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• Similar study as the one presented on Aug 31st by Alexey 


• Sensitivity coefficients defined as (see, e.g., arXiv:2007.08300) 
 

                       


• O is in our case the structure function FUUT, f are the values of the 
nonperturbative parameters, the averaging is done on the replica 
set, the relative experimental error comes from Ralf’s pseudodata 
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Background information



• Pseudodata generated by Ralf and available on 
https://github.com/VladimirovAlexey/EIC_YR_TMD  
For the moment, we used Data4_cut, with ACC_opt5 

Starting points
 

• Grids of SIDIS FUUT structure function based on PV17 fit and available on  
https://github.com/vbertone/NangaParbat  
 

                   


• To reproduce the following plots, one also needs the 200 sets of 
parameters from the PV17 fit. They are available upon requests (and 
actually included inside Nanga Parbat).

https://github.com/VladimirovAlexey/EIC_YR_TMD
https://github.com/vbertone/NangaParbat


Functional form of PV17
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To NLL accuracy, we need the following terms [31, 52]
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, B1 = −3

2
CF . (2.32)

We use the approximate analytic expression for αS at NLO with the ΛQCD = 340MeV,
296MeV, 214MeV for three, four, five flavors, respectively, corresponding to a value of
αS(MZ) = 0.117. We fix the flavor thresholds at mc = 1.5GeV and mb = 4.7GeV. The
integration of the Sudakov exponent in eq. (2.30) can be done analytically (for the complete
expressions see, e.g., refs. [36, 53, 54]).

Following refs. [55–57], for the nonperturbative Sudakov factor we make the traditional
choice

gK(ξT ) = −g2ξ
2
T /2 (2.33)

with g2 a free parameter. Recently, several alternative forms have been proposed [58, 59].
Also, recent theoretical studies aimed at calculating this term using nonperturbative meth-
ods [60]. All these choices should be tested in future studies. In ref. [61], a good agreement
with data was achieved even without this term, but this is not possible when including data
at low Q2.

In this analysis, for the collinear PDFs fa
1 we adopt the GJR08FFnloE set [62] through

the LHAPDF library [63], and for the collinear fragmentation functions the DSS14 NLO
set for pions [64] and the DSS07 NLO set for kaons [65].3 We will comment on the use of
other PDF sets in section 4.3.

We parametrize the intrinsic nonperturbative parts of the TMDs in the following ways
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After performing the anti-Fourier transform, the f1NP and D1NP in momentum space cor-
respond to

fa
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The TMD PDF at the starting scale is therefore a normalized sum of a Gaussian with
variance g1 and the same Gaussian weighted by a factor λk2

⊥. The TMD FF at the starting
scale is a normalized sum of a Gaussian with variance g3 and a second Gaussian with
variance g4 weighted by a factor λFP 2

⊥/z
2. The choice of this particular functional forms

is motivated by model calculations: the weighted Gaussian in the TMD PDF could arise
3After the completion of our analysis, a new set of kaon fragmentation function was presented in ref. [66].
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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
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5x41 configuration



Sensitivity coefficients for TMD PDF width  
(N1 parameter of PV17)
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5x41 beam configuration



Sensitivity coefficients for low x-dependence of TMD PDF width  
(σ parameter of PV17)
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5x41 beam configuration



Sensitivity coefficients for TMD FF width 
(N3 parameter of PV17)
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5x41 beam configuration



Sensitivity coefficients for non-Gaussian contribution to TMD FF  
(λF parameter in PV17 parametrization)
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5x41 beam configuration



Sensitivity coefficients for nonperturbative evolution parameter  
(g2 parameter of PV17)
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5x41 beam configuration



10x100 configuration



Sensitivity coefficients for TMD PDF width  
(N1 parameter of PV17)
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Sensitivity coefficients for low x-dependence of TMD PDF width  
(σ parameter of PV17)
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10x100 beam configuration
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Sensitivity coefficients for TMD FF width 
(N3 parameter of PV17)
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Sensitivity coefficients for non-Gaussian contribution to TMD FF  
(λF parameter in PV17 parametrization)
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Sensitivity coefficients for nonperturbative evolution parameter  
(g2 parameter of PV17)
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