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Establish the detector requirements for optimising measurement 
of target physics cases, in particular matching experimental 
systematics with the expected statistical precision. 

Goal
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Simulations of detector setup (fast sim or full sim as appropriate)  
Synergies with detector experts 

To reach the goal

Establish the detector requirements for optimising measurement 
of target physics cases, in particular matching experimental 
systematics with the expected statistical precision. 

Goal
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Higgs boson precision measurements! 
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Diverse “Higgs” dataset every few years 

Phase Run duration 
[years]

Centre-of-mass 
energies [GeV]

Int. lumi. 
[ab-1]

# of Higgs 
bosons

ZH maximum 3 240 5 106 ZH

tt threshold 5 345-365 1.5 2x105 ZH + 5x104 VBF

s-channel 3? 125 ? 5x103 

Figure 4: The production cross sections of a Higgs boson at e+e� collisions with Higgsstrahlung (ZH)
and vector boson fusion (VBF). [30]

The cross sections of various physics processes and the Higgs boson production can be found in Fig.
5.

Figure 5: The production cross section and the number of events of ZH and other SM processes at
e
+
e
� colliders with integrated luminosity of 5 ab�1 [31].

In addition to the above mentioned channels, Higgs bosons radiating from top quarks e+e� ! tt̄H

are also possible [32]. They are, however, not treated in this analysis, because Higgs bosons from this
production channel are only produced in a statistically meaningful number at energies well above
p
s = 365 GeV.

In this thesis, we will study the Higgs boson mass, its production cross sections and the trilinear self-
coupling. The goal is the precise estimation of said observables at the FCC-ee and its clean collisions.
We will rely on the Monte Carlo (MC) samples produced by the FCC-ee Physics Performance working
group [33]. Eighteen Higgs boson production channels are considered in the final analysis, including
the hadronic ZH channels and their high production cross section. Moreover, the events are put in
orthogonal categories with the purpose of increasing the overall significance.

Background processes

At both energy points the dominant process is ZH. As the Z and the Higgs boson can decay lep-
tonically and hadronically, a large variety of SM background processes contribute (see Fig. 5). The
main background comes from fermion production e

+
e
�
! ff̄ (f 6= t for

p
s = 240 GeV) as well

as from ZZ and WW production. The former background can lead to the same final state as ZH
or VBF through initial/final state radiation or due to a misreconstruction of the particles. Neutral
vector boson production is included, because of the ambiguous decay of the Z and H. If one of the

5

ZH maximum tt threshold

and WW fusion to a Higgs boson (WWH), e+e� ! H⌫e⌫e. The lowest order Feynman
diagrams for these two production mechanisms are displayed in Figure 4 (left) together with
their corresponding cross sections versus the center-of-mass energy (right). The predictions
include initial state radiation [33] using the HZHA program [34] and the small interference
term present in the WWH final state diagrams. Given the cross sections and the planned
FCC-ee running scenario, and with two interaction points [35], over a million ZH events
and almost one hundred thousand WWH events will be collected at various center-of-mass
energies. These numbers drive the statistical uncertainties for the following studies.

Our goal for this report is not to lay out the details of all studies possible with these large
data samples, but to pick out the studies that demonstrate the key capabilities of FCC-ee in
terms of Higgs boson physics that have been documented. In the following we will present
the sensitivity for the Higgs cross section, mass, and width, and then summarize the status
of the projected precision on the various coupling constants of the Higgs bosons to bosons
and fermions, including the Higgs boson self-coupling.

Figure 4: Lowest order Feynman diagrams for WW fusion and Higgsstrahlung (left) and
the corresponding cross sections versus the center-of-mass energy per production process
along with their sum (right). The default running scenarios at 240 GeV and 365 GeV are
indicated with dashed lines. Figure from [36].

.

3.1 Production cross Sections, mass, and width

The FCC-ee running scenario at
p

s = 240 GeV was optimized as a tradeo↵ between ZH
production rate and luminosity. A feature unique to lepton colliders is the measurement
of the Higgs boson properties using the recoil system in the ZH production mode. The
well-determined four-momenta of the initial state leptons and the fully reconstructed Z
boson (recoil system) in the final state allow clean recovery of the Higgs boson kinematics
independent of the Higgs boson decay mode. This cannot be accomplished at a hadron
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Measure the total ZH production cross 
section  

σHZ ∝ g2
HZZ

Ultimate statistical precision for   is 0.1%  
considering ZH selection 100% efficient and pure 

σZH

The cornerstone of the Higgs physics programme, made a selection independent of H 
detailed properties by counting events with a Z and using the recoiling mass method  



Joint FCC-France & Italy Workshop - 23/11/22 - Roberto Salerno - 

The measurements strategy 

9

Measure the total ZH production cross 
section  

σHZ ∝ g2
HZZ

Ultimate statistical precision for   is 0.1%  
considering ZH selection 100% efficient and pure 

σZH

Considering  exclusive decay channels 
measure other couplings, H width, and  
H self-coupling

The cornerstone of the Higgs physics programme, made a selection independent of H 
detailed properties by counting events with a Z and using the recoiling mass method  

σHZ × BR(H → XX̄) ∝
g2

HZZg2
HXX

ΓH

σHZ × BR(H → XX̄) ∝
g2

HZZg2
HXX

ΓH

σHνν̄ × BR(H → XX̄) ∝
g2

HWWg2
HXX

ΓH

g2
HZZ

g2
HWW

Ratio of the two

σHZ × BR(H → ZZ) ∝
g4

HZZ

ΓH
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Higgs mass and ZH cross-section from 
Z(!!!")H events

Ang LI, Gregorio Bernardi
(APC-Paris, Université de Paris, CNRS/IN2P3)

On behalf of the FCC-ee ZH analysis team

FCC-FRANCE-ITALY
November 22nd, 2022

Lyon

The recoil mass method is exploited 

Optimised event selection 

Signal modelling studied 

Systematics included   

Cross section and Higgs mass extracted 

electron Yukawa coupling via resonant e+e− → H production at
√
s = 125 GeV, for which

a precision smaller than the SM Higgs total width of 4.1 MeV is required [12].
The opportunities and challenges to achieve the relevant precisions on the Higgs boson

mass and production cross section at FCC-ee are now examined.

2 Opportunities and challenges: The “recoil mass” method

The precise determination of the Higgs boson coupling to the Z boson and of the Higgs boson
mass at an e+e− Higgs factory is initially optimized as follows.

1. The centre-of-mass energy is chosen so as to maximize the number of ZH events. At
FCC-ee, the luminosity steeply increases as the centre-of-mass energy decreases, so that
the centre-of-mass energy was fixed to 240 GeV, approximately 15 GeV below the value
that maximizes the theoretical ZH cross section [13].

2. In an initial approach, only the leptonic decays of the Z boson (Z → ℓ+ℓ−, with ℓ = e
or µ) are used for the cross section measurement, as they allow the ZH events to be
inclusively and efficiently selected independently of the Higgs boson decay mode. This
choice is therefore effective towards an almost fully model-independent determination of
the HZZ coupling, but the small Z dielectron and dimuon branching ratios are expensive
in terms of statistical precision (Table 1).

3. The mass mrecoil recoiling against the lepton pair is determined from total energy-
momentum conservation as m2

recoil = s + m2
ℓℓ − 2

√
s(Eℓ+ + Eℓ−), where mℓℓ is the

lepton pair invariant mass, and Eℓ+ , Eℓ− are the two lepton energies. In absence of initial
state radiation and beam-energy spread, and with a perfect determination of the lepton pair
kinematics, mrecoil coincides exactly with the Higgs boson mass. In practice, the Higgs
boson mass and the ZH total cross section are fitted from the actual experimental mrecoil
distribution.

Candidate ZH events where the Z boson decays to µ+µ− are selected by identifying two
muons with an invariant mass close to mZ and a total momentum transverse to the beam
axis typically between 15 and 70 GeV, while using as little information as possible from the
rest of the event. The resulting mrecoil distribution, obtained with a DELPHES simulation
[14] of the IDEA detector concept [4], in particular its drift chamber [15], is displayed in
the left panel of Fig. 3 for an integrated luminosity of 5 ab−1 simulated at

√
s = 240 GeV

and with a nominal Higgs boson mass of mH = 125 GeV. The background processes include
the dominant diboson production e+e− → WW and ZZ (where “Z” can be a Z or a virtual
photon), the single boson production e+e− → Ze+e−, as well as the (radiative) dilepton
events e+e− → (γ )ℓ+ℓ−. The dilepton and diboson background processes were simulated
with Pythia [16], while WHIZARD was used for the other background processes and the
signal [17].

In the right panel of Fig. 3, the recoil mass distribution is fitted around mH with a double-
sided Crystal Ball function for the signal and a 2nd-order polynomial for the background.
To minimize the biases and the need for a-posteriori corrections arising from this choice of
specific functional forms, the Higgs boson mass and the ZH cross section can also be adjusted
from template distributions obtained from simulation, and calibrated with control processes
with data.

In both cases, and even in this first simple approach, the large signal-to-background ratio on
the one hand, and the excellent drift-chamber muon momentum resolution on the other, offer
the possibility to determine the inclusive ZH cross section and the Higgs boson mass with

123
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Customized p.d.f. 2CBG:
• Two crystal-ball functions (left and right), sharing mean and width
• Added Gaussian to cope with the high tails
• Gaussian suppressed in norm (12345671 + 12345672 > 0.8)
• In total 9 “free” parameters which are fitted to the data
• :;4 <89:;<= = 12345671 ⋅ >? <89:;<=; A, /, C>, D>
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522/11/2022

Double-sided crystal-ball fit v.s. customized p.d.f.

Ang LI--APC-Paris

Crystal-Ball function:

Gaussian Core
Power law tail on right or left

Double-sided crystal-ball fit vs. customized p.d.f.

Double-Sided Crystal 
Ball function

Gaussian Core
Power law tail on right and left

Customized p.d.f.
2CBG function

gHZZ, mH
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Higgs mass and ZH cross-section from 
Z(!!!")H events

Ang LI, Gregorio Bernardi
(APC-Paris, Université de Paris, CNRS/IN2P3)

On behalf of the FCC-ee ZH analysis team

FCC-FRANCE-ITALY
November 22nd, 2022
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Detector configurations 

Ang LI--APC-Paris

0.985 0.99 0.995 1 1.005 1.01 1.015

ref
s)/µµ®(ZH, Zs

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

N
LL

D
-2  0.01073±=1.00000 sIDEA 

 0.01120±=1.00000 sIDEA FullSilicon 
 0.01055±=1.00000 sIDEA 3T 

1- = 240 GeV, 5 absSimulation FCCee

124.99 124.995 125 125.005 125.01
 (GeV)hm

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

N
LL

D
-2  6.70 MeV±=125.000 GeV hIDEA m

 9.01 MeV±=125.000 GeV hIDEA FullSilicon m

 5.78 MeV±=125.000 GeV hIDEA 3T m

1- = 240 GeV, 5 absSimulation FCCee

Different detector configuration studied:
1. Magnetic field increased from 2T to 3T à expected better momentum resolution
2. FullSilicon tracker instead of drift chamber ( a la CLD) à degraded resolution due to enhanced multiple scattering,       

especially at low /9 and in the range relevant for this analysis

IDEA TUD (MeV) TV (%)
Nominal 6.7 1.07

FullSilicon 9.0 1.12

3T 5.8 1.06

Stat-only results

2Tà3T
v significant effect on !W
v small effect on x-section

0.985 0.99 0.995 1 1.005 1.01 1.015

ref
s)/µµ®(ZH, Zs

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

N
LL

D
-2

 0.01072±=1.00000 sStat. only 
 0.01100±=1.00000 sStat.+Syst. 

1- = 240 GeV, 5 absSimulation FCCee

1022/11/2022

Systematic uncertainties 

Ang LI--APC-Paris

Systematic variations included in likelihood as Gaussian constraint terms
q Inclusion of all systematics (besides FSR): Δ*? ~ 7.2 MeV and ΔR ~ 1.10 %
q Breakdown of uncertainties: vary systematics one by one, extract R<@<A./ = RA&A./ − R<ACA./

q muon scale / , accounts for ~ 2 MeV on Δ*?
q Impact on cross-section limited

Higgs Mass (MeV) Cross section (%)
4- 2- 0 2 4

) (MeV)
h

(msyst.s

(BES 1%)
Syst. combined

)-5Muon scale (~10

 2 MeV± s

BES 1%

ISR (pT rewei.)

1- = 240 GeV, 5 absSimulation FCCee

2- 1- 0 1 2
) (%)

ref
s)/µµ®(ZH, Zs(syst.s

(BES 1%)
Syst. combined

)-5Muon scale (~10

 2 MeV± s

BES 1%

ISR (pT rewei.)

1- = 240 GeV, 5 absSimulation FCCee

124.99 124.995 125 125.005 125.01
 (GeV)hm

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

N
LL

D
-2

 6.70 MeV±=125.000 GeV 
h

Stat. only m

 7.21 MeV±=125.000 GeV 
h

Stat.+Syst. m

1- = 240 GeV, 5 absSimulation FCCee

The Higgs boson mass

gHZZ, mH



Joint FCC-France & Italy Workshop - 23/11/22 - Roberto Salerno - 13

Estimate sensitivity to hadronic branching ratios of Higgs 
boson ( ).

 
Compare sensitivity when different assumptions on 
efficiency/rejection of taggers (or alternative working 
points) are used.

gHgg, gHbb, gHcc

Giovanni Marchiori Hadronic Higgs BRs at FCC-ee with ZH - 22/11/2022

Evolution of the mrecoil distribution after the selection steps 
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30502 sig. (25706 bb / 1282 cc / 3515 gg)
1701655 bkg. 

 + X- l+ l→ ZH → -e+e
No selection

Measurement of hadronic Higgs boson branching ratios at FCC-ee 
with ZH events at √s=240 GeV

Giovanni Marchiori (APC Paris)

Work down with Alexis Maloizel and Paul Guimbard (ENS Paris-Saclay)


FCC France-Italie workshop

22 November 2022

gHgg, gHbb, gHcc
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Results with various tagging performance/WP scenarios

Giovanni Marchiori Hadronic Higgs BRs at FCC-ee with ZH - 22/11/2022

Jet flavour tagging (2)

10

• Flavour tagging scenarios considered:


• For alternative WPs, we investigated the case of changing the c-tagging one since BR(cc) is the one which is projected to 
have the less precise measurement (see later)

Strategy b-tag

 εb, εc, εl, εg

c-tag

 εb, εc, εl, εg

g-tag

 εb, εc, εl, εg

Nominal 80 / 0.4 / 0.05 / 0.7 2.0 / 80 / 0.9 / 2.5 2.0 / 5.0 / 15 / 80
Fake rates x2 80 / 0.8 / 0.1 / 1.4 4.0 / 80 / 1.8 / 5.0 4.0 / 10 / 30 / 80

Fake rates x5 80 / 2.0 / 0.25 / 3.5 10 / 80 / 4.5 / 12.5 10 / 25 / 75 / 80

Eff -10% 70 / 0.4 / 0.05 / 0.7 2.0 / 70 / 0.9 / 2.5 2.0 / 5.0 / 15 / 70
Eff -20% 60 / 0.4 / 0.05 / 0.7 2.0 / 60 / 0.9 / 2.5 2.0 / 5.0 / 15 / 60
WPc 90% 80 / 0.4 / 0.05 / 0.7 4.0 / 90 / 7.0 / 7.0 2.0 / 5.0 / 15 / 80

WPc 70% 80 / 0.4 / 0.05 / 0.7 0.9 / 70 / 0.2 / 1.0 2.0 / 5.0 / 15 / 80

Nominal Performance for flavour tagging are taken from note 
by Franco, Loukas, and Michele 

Relative error on branching fractions 

Measurement of hadronic Higgs boson branching ratios at FCC-ee 
with ZH events at √s=240 GeV

Giovanni Marchiori (APC Paris)

Work down with Alexis Maloizel and Paul Guimbard (ENS Paris-Saclay)


FCC France-Italie workshop

22 November 2022

gHgg, gHbb, gHcc
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Event Selection

Reham Aly

Signal	scaled	up	with	100

• Using	FCCSW	analysis	tools
• Exactly	2	Jets	in	the	event,	as	required	by	the	jet	clustering	algorithm
• Dijet	mass	(95	<	mjj <	150	GeV )	to	focus	on	the	H	kinematic	phase	space	
• Di	jet	pT (pT jj <	90	)	signal	mainly	within	this	region;	can	suppress	part	of	background	

7Italy France workshop – 21-23th Nov. 2022, Lyon France

¸
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1

Higgs Hadronic decays at FCCee Collider

Reham	Aly1 - Jan	Eysermans2 – Michele	Selvaggi3
Nicola	De	Filipplis1 – Patrizia Azzi4

1 INFN,	politecnico di	Bari
2 Massachusetts	Institute	of	Technology

3 CERN	- 4 INFN	padova

Italy France Workshop, 21 -23 November 2022, Lyon France  

ZH analysis with Z(𝜈𝜈)H(hadronic) analysis to determine  
couplings where all jets are known to come from the Higgs.

gHgg, gHbb, gHcc, gHss

Studies for optimizing the jet algorithm 
and parameters with the aim of improving 
the signal peak resolution  

Studies for detector configuration for 
optimising the expected precision 

Reham Aly
13

Stochastic	term Constant	term Noise	term

Nominal
Nominal Nominal

Dominant	effect

• HCAL energy resolution should not suffer from Constant and Noise terms
• HCAL energy resolution should not suffer from low threshold in stochastic term 

Part II: Detector Configuration

To be optimised  
and selection applied

gHgg, gHbb, gHcc, gHss
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1

Inclusive Higgs self-coupling measurement 
at FCC-ee
Louis Portales
FCC-France & Italy Workshop on Higgs,Top, EW & HF Physics

Lyon – 22/11/2022

gHHH

Measure the Higgs boson self-coupling that affects both Higgs boson production 
and decay at NLO.

Vertex corrections (linear in )kλ
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Figure 1: One-loop diagrams involving the trilinear Higgs coupling contributing to the main
single Higgs production processes: e

+
e

≠
æ hZ (top row) and e

+
e

≠
æ ‹‹̄h (middle row).

The Higgs self-energy diagram (bottom) gives a universal modification to all Higgs production
processes via wave function renormalization.

Following Ref. [26], we can parametrize the NLO corrections to an observable � in a
process involving a single external Higgs field as

�NLO = ZH�LO(1 + Ÿ⁄C1) , (2.2)

where �LO denotes the LO value, C1 is a process-dependent coe�cient that encodes
the interference between the NLO amplitudes involving Ÿ⁄ and the LO ones, while ZH

corresponds to the universal resummed wave-function renormalization and is explicitly
given by

ZH = 1
1 ≠ Ÿ

2
⁄
”ZH

, with ”ZH = ≠
9
16

Gµm
2
H

Ô
2fi2

A
2fi

3
Ô

3
≠ 1

B

ƒ ≠0.00154 . (2.3)

The impact of a deviation ”Ÿ⁄ © Ÿ⁄ ≠ 1 from the SM value of the trilinear Higgs self-
coupling is therefore

”� ©
�NLO

�NLO(Ÿ⁄ = 1) ≠ 1 ƒ (C1 + 2”ZH)”Ÿ⁄ + ”ZH”Ÿ
2
⁄

, (2.4)

up to subleading corrections of higher orders in ”ZH and C1.4 The linear approximation
in ”Ÿ⁄ is usually accurate enough to describe the deviations in single Higgs processes
inside the typical constraint range |”Ÿ⁄| . 5. We will nevertheless use the unexpanded
”� expressions throughout this paper to derive numerical results.

4We checked explicitly that the one-loop squared term of order ”Ÿ
2
⁄

is subdominant compared to the
”ZH”Ÿ

2
⁄

one.

6

5 / 12

Measuring λ at FCC-ee 

FCC-ee expected to operate at 

→ Below the requirement for HHZ production

● No direct access to λ

→ BUT large ZH (@240 GeV) and VBF-H (@365 GeV) cross-sections

● With intervention of λ at loop-level:

365 GeV

Universal wave function 
renormalization

LO cross-section

Process & energy 
dependent coeff. 
From loop-tree 

interference

Can be probed in exclusive analyses 
targetting the specific Higgs decays

Can be probed in inclusive analysis 
looking at the two relevant energy points

365 G
eV

240 G
eV

J. High Energ. Phys. 2018, 178 (2018)
J. High Energ. Phys. 2016, 80 (2016)
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1

Inclusive Higgs self-coupling measurement 
at FCC-ee
Louis Portales
FCC-France & Italy Workshop on Higgs,Top, EW & HF Physics

Lyon – 22/11/2022

gHHH

6 / 12

Inclusive λ measurement 

Clean e⁺e⁻ collision environment allows for fully inclusive study of ZH production

→ Recoil technique: Higgs boson mass can be inferred from Z boson kinematics 

●

● Probed in diCerent Z boson decay channels: µ⁺µ⁻, e⁺e⁻, qq

 → Analysis setup: 

● Delphes simulation (Spring 2021)

●  IDEA detector

● Categorization tuned for the two energy points (240 GeV & 365 GeV)

– 18 orthogonal categories in total

– @240 GeV: only ZH production considered

– @365 GeV: considering ZH + eeH(bb) + ννH(bb)

● Using M2lep (Mmiss)in VBF categories instead of Mrec

240 GeV 365 GeV

Measure the Higgs boson self-coupling that affects both Higgs boson production 
and decay at NLO.

Vertex corrections (linear in )kλ
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Figure 1: One-loop diagrams involving the trilinear Higgs coupling contributing to the main
single Higgs production processes: e

+
e

≠
æ hZ (top row) and e

+
e

≠
æ ‹‹̄h (middle row).

The Higgs self-energy diagram (bottom) gives a universal modification to all Higgs production
processes via wave function renormalization.

Following Ref. [26], we can parametrize the NLO corrections to an observable � in a
process involving a single external Higgs field as

�NLO = ZH�LO(1 + Ÿ⁄C1) , (2.2)

where �LO denotes the LO value, C1 is a process-dependent coe�cient that encodes
the interference between the NLO amplitudes involving Ÿ⁄ and the LO ones, while ZH

corresponds to the universal resummed wave-function renormalization and is explicitly
given by

ZH = 1
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, with ”ZH = ≠
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The impact of a deviation ”Ÿ⁄ © Ÿ⁄ ≠ 1 from the SM value of the trilinear Higgs self-
coupling is therefore

”� ©
�NLO

�NLO(Ÿ⁄ = 1) ≠ 1 ƒ (C1 + 2”ZH)”Ÿ⁄ + ”ZH”Ÿ
2
⁄

, (2.4)

up to subleading corrections of higher orders in ”ZH and C1.4 The linear approximation
in ”Ÿ⁄ is usually accurate enough to describe the deviations in single Higgs processes
inside the typical constraint range |”Ÿ⁄| . 5. We will nevertheless use the unexpanded
”� expressions throughout this paper to derive numerical results.

4We checked explicitly that the one-loop squared term of order ”Ÿ
2
⁄

is subdominant compared to the
”ZH”Ÿ

2
⁄

one.

6

Statistics is the essence : 
• combined analysis including ZH and VBF-H production @ 

240 GeV & 365 GeV
• categorisation targeting exclusive Z decays 
•

5 / 12

Measuring λ at FCC-ee 

FCC-ee expected to operate at 

→ Below the requirement for HHZ production

● No direct access to λ

→ BUT large ZH (@240 GeV) and VBF-H (@365 GeV) cross-sections

● With intervention of λ at loop-level:

365 GeV

Universal wave function 
renormalization

LO cross-section

Process & energy 
dependent coeff. 
From loop-tree 

interference

Can be probed in exclusive analyses 
targetting the specific Higgs decays

Can be probed in inclusive analysis 
looking at the two relevant energy points

365 G
eV

240 G
eV

J. High Energ. Phys. 2018, 178 (2018)
J. High Energ. Phys. 2016, 80 (2016)
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1

Inclusive Higgs self-coupling measurement 
at FCC-ee
Louis Portales
FCC-France & Italy Workshop on Higgs,Top, EW & HF Physics

Lyon – 22/11/2022

gHHH

Sensivity driven by Z(qq)H category 
Adding ZH@365GeV resolves degerated minima  
Negligible impact from VBF 

10 / 12

Inclusive λ measurement - 6t
Combined 6t of all categories

→  Measuring coupling modifyer C1 (~klambda)

● Xsec parametrised as a function of klambda

● Assuming:

–  0.1% luminosity uncertainty

– 1% selection eWciency uncertainty

– Higgs decay BRs 9xed to SM values 

● Reaching dklambda ~ 30%

– Combining with HL-LHC expected constraints

– Sensivity driven by Z(qq)H category

– Adding ZH@365GeV resolves degerated minima

– Negligible impact from VBF

8 / 12

Inclusive λ measurement

Clean e⁺e⁻ collision environment allows for fully inclusive study of ZH production

→ ZH selection

 Z(qq)H

→ Anti-kt jets (R=0.5)
→ 6 Flavor categories (bb,cc,ll,bc,bl,cl)
→ 86<mqq<96 GeV
→ pT

jet>20 GeV
→ |cos(θmiss)|<0.9

→ BDTs used for selection:

    - one per flavor category

    - 17 input variables characterising the qq system 

Flavor tagging efficiencies considered

  jet    jet    jet    jet  

BDT cut
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mtop

Γtop

EW top couplings
Top quark physics 

A million of  events in a clean environment tt̄

FCNC
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Probing the top quark FCNC anomalous couplings at FCCee

FCC-France & Italy Workshop on Higgs, Top, EW, HF Physics, Nov 21-23, 2022, IP2I Lyon

Hamzeh Khanpour (UDINE & ICTP)
in collaboration with

Seddigheh Tizchang (IPM), Mojtaba Mohammadi (IPM),
Patrizia Azzi (INFN), and Emmanuel Francois Perez (CERN)

o Focusing on the 𝑡𝑞𝛾 interactions, deviation from the SM predictions due to FCNC transitions
involving the top quark can be parameterized in terms of anomalous couplings and described by
an effective Lagrangian of the form:

o The 𝜆𝑢𝑡 and 𝜆𝑐𝑡 are the dimensionless real parameters which determine the strength of FCNC
interactions with photon.

Any observation of these rare Flavor-Changing 
Neutral Current transitions would be a clear signal of 
new physics beyond the SM 

Focusing on the  interactions at  GeV  
in single-top quark production processes 
 

tqγ s = 240

light quark
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Probing the top quark FCNC anomalous couplings at FCCee

FCC-France & Italy Workshop on Higgs, Top, EW, HF Physics, Nov 21-23, 2022, IP2I Lyon

Hamzeh Khanpour (UDINE & ICTP)
in collaboration with

Seddigheh Tizchang (IPM), Mojtaba Mohammadi (IPM),
Patrizia Azzi (INFN), and Emmanuel Francois Perez (CERN)

Study of jet clustering algorithms and  
jet recombination schemes 

o Focusing on the 𝑡𝑞𝛾 interactions, deviation from the SM predictions due to FCNC transitions
involving the top quark can be parameterized in terms of anomalous couplings and described by
an effective Lagrangian of the form:

o The 𝜆𝑢𝑡 and 𝜆𝑐𝑡 are the dimensionless real parameters which determine the strength of FCNC
interactions with photon.

light quark
Jet clustering algorithms study: Comparison of different algorithms

The reconstructed top quark mass distributions and the momentum of b-jets candidate for 𝒕𝒄𝜸 signal.

Electron channel Electron channel

FCCee@240 GeV
ℒ = 5 𝑎𝑏−1

FCCee@240 GeV
ℒ = 5 𝑎𝑏−1

Any observation of these rare Flavor-Changing 
Neutral Current transitions would be a clear signal of 
new physics beyond the SM 

Focusing on the  interactions at  GeV  
in single-top quark production processes 
 

tqγ s = 240
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Probing the top quark FCNC anomalous couplings at FCCee

FCC-France & Italy Workshop on Higgs, Top, EW, HF Physics, Nov 21-23, 2022, IP2I Lyon

Hamzeh Khanpour (UDINE & ICTP)
in collaboration with

Seddigheh Tizchang (IPM), Mojtaba Mohammadi (IPM),
Patrizia Azzi (INFN), and Emmanuel Francois Perez (CERN)

Limit results

o Results for the leptonic channel [𝑒+𝑒− → 𝑡𝑞 → (𝑏𝑤)𝑞 → (𝑏𝑙𝑣𝑙)𝑞] at 𝑠 = 240 GeV and for an
integrated luminosity of 5 𝑎𝑏−1.

o The limits for the 𝑡 → 𝑢𝛾 and 𝑡 → 𝑢Z are the same order.
o The muon channel does not include the eebb and eeqq (q=u, d, s) backgrounds. 
o We expect much better limits after the combination of these two channels. 
o The limits would be improved using advanced technique, such as TMA analysis. 

FCC-ee (240 GeV) 𝑩𝒓(𝒕 → 𝐜𝜸) 𝑩𝒓(𝒕 → 𝐜𝐙)

Electron Channel 6.19 × 10−5 2.27 × 10−5

Muon Channel 4.45 × 10−5 1.63 × 10−5

Event reconstruction

Reconstructed W and top boson mass distributions for signal and SM backgrounds for electron and muon channel.

Muon channel
ee-kt
E-scheme

Electron channel
ee-kt
E-scheme

Muon channel
ee-kt
E-scheme

Electron channel
ee-kt
E-scheme

Event reconstruction

Reconstructed W and top boson mass distributions for signal and SM backgrounds for electron and muon channel.

Muon channel
ee-kt
E-scheme

Electron channel
ee-kt
E-scheme

Muon channel
ee-kt
E-scheme

Electron channel
ee-kt
E-scheme

Next steps  : 
consider a MVA /analysis 
searches for top quark FCNCs in the decay of  
a top quark from tt production  at 365 GeV
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Top-beauty synergies @ FCC-ee

Kevin Kröninger1, Romain Madar2, Stéphane Monteil2, Lars Röhrig1,2

November 22, 2022

1Department of Physics – TU Dortmund University
2Laboratoire de Physique de Clermont – Université Clermont-Auvergne

German Research Foundation

Funded by

Combination of different scales to have synergies in global interpretations 
due to a common set of operators 

Motivation

SMEFT approach to connect modifications at top- and beauty scales with common
set of operators !Anomalies at O(mB) and O(mZ ) translate to higher energy scale

O(mB) ⇠ 5GeV
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Top-beauty synergies @ FCC-ee

Kevin Kröninger1, Romain Madar2, Stéphane Monteil2, Lars Röhrig1,2

November 22, 2022

1Department of Physics – TU Dortmund University
2Laboratoire de Physique de Clermont – Université Clermont-Auvergne

German Research Foundation

Funded by

Top energy scale

Observable finding

Top-observable simulation for
different operator strenghts

Sensitivity to Wilson coefficient

Measure for the sensitivity and hierarchy

Precision estimate

Reconstruction in FCC-ee environment
for estimate of observable precision

Z ! bb̄ energy scale

Precision limitations

Current limitations on
Z ! bb̄ observables

New hemisphere tagging

Exclusive tagging from B-hadron decays

Proof from simulation

Test assumptions from FCC-ee
simulated Z ! bb̄ sample

Prospective of global interpretation

Interpretation of simulated top- and beauty
measurements in SMEFT framework

I

II

III

L. Röhrig | Nov. 22, 2022 5 / 13
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II○ New hemisphere tagging

Exclusive b-hadron tagging

Select the hemispheres by exclusively tag b-hadrons with a potential
purity of P = 100% and an efficiency of " ⇡ 1%

Motivation for an exclusive tagger
Suppose NZ!had = 1012. An exclusive double-tagger with "b ⇡ 1%
!�Rexcl.

b (stat) ⇡ 4.6 · 10�5 at FCC-ee: factor 20 wrt. LEP
Systematic uncertainty reduces to
!�Rexcl.

b (syst.) ⇠
p

�MC
2
stat +�Evt.sel

2 +�Trk.
2 +�udsc2 +�hem.corr.

2

Hemisphere-correlation uncertainty present for standard tagger
mostly reduced by excl. tagger

e+ e�

B+

D̄0

⇡+
K+

⇡�

1○: D̄0 ! K+⇡�

2○: D̄0 ! Ks⇡+⇡�

3○: D̄0 ! K+⇡�⇡0

PV

L. Röhrig | Nov. 22, 2022 11 / 13Combination of different scales to have synergies in global interpretations 
due to a common set of operators 
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DELPHES

Geant4

DD4HEP

Simulation
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 Adelina D’Onofrio1, Michela Biglietti1, Biagio Di Micco2, 
Roberto Di Nardo2, Ada Farilla1  Iacopo Vivarelli3 , Sofia 

Vallecorsa4 , Patrizia Azzi5 
1INFN - Roma Tre 

2Roma Tre University 
3University of Sussex 

4CERN 
5INFN - Padova 

FCC Italy-France Workshop - Lion 
22nd November 2022

Particle Flow for Dual Read-Out Calorimeter
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6

Software Implementation

Input from detector simulation 
(EDM4HEP) format

Reading using KEY4HEP code

Dumping algorithm, input variables for NN training

NN training using Tensorflow on CPU/GPU

 Geant4-based simulations of the IDEA detector for e, π, Κ with 
energy and angular uniform distribution (thanks for the inputs!) 

 An algorithm was developed that reads KEY4HEP format and 
produces an output to perform a Neural Network training 

 To be done: interface between KEY4HEP and Pandora 

 Target: build a NN able to reconstruct the energy and the position 
of the impinging particles and identify them 

 Regression and classification (to discriminate e, π, Κ) 
algorithms implemented in a single NN 

 State of the art:  

 NN studies performed on an input sample containing electrons 
with uniform distributions (in energy and position), training 
performed for energy regression
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Kinematic distributions - Electrons All events used 
(#10000)
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 Position and energy collected in the scintillating (S) and Cerenkov (C) fibres in 10000 events simulating impinging 
electrons of uniform energy, in the range [0-125] GeV, and uniform angular distributions
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Preliminary results on electron energy resolution
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Simulation of IDEA
Lorenzo Capriotti

on behalf of the IDEA software group

Joint FCC-France&Italy Workshop
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22/11/2022

Lorenzo Capriotti - Simulation of IDEA 1 / 17

DD4HEP: drift chamber (perspective view)

Perspective view from above. The figure only shows about 2% of all wires.

Lorenzo Capriotti - Simulation of IDEA 16 / 17

GEANT4: DR calorimeter and crystals

Integration of a crystal calorimeter option
in the Geant4 IDEA simulation:

Barrel crystal section inside solenoid
1x1 cm2 PWO segmented crystals
granularity
Radial envelope ¥ 1.8 ≠ 2.0m

Lorenzo Capriotti - Simulation of IDEA 9 / 17

Geant4 DD4HEP
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Next steps scattered points
ZH hadronic decay  
Better optimisation of the event selection to suppress more backgrounds  
Introduction of ParticleNet 
Inclusion of systematics uncertainties  
Tagging of strange jet 
Full simulation 
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Synergies

Jet clustering algorithms and jet recombination schemes 
Flavour-tagging algorithm

Optimised event selection for Z(ll)H

Zbb selection (EWK-Top analyses)

Next steps scattered points
ZH hadronic decay  
Better optimisation of the event selection to suppress more backgrounds  
Introduction of ParticleNet 
Inclusion of systematics uncertainties  
Tagging of strange jet 
Full simulation 


