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Figure 28: The measured value of mW is compared to other published results, including measurements from the
LEP experiments ALEPH, DELPHI, L3 and OPAL [25–28], and from the Tevatron collider experiments CDF and
D0 [22, 23]. The vertical bands show the statistical and total uncertainties of the ATLAS measurement, and the
horizontal bands and lines show the statistical and total uncertainties of the other published results. Measured values
of mW for positively- and negatively-charged W bosons are also shown.

The W -boson mass measurement is compatible with the current world average of mW = 80385 ±
15 MeV [29], and similar in precision to the currently leading measurements performed by the CDF
and D0 collaborations [22, 23]. An overview of the di�erent mW measurements is shown in Figure 28.
The compatibility of the measured value of mW in the context of the global electroweak fit is illustrated
in Figures 29 and 30. Figure 29 compares the present measurement with earlier results, and with the
SM prediction updated with regards to Ref. [16] using recent measurements of the top-quark and Higgs
boson masses, mt = 172.84 ± 0.70 GeV [110] and mH = 125.09 ± 0.24 GeV [111]. This update gives
a numerical value for the SM prediction of mW = 80356 ± 8 MeV. The corresponding two-dimensional
68% and 95% confidence limits for mW and mt are shown in Figure 30, and compared to the present
measurement of mW and the average of the top-quark mass determinations performed by ATLAS [110].

The determination of the W -boson mass from the global fit of the electroweak parameters has an uncertainty
of 8 MeV, which sets a natural target for the precision of the experimental measurement of the mass of
the W boson. The modelling uncertainties, which currently dominate the overall uncertainty on the mW

measurement presented in this note, need to be reduced in order to fully exploit the larger data samples
available at centre-of-mass energies of 8 and 13 TeV. A better knowledge of the PDFs, as achievable with
the inclusion in PDF fits of recent precise measurements of W - and Z-boson rapidity cross sections with
the ATLAS detector [41], and improved QCD and electroweak predictions for Drell-Yan production, are
therefore crucial for future measurements of the W -boson mass at the LHC.
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Observables 

• accessible via counting experiments: cross sections and asymmetries


Pseudo-Observables 

• functions of cross sections and symmetries

• require a model to be properly defined


- MZ at LEP as pole of the Breit-Wigner resonance factor

- Mw at hadron colliders as fitting parameter of a template fit procedure                                


Template fit 

1. generate several histograms with highest available theoretical accuracy and best 

possible detector simulation, and let the fit parameter (e.g. Mw) vary in a range

2. the histogram that best describes data selects the preferred (i.e. measured) Mw 


➡ the result of the fit depends on the hypotheses used to compute the templates 
(PDFs, scales, non-perturbative, different prescriptions, …)


➡ these hypotheses should be treated as theoretical systematic errors

The extraction of physical quantities



MW extracted from the study of the shape of mT, pTl, pTmiss

jacobian peak enhances sensitivity to MW

MW determination at hadron colliders: observables and techniques
MW extracted from the study of the shape of the  MT, pt_lep, ET_miss  distributions  in CC-DY  
thanks to the jacobian peak that enhances the sensitivity to MW

Alessandro Vicini - University of Milano                                                                                                                                                                  Shanghai, May 18th 2017
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Observables and techniques

pTW modelling depends on flavour and all-order treatment of QCD corrections

Experimental Observables 

5 EPS-HEP Stockholm   18/07/2013 T.Kurca for D0 Collaboration 

pT(e) 
 most affected by pT(W)   

MT 
 less sensitive to transverse motion of W 
- sensitive to detector resolution effects 

          No pT(W)  
   pT(W) included 

  Detector effects  

  extract W mass from 3 observables transversal to the beam direction:   
               Electron pT 
               W transverse mass MT 
               Missing ET 

  complementary observables, not completely correlated 
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Transverse mass: important detector smearing effects, weakly sensitive to pTW modelling

           Lepton pT: moderate detector smearing effects, extremely sensitive to pTW modelling 

Impact of the parton distribution function uncertainties on themeasurement of theW bosonmass
at the Tevatron and the LHC

G. Bozzi,* J. Rojo,† and A. Vicini‡

(Received 14 April 2011; published 20 June 2011)

We study at a quantitative level the impact of the uncertainties on the value of the W boson mass

measured at hadron colliders due to: i) the proton parton distribution functions (PDFs), ii) the value of the

strong coupling constant !s and iii) the value of the charm mass used in the PDF determination. The value

of the W boson mass is extracted, by means of a template fit technique, from the lepton-pair transverse

mass distribution measured in the charged current Drell-Yan process. We study the determination ofmW at

the Tevatron and at the LHC with 7 and 14 TeVof center-of-mass energy in a realistic experimental setup.

The analysis has been done at the Born level using the event generator HORACE and at NLO-QCD using

the event generators DYNNLO and RESBOS. We consider the three global PDF sets, CTEQ6.6, MSTW2008, and

NNPDF2.1. We estimate that the total PDF uncertainty on mW is below 10 MeV both at the Tevatron and at

the LHC for all energies and final states. We conclude that PDF uncertainties do not challenge a

measurement of the W boson mass at the level of 10 MeV accuracy.

DOI: 10.1103/PhysRevD.83.113008 PACS numbers: 14.70.Fm

I. INTRODUCTION

The measurement of theW boson mass represents a very
important test of the standard model and of its extensions,
like e.g. the minimal supersymmetric standard model, and
provides indirect bounds on the mass of the Higgs boson
[1–3]. This measurement has reached a very high level of
accuracy: the current world average is mW ¼ 80:398"
0:023 GeV [4] and the best single experiment measure-
ments have been obtained by D0 [5] and CDF [6,7] at the
Fermilab Tevatron with mW ¼ 80:401" 0:043 GeV and
mW ¼ 80:413" 0:048 GeV respectively. The prospects
for the combined measurements at the end of the
Tevatron run, with 4 fb#1 of total collected luminosity,
are of a final error of roughly 15 MeV [8]. The prospects
for the measurement at the CERN LHC are at
the level of 15 MeV, or even 10 MeV [9,10]. At this level
of accuracy, it becomes necessary to quantify in detail the
various sources of theoretical uncertainties that contribute
to the final systematic error.

The mass of theW boson is measured at hadron colliders
in the charged current Drell-Yan (DY) process by studying
the charged lepton transverse momentum pl

t distribution,
the missing transverse momentum p"

t distribution, or the
lepton pair transverse mass distribution, defined as

MW
? ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2pl

tp
"
t ð1# cosð#l ##"ÞÞ

q
; (1)

where the neutrino four-momentum p"
t and angle #" are

inferred from the transverse momentum imbalance in the
event. The mass of the W boson is obtained by fitting the

experimental distributions with the corresponding theoreti-
cal predictions, where mW is kept as a free parameter.
A measurement of mW at the 10 MeV level is not only a

very ambitious goal from the experimental side, but it is
also very challenging from the theoretical point of view due
to the careful modelling of the production mechanism that
is required. We can illustrate these difficulties with the
following example. It is known that the result of a fit of
mW to a given theory template is very sensitive to the shape
of the distributions. In Fig. 1, we consider two transverse
mass distributions at the Born level obtained with two
values ofmW which differ by 10 MeV. If one takes the ratio
bin by bin of the histograms, one sees that a small shift of
10 MeV in mW induces a non trivial distortion of the shape
at the permille level. Therefore, if we aim at measuringmW

at the 10–20 MeV level, we should, from the theoretical
side, have the control on all the perturbative and nonpertur-
bative corrections which can change the shape of the rele-
vant kinematic distributions at this level of precision.
On the other hand, the total integrated cross section is

not significantly affected by changing mW . As shown in
Table I, a shift by 10 MeV of mW yields a change of the
cross section at the 0.04% level. Thus, it is important to
disentangle the normalization effects, which are very
weakly related to the precise value of mW , from the effects
that modify instead the shape of the distributions, which
have a larger impact on the measurement of mW .
The Drell-Yan cross section is given by the convolution

of the parton distribution functions (PDFs) of the two
incoming hadrons with the partonic cross section. The
crucial role of QCD corrections to the partonic processes
has been widely discussed in the literature [11,12]. The
very important role of the Oð!Þ EW corrections in the
precision study of the charged current DY process is also
well known (for a complete list of references, see [13]). It
is the aim of the present paper to study three different
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‡Alessandro.Vicini@mi.infn.it
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• The qT-distribution of a generic high-mass (Q) system produced in hadronic collisions has 
two main regimes:


• for qT ≳ Q collinear factorisation at fixed perturbative order is appropriate:


• for qT ≪ Q transverse-momentum-dependent (TMD) factorisation at fixed 
logarithmic accuracy is appropriate:
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TMD factorisation



Ff/P (x,bT ;µ, ⇣) =
X

j

Cf/j(x, b⇤;µb, ⇣F )⌦ fj/P (x, µb) : A

⇥ exp

⇢
K(b⇤;µb) ln

p
⇣F
µb

+

Z µ

µb

dµ0

µ0


�F � �K ln

p
⇣F
µ0

��
: B

⇥ exp

(
gj/P (x, bT ) + gK(bT ) ln

p
⇣Fp
⇣F,0

)
: C

avoid the Landau pole,

fNP accounts for the introduction of b*,

fNP is non-perturbative thus fit to data.

matching to the collinear region at bT ≪ 1/ΛQCD,

factorises as hard (perturbative) and longitudinal (i.e. collinear, non-
perturbative). 

CS and RGE evolution,

evolution to large bT,

perturbative.

TMD Evolution



Challenging shape measurement: a distortion at the few per mille level of the 
distributions yields a shift of O(10 MeV) of the MW value
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• pseudodata with different PDF sets: low-statistics (100M) and fixed MW0

• templates with a reference PDF set (CTEQ6.6): high-statistics (1B) and different MW

• same code used to generate both pseudodata and templates → only effect probed is the PDF one

Template-fit estimate of theoretical uncertainties (ex:PDF)
Carloni Calame, Montagna, Nicrosini, Treccani PRD 69 (2004)


Bozzi, Rojo, Vicini PRD 83 (2011)

Bozzi, Citelli, Vicini PRD 91 (2015)


Bozzi, Citelli, Vesterinen, Vicini EPJC 75 (2015)



pTW and the modelling of intrinsic kT
• pTl ⇦ pTW ⇦ QCD initial state radiation + intrinsic kT 

• Intrinsic kT effects measured on Z data and used to predict W 
distributions, assuming universality

but

different flavour structure 
different phase space 
available 

Parton model picture

17

qT

qT ⇠ ⇤QCD qT � QqT ⇠ QqT ⌧ Q

TMD$region

hk2?,uv
i 6= hk2?,dv

i 6= hk2?,seai

hk̂2
?,ai for a = uv, dv, sea. In total, we use five different parameters to describe all TMD

PDFs. Since the present data have a limited coverage in x, we found no need of more
sophisticated choices.

As for TMD FFs, fragmentation processes in which the fragmenting parton is in the
valence content of the detected hadron are usually defined favored. Otherwise the process
is classified as unfavored. The biggest difference between the two classes is the number
of qq̄ pairs excited from the vacuum in order to produce the detected hadron: favored
processes involve the creation of at most one qq̄ pair. If the final hadron is a kaon, we
further distinguish a favored process initiated by a strange quark/antiquark from a favored
process initiated by an up quark/antiquark.

For simplicity, we assume charge conjugation and isospin symmetries. The latter is
often imposed also in the parametrization of collinear FFs [47], but not always [48]. In
practice, we consider four different Gaussian shapes:

⌦
P 2
?,u~⇡+

↵
=

⌦
P 2
?,d̄~⇡+

↵
=

⌦
P 2
?,ū~⇡�

↵
=

⌦
P 2
?,d~⇡�

↵
⌘

⌦
P 2
?,fav

↵
, (2.15)

⌦
P 2
?,u~K+

↵
=

⌦
P 2
?,ū~K�

↵
⌘

⌦
P 2
?,uK

↵
, (2.16)

⌦
P 2
?,s̄~K+

↵
=

⌦
P 2
?,s~K�

↵
⌘

⌦
P 2
?,sK

↵
, (2.17)

⌦
P 2
?,all others

↵
⌘

⌦
P 2
?,unf

↵
. (2.18)

The last assumption is made mainly to keep the number of parameters under control, though
it could be argued that unfavored fragmentation into kaons is different from unfavored
fragmentation into pions.

As for TMD PDFs, also for TMD FFs we introduce a dependence of the average square
transverse momentum on the longitudinal momentum fraction z, as done in several mod-
els or phenomenological extractions (see, e.g., Refs. [15, 28, 41, 49–51]). We choose the
functional form

⌦
P 2
?,a~h

↵
(z) =

⌦
P̂ 2
?,a~h

↵(z� + �) (1 � z)�

(ẑ� + �) (1 � ẑ)�
where

⌦
P̂ 2
?,a~h

↵
⌘

⌦
P 2
?,a~h

↵
(ẑ), and ẑ = 0.5.

(2.19)

The free parameters �, �, and � are equal for all kinds of fragmentation functions. In
conclusion, we use seven different parameters to describe all the TMD FFs.

3 Analysis procedure

3.1 Selection of data

The Hermes collaboration collected a total of 2688 data points (336 points for each of the
8 combination of target and final-state hadrons), with the average values of (x,Q2) ranging
from about (0.04, 1.25 GeV2) to about (0.4, 9.2 GeV2), 0.1  z  0.9, and 0.1 GeV 
|PhT |  1 GeV. The collaboration presented two distinct data sets, including or neglecting
vector meson contributions. Here, we use the data set where the vector meson contributions
have been subtracted. In all cases, we sum in quadrature statistical and systematic errors

– 7 –
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lepton, pT ! , the transverse momentum of the neutrino pTν (only
at the Tevatron), and the transverse mass mT of the lepton pair
(where mT =

√
2 pT ! pTν (1 − cos(φ! − φν)), with φ!,ν being the

azimuthal angles of the lepton and the neutrino, respectively).
In a template-fit procedure, several histograms are generated

with the highest available theoretical accuracy and the best avail-
able description of detector effects, letting the fit parameter (MW ,
in this case) vary in a range: the histogram best describing exper-
imental data selects the measured value for MW . The details of
the theoretical calculations used to compute the templates (choice
of scales, PDFs, perturbative order, resummation of logarithmically
enhanced contributions, nonperturbative effects, . . . ) affect the re-
sult of the fit and define the theoretical systematics [25]. In this
work we focus only on the impact of nonperturbative effects and,
in particular, on those coming from the intrinsic transverse mo-
mentum of the initial-state partons. These effects modify the spec-
trum of the W transverse momentum, qWT , subsequently inducing
a nonnegligible shift in the extracted value of MW .

The three experimental collaborations D0, CDF, and ATLAS

typically fit the Z data to obtain an estimate for the nonpertur-
bative parameters. Then, assuming the parameters to be flavor
independent, they use these estimates to predict the qWT distri-

bution. The uncertainty on MW due to the modelling of qWT via
template fits for the distributions in (mT , pT !, pTν ) are, respec-
tively, δMW = (3,9,4) MeV for CDF [22], δMW = (2,5,2) MeV
for D0 [21] and δMW = (3,3) MeV for ATLAS [23] (the ATLAS

analysis did not include pTν in the template fit).
It is well known that one of the largest sources of error in de-

termining MW comes from the uncertainty in the choice of the
collinear PDFs [26–29]. Nevertheless, one can see that the uncer-
tainty propagating from the qWT spectrum via pT ! can be likewise
comparably large (except for ATLAS, because of the narrow range
used for the pT ! fit with respect to the mT one). This does not
come as a surprise, since the pT ! distribution is extremely sensi-
tive to the modelling of qWT , i.e., the pT ! shape gets more distorted
by all-order resummation and nonperturbative contributions than
the mT shape (which, in turn, is dominated by detector resolution).

At present, neither analyses at the Tevatron and at the LHC
included information on the flavor dependence of the intrinsic
transverse momentum of the incoming partons participating in the
hard scattering. Here, it is our aim to study its impact onto the de-
termination of MW in hadronic collisions, taking inspiration from
the phenomenological extraction of the unpolarized TMD PDF from
low-energy data [30].

3. Formalism

The impact of nonperturbative effects in Drell–Yan and Higgs
production has been extensively investigated (see, e.g., [13,18,19,
31–35] for available calculations and fitting codes).

Different implementations of the nonperturbative contributions

have been presented in the literature (see e.g. Refs. [13,19] and ref-

erences therein). In order to take into account possible differences

between the valence and the sea quarks (and among different

flavors in general), a flavor- and kinematic-dependent implemen-

tation of the nonperturbative part of the quark Sudakov exponent

has been suggested in Refs. [30,36]. In the present work, we choose

a Gaussian functional form for the intrinsic transverse momentum

distribution of the unpolarized TMD PDF. Its Fourier-conjugate ex-

pression reads

f aN P
1 (b2T ) ∝ e−gaNP b

2
T , (1)

where gaNP is related to the average intrinsic transverse momen-
tum squared of a parton with flavor a. In general, the latter may

also depend on kinematics, but here we will neglect this depen-
dence.

We implemented the above ansatz in two publicly available
tools for computing Drell–Yan differential cross sections: DYqT [37,
38] and DYRes [37,39]. The DYqT program computes the qT spec-
trum of an electroweak boson V (V = γ ∗,W±, Z ) produced in
hadronic collisions. The calculation combines the pure fixed-order
QCD result up to O(α2

s ) at high qT (qT ∼ MV ) with the re-
summation of the logarithmically-enhanced contributions at small
transverse-momenta (qT & MV ) up to next-to-next-to-leading log-
arithmic (NNLL) accuracy. The rapidity of the vector boson and
the leptonic kinematical variables are integrated over the entire
kinematical range. At the same perturbative accuracy, the DYRes

code also provides the full kinematics of the vector boson and of
its decay products. It thus allows for the application of arbitrary
cuts on the final-state kinematical variables and gives differential
distributions in form of bin histograms, directly comparable to ex-
perimental measurements.

The original codes implement the nonperturbative TMD ef-
fects as a flavor- and kinematic-independent Gaussian exponential

e−gNP b
2
T whose strength is governed by a single parameter gNP

tuned at the electroweak scale. This factor incorporates the non-
perturbative effects from both the TMD PDFs entering the cross
section, including their evolution. In order to mimic a flavor de-
pendence in each partonic intrinsic transverse momentum, we
modify this simple implementation by decomposing gNP into the
sum gaNP + ga

′

NP , where the flavor indices span the range a,a′ =
uv ,us,dv ,ds, s, c,b, g (the subscripts referring to the valence and
sea components, respectively). For each parton with flavor a, the
nonperturbative contribution f aN P

1 of Eq. (1) is included in the
corresponding term in the flavor sum of the TMD factorization for-
mula [3]. In the following, we assume gsNP = gcNP = gbNP = g

g
NP ,

i.e., we assume that in total the intrinsic transverse-momentum
depends on five flavors.

4. Analysis strategy

The phenomenological extraction of Ref. [30] is based on about

1500 data points, however the nonperturbative parameters gaNP

in Eq. (1) are not tightly constrained. A fit to Z/γ ∗ data from

Tevatron produces the value gNP ∼ 0.8 GeV2 for the universal non-

perturbative factor [32]. We recall that this value refers to the

convolution of two TMD PDFs inside the cross section; hence, each

parton should equally contribute with a nonperturbative width of

≈ 0.4 GeV2. When we introduce the corresponding parameter gaNP

for a single TMD PDF with flavor a, we split it as follows:

exp(−gaNPb
2
T ) −→ exp[−[gevo ln(Q 2/Q 2

0 ) + ga]b2T ] , (2)

where the first term in the right hand side is the nonperturbative
correction due the TMD PDF evolution, which is flavor indepen-
dent (but, in principle, different for quarks and gluons), and ga
is the genuine flavor-dependent contribution. Information on gevo
can be deduced from Ref. [13], where the TMD PDF was extracted
from the global fit of SIDIS, Drell–Yan and Z -production data (gevo
corresponds to g2/4 in Ref. [13]). At Q = MW and Q 0 = 1 GeV,
we have gevo ln(Q 2/Q 2

0 ) ≈ 0.3 GeV2. In order to account for the
uncertainties affecting the determination of gevo , we choose to
consider the interval [0.2,0.6] GeV2 as a reasonable range and we
vary ga in Eq. (2) such that the gaNP values fall into this range.

Thus, we generate random widths in the allowed range for the
considered five flavors. We build 50 sets of flavor-dependent pa-
rameters together with a flavor-independent set where all the pa-
rameters are put equal to the central value of the variation range,



Choice of NP parameters

• 50 flavour-dependent sets                         with 

• 1 flavour-independent set with  

dσ
dqT

∼ FT exp{−g
NP

b2
T}

For each TMD: 0.4 GeV2 ∼ ga
NP

⟶ gevo ln ( Q2

Q2
0 )+ga

Fit to Z/    Tevatron data: γ* g
NP

∼ 0.8 GeV2

[Guzzi, Nadolsky, Wang (2014)]

Fit to SIDIS/DY/Z data: gevo ln ( Q2

Q2
0 ) ∈ [0.17, 0.39] GeV2

[Bacchetta, Delcarro, Pisano, Radici, Signori (2017)]

variation range for ga

ga
NP

∈ [0.2, 0.6] GeV2

ga
NP

= 0.4 GeV2

{guv
NP

, gdv
NP

, gus
NP

, gds
NP

, gs
NP

}

We consider :



“Z-equivalent” sets

20 40 60 80

500

1000

1500

2000

• generate pTZ spectrum with flavour-independent set


• assign CDF and ATLAS uncertainty to each bin


• generate pTZ spectrum with the 50 flavour-dependent sets


• 𝛘2-select “Z-equivalent“ sets (48 for CDF, 30 for ATLAS)


➡ keep only those fulfilling both criteria

NLL+LO QCD curves obtained through a modified version of the 

DYqT code [Bozzi, Catani, deFlorian, Ferrera, Grazzini (2009,2011)]


(Tevatron 1.96 TeV & LHC 7 TeV)



• Take the “Z-equivalent” flavour-dependent 
parameter sets and compute low-statistics (135M) 
mT, pTl, pTn distributions


➡ pseudodata


• Take the flavour-independent parameter set and 
compute high-statistics (750M) mT, pTl, pTn  
distributions for 30 different values of MW


➡  templates 

• perform the template fit procedure and compute 
the shifts induced by flavour effects


• transverse mass: zero or few MeV shifts, generally 
favouring lower values for W- (preferred by EW fit)


• lepton pt: quite important shifts (envelope up to 15 
MeV)


• neutrino pt: same order of magnitude (or bigger) as 
lepton pt 

Impact on the determination of MW

NLL+LO QCD analysis obtained through a modified version of the 

DYRes code [Catani, deFlorian, Ferrera, Grazzini (2015)]


Statistical uncertainty: 2.5 MeV
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FIG. 5: Shifts induced on mW by the choice of di↵erent PDF sets, obtained through a template-fit performed on the
transverse mass mT (left) and the lepton pT (right) observables (figure from Ref. [39]).

In order to estimate the impact of the flavour dependence, it is necessary to first identify the “Z-equivalent”
sets of parameters, i.e., those sets in agreement with the Z transverse momentum distribution measured at hadron
colliders. To this extent:

• a single flavour-independent (i.e., using a version of Eq. (6) without a-dependence) qT -spectrum for the Z
boson is produced based on the parameters presented in Ref. [22];

• each bin of this flavour-independent spectrum is assigned an uncertainty equal to the one quoted by the CDF

and ATLAS experiments;

• several flavour-dependent sets for ga in Eq. (6) are generated randomly within a variation range consistent
with the information obtained in previous TMD fits (in particular, taking into account the estimate for the
flavour-independent contribution to the non-perturbative part of the evolution obtained in Ref. [22]);

• a flavour-dependent set is defined “Z-equivalent” if the associated qT spectrum for the Z has a ��2
 1 with

respect to one generated by the flavour-independent set.

The flavour-dependent sets for CDF and ATLAS who pass this filter are treated as the pseudodata of the template-fit
procedure, while the flavour-independent one is used for the generation of the templates at high statistics. The
number of events corresponds to 135M for the pseudodata and 750M for the templates. Only 9 sets out of the 30
ones which are “Z-equivalent” both with respect to CDF and ATLAS uncertainties have been investigated. The values
of the flavour-dependent parameters for each set are given in Tab. II. A summary of the shifts obtained through
this procedure is given in Tab. III.

Set uv dv us ds s
1 0.34 0.26 0.46 0.59 0.32
2 0.34 0.46 0.56 0.32 0.51
3 0.55 0.34 0.33 0.55 0.30
4 0.53 0.49 0.37 0.22 0.52
5 0.42 0.38 0.29 0.57 0.27
6 0.40 0.52 0.46 0.54 0.21
7 0.22 0.21 0.40 0.46 0.49
8 0.53 0.31 0.59 0.54 0.33
9 0.46 0.46 0.58 0.40 0.28

TABLE II: Values of the gaNP parameter in Eq. 6 for the flavours a = uv, dv, us, ds, s = c = b = g. Units are GeV2.

The statistical uncertainty of the template-fit procedure has been estimated by considering statistically equivalent
those templates for which ��2 = �2

��2
min  1. Overall, the quoted statistical uncertainty on the results in Tab. III

is ±2.5 MeV.
Being the transverse mass mildly sensitive to the modeling of the W± transverse momentum, the corresponding

shifts are compatible with zero considering the statistical uncertainty of the template-fit procedure. On the contrary,

1

�MW+ �MW�

Set mT pT ` pT⌫ mT pT ` pT⌫

1 0 -1 -2 -2 3 -3

2 0 -6 0 -2 0 -5

3 -1 9 0 -2 4 -10

4 0 0 -2 -2 -4 -10

5 0 4 1 -1 -3 -6

6 1 0 2 -1 4 -4

7 2 -1 2 -1 0 -8

8 0 2 8 1 7 8

9 0 4 -3 -1 0 7

TABLE I: ATLAS 7 TeV

�MW+ �MW�

Set mT pT ` pT⌫ mT pT ` pT⌫

1 0 -1 -2 -2 3 -3

2 0 -6 0 -2 0 -5

3 -1 9 0 -2 4 -10

4 0 0 -2 -2 -4 -10

5 0 4 1 -1 -3 -6

6 1 0 2 -1 4 -4

7 2 -1 2 -1 0 -8

8 0 2 8 1 7 8

9 0 4 -3 -1 0 7

TABLE II: LHCb 13 TeV

1

�MW+ �MW�

Set mT pT ` pT⌫ mT pT ` pT⌫

1 0 -1 -2 -2 3 -3

2 0 -6 0 -2 0 -5

3 -1 9 0 -2 -4 -10

4 0 0 -2 -2 -4 -10

5 0 4 1 -1 -3 -6

6 1 0 2 -1 4 -4

7 2 -1 2 -1 0 -8

8 0 2 8 1 7 8

9 0 4 -3 -1 0 7

TABLE I: ATLAS 7 TeV

�MW+ �MW�

Set mT pT ` pT⌫ mT pT ` pT⌫

1 -1 -5 7 -1 -3 8

2 -1 -15 6 0 5 10

3 -1 1 8 -1 -7 5

4 -1 -15 6 0 -4 5

5 -1 -4 6 -1 -7 5

6 -1 -5 7 0 2 9

7 -1 -15 6 -1 -6 5

8 -1 0 8 0 3 10

9 -1 -7 7 0 4 10

TABLE II: LHCb 13 TeV
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• First flavour-dependent study of the impact of 
intrinsic transverse momentum on the 
determination of the W mass 

• Flavour effects are both important and detectable: 
no “flavour-blind” analysis allowed 

• Explore other observables ( , asymmetries, …) 

• Better constraints for fNP from flavour-sensitive 
processes (i.e., SIDIS @ JLab, Compass, EIC)

ϕ*

Outlook

Thank you!


