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• A key prediction of the Standard Model (SM) is that quark masses 𝑚! “run” i.e.
evolve with the energy scale 𝜇:

• The bottom quark mass, 𝑚" , has been measured with great precision at
relatively low energies (the scale of the mass itself) [1] and at the scale of the
Z-boson mass 𝑚# (LEP/SLD) [2]:

• The LHC provides a way of measuring 𝒎𝒃 at the even higher scale of the
Higgs boson mass 𝒎𝑯 by using measurements of Higgs decay widths (or
rates). A first result of this method using results from ATLAS and CMS
experiments is given in Ref. [2]:
• Updated results on 𝑚" 𝑚& have the potential of turning the study of 𝑚"

running into a precise test of SM and QCD, especially at new collider facilities.
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• Updated ATLAS measurements on Higgs boson at 𝒔 = 𝟏𝟑 𝐓𝐞𝐕
and ∫ 𝓛 = 𝟏𝟒𝟎 𝐟𝐛'𝟏 from 2025 CONF Note [3].

Motivation Input measurements

• The 𝑚" 𝑚& sensitive observables for this work are ratios of decay rates
(normalized to their SM predictions), namely of 𝐻 → 𝑏𝑏 divided by either
𝐻 → 𝑍𝑍∗, 𝐻 → 𝛾𝛾 or 𝐻 → 𝜏𝜏: 𝝁𝒃𝒃/𝒁𝒁, 𝝁𝒃𝒃/𝜸𝜸 and 𝝁𝒃𝒃/𝝉𝝉.
• These ratios must be computed for each production channel (input

measurements are 𝜎.×𝐵/) and then combined (cross-checked with Convino,
[4]) to provide a single value for each ratio (considering correlations!):

• If the two decay rates don’t share the same production channels, a
combination of the relevant ones is done beforehand:

• Each different 𝜇""/00 is then fed to a parametrisation of its prediction as a
function of 𝒎𝒃 𝒎𝑯 , allowing an extraction of the mass for each ratio. The
predictions are obtained from the program HDecay [5].

Extraction of 𝒎𝒃 𝒎𝑯 from decay rates

Results at LHC and Future Higgs Factories
• High-Lumi LHC (HL-LHC): immediate upgrade of

LHC, operating at 𝑠 = 14 TeV and ∫ ℒ = 3 ab'1.
• Future implementation of an 𝒆2𝒆' Higgs factory at

CERN: Linear Collider Facility (LCF) or Future
Circular Collider (FCC-ee). Both facilities envisage
operation at two main CM energies [6, 7]:

• LCF & FCC-ee will allow to measure Higgs boson
couplings with unprecedented precision. The
𝒃𝒃/𝑾𝑾∗ ratio is expected to be measured with
sub-% precision on both facilities (estimates on
LCF only but expected to be similar for FCC-ee):

Prospects for Future Colliders

Independent extraction of 𝑚! 𝑚" for each ratio. All 3
are compatible, so combination is doable.

RG Evolution of 𝑚! 𝑚!
obtained with REvolver [8].
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• Combined value of             
𝒎𝒃 𝒎𝑯 = 𝟐. 𝟑𝟖'𝟎.𝟐𝟏2𝟎.𝟐𝟒 𝐆𝐞𝐕 from 
latest ATLAS results.

• Relative precision ~10%, could 
improve with CMS combination.

• Uncertainty reduced by 33% w.r.t.
PRL result!
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• HL-LHC uncertainties scaled with ∫ ℒ as 1/ ∫ ℒ (No theo. uncs. or cutoff considered).
•𝒎𝒃 𝒎𝑯 in Higgs factories could compete with 𝒎𝒃 𝒎𝒃 as the most precise 

measurement of 𝒎𝒃!! 🌟
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