic transverse momentum (this is supported
by the presently available parameterizations of SNP in various processes, which usually have
Gaussian b-dependence with widths that increase with Q2, cf. e.g. [81]).

Tree level extractions of the Collins function at large Q2 
therefore can significantly underestimate its actual 
magnitude
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An independent extraction of 
transversity is needed...
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Two hadrons in SIDIS
J
H
E
P
0
6
(
2
0
0
8
)
0
1
7

Pπ−

Pπ+

Ph

θ

Pπ−

π+π− CM
frame

RT

ST

Pπ+

Ph

φR⊥

P

φSq

k k′

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.

– 3 –

Note: most of the theory work done in Pavia
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HERMES data
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Figure 2: The top panels show Asin(φR⊥+φS) sin θ
U⊥ versus Mππ, x, and z. The bottom panels show

the average values of the variables that were integrated over. For the dependence on x and z,
Mππ was constrained to the range 0.5 GeV < Mππ < 1.0 GeV, where the signal is expected to be
largest. The error bars show the statistical uncertainty. A scale uncertainty of 8.1% arises from
the uncertainty in the target polarization. Other contributions to the systematic uncertainty are
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

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

– 7 –
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largest. The error bars show the statistical uncertainty. A scale uncertainty of 8.1% arises from
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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FIG. 3: a12 modulations for the 9×9 z1, z2 binning as a func-
tion of z1 for the z2 bins. The shaded (green) areas correspond
to the systematic uncertainties.
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correspond to the systematic uncertainties.

and used in a global fit to the SIDIS data to obtain the
transversity distribution function.
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Assumptions

Du
1 = Dd

1 = Dū
1 = Dd̄

1

Ds
1 = Ds̄

1

Dc
1 = Dc̄

1

H!u
1 = −H!d

1 = −H!ū
1 = H!d̄

1

H!s
1 = −H!s̄

1 = H!c
1 = −H!c̄

1 = 0

Based on charge conjugation and isospin symmetry

π+

π−
u d

π+

π−
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108 5. Hadron Pair Asymmetries
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Figure 5.84: Final RS asymmetries as a function of x, z and Minv. The red band indicates the
systematical uncertainty.
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Figure 5.85: Final RS asymmetries for x > 0.032 as a function of x, z and Minv. The red band
indicates the systematical uncertainty.
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Figure 5.86: Final RS asymmetries as a function of x, z and Minv together with HERMES
results [95], which are scaled with −1/Dnn, as described in the text.
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What about pp collisions?
R. Yang, Beijing Transversity Workshop, 2008

6

Here and in the following expressions, it is understood that when the parton is a gluon, we need to make the
replacements f1 → G and D1 → Ĝ. The unpolarized elementary cross sections are well known [62]. For convenience,
we rewrite them in Eqs. (A.2-A.5) in the Appendix.

For the transversely polarized cross section in the numerator of Eq. (14) (integrated over φSA
), we have

dσUT = 2 |PC⊥|
∑

a,b,c,d

|SBT | sin (φSB
− φRC

)

∫

dxadxb

8π2zc
fa
1 (xa)hb

1(xb)
d∆σ̂ab↑→c↑d

dt̂

×
|RC |
MC

sin θC H<)c
1 (z̄c, cos θC , M2

C)

≈ 2 |PC⊥|
∑

a,b,c,d

|RC |
MC

|SBT | sin (φSB
− φRC

)

∫

dxadxb

8π2zc
fa
1 (xa)hb

1(xb)
d∆σ̂ab↑→c↑d

dt̂

× sin θC

(

H<)c
1,ot(z̄c, M

2
C) + cos θC H<)c

1,lt(z̄c, M
2
C)

)

.

(16)

The elementary cross sections with transversely polarized partons b and c correspond to

d∆σ̂ab↑→c↑d

dt̂
≡

1

16πŝ2

1

4

∑

(all χ′s)

M̂χ
c
,χ

d
;χ

a
,χ

b
M̂∗

χa,−χb;−χc,χd
. (17)

They describe the cross section for the case when quark b is transversely polarized in a direction forming an azimuthal
angle φSb

around PB and the transverse polarization of quark c forms the same azimuthal angle φSc
= φSb

around
PC (φSb

and φSc
are defined analogously to φSB

and φRC
, respectively – see Eqs. (3) and (4) and Fig. 1). We list

them explicitly in Eqs. (A.7-A.10) in the Appendix (see also Ref. [79]).
It is possible to integrate the cross sections over cosθC to obtain

dσUU = 2 |PC⊥|
∑

a,b,c,d

∫

dxadxb

4π2zc
fa
1 (xa) f b

1(xb)
dσ̂ab→cd

dt̂
D1,oo(zc, M

2
C), (18)

dσUT = 2 |PC⊥|
∑

a,b,c,d

|RC |
MC

|SBT | sin (φSB
− φRC

)

∫

dxadxb

16πzc
fa
1 (xa)hb

1(xb)
d∆σ̂ab↑→c↑d

dt̂
H<)c

1,ot(zc, M
2
C) . (19)

Eqs. (16) and (19) are the most relevant results of this Section and a few comments are in order. First of all, we
obtain a formula reminiscent of the original one proposed by Tang, Eq. (8) in Ref. [60]. However, there are some
crucial differences: in Ref. [60] the dependence on the azimuthal angles is different, the connection to the external
variables (rapidity and transverse momentum of the pair) is not made clear, and the behavior in the invariant mass
is factorized out of the IFF, which is a model-dependent statement. Finally, a couple of differences in the elementary
cross sections are pointed out in the Appendix. Our asymmetries are also analogous to the ones for the process
pp↑ → Λ↑X discussed in Refs. [28, 29]. In that case, however, the asymmetry is proportional to cos (φSB

− φSΛ) (with
φSΛ being the azimuthal angle of the transverse spin of the Λ, defined analogously to φRC

): the transverse spin of
the quark is directly transferred to the transverse spin of the Λ, while here it is connected to RC T via the mixed
product entailed in the T-odd H<)

1 , which implies an extra π
2 rotation. Finally, our asymmetry can be related to that

occurring in two-hadron production in DIS [56, 57], by replacing f1(xa) with δ(1 − xa), using the elementary cross
section for lq↑ → q↑l and taking into account the fact that the final parton d is also observed, so that xb and zc are
fixed according to Eq. (21) of next Sect. III with zd = 1. In Refs. [56, 57], the asymmetry depends on sin (φSB

+ φRC
)

simply because the azimuthal angles are defined in a different way with respect to the present work.
Quantitative estimates of these asymmetries are possible either by using models for the IFF [54, 56, 80] or by

saturating their positivity bounds [57]. Measurements of IFF are under way at HERMES (semi-inclusive DIS) and at
BELLE [81] (e+e− annihilation). Experimental results at different energies can be related through the same DGLAP
equations applicable to the fragmentation function H1 [82].5 However, as we shall see in the next Section, IFF can
be measured independently in the very same proton-proton collisions analyzed so far.

5 Note that we deal with functions that depend explicitly on the (limited) relative transverse momentum of the hadron pair. On the
contrary, the evolution equations studied in Refs. [51, 52] apply to dihadron fragmentation functions integrated over the relative
transverse momentum of the hadron pair.
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