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8 TMD distributions

The parametrized forms of the
TMD distributions include 8
functions.

In this work we extract the
unpolarized distribution (f1).

Φ
[γ+]
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Our model: distribution’s shape

Parametrization of TMDPDF:

f1,f (x, b) =

∫ 1

x

dy

y

∑
f ′

Cf→f ′(y,L, as)qf ′
(
x

y

)
ff
NP(x, b)

ff
NP(x, b) =

1

cosh
((

λf
1(1− x) + λf

2x
)
b
)

▶ f ∈
{
u, u, d, d, sea

}
→ 2× 5 independent
parameters!

▶ flavour dependent
ansatz!
(=NEW feature!)
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TMDPDF distributions visualized:
two dimensional picture

u quark TMD distribution u quark TMD distribution

Collinear PDF can be understood as projection to b = 0 plane.
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Impact of PDF uncertainty on prediction
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▶ Uncertainty to a large
amount effect of PDF.

▶ Uncertainty in general
is quite large for the
extracted TMDPDF.

Data normalised to Theory. Extraction with and without taking
into account PDF uncertainties.
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Our model: hard scale evolution
Parametrization of TMD Evolution:

D(b, µ) = Dsmall-b(b
∗, µ∗) +

∫ µ

µ∗

dµ′

µ′ Γcusp(µ
′) +DNP(b)

▶ perturbative series(as, Lµ) in αs

▶ non perturbative (model)

Dsmall-b =

∞,n∑
n,k=0

ansL
k
µd

(n,k) Γcusp(µ) =

∞∑
n=0

an+1
s Γn γV (µ) =

∞∑
n=1

ans γn

Γcusp γV Dsmall-b Cf→f ′ CV PDF
a5s (Γ4) a4s (γ4) a4s (d(4,0)) a3s (C [3]

f→f ′) a4s NNLO
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Our model: hard scale evolution
Parametrization of TMD Evolution:

D(b, µ) = Dsmall-b(b
∗, µ∗) +

∫ µ

µ∗

dµ′

µ′ Γcusp(µ
′) +DNP(b)

▶ Ansatz for NP part:

DNP(b) = c0bb
∗ + c1bb

∗ ln

(
b∗

BNP

)

▶ 3 parameters for TMDPDF
scale evolution

▶ log term brings sensitivity to
moderate b region, determined
by high energy DY data!
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Collins-Soper kernel: Various extractions
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▶ small uncertainty!

▶ sensitive to moderate
b ≈ 1/GeV region

▶ steady grow,
no inflection point

D(b, µ) = ansL
k
µd

n,k +

∫ µ

µ∗

dµ′

µ′ a
n+1
s Γn + c0bb

∗ + c1bb
∗ ln

(
b∗

BNP

)
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Experimental Data
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Kinematic range of included data, datasets
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Features:
▶ large range of resolution scale:

4 GeV → 1 TeV

▶ including DY W production

▶ qT
Q < 0.25 (TMD region!)

▶ 627 datapoints included in fit
vs. 457 (SV19),
vs. 484 (MAP22)
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Most precise data from ATLAS
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We can describe this VERY precise data!

overall χ2/Npt = 0.96+0.09
−0.01
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Data at
√
s = 13 @ LHCb

We have good data description above the Z pole up to 1 TeV...
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Data at
√
s = 19, 23 and 27 GeV

...and also at very low Q for fixed target experiments.
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Problems
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collinear PDF choice

Param. MSHT20 HERA2.0 NNPDF3.1 CT18
κu1 0.12 0.11 0.28 0.05
κu2 0.32 8.15 2.58 0.9

▶ obtained parameters
stronly depend on PDF

▶ collinear PDF is base
layer of TMDPDF

▶ we choose MSHT20 as
the strongest candidate
in JHEP 10 (2022) 118
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Consistency and Limitations
Effect of collinear PDF on the extraction:
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▶ impact of PDF is significant!
▶ even CS kernel is affected at

moderate b

▶ additional, systematic
uncertainty: estimate?

▶ Solution(?):
independent TMDPDF fit w.o.
constraint due to PDF

▶ at this precision core hours
become a problem.
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Recapitulation & Outlook

What has been done:
▶ A first of a kind N4LO extraction of TMDPDFs

including determination of CS kernel
▶ good quality of fit (χ2/Npt = 0.96+0.09

−0.01)
▶ various checks have been done (e.g. PDF uncertainty, PDF choice)

Work in progress:
▶ a SIDIS fit for TMD fragmentation functions
▶ a Pion TMDPDF fit
▶ impact Studies for EIC once TMDFFs are determined.
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▶ large exp.
uncertainties

▶ small impact on
extraction
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Scale variation
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Our model: hard scale evolution
Evolution equation:

F (x, b;µf , ζf ) = exp

[∫
P

(
γF

dµ

µ
−D(µ, b)

dζ

ζ

)]
F (x, b;µi, ζi)

▶ γF = Γcusp ln
(
µ2

ζ

)
− γV

▶ D denotes CS kernel
▶ Path dependent due to

truncation of series
▶ use evolution along no

evolution curve
JHEP 08 (2018) 003
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Impact of choice collinear PDF

1. 1.1. 1.

1.3 1.3

0.7 0.7

1.6 1.6

0.4 0.4

u-quark d-quark (4uu+dd )/9

x=0.01

1. 1.1. 1.

1.3 1.3

0.7 0.7

1.6 1.6

0.4 0.4

u-quark d-quark (ss+4cc+bb)/9

x=0.01

0. 0.5 1. 1.5 2. 2.5 3. 0.5 1. 1.5 2. 2.5 3. 0.5 1. 1.5 2. 2.5 3.

b(GeV
-1) b(GeV

-1) b(GeV
-1)

• MSHT20 extraction • NNPDF3.1 extraction

Valentin Moos ART23 4 / 38



Impact of PDF uncertainty on TMDPDF
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Normalised TMDPDFs. Extraction with and without taking into
account PDF uncertainties.
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d TMDPDF vs. x and b
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sea TMDPDF vs. x and b
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uncertainty Bands relative to central value
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TMDPDF distributions visualized
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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uncertainty Bands relative to central value
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