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Introduction



2018 study

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



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



2018 findings

Observed shifts in My, from flavour-dependent TMDs:

—4 < AMy,- <3 MeV

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

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



Master thesis project

Inspired by previous works

V Adopted same methodology as a starting point

Extended with new moditications and improvements

* Extended to consider different TMDs extractions



Main modifications

DYQT, DYRes wmmp (Y | ygzpo

Gaussian ansatz _> MAP 2022 and 2024 TMDs



TMDs

Global TMD

fits

Pavia 2017

arxXiv:1703.1015%7

SV 2019

arXiv:1912.06532

MAP22

arXiv:2:206.07598

MAP24

awiv:2405.13833

ART25
arXiv:2503.11201

Accuracy unceP::in ty d::e‘:::lue"nt SIDIS Drell-Yan #points #;I::iznlts
NLL X X v/ v 3059 1.55
NSLL- X X 1039 1.06
NSLL- X )4 203 1.06 N\
N3LL Vs Vs 2031 1.08
NaLL v v 1209 1.05




Main modifications

DYQT, DYRes wmmp (Y | ygzpo

Gaussian ansatz _> MAP 2022 and 2024 TMDs

Hadron colliders ' Focus on kinematics and
pseudodata statistics of ATLAS



The ultimate goal

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.



Measurements of M,



My measurements summary

Electroweak fit
PRD 110 (2024) 030001

LEP combination
Phys. Rep. 532 (2013) 119

DO

PRL 108 (2012) 151804

CDF

Science 376 (2022) 6589

LHCDb

LD N1 /’)ﬂ’)’)\ (26

ATLAS

EPJC 84 (2024) 1309

CMS
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The CMS Collaboration; arXiv: 2412.13872
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Transverse momentum uncertainty

x No direct use of global TMD ftits

E Parton shower generators

th Only Drell-Yan processes

% Flavour-dependence is not included



Transverse momentum uncertainty

Table 4: Uncertainty components for the p‘f, mt and combined mw measurements using the CT18 PDF set. The first
columns give the total, statistical and overall systematic uncertainty in the measurements. The following columns
show the contributions of modelling and experimental systematic uncertainties, grouped 1nto categories.

Unc. [MeV ] | Total Stat. Syst. | PDF A; Backg. EW e U ur Lumi I'w | PS

ps 162 11.1 118 | 49 35 17 56 59 54 09 11 01} 15
mt 244 114 216 | 117 47 41 49 67 60 114 25 02] 70
Combined | 159 98 125 | 57 37 20 54 60 54 23 13 0.1]23

The ATLAS Collaboration; arXiv:2403.15085v2



Results at NLL



Generation of the templates
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different masses



Generation of the pseudodata

The TMD

parameters are
varied

In this
oreliminary
work only the
W™ process is
investigated

The W mass is
fixed at the

central value
(80355 MeV)

generating
MAP24 ano

MAP22 replicas
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one TMD replica

Ax? profiles
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Outcome

TMD Range of the Mean of the Within-replica Between-
parametrizations shifts shifts error replica error
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TMD
parametrizations

MAP24 flavour
independent

MAP24 flavour
dependent

MAP22 Drell-Yan-
only

Outcome

Range of the Mean of the Within-replica Between-
shifts shifts error replica error
[-4,+7] MeV RYYR flavour-dependence RPRVRY
is expected to have a
greater impact on
comparing W' and
[-5,+5] MeV -1.6 Me W- cases 1.6 MeV
[-5,+20] MeV -1.4 MeV /.6 MeV 5.7 MeV




Outcome

TMD Range of the Mean of the Within-replica Between-
parametrizations shifts shifts error replica error

MAP24 flavour -4 +7] MeV 1.6 MeV 7.5 MeV 2.2 MeV
independent
MAP24 flavour 5 +5]MeV | -1.6 MeV 7.5 MeV 1.6 MeV

dependent excluding DIS in the

global fit increases

MAP22 Drell-Yan- the uncertainty

[-5,+20] MeV -1.4 Me
only

5.7 MeV




Work in progress




The current goals

® \Working on reproducing the procedure at N3LL

e Consider both W™ and W™ channels
® Clarity the interplay between PDFs and TMDs
® Produce also MAP24 Drell-Yan-only

)

WORK IN PROGRESS






MAP implementation in Y Turbo

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

z B\ el !
b2 07 810 e T+ (D)Hgy(0) (1 — gr(0)77) e7EIT + () g3(x) e

b ) = exp| = g7 In | X 8100 + (DA0P + ()70

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

1/4
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Transverse momentum uncertainty

Table A.2: Uncertainties in the W-like m, and m,; measurements, with contributions to
the total uncertainty from individual sources separated according to the “nominal” [33] and
“global” [105] definitions of the impacts.

Impact (MeV)
Source of uncertainty Nominal Global
inmy, Inmy INnm,; INMy
Muon momentum calibration 5.6 4.8 5.3 44

Muon reco. efficiency 3.8 3.0 3.0 2.3
W and Z angular coeffs. 4.9 3.3 4.5 3.0
Hioher-order EW ' v
py modeling 1.7 20 1.0 08

» 4 : X o Ko
Nonprompt-muon background  — 3.2 — 1.7
Integrated luminosity 0.3 0.1 0.2 0.1
MC sample size 2.5 1.5 3.6 3.8
Data sample size 6.9 2.4 10.1 6.0
Total uncertainty 13.5 9.9 13.5 9.9

The CMS Collaboration; arXiv: 2412.13872



