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Transverse Momentum Distribution PDFs
TMDs map the distribution of partons inside the 
nucleon in 3D in momentum space.

They can be extracted through global fits
There are attempts to calculate them in lattice QCD
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Figure 5. Density of data in the plane (Q, x) (a darker color corresponds to a higher density).

The kinematic region in x and Q covered by the data set and thus contributing to the deter-
mination of TMDPDF is shown in fig. 5. The boxes enclose the sub-regions covered by the single
data sets. Looking at fig. 5, it is possible to distinguish two main clusters of data: the “low-energy
experiments”, i.e. E288, E605, E772, PHENIX, COMPASS and HERMES that place themselves
at invariant-mass energies between 1 and 18 GeV, and the “high-energy experiments”, i.e. all those
from Tevatron and LHC, that are instead distributed around the Z-peak region. From this plot we
observe that, kinematic ranges of SIDIS and DY data do not overlap.

As a final comment of this section let us mention that our data selection is particularly conser-
vative because it drops points that could potentially be described by TMD factorization (see e.g.
ref. [18] where a less conservative choice of cuts is used). However, our fitted data set guarantees
that we operate well within the range of validity of TMD factorization. In sec. 7 we show that
unexpectedly our extraction can describe a larger set of data as well.

4 Fit procedure

The experimental data are usually provided in a form specific for each setup. In order to extract
valuable information for the TMD extraction, one has to detail the methodology that has been
followed, and this is the purpose of this section. Finally, we also provide a suitable definition of the
�2 that allows for a correct exploitation of experimental uncertainties.

4.1 Treatment of nuclear targets and charged hadrons

The data from E288, E605 (Cu), E772, COMPASS, (part of) HERMES (isoscalar targets) come
from nuclear target processes. In these cases, we perform the iso-spin rotation of the corresponding
TMDPDF that simulates the nuclear-target effects. For example, we replace u-, and d-quark

– 24 –

457(DY) + 582(SIDIS) = 1039 fitted data

MAPTMD22 SV19
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from the presence of components of the quark wave function with angular momentum
L = 1 [67–71]. Similar features occur in models of fragmentation functions [38, 67, 72].

The Gaussian width of the TMD distributions may depend on the parton flavor
a [23, 38, 73]. In the present analysis, however, we assume they are flavor independent.
The justification for this choice is that most of the data we are considering are not suffi-
ciently sensitive to flavor differences, leading to unclear results. We will devote attention
to this issue in further studies.

Finally, we assume that the Gaussian width of the TMD depends on the fractional
longitudinal momentum x according to

g1(x) = N1
(1− x)α xσ

(1− x̂)α x̂σ
, (2.38)

where α, σ, and N1 ≡ g1(x̂) with x̂ = 0.1, are free parameters. Similarly, for fragmentation
functions we have

g3,4(z) = N3,4
(zβ + δ) (1− z)γ

(ẑβ + δ) (1− ẑ)γ
, (2.39)

where β, γ, δ, and N3,4 ≡ g3,4(ẑ) with ẑ = 0.5 are free parameters.
The average transverse momentum squared for the distributions in eq. (2.36) and (2.37)

can be computed analytically:

〈
k2
⊥
〉
(x) =

g1(x) + 2λg21(x)

1 + λg1(x)
,

〈
P 2
⊥
〉
(z) =

g23(z) + 2λF g34(z)

g3(z) + λF g24(z)
. (2.40)

3 Data analysis

The main goals of our work are to extract information about intrinsic transverse momenta,
to study the evolution of TMD parton distributions and fragmentation functions over a large
enough range of energy, and to test their universality among different processes. To achieve
this we included measurements taken from SIDIS, Drell-Yan and Z boson production from
different experimental collaborations at different energy scales. In this section we describe
the data sets considered for each process and the applied kinematic cuts.

Table 1 refers to the data sets for SIDIS off proton target (Hermes experiment) and
presents their kinematic ranges. The same holds for table 2, table 3, table 4 for SIDIS
off deuteron (Hermes and Compass experiments), Drell-Yan events at low energy and
Z boson production respectively. If not specified otherwise, the theoretical formulas are
computed at the average values of the kinematic variables in each bin.

3.1 Semi-inclusive DIS data

The SIDIS data are taken from Hermes [74] and Compass [75] experiments. Both data
sets have already been analyzed in previous works, e.g., refs. [23, 76], however they have
never been fitted together, including also the contributions deriving from TMD evolution.

The application of the TMD formalism to SIDIS depends on the capability of identifying
the current fragmentation region. This task has been recently discussed in ref. [39], where
the authors point out a possible overlap among different fragmentation regions when the

– 10 –
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<latexit sha1_base64="6EmGfbDfCp1SAJBI9AyBTTc1Kv0="></latexit>

D1NP(x, b
2
T ) / F.T. of

✓
e�

P2
?

g3A + �FBk
2
?e

� P2
?

g3B

◆

<latexit sha1_base64="6MzhtNhc2bSTmsHZC3Bgnk5K6RI="></latexit>

gK(b2T ) = �g22
b2T
4

<latexit sha1_base64="M5wf3EvaI6ldS5PtMFAweD1vO1g=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqwpKEim6EohvBTYW+oE3DZDpph04ezEyEErJ346+4caGIW3/AnX/jNM1CWw9cOJxzL/fe40aMCmkY39rK6tr6xmZhq7i9s7u3rx8ctkUYc0xaOGQh77pIEEYD0pJUMtKNOEG+y0jHndzM/M4D4YKGQVNOI2L7aBRQj2IkleTopZFzV3Gd5sA6hVfwbORYA6vvcYSTTEyTWuroZaNqZIDLxMxJGeRoOPpXfxji2CeBxAwJ0TONSNoJ4pJiRtJiPxYkQniCRqSnaIB8Iuwk+yWFJ0oZQi/kqgIJM/X3RIJ8Iaa+qzp9JMdi0ZuJ/3m9WHqXdkKDKJYkwPNFXsygDOEsGDiknGDJpoogzKm6FeIxUklIFV9RhWAuvrxM2lbVrFXP72vl+nUeRwEcgxKoABNcgDq4BQ3QAhg8gmfwCt60J+1Fe9c+5q0rWj5zBP5A+/wBv7SZAQ==</latexit>

Backup slides



Proton Pion

MAPTMD22
<latexit sha1_base64="X2QaOK/L0HjoqinGYMzheCg+BrI="></latexit>

fNP
1⇡ (x, ⇣,bT ) = e�g1⇡(x)

b2
T
4

h ⇣

Q0

i�g2
2

b2
T
4

<latexit sha1_base64="lxiltAwtubk8mBN47Csjy/hsUBo="></latexit>

g1⇡(x) = N1⇡
x�⇡ (1� x)↵

2
⇡

x̂�⇡ (1� x̂)↵2
⇡

xFitter20

3 fitting parameters 

Backup slides



Bacchetta, Bertone, Bissolotti, Bozzi, Delcarro, Piacenza, Radici, arXiv:1912.07550

Q ⇠ 100 GeV

<latexit sha1_base64="hQx0FdiXAJBcdkvS+b0S//gicME=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbiTiJZBCy0TMB+QC2FvM0mW7H2wOycJR0ob/4qNhSK2/gQ7/42b5ApNfDDweG+GmXleJIVG2/62Miura+sb2c3c1vbO7l5+/6Cuw1hxqPFQhqrpMQ1SBFBDgRKakQLmexIa3vBm6jceQGkRBvc4jqDts34geoIzNFInf+x64Qi6SZW6WvjUsW3qUhdhhMkt1CeTTr5gF+0Z6DJxUlIgKSqd/JfbDXnsQ4BcMq1bjh1hO2EKBZcwybmxhojxIetDy9CA+aDbyeyRCT01Spf2QmUqQDpTf08kzNd67Hum02c40IveVPzPa8XYu2onIohihIDPF/ViSTGk01RoVyjgKMeGMK6EuZXyAVOMo8kuZ0JwFl9eJvXzolMqXlRLhfJ1GkeWHJETckYccknK5I5USI1w8kieySt5s56sF+vd+pi3Zqx05pD8gfX5AyZtmM0=</latexit>

SIDIS multiplicities beyond NLL High-Energy Drell-Yan beyond NLL

HERMES

Q ⇠ 2 GeV

<latexit sha1_base64="XcxvkZSMScqDkvQuo9LhuAXjuoo=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8hZkQ0WPQgx4TMAtkQujpVJImPQvdNZIw5OTFX/HiQRGvfoM3/8bOctDEBwWP96qoqufHUmh0nG9rZXVtfWMzs5Xd3tnd27cPDms6ShSHKo9kpBo+0yBFCFUUKKERK2CBL6HuD24mfv0BlBZReI+jGFoB64WiKzhDI7XtE8+PhtBJK9TTIqAF6lEPYYjpLdTG47adc/LOFHSZuHOSI3OU2/aX14l4EkCIXDKtm64TYytlCgWXMM56iYaY8QHrQdPQkAWgW+n0jTE9M0qHdiNlKkQ6VX9PpCzQehT4pjNg2NeL3kT8z2sm2L1qpSKME4SQzxZ1E0kxopNMaEco4ChHhjCuhLmV8j5TjKNJLmtCcBdfXia1Qt4t5i8qxVzpeh5HhhyTU3JOXHJJSuSOlEmVcPJInskrebOerBfr3fqYta5Y85kj8gfW5w876Jha</latexit>

Preliminary

The description considerably worsens at higher orders!!

Backup slides


