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Introduction



Exploratory studies investigated the impact of flavour-dependent 
TMDs on the W boson mass.  

A simple Gaussian ansatz was used for the non-perturbative TMDs. 

The methodology adopted was the template fitting.

A. Bacchetta et al.; arXiv:1807.02101, G. Bozzi et al.; arXiv:1901.01162

2018 study



A. Bacchetta et al.; arXiv:1807.02101, G. Bozzi et al.; arXiv:1901.01162

Pseudo-data 

Flavour-dependent 

Template 1
 MeV ΔMW = − 15

Templates             
Flavour-independent

Template 2
 MeV ΔMW = − 14

Template 3
 MeV ΔMW = − 13

Template 30
 MeV ΔMW = + 15

…

For each set of 
pseudodata 

χ2
j = min

i=1,...,30
χ2
i ⟷ ΔMW

Template fit technique



A. Bacchetta et al.; arXiv:1807.02101, G. Bozzi et al.; arXiv:1901.01162

Observed shifts in  from flavour-dependent TMDs: 

  

 

MW

−6 ≤ ΔMW+ ≤ 9 MeV

−4 ≤ ΔMW− ≤ 3 MeV

These effects may be not negligile: further investigations are 
required.

2018 findings



Inspired by previous works 

Adopted same methodology as a starting point 

Extended with new modifications and improvements 

Extended to consider different TMDs extractions

Master thesis project



Main modifications

DYqT, DYRes 

Gaussian ansatz 

Hadron colliders 
pseudodata

MAP 2022 and 2024 TMDs 

Focus on kinematics and 
statistics of ATLAS



TMDs
Global TMD 

fits
Accuracy PDF 

uncertainty 
Flavour 

dependent SIDIS Drell-Yan #points chi2/
#points

Pavia 2017 NLL 8059 1.55

SV 2019 N3LL- 1039 1.06

MAP22 N3LL- 2031 1.06

MAP24 N3LL 2031 1.08

ART25 N4LL- 1209 1.05

arXiv:2206.07598

arXiv:2405.13833 

arXiv:1703.10157 

arXiv:1912.06532 

arXiv:2503.11201
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The final goal of this project 
would be to collaborate with 
the experimental community 
in order to include these effects 
in the W boson mass 
measurements.

The ultimate goal



Measurements of MW



The CMS Collaboration; arXiv: 2412.13872 

Nature 652 (2026)

how transverse 
momentum effects 

are included in 
measurments like 

ATLAS one?

 measurements summaryMW



Transverse momentum uncertainty

No direct use of global TMD fits 

Parton shower generators 

Only Drell-Yan processes 

Flavour-dependence is not included



Transverse momentum uncertainty

The ATLAS Collaboration; arXiv:2403.15085v2 

ATLAS 

measurement



Results at NLL



Generation of the templates

The TMD 
parameters are 
fixed (central 

replica of 
MAP24 flavour 

blind)

Templates are 
generated with 

higher 
statistics (i.e. 
smaller errors)

The W mass is 
varied across 
the templates, 
spanning the 

range -20 MeV 
to +20 MeV



Templates



Same TMD replica, 
different masses  

Templates



Generation of the pseudodata

The TMD 
parameters are 

varied, 
generating 

MAP24 and 
MAP22 replicas

In this 
preliminary 

work only the 
 process is 

investigated
W+

The W mass is 
fixed at the 
central value 
(80355 MeV)



Same mass, 
different TMD 

replicas  

We have varied only TMD parameters: the PDF 
member has been fixed

  Pseudodata  

Example: 

MAP24 FI



one TMD replica

within-replica variance

between-replica variance

shift 



TMD 
parametrizations

Range of the 
shifts 

Mean of the 
shifts 

Within-replica 
error

Between-
replica error

MAP24 flavour 
independent [-4,+7] MeV 1.6 MeV 7.5 MeV 2.2 MeV

MAP24 flavour 
dependent [-5,+5] MeV -1.6 MeV 7.5 MeV 1.6 MeV

MAP22 Drell-Yan-
only [-5,+20] MeV -1.4 MeV 7.6 MeV 5.7 MeV

OutcomePreliminary 

results 
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TMD 
parametrizations

Range of the 
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error
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Outcome

flavour-dependence 
is expected to have a 

greater impact on 
comparing  and 

 cases
W+

W−

Preliminary 

results 



TMD 
parametrizations

Range of the 
shifts 

Mean of the 
shifts 

Within-replica 
error

Between-
replica error

MAP24 flavour 
independent [-4,+7] MeV 1.6 MeV 7.5 MeV 2.2 MeV

MAP24 flavour 
dependent [-5,+5] MeV -1.6 MeV 7.5 MeV 1.6 MeV

MAP22 Drell-Yan-
only [-5,+20] MeV -1.4 MeV 7.6 MeV 5.7 MeV

Outcome

excluding DIS in the 
global fit increases 

the uncertainty

Preliminary 

results 



Work in progress



• Working on reproducing the procedure at N3LL 

• Consider both  and  channels 

• Clarify the interplay between PDFs and TMDs 

• Produce also MAP24 Drell-Yan-only 

• …

W+ W−

The current goals

Thank you!



Backup



MAP implementation in 

In order to use MAP22 and MAP24 parametrizarion in the template fitting, the  
functional form has been implemented in the code:

f1(x, bT; ζ) = exp[ − g2
2

b2
T

4
ln

ζ
Q2

0
] ×

g1(x) e−g1(x) b2
T
4 + (λ)2(g2(x))2 (1 − g2(x) b2

T

4 ) e−g2(x) b2
T
4 + (λ2)2g3(x) e−g3(x) b2

T
4

g1(x) + (λ)2(g2(x))2 + (λ2)2g3(x)

And the corresponding -prescription has been implemented, too:b *

b̄*MAP(bT) = bmax ( 1 − exp(−b4
T /b4

max)
1 − exp(−b4

T /b4
min) )

1/4
bmax = 2e−γE ≃ 1.123 GeV−1

bmin =
2e−γE

μ



Transverse momentum uncertainty

The CMS Collaboration; arXiv: 2412.13872 

CMS 

measurement


