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Introduction: Precision Higgs Physics 

• Higgs boson H: prediction of Brout-Englert-Higgs mechanism (1964, Nobel Prize 2013)
• Discovered in 2012 in the H→𝛾𝛾 channel [ATLAS: 1207.7214, CMS:1207.7235]

• Present LHC data compatible with a scalar and even parity particle                                         
of mass mH ~ 125.2 GeV, as predicted by the Standard Model (SM)  

• Couplings
• fermions (f): gHff ~ mf/v  (largest for top-quarks) 
• EW gauge bosons (V): gHVV ~ mV

2/v2 (no direct 𝛾-coupling)
• Higgs (H): gHHH ~ mH

2/v, gHHHH ~ mH
2/v   (Ultimate test of Higgs mechanism) 

• Couplings probed in multiple Higgs production or decay modes  
• No deviation from SM predictions observed so far at LHC 

CMS Nature (2022) 
2207.00043
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Part I : Higgsstrahlung at hadron colliders 
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Higgs production at hadron colliders   

• Production modes:  

• Present: Good agreement between theory and experiment
      [ATLAS Nature (2022): 2207.00092; theory: Higgs Working Group 1610.07922]

• Future: HL-LHC experimental precision on production channels
    expected to go down to O(2%) [HL-LHC report 1902.00134]

• Close interplay experiment – theory needed for coupling determinations
• Require precise theory with higher orders in QCD and full event properties 

• Focus: Higgs-strahlung off a W-boson at large transverse momentum 
• High pT kinematics: enhanced sensitivity to HWW coupling at HL-LHC
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WH production: Theory status beyond NNLO 

• WH production related to                                      with on-shell Higgs
• Total cross section known up to N3 LO [J.Baglio et al; 2209.06138] (DY: H couples to off shell W only ) 

• Differential cross sections known up to NNLO                                                                             
[G. Ferrera et al; 1705.10304, F. Caola et al; 1712.06554, R. Gauld et al; 1907.05836]

• Two separate Higgs production categories at order 𝛼s
2

Higgsstrahlung at Born level: 
Higgs couples to off-shell W
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FIG. 1: (a) Born-level Feynman diagram for the pp → W
+(→ e

+
ωe)H Higgs-strahlung process. (b), (c) Representative

Feynman diagrams for top-quark Yukawa contributions including (b) purely virtual corrections and (c) an additional
real emission.

calculation for the pp → W
+
H+1 jet process, obtained

using the NNLOJET framework [65], which computes
higher-order QCD corrections with the antenna sub-
traction method [66, 67]. The implementation of the
pp → W

+
H+1 jet process in NNLOJET is described in de-

tail in Refs. [68, 69] and relies on OpenLoops2 [70] for the
evaluation of necessary scattering amplitudes at NNLO.
Owing to the approximations inherent in the computa-
tion of the below-cut contribution, the slicing method
yields predictions that are accurate up to power correc-
tions in q

cut
T

/Q, where Q is the invariant mass of the
color-singlet system. This requires the use of a q

cut
T

value
that is su!ciently small to suppress power corrections,
while remaining large enough to ensure numerical sta-
bility in the above-cut calculation. We make use of the
slicing procedure outlined above exclusively for the calcu-
lation of the N3LO (O(ε3

s
)) correction. Instead, we rely

on NNLOJET [28] for the fully-di”erential cross section up
to NNLO.

At NNLO, alongside QCD corrections to the genuine
Higgs-strahlung process, contributions where a Higgs bo-
son couples to a top-quark loop also appear. These
start at O(ytε2

s
), with yt being the top-quark Yukawa

coupling, and are numerically relevant for our precision
target. The necessary amplitudes were calculated in
Ref. [71]. The purely virtual corrections, depicted in
Fig. 1b, are obtained in the heavy-top-quark limit, while
the full top-mass dependence is retained for all contribu-
tions involving an additional real emission, depicted in
Fig. 1c. These amplitudes constitute a gauge-invariant
set on their own and are both ultraviolet- and infrared-
finite, therefore no subtraction procedure is needed for
their evaluation. For these reasons, the O(ytε2

s
) correc-

tions can be computed independently from the genuine
O(εk

s
) contributions and directly added at the cross-

section level. Corrections at higher orders in yt or εs,
which are largely unknown, are neglected.

Computational Setup — We now discuss the setup
used to produce the predictions presented in this Let-
ter. We consider proton-proton collisions at the LHC
with a center-of-mass energy of

↑
s = 13.6 TeV. The par-

ton densities are described by the approximate N3LO set
NNPDF40 an3lo as 01180 [72] with εs(mZ) = 0.118, ac-
cessed through the LHAPDF interface [73]. We use the

same set at all perturbative orders. The central fac-
torization and renormalization scales µF and µR are
set equal to the invariant mass Q of the WH system.
Missing higher-order uncertainties are estimated through
canonical 7-point scale variations, varying µR and µF

by a factor of two around their central value subject
to the constraint 1/4 < µR/µF < 4. The relevant Stan-
dard Model parameters are set following the Run III
Higgs Cross Section Working Group recommenda-
tion [74]. In particular, the Higgs, W , Z, and top-quark
masses are set to mH = 125.09 GeV, mW = 80.379 GeV,
mZ = 91.1876 GeV, and mt = 172.5 GeV, while the
W width is #W = 2.085 GeV. The electroweak
couplings are computed in the Gµ scheme with
GF = 1.1663788 ↓ 10→5 GeV→2.

The focus of this Letter is the description of Higgs pro-
duction in the boosted regime, defined by requiring the
Higgs boson to have a transverse momentum p

H

T
above

a given threshold. We consider two setups in our phe-
nomenological study. The first, simply referred to as
boosted, is inclusive over the kinematics of the W -boson
decay products. We implement two di”erent thresholds
for the Higgs, namely p

H

T
↔ 250 GeV and p

H

T
↔ 400 GeV.

The second setup is inspired by the simplified template
cross section (STXS) analyses [75–77]. In addition to
a p

H

T
cut, a requirement p

W

T
↔ 250 GeV is introduced

on the W -boson transverse momentum; we refer to this
as the STXS setup. In either setup, we study both the
fiducial cross section and the p

H

T
distribution.

Validation — We first test our methodology by com-
puting the inclusive cross section for pp → W

+
H, with an

on-shell W
+, which was previously obtained in Ref. [13].

We find excellent agreement between our prediction and
the results in the literature, separately for each of the
initial-state flavor channels. This check, discussed in de-
tail in the supplemental material [78], provides a highly
non-trivial confirmation of the validity of our methodol-
ogy. Importantly, it allows us to estimate the systematic
uncertainties related to the slicing procedure, anticipated
above, and to identify an optimal range of q

cut
T

values.
The validation study [78] indicates that q

cut
T

= 5 GeV
provides a suitable reference value for the computation
of the N3LO correction.

Missing power corrections from the slicing procedure
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FIG. 1: (a) Born-level Feynman diagram for the pp → W
+(→ e

+
ωe)H Higgs-strahlung process. (b), (c) Representative

Feynman diagrams for top-quark Yukawa contributions including (b) purely virtual corrections and (c) an additional
real emission.

calculation for the pp → W
+
H+1 jet process, obtained

using the NNLOJET framework [65], which computes
higher-order QCD corrections with the antenna sub-
traction method [66, 67]. The implementation of the
pp → W

+
H+1 jet process in NNLOJET is described in de-

tail in Refs. [68, 69] and relies on OpenLoops2 [70] for the
evaluation of necessary scattering amplitudes at NNLO.
Owing to the approximations inherent in the computa-
tion of the below-cut contribution, the slicing method
yields predictions that are accurate up to power correc-
tions in q

cut
T

/Q, where Q is the invariant mass of the
color-singlet system. This requires the use of a q

cut
T

value
that is su!ciently small to suppress power corrections,
while remaining large enough to ensure numerical sta-
bility in the above-cut calculation. We make use of the
slicing procedure outlined above exclusively for the calcu-
lation of the N3LO (O(ε3

s
)) correction. Instead, we rely

on NNLOJET [28] for the fully-di”erential cross section up
to NNLO.

At NNLO, alongside QCD corrections to the genuine
Higgs-strahlung process, contributions where a Higgs bo-
son couples to a top-quark loop also appear. These
start at O(ytε2

s
), with yt being the top-quark Yukawa

coupling, and are numerically relevant for our precision
target. The necessary amplitudes were calculated in
Ref. [71]. The purely virtual corrections, depicted in
Fig. 1b, are obtained in the heavy-top-quark limit, while
the full top-mass dependence is retained for all contribu-
tions involving an additional real emission, depicted in
Fig. 1c. These amplitudes constitute a gauge-invariant
set on their own and are both ultraviolet- and infrared-
finite, therefore no subtraction procedure is needed for
their evaluation. For these reasons, the O(ytε2

s
) correc-

tions can be computed independently from the genuine
O(εk

s
) contributions and directly added at the cross-

section level. Corrections at higher orders in yt or εs,
which are largely unknown, are neglected.

Computational Setup — We now discuss the setup
used to produce the predictions presented in this Let-
ter. We consider proton-proton collisions at the LHC
with a center-of-mass energy of

↑
s = 13.6 TeV. The par-

ton densities are described by the approximate N3LO set
NNPDF40 an3lo as 01180 [72] with εs(mZ) = 0.118, ac-
cessed through the LHAPDF interface [73]. We use the

same set at all perturbative orders. The central fac-
torization and renormalization scales µF and µR are
set equal to the invariant mass Q of the WH system.
Missing higher-order uncertainties are estimated through
canonical 7-point scale variations, varying µR and µF

by a factor of two around their central value subject
to the constraint 1/4 < µR/µF < 4. The relevant Stan-
dard Model parameters are set following the Run III
Higgs Cross Section Working Group recommenda-
tion [74]. In particular, the Higgs, W , Z, and top-quark
masses are set to mH = 125.09 GeV, mW = 80.379 GeV,
mZ = 91.1876 GeV, and mt = 172.5 GeV, while the
W width is #W = 2.085 GeV. The electroweak
couplings are computed in the Gµ scheme with
GF = 1.1663788 ↓ 10→5 GeV→2.

The focus of this Letter is the description of Higgs pro-
duction in the boosted regime, defined by requiring the
Higgs boson to have a transverse momentum p

H

T
above

a given threshold. We consider two setups in our phe-
nomenological study. The first, simply referred to as
boosted, is inclusive over the kinematics of the W -boson
decay products. We implement two di”erent thresholds
for the Higgs, namely p

H

T
↔ 250 GeV and p

H

T
↔ 400 GeV.

The second setup is inspired by the simplified template
cross section (STXS) analyses [75–77]. In addition to
a p

H

T
cut, a requirement p

W

T
↔ 250 GeV is introduced

on the W -boson transverse momentum; we refer to this
as the STXS setup. In either setup, we study both the
fiducial cross section and the p

H

T
distribution.

Validation — We first test our methodology by com-
puting the inclusive cross section for pp → W

+
H, with an

on-shell W
+, which was previously obtained in Ref. [13].

We find excellent agreement between our prediction and
the results in the literature, separately for each of the
initial-state flavor channels. This check, discussed in de-
tail in the supplemental material [78], provides a highly
non-trivial confirmation of the validity of our methodol-
ogy. Importantly, it allows us to estimate the systematic
uncertainties related to the slicing procedure, anticipated
above, and to identify an optimal range of q

cut
T

values.
The validation study [78] indicates that q

cut
T

= 5 GeV
provides a suitable reference value for the computation
of the N3LO correction.

Missing power corrections from the slicing procedure

O(yt) qq induced top-quark-loop:
contributions at O(𝛼s

2 ) are UV and IR finite
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WH@N3LO : Methodology
• Fiducial N3LO obtained from NNLO : using qT slicing [S. Catani et al; 0703012] 

                                                                                qT cut applied on qT  of colour-singlet system (WH) 

•                    : N3LO expansion of transverse momentum resummation: 

            Code: RadISH   [P. Monni et al; 1604.02191, 1705.09127] 
•                   : higher multiplicity fixed order computation: WH +Jet @NNLO 
    [R. Gauld et al; 2009.14209, 2110.12992] 

            Code: NNLOJET  [A. Huss et al; 2503.22804]

• Slicing procedure only applied @ N3LO: 
• Up to NNLO: use fixed order WH computation (both Higgs categories) 
    [R. Gauld et al; 1907.05836] (NNLOJET)

•  Same strategy applied for fiducial Drell-Yan @N3LO [X. Chen et al; 2203.01565]
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Validation: Inclusive W+ H production 

• Testing slicing procedure for on-shell W+ 

    Compare N3LO corrections with n3loxs [J.Baglio et al; 2209.06138]
• Finding excellent agreement for all partonic channels individually 
 

• Allow to identify the optimal range for qT
cut values: 

    Result stable for 3 GeV< qT
cut <10 GeV  

• choose qT
cut = 5 GeV  avoiding instabilities 

            for above-cut computation: VH +jet @NNLO (NNLOJET) 
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FIG. 4: N3LO correction to the inclusive cross section for the associated W
+
H production process at the LHC,

normalized to the LO cross section. The results obtained in this Letter with the qT -slicing method as a function of
q
cut
T

(crosses) are compared with reference numbers (dashed lines) obtained with the n3loxs code [13]. The results
are decomposed into partonic channels: qq̄ (yellow), qg + q̄g (blue), qq + q̄q̄ (black), gg (green) and total (red). Error
bars indicate the Monte Carlo integration uncertainty.

Appendix A: Supplementary material

In this Appendix we validate our implementation by computing the inclusive cross section for pp → W
+
H and

comparing it against results obtained with the n3loxs code [13]. The kinematical setup follows that of the calculation
presented in the Letter, but no transverse-momentum cut is imposed on the Higgs or W

+ boson. The W
+ boson is

taken to be on-shell, and contributions proportional to the top-quark Yukawa coupling, which are absent in n3loxs,
are omitted.

Up to NNLO, we find perfect agreement between n3loxs and the results obtained with NNLOJET using the antenna
subtraction method. As described in the Letter, the N3LO correction is computed with the qT -slicing technique. In
Fig. 4, we show the N3LO correction to the inclusive cross section as a function of q

cut
T

, decomposed into initial-
state flavor channels and compared with the numerical results of n3loxs. We find excellent agreement across the
full range 3 GeV ↑ q

cut
T

↑ 10 GeV, with residual variations well within the Monte Carlo integration uncertainty of
the N3LO correction. The latter reaches at most ±30% in the qq̄ channel. The qq̄ and qg + q̄g channels make the
dominant contribution. However, in the total correction, the former partially cancels against the latter, leading to a
larger relative uncertainty. Conversely, the qq + q̄q̄, and gg components are numerically small and phenomenologically
negligible. Towards q

cut
T

↓ 3 GeV, the qq̄ contribution shows a mild systematic deviation from the n3loxs result,
indicating potential numerical instabilities that inevitably arise in the NNLO calculation of pp → W

+
H + 1 jet as

q
cut
T

→ 0.
Based on the above analysis, we adopt q

cut
T

= 5 GeV as the reference slicing cut for the results presented in the
Letter. This choice minimizes the systematic uncertainty stemming from slicing power corrections, while remaining
safely above the region where numerical instabilities may develop (around q

cut
T

↓ 3 GeV). We also estimate the
systematic uncertainty associated with the choice of q

cut
T

by varying the latter by ±1 GeV around the reference value.
The uncertainty is obtained by taking the envelope of the shift in the value of the cross section and the associated
Monte Carlo error.



Fiducial cross sections: boosted Higgs  

• Corrections up to N3LO 
• Quantify uncertainty through 7-point scale variation for central scale : μR=μF=MHW

• up to NNLO: poor perturbative convergence 
• at N3LO: +1.5% increase within NNLO uncertainty
• N3LO result with residual scale uncertainty below 1% 

• Result at N3LO with fiducial cuts
• can not be inferred from inclusive case [J.Baglio et al; 2209.06138]
• Inclusive N3LO corrections are negative (-1%) and                                                                              

show no reduction in the scale uncertainty wrt. to NNLO 
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ω [ pb] Boosted Boosted STXS

p
H

T → 250 GeV p
H

T → 400 GeV p
H

T → 400 GeV, pWT → 250 GeV

LO 2.457+2.5%
→2.5% 0.4639+4.7%

→4.4% 0.4639+4.7%
→4.4%

NLO 3.324+3.3%
→2.8% 0.6368+4.0%

→3.5% 0.5858+2.8%
→2.5%

NNLO 3.564+1.4%
→1.4% 0.6835+1.4%

→1.7% 0.6116+0.7%
→1.0%

N3LO (3.62± 0.01)+0.5%
→0.8% (0.694± 0.002)+0.7%

→0.7% (0.621± 0.002)+0.6%
→0.5%

TABLE I: Fiducial cross sections for the associated production a W
+ boson and a Higgs boson at the LHC at

→
s = 13.6 TeV. The fiducial cuts are indicated in the header. At N3LO, results obtained with q

cut
T

= 5 GeV are
considered. All quoted cross-section values come with the associated scale uncertainties, obtained as detailed in the
text, which are reported as percentages of the respective central values. For the N3LO cross sections, the errors
reported in brackets represent a conservative estimate of the numerical-integration uncertainty, including both the
Monte Carlo error and the qT -slicing error.

are generally of O((qcut
T

/Q)2), hence negligible at the
typical values of the invariant mass of the WH system,
Q ↑ 200 GeV. This is the case for the validation at the
inclusive level, as well as for the boosted and STXS fidu-
cial setups defined above, provided that asymmetric cuts
are applied on p

H

T
and p

W

T
. These are sometimes referred

to as staggered cuts and are possible in this case because
the decay products of the W

+ boson and the Higgs boson
are distinguishable.

In Fig. 2, we display the q
cut
T

dependence of the fiducial
N3LO correction in the boosted setup, for each initial-
state flavor channel separately. We note that the N3LO
correction receives significant contributions from the qq̄

and qg + q̄g channels, which partially cancel each other.
The remarkable stability of the result, which can be

traced to the absence of linear power corrections of
O(qcut

T
/Q), allows us to opt for a default choice of q

cut
T

=
5 GeV, as supported also by the validation of the method
in Ref. [78]. We estimate a qT -slicing error by varying the
adopted q

cut
T

value by ±1 GeV with respect to the central
choice, and taking the envelope of this variation including
the Monte Carlo statistical error on the associated N3LO
correction. This is displayed by the band in Fig. 2, which
shows that this procedure provides a su!ciently conser-
vative estimate of the slicing error.

The runtime of the N3LO computation is dominated
by the above-cut pp ↓ W

+
H + 1 jet component, and in

particular its double-real contribution. The total com-
puting time amounts to about 3M core hours, of which
2.5M are taken by the dominant qq̄ channel, followed by
qg + q̄g (0.4M core hours).

Results. — Fixed-order results for the fiducial cross
sections from LO to N3LO for both setups are collected
in Table I. All cross-section values appearing in the ta-
ble display theoretical uncertainties stemming from the
7-point scale variation discussed earlier, which are re-
ported as percentages of the respective central values.
The N3LO cross sections feature an extra (absolute) er-
ror, shown in brackets, encoding the estimate of the qT -
slicing error, obtained as detailed above.

In the boosted setup, for both values of the p
H

T
cut

(first and second column of Tab. I), the perturbative se-
ries up to NNLO exhibits poor convergence, as assessed
through scale-variation bands. Neither the NLO nor
the NNLO value lie within the uncertainty band of the
preceding order, and only at N3LO does the series be-
gin to show signs of convergence. The N3LO correction
amounts to approximately +1.5%, and is comparable in
size to the scale uncertainty of the NNLO result, while
the residual scale-variation band at N3LO falls below the
percent level. We stress that the N3LO correction in
the boosted regime cannot simply be obtained by mul-
tiplying the inclusive result by a phase-space acceptance
factor: indeed the inclusive N3LO correction is negative
(↔1%) [13], with no reduction in the scale uncertainty
with respect to NNLO. This aspect further highlights the
importance of a fully di”erential control over the phase
space for precision Higgs phenomenology. We note that
the N3LO correction in the boosted regime is compara-
ble in size with the top-Yukawa-induced contributions at
order ω

2
s
, which amount to +1% of the total cross section.

In the STXS setup (third column of Tab. I), defined
by p

H

T
↗ 400 GeV and p

W

T
↗ 250 GeV, perturbative

corrections are smaller in magnitude with respect to
the boosted case. Scale uncertainty, which appears to
largely underestimate the true size of missing higher-
order corrections, is already below the percent level at
NNLO. Perturbative convergence is moderately improved
upon inclusion of the N3LO correction, which amounts to
roughly +1.5%, and lies just outside of the NNLO scale-
variation band. The top-Yukawa contributions induce
approximately a 0.5% increase in the total cross section,
and their magnitude is comparable with the residual nu-
merical error of the computation.

Our framework also allows us to present, for the first
time, N3LO-accurate di”erential distributions for the
considered process. In Fig. 3, we show the fiducial p

H

T

spectrum at NLO, NNLO and N3LO for the boosted
(left panel) and STXS (right panel) setups in the range
250 ↘ p

H

T
↘ 1200 GeV. In the boosted case, the N3LO



pT
H spectrum : Boosted Higgs 

• Size of N3LO corrections
• Increase over NNLO result : +1.5%-2% 
• stable for whole pT

H range 
• residual scale uncertainty at N3LO 

• 1%  for pT
H  ≅300 GeV and up to 2% in the tail

• slicing cut variation: Excellent numerical control 
• uncertainty band (dark blue) with (4GeV<qT

cut<6GeV) 
             considerably smaller than scale uncertainty band 
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FIG. 3: Fiducial p
H

T
distribution at NLO (green), NNLO (red) and N3LO (blue) in the associated W

+
H production

process, with no cuts on p
W

T
(boosted, left) and with p

W

T
→ 250 GeV (STXS, right). Lighter shaded bands represent

scale-variation uncertainties, while the darker blue bands at N3LO are obtained by varying the slicing parameter q
cut
T

between 4 and 6 GeV.

The level of precision reached in this work challenges
that of theoretical inputs beyond perturbative QCD, such
as PDFs and ωs [89]. Moreover, it is well known that
EW corrections have a large e!ect on the Higgs-strahlung
cross section at large p

H

T
[17]. Therefore, further investi-

gation of both pure EW and mixed QCD+EW e!ects is
required to reach the percent-level target for Higgs pre-
cision phenomenology at the LHC.
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Part II: Higgs strahlung at FCC-ee: e+e- → ZH  

Aude Gehrmann-De Ridder HP2, Karlsruhe, October 2026 11



Higgs-strahlung at FCC-ee

• FCC-ee: Higgs factory at ZH production threshold 
    expect: O(106) events at √s=240 GeV

• Number of Higgs bosons produced:                                                                                                   
comparable to the number of Z-bosons at LEP

• e+e-→ZH (leptonic Z-decays): Ideal for precision studies of Higgs properties and couplings
• clean environment : free from QCD initial state radiation
• New at FCC-ee: Expect model-independent Higgs couplings @per-mille level 

• Require precise theory  
• computations in perturbative QCD with higher order corrections 
• Focus on jet observables in ZH for dominant hadronic decay channels
     H→bb (or: H→ cc) and H→gg 
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PARTICLES

Physics Area

Area coordinator: Riccardo Rattazzi (EPFL)

The FCC-ee is designed to operate through multiple energy stages, each targeting specific physics objectives and span-

ning about 15 years of operation. The program begins with a Z-pole run at approximately 91.2 GeV center of mass energy

enabling electroweak (EW), quantum chromodynamics (QCD), and flavor-physics studies. This is followed by a W-pair

threshold run around 160 GeV to refine the W boson’s properties and investigate W -pair production.

Next, the Higgs factory run at roughly 240 GeV focuses on precise measurements of the Higgs boson’s couplings,

mass, and rare decay channels. The final stage, the top quark threshold run at 340—365 GeV, aims to accurately deter-

mine the top quark’s mass, width, and EW couplings, completing the study of the heaviest known fundamental particle.

Throughout its operation, FCC-ee will produce over 1013 Z bosons, 108 W -pair events, 106 Higgs bosons, and a similar

number of top quarks, achieving statistical precision between 10−3 and 10−5. This precision enables the exploration of

particle dynamics at unprecedented resolution, allows deeper investigations into the open questions of the Standard Model

(SM), enhances sensitivity to indirect Beyond the Standard Model (BSM) effects up to tens of TeV, and paves the way for

potential discoveries at the FCC-hh.

FCC-ee physics runs ordered by energy

Physics 
highlights

# events
(4 IPs)O(2×106)O(2×106)O(108))O(1013

240

Higgs couplings

10.8

157.5 162.5

12

W mass and width

flavour (e.g. Vcb)

340 350

0.4

mtop

365

2.6

top EW couplings
Higgs VBF production

(ΓH and Higgs couplings improved) 

91.2

120

88 94

40 40

Z lineshape
QCD 

flavour
rare decays
dark sector

20

QCD 
precision 
studies

O(1)

30 40 ⋯ 125

electron 
Yukawa

30

217

Higgs mass

5

Nν
QCDα ZHσ

Z WW ZH ¯tt

Additional opportunities

total
integrated
luminosity

(ab-1

energy
(GeV)

)

Figure 4: The tentative physics program (green) is ordered by increasing center-of-mass energy. Also indicated are the
approximate numbers of Z, WW , ZH , and tt events with 15 years of running and the physics opportunities with additional
center-of-mass energies (orange). Adapted from [11].

The Physics Area program maximizes the FCC-ee’s potential to test the SM with unprecedented precision and search for

new physics, focusing on four domains: Higgs Physics, Electroweak and Quantum Chromodynamics Physics, Flavor

Physics, and Elusive Phenomena. Projects are rigorously selected from Switzerland’s extensive expertise, prioritizing those

with the highest impact. In Phase 1, theoretical efforts build upon CERN LEP-era precision physics expertise, blending it

with modern approaches to strengthen current capabilities. Experimental teams concentrate on essential tasks that guide

detectors’ early design and technology selection to achieve or surpass the physics objectives.

The program involves leading Swiss theorists and experimentalists with established international collaborations, ensur-

ing impactful contributions. Swiss expertise spans top theory groups in precision calculations (ETH, PSI, UniBe, UZH),

BSM physics (EPFL, UniBa, UniGe, UZH), and flavor physics (UniBa, UniBe, UZH). Renowned experimental groups

from LHC experiments—CMS (ETH, PSI, UZH), ATLAS (UniBe, UniGe), LHCb (EPFL, UZH), SND (EPFL, UZH), and

FASER (ETH, UniBe, UniGe)—cover a broad range of collider phenomena and contribute to beyond collider program at

NA62 (EPFL), SHiP (EPFL, UZH), and NA64 (ETH).

The projects in the Physics Area will establish Switzerland as a research leader and key contributor to the FCC-

ee’s transformative impact on fundamental physics. This effort will be further strengthened by establishing a new

professorship at the Department of Theoretical Physics at the University of Geneva under this NCCR initiative,

focusing on theoretical aspects of precision physics complementary to the existing Swiss expertise.
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Hadronic Higgs decay observables: Theory status beyond NLO

• Inclusive branching fractions: known analytically @N4LO                                                         
[F.Herzog et al; 1707.01044]

• H → bb for mq=0  (except in yb)
• H → gg  in EFT with infinite top mass limit 

• Exclusive observables in the Higgs rest-frame 
• Jet rates: (H → bb decay mode) 

• H → bb :  known @N3LO   [R.Mondini et al; 1904.08960] (MCFM)
• H → bb +jet :  known @NNLO [R.Mondini et al; 1904.08961] (MCFM)

• Jet rates and event-shapes @NNLO for H → bb +jet and H → gg +jet 
     [E.Fox et al; 2502.17333, 2508.14282] (NNLOJET)

• Here: NNLO jet observables in e+e- → ZH → l+l- bb (gg)  at √s=240 GeV
• in the collider frame: with H → 2 jets (boosted kinematics for final states)
• new implementation in parton-level event generator: (NNLOJET)
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Hadronic Higgs decays: Main modes
• H→bb: main Higgs decay channel

• essential for precise determination of 𝛤H

• already accessible at LHC via ZH production and leptonic Z-decay  
• direct (Yukawa induced) coupling at 𝛼s

0  : 

• H→gg : accessible only at lepton colliders (fixed energy, low QCD background) 
• no direct coupling: loop induced coupling at 𝛼s

1 

• Both processes included in NNLOJET using 

• with H→gg decay computed in HEFT with an effective Hgg coupling: 
• top quark Wilson coefficient C(Mt) known to four-loops

• no interference between both categories for mq=0  (except in yb)

<latexit sha1_base64="gcu7lyJ4tnQEJEo9u8Sm0N7h+rI="></latexit>

yb(µR) =
p
2mb(µR)/v
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Jet observables: Higgsstrahung off a Z-boson

• Cross section in factorised form 
 

• Jets defined with the IR–safe kT algorithm: partons i,j clustered if yij <ycut

• Fraction of n-jet events are frame-dependent: collider vs. Higgs rest frame
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H

Figure 1: Feynman diagrams for the production of a Z and a Higgs boson at electron-

positron colliders, with leading order hadronic decays of the Higgs boson to bottom quarks

via Yukawa interaction and gluons via an e!ective vertex denoted as a crossed dot.

power of the strong coupling constant εs taken into account. The LO inclusive Higgs decay

widths for the two channels read

”(0)

H↑bb̄
=

y2
b
(µR)mHNC

8ϑ
, ”(0)

H↑gg
=

ϖ2
0
(µR)m3

H
(N2

C
→ 1)

64ϑ
. (2.2)

The Yukawa coupling of the b-quark, yb, and the LO e!ectiveHgg coupling in the heavy-top

limit, ϖ0, are given by

y2
b
(µR) = m2

b
(µR)

↑
2GF , ϖ2

0(µR) =
ε2
s (µR)

↑
2GF

9ϑ2
, (2.3)

where GF is the Fermi constant. We renormalise both quantities above in the MS scheme.

The running of Yukawa coupling and of the top-quark mass, which enters higher-order

corrections of the Hgg Wilson coe#cient, is performed according to [53]. It is important

to stress that due to their di!erent chirality structure, the two Higgs decay modes do not

interfere under the assumption of kinematically massless quarks. In particular, they do

not mix under renormalisation [54]. This allows us to define two separate Higgs-decay cat-

egories, as mentioned above, and to compute higher-order QCD corrections independently

for each decay class. Moreover, for massive b quarks, interference contributions are sub-

percent level for jet observables in hadronic Higgs decays [46], those can therefore safely

be neglected.

Higher-order QCD corrections to jet observables are computed using the antenna sub-

traction method [55, 56], relying on antenna functions extracted from physical matrix ele-

ments for the decay of a colour singlet to hadrons [57,58]. The calculation is implemented

in the NNLOJET Monte Carlo framework [59], suitably extended to include the considered

Higgsstrahlung process e+e→ ↓ ZH ↓ ωω̄ bb̄ (gg).

We found agreement at lower orders between our implementation and Sherpa [60] for

the di!erent Higgs decay modes separately. We also verified that for the fully inclusive

cross section, at each perturbative order we obtain:

ϱN
k
LO

X

ϱLO

X

=
”N

k
LO

H↑X

”LO

H↑X

with X = bb̄, gg, and k = 1, 2, (2.4)

– 4 –

Hadronic Higgs decay jet observables: NNLOJET  

• Focus: H→3-jets @NNLO, H→2-jets@N3LO  for both Higgs decay categories 
• Matrix-elements known at all levels: for H → gg+jet , from pp → H+jet @NNLO (NNLOJET) 
• IR behaviour of real emission matrix-elements: new designer antenna formalism @NNLO  

[E. Fox, N. Glover, M. Marcoli, ‘24] → See talk by Matteo Marcoli
• Implementation: 
          H → bb+jet: identical infrared structure of QCD corrections as e+e- → 3-jets (used for validation of 

   new formalism), agrees with MCFM [C.Williams, R.Mondini, ‘19] 

          H → gg+jet: New derivation and implementation in NNLOJET 
• Jets defined with the IR–safe kT algorithm : partons i,j clustered if yij <ycut

Loop Summit 2, Cadenabbia, Italy, July 2025 7
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predictions for di!erential distributions related to the Higgsstrahlung process e+e→ → ZH

at
↑
s = 240 GeV, with the Z-boson decaying leptonically and the Higgs boson decaying

hadronically into two flavourless final state jets, including QCD corrections up to NNLO.

The computation includes both the H → bb̄ and H → gg decay modes, considering

kinematically massless bottom quarks and an e!ective Hgg vertex in the limit of infinite

top-quark mass. In the limit of vanishing bottom quark masses used here, the two decay

processes do not interfere at any order in perturbation theory and higher order corrections

to both processes can be computed independently. We consider a series of jet observ-

ables: jet rates, leading and sub-leading jet energy, angle between the two leading jets, and

angle between the negatively-charged lepton and the closest jet. We study the impact of

higher-order QCD corrections in the two modes highlighting relevant di!erences, provide

phenomenological predictions for the sum of all hadronic decay channels including the de-

cay to charm quarks, and study the e!ects of di!erent jet resolution parameter choices. The

di!erential distributions exhibit characteristic features which can be straightforwardly in-

terpreted in terms of the kinematics of the underlying electroweak ZH production process.

Compared to di!erential results obtained so far for Higgs decays at NNLO [42, 43, 46, 47],

we do not boost the Higgs boson decay products to the Higgs rest frame, but investigate

the full ZH production process in the e+e→ laboratory frame.

The outline of the paper is as follows: in Section 2 we summarise our framework

and present the essential ingredients entering the calculation, in Section 3 we present our

numerical results, and we summarise our main findings in Section 4.

2 General framework and ingredients of the computation

In this section, we present the main ingredients that enter the calculation of jet observables

related to the Higgsstrahlung process e+e→ → ZH → ωω̄ bb̄ (gg), where the vector boson Z

decays leptonically and the Higgs boson decays hadronically into two or more hard jets.

Both the Z and the Higgs boson are treated o!-shell. We consider the main hadronic

decay modes for the Higgs boson: to massless bottom quarks via a Yukawa-type coupling,

and to gluons via an e!ective interaction [31–33] derived in the limit where the mass of

the top quark circulating in the loop is infinite. Feynman diagrams entering the leading

order contributions to the parton-level cross section associated with these two Higgs decay

categories are presented in Figure 1.

We include QCD corrections to the hadronic decay of the Higgs boson up to NNLO

in the two decay modes. At each perturbative order, we can express the fully di!erential

cross section in a factorised form

dεN
k
LO

X =
k∑

i=0

∫
dq2 dεZH ↓ 1

(q2 ↔ m2

H
)2 + ”2

H
m2

H

↓ d”(i)

H↑X
, with X = bb̄, gg ,

(2.1)

where dεZH includes the electroweak production of a Z and a Higgs boson and the leptonic

decay Z → ωω̄. The Higgs boson mass and width are respectively denoted with mH and

”H , while d”(i)

H↑X
indicates the di!erential decay rate to hadrons, with i indicating the

– 3 –



n-jet Higgs decay rates at order 𝛼s
2 

• Hadronic n-jet fractions in Higgs rest frame: 
• 5-jets@LO, 4-jets @NLO, 3-jets@NNLO, 2-jets@N3LO

•  ycut dependence: 
• Large ycut: dominated by 2-jet rate (for ycut >1/3) 
• Lowering ycut: opening of higher multiplicity channels 

• with visible shape changes and larger scale uncertainty bands
• clear differences between decay modes

• H → bb: similar as for Z-decay to jets: colour singlet to fermion pairs 
                             with identical infrared structure of QCD corrections

• H → gg: larger fraction of high-multiplicity jet final states
• Intersection between 2 and 3 jet curves: at larger ycut 
• New derivation and implementation in NNLOJET  
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FIG. 3. Fractional jet rates for the production of two (red), three (blue), four (green) and five (yellow) jets at third order in
perturbative QCD for Higgs decay to bottom quarks (left) and gluons (centre). The right frame shows the contribution of the
di!erent decay modes to the total hadronic two-jet fraction.

QCD coupling. The results expose clear di!erences be-
tween the two decay modes. For the decay to bottom
quarks, the jet fractions exhibit similar features to the
ones observed in electron-positron annihilation [31]. In-
deed, in both cases the underlying Born-level event is
given by a colour-singlet decaying to a fermion pair, re-
sulting in an identical structure of QCD corrections. On
the other hand, the gluonic mode presents significantly
larger fractions of higher-multiplicity jet final states for
any value of ycut. The intersection of the two-jet curve
with the three- and four-jet ones occurs for the gluonic
decay mode at values of ycut almost an order of magni-
tude larger than for the Yukawa-induced mode.

In the right frame of Figure 3, we study the impact
of the di!erent decay modes on the total two-jet fraction
at N3LO. The contribution of the gluonic decay mode
monotonically decreases when smaller values of ycut are
considered. For ycut > 1/3 each event is classified as a
two-jet event and the the di!erent decay modes respec-
tively stabilise at 84.7% (bottom Yukawa), 11.3% (glu-
onic) and 4.0% (charm Yukawa) of the total hadronic
two-jet rate, in agreement with their contribution to the
inclusive hadronic branching ratio [51]. By comparing to
the right frame of Figure 2, we observe that by selecting
hard three-jet final states, the contribution of the gluonic
decay mode is doubled compared to a fully exclusive mea-
surement.

In Figure 4 we present the two-jet fractions in hadronic
decays of the Higgs at first, second, and third order in
perturbative QCD. The features one observes here are
similar to those for the Yukawa-induced mode, that dom-
inates the weighted sum, shown in Figure 3 (left). At
higher orders in perturbation theory, the inclusion of
multiple emissions yields non-vanishing four- and five-
jet rates. When these open up, the three-jet rates curve
ceases to increase at low ycut value and develops a peak.
If even more emissions were considered, one would ob-
serve the same behaviour for the four- and five-jet rates
as well. Again, to properly capture these e!ects at low

FIG. 4. Fractional jet rates for final states containing two
(red), three (blue), four (green) and five (yellow) jets in the
hadronic decays of a Higgs boson at first (left), second (centre)
and third (right) order in perturbative QCD.

ycut values, where the sensitivity to multiple emissions is
enhanced, all-order resummation will be required.

In this Letter, we performed a fully exclusive calcula-
tion of the hadronic decay of a Higgs boson to third per-
turbative order in the strong coupling. Our calculation
accounts for the two dominant types of decay categories:
Yukawa-induced to bottom or charm quarks and heavy-
quark-loop-induced to gluons, with the latter not being
considered previously at this order. Our results allow us
to determine Higgs-boson decay rates into three-jet final
states to NNLO and into two-jet final states to N3LO.
Our implementation uses the recently proposed gener-
alised antenna functions [44], constructed by means of
the designer antenna algorithm [45, 46], for final-state
radiation, representing its first application to a new pro-
cess.

We observe substantial di!erences between the two
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enhanced, all-order resummation will be required.

In this Letter, we performed a fully exclusive calcula-
tion of the hadronic decay of a Higgs boson to third per-
turbative order in the strong coupling. Our calculation
accounts for the two dominant types of decay categories:
Yukawa-induced to bottom or charm quarks and heavy-
quark-loop-induced to gluons, with the latter not being
considered previously at this order. Our results allow us
to determine Higgs-boson decay rates into three-jet final
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alised antenna functions [44], constructed by means of
the designer antenna algorithm [45, 46], for final-state
radiation, representing its first application to a new pro-
cess.

We observe substantial di!erences between the two

H → gg

H → bb 



n-jet cross sections: Higgsstrahlung at order 𝛼s
2 

• n-jet fractions:

 

• Perturbative QCD at work: 4-jets@LO, 3-jets@NLO, 2-jets@NNLO                                             
and 1-jet@NNLO: only possible in collider frame

• ycut dependence
• Large ycut : dominated by 1 and 2-jet rates

• peak at ycut ≅ 0.2 for 2-jet
• Lowering ycut : opening of 3- and 4-jet rates 

• with visible shape changes, larger theory uncertainties  
• Hbb vs Hgg: Intersection point for 2 vs. 3 jet rates: 5 times larger in Hgg

(H → bb at ycut ≅0.003 and H → gg at ycut ≅ 0.015) 
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Figure 2. Top row: jet rates in the H → bb̄ (left) and H → gg (right) channels in ZH production at
lepton colliders. Bottom row: two-jet (left) and three-jet rate (right) for individual decay channel and
the total sum, with the ratio to total shown in the lower frame.

observed in [49], these effects also happen in the Yukawa decay mode, but they take place
earlier, namely at larger ycut values, in the gluonic mode.

The theory uncertainty bands are in general larger for the H → gg decay channel, in
particular for the three- and four-jet rate, which are here computed only at NLO and LO
accuracy. In both decay modes, the scale uncertainty shrinks significantly at large values
of ycut, where multiple emissions are clustered together resulting in more inclusive and
perturbatively stable results.

The results shown in the bottom row of figure 2 lead to analogous observations to those
reported in [49]: the relative fraction of the different decay channels in the two-jet rate reflect
those in the fully inclusive case (85% for H → bb̄, 11% for H → gg and 4% for H → cc̄),
even after the onset of the one-jet rate, while the fraction of gluonic events is enhanced
in three-jet events at large ycut.

Following the analysis of figure 2 above, we can argue that by considering values of
the jet resolution parameter ycut in the window 0.01 ≤ ycut ≤ 0.1, it is possible to veto
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observed in [49], these effects also happen in the Yukawa decay mode, but they take place
earlier, namely at larger ycut values, in the gluonic mode.

The theory uncertainty bands are in general larger for the H → gg decay channel, in
particular for the three- and four-jet rate, which are here computed only at NLO and LO
accuracy. In both decay modes, the scale uncertainty shrinks significantly at large values
of ycut, where multiple emissions are clustered together resulting in more inclusive and
perturbatively stable results.

The results shown in the bottom row of figure 2 lead to analogous observations to those
reported in [49]: the relative fraction of the different decay channels in the two-jet rate reflect
those in the fully inclusive case (85% for H → bb̄, 11% for H → gg and 4% for H → cc̄),
even after the onset of the one-jet rate, while the fraction of gluonic events is enhanced
in three-jet events at large ycut.

Following the analysis of figure 2 above, we can argue that by considering values of
the jet resolution parameter ycut in the window 0.01 ≤ ycut ≤ 0.1, it is possible to veto
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H → bb 

H → gg



Individual decay channels for 2-jet rate @NNLO  

• Shape and size: dominated by H → bb 
• in accordance with inclusive hadronic branching fractions 

(85% for H → bb, 11% for H → gg, 4% for H → cc)
• Fraction of H → gg events enhanced at large ycut

• Results in line with H decay in Higgs rest frame                                                                       
[E.Fox et al; 2502.17333, 2508.14282] (NNLOJET)

• Choice of ycut∊ [0.01, 0.1]  for reliable predictions 
• to veto one-jet and high-multiplicity n-jet configurations 
• resummation needed at small ycut 
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observed in [49], these effects also happen in the Yukawa decay mode, but they take place
earlier, namely at larger ycut values, in the gluonic mode.

The theory uncertainty bands are in general larger for the H → gg decay channel, in
particular for the three- and four-jet rate, which are here computed only at NLO and LO
accuracy. In both decay modes, the scale uncertainty shrinks significantly at large values
of ycut, where multiple emissions are clustered together resulting in more inclusive and
perturbatively stable results.

The results shown in the bottom row of figure 2 lead to analogous observations to those
reported in [49]: the relative fraction of the different decay channels in the two-jet rate reflect
those in the fully inclusive case (85% for H → bb̄, 11% for H → gg and 4% for H → cc̄),
even after the onset of the one-jet rate, while the fraction of gluonic events is enhanced
in three-jet events at large ycut.

Following the analysis of figure 2 above, we can argue that by considering values of
the jet resolution parameter ycut in the window 0.01 ≤ ycut ≤ 0.1, it is possible to veto
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Leading-jet energy distribution

• Bulk region dominated by 2-jet events: LO boundaries
• Jets boosted in laboratory frame                
                 min (Ej1/mH) ≅ 0.54 , max (Ej1/mH) ≅ 0.75 

• Decay channels H → bb: vs. H → gg : distinct signatures
• Bulk region: good perturbative convergence 

• H → bb: small corrections, percent level left-over uncertainty  @NNLO 
• H → gg : sizeable higher order corrections  (≅ 10% left over uncertainty @NNLO)

• Low energy: opening of 3- and 4-jet contributions : forbidden at LO
• visible shape changes and large scale uncertainty bands 

• High energy: Sharp decrease of distribution  
• larger corrections and uncertainties (more pronounced for H → gg)
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Figure 3. Energy distribution of the leading Durham-algorithm jets. In the top row: results for
ycut = 0.03 in the H → bb̄ (left) and the H → gg (right) channels at LO (green), NLO (blue), and
NNLO (red), with the ratio to NLO shown in the lower frame. Bottom left panel: comparison between
the total sum of all decay channels (teal), H → bb̄ (yellow), H → gg (purple), and H → cc̄ (light
blue) at NNLO, with the ratio to the total shown in the lower frame. Bottom right panel: comparison
between predictions for the sum over all decay channels at NNLO at ycut = 0.01, ycut = 0.03 and
ycut = 0.1, with the ratio to the ycut = 0.03 results shown in the lower frame.

values found above can be read-off by scrutinising the LO results presented in the top row,
for both Higgs decay modes, in figures 3 and 4. In particular, they define what can be
called “bulk region” for the predictions. Before and after the bulk region, the leading order
differential cross section is non-vanishing due to the off-shellness of the Z and Higgs bosons,
but it decreases sharply. In the bulk region, which is mostly populated by events with only
two hard jets, we observe very good perturbative convergence for the H → bb̄ decay mode
for both observables, with small higher-order corrections and percent-level left-over theory
uncertainties at NNLO. On the contrary, NLO and NNLO corrections are much more sizeable
in the H → gg mode, with approximately ±10% residual theory uncertainties at NNLO.
Moreover, poor perturbative convergence is observed, with the NLO scale variation bands
not fully containing the NNLO results. This can be explained by the fact that real emissions

– 9 –

10�3

10�2

10�1

100

101

102

1
�

(0
)

d
�

dE
j 1

/m
H

p
s = 240 GeV
µR = mH
ycut = 0.03

e
+
e
� ! ZH(e+

e
�
bb̄)

LO NLO NNLO

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ej1/mH

0.5

1.0

1.5

R
at

io
to

N
LO

10�3

10�2

10�1

100

101

102

1
�

(0
)

d
�

dE
j 1

/m
H

p
s = 240 GeV
µR = mH
ycut = 0.03

e
+
e
� ! ZH(e+

e
�
gg)

LO NLO NNLO

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ej1/mH

0.5

1.0

1.5

R
at

io
to

N
LO

10�3

10�2

10�1

100

101

102

1
�

(0
)

d
�

dE
j 1

/m
H

p
s = 240 GeV
µR = mH
ycut = 0.03

e
+
e
� ! ZH@NNLO

H ! bb̄

H ! cc̄

H ! gg

Total

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ej1/mH

0

1

R
at

io
to

T
ot

al

10�3

10�2

10�1

100

101

102

1
�

(0
)

d
�

dE
j 1

/m
H

p
s = 240 GeV
µR = mH

e
+
e
� ! ZH@NNLO

ycut = 0.03 ycut = 0.01 ycut = 0.1

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Ej1/mH

0.0
1.0

2.5

5.0
R
at

io
to

y
cu

t
=

0.
03

Figure 3: Energy distribution of the leading Durham-algorithm jets. In the top row:

results for ycut = 0.03 in the H → bb̄ (left) and the H → gg (right) channels at LO (green),

NLO (blue), and NNLO (red), with the ratio to NLO shown in the lower frame. Bottom

left panel: comparison between the total sum of all decay channels (teal), H → bb̄ (yellow),

H → gg (purple), and H → cc̄ (light blue) at NNLO, with the ratio to the total shown in

the lower frame. Bottom right panel: comparison between predictions for the sum over all

decay channels at NNLO at ycut = 0.01, ycut = 0.03 and ycut = 0.1, with the ratio to the

ycut = 0.03 results shown in the lower frame.

where Elab.
+ is the energy of the leading jet (j1) in the laboratory frame, while Elab.

→ the one

of the subleading jet (j2), and ω is the angle between the direction of flight of the Higgs

boson in the laboratory frame and the direction of the back-to-back decay products in the

Higgs boson rest frame. Using 3.6, we can infer the minimum and maximum values of

Ej1/mH and Ej2/mH at LO:

min

(
Ej1

mH

)
↑ 0.54, max

(
Ej1

mH

)
↑ 0.75, (3.7)

min

(
Ej2

mH

)
↑ 0.33, max

(
Ej2

mH

)
↑ 0.54, (3.8)
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Summary and Outlook 

• Precise predictions for Higgsstrahlung processes at future hadron and lepton colliders
• Part I: differential WH@N3LO for boosted Higgs @LHC using RadiSH+NNLOJET (qT slicing) 

•  N3LO corrections crucial for fiducial cross sections and Higgs pT spectrum : 
      as sizeable as NNLO result; scale uncertainties only reduced at N3LO to percent level

• Part II: ZH @ FCC-ee: with H → 2 jets up to NNLO, in collider frame
• Distinct signatures for H → bb vs. H → gg  for jet observables 

• Outlook: Study B-hadron production for ZH @ FCC-ee
• with b-quark or gluons from Higgs decays hadronizing into B-hadrons, 
     using parton-to-hadron fragmentation functions in computations :  (b →B, g → B)

            → See talk by Francesco Merlotti (Thursday afternoon)  

                                                              Thank you !
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