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LLR report

“Measurement of Higgs parameters at FCC-ee” 

* the total e+e- → ZH cross section σHZ at two energies to achieve a model-independent demonstration of the 
existence of the trilinear Higgs boson self-coupling 

* the Higgs boson total decay width ΓH focus on the requirements on the detector design  (Si-based 
calorimeter) and on jet clustering algorithms to achieve an effective separation between the H→ZZ and H→WW  

People involved :  
    Roberto Salerno + Cesare Cazzaniga (M2 - Ecole Polytechnique/ETH - 03/2021 to 07/2021)

Case study

Report today



Roberto Salerno (LLR) - meeting FCC contacts 

Event generation: Madgraph + pythia8 (for particles decays)  
      Signal (HZ/VBF) + main backgrounds (WW/ZZ) @ 240/365 GeV  

Detector simulations : Delphes / IDEA detector 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Absolute coupling and width measurements 

Higgs tagged by a Z, Higgs mass from Z recoil  

Patrick Janot 

Absolute	coupling	and	width	measurement	
q  Higgs	tagged	by	a	Z,	Higgs	mass	from	Z	recoil	

	
	
◆  Total	rate	∝	gHZZ

2																																																									→	measure	gHZZ		to	0.2%		
◆  ZH	→	ZZZ	final	state,	rate		∝	gHZZ

4	/	ΓH													→	measure	ΓH	to	a	couple	%	
◆  ZH	→	ZXX	final	state,	rate	∝	gHXX

2	gHZZ
2	/	ΓH		→	measure	gHXX		to	a	few	per-mil	/	per-cent	

◆  Empty	recoil	=	invisible	Higgs	width;					Funny	recoil	=	exotic	Higgs	decays	

q  Added	value	from	WW	fusion	(mostly	at	350-365	GeV)	
◆  Hνν	→	bbνν	final	state,	rate		R2	∝	gHWW

2	gHbb
2	/	ΓH	

●  bbνν	/	(Zbb	×	ZWW)	∝	gHZZ
4	/	ΓH																															→	ΓH	to	~1	%	

◆  Hνν	→	WWνν	final	state,	rate		R1	∝	gHWW
4	/	ΓH													→	gHWW	to	a	few	per	mil	

6 March 2019 
Physics at FCC : CDR Symposium 

7 

1.2 Theoretical structure of the Standard Model Higgs boson

Table 1.1. The Standard Model values of branching ratios of fermionic decays of the Higgs boson for each value of
the Higgs boson mass mh.

mh (GeV) bb̄ ·
+

·
≠

µ
+

µ
≠

cc̄ ss̄

125.0 57.7 % 6.32 % 0.0219 % 2.91 % 0.0246 %
125.3 57.2 % 6.27 % 0.0218 % 2.89 % 0.0244 %
125.6 56.7 % 6.22 % 0.0216 % 2.86 % 0.0242 %
125.9 56.3 % 6.17 % 0.0214 % 2.84 % 0.0240 %
126.2 55.8 % 6.12 % 0.0212 % 2.81 % 0.0238 %
126.5 55.3 % 6.07 % 0.0211 % 2.79 % 0.0236 %

Table 1.2. The Standard Model values of branching ratios of bosonic decays of the Higgs boson for each value of
the Higgs boson mass mh. The predicted value of the total decay width of the Higgs boson is also listed for each
value of mh.

mh (GeV) gg ““ Z“ W
+

W
≠

ZZ �H (MeV)
125.0 8.57 % 0.228 % 0.154 % 21.5 % 2.64 % 4.07
125.3 8.54 % 0.228 % 0.156 % 21.9 % 2.72 % 4.11
125.6 8.52 % 0.228 % 0.158 % 22.4 % 2.79 % 4.15
125.9 8.49 % 0.228 % 0.162 % 22.9 % 2.87 % 4.20
126.2 8.46 % 0.228 % 0.164 % 23.5 % 2.94 % 4.24
126.5 8.42 % 0.228 % 0.167 % 24.0 % 3.02 % 4.29

are listed for mh = 125.0, 125.3, 125.6, 125.9, 126.2 and 126.5 GeV [47]. In Table 1.2 the predicted
values of the total decay width of the Higgs boson are also listed. It is quite interesting that with
a Higgs mass of 126 GeV, a large number of decay modes have similar sizes and are accessible to
experiments. Indeed, the universal relation between the mass and the coupling to the Higgs boson for
each particle shown in Fig. 1.1 can be well tested by measuring these branching ratios as well as the
total decay width accurately at the ILC. For example, the top Yukawa coupling and the triple Higgs
boson coupling are determined respectively by measuring the production cross sections of top pair
associated Higgs boson production and double Higgs boson production mechanisms.

1.2.4 Higgs production at the ILC

At the ILC, the SM Higgs boson h is produced mainly via production mechanisms such as the
Higgsstrahlung process e

+
e

≠
æ Z

ú
æ Zh (Fig. 1.3 Left) and the the weak boson fusion processes

e
+

e
≠

æ W
+ú

W
≠ú

‹‹̄ æ h‹‹̄ (Fig. 1.3 (Middle)) and e
+

e
≠

æ Z
ú
Z

ú
e

+
e

≠
æ he

+
e

≠. The
Higgsstrahlung process is an s-channel process so that it is maximal just above the threshold of the
process, whereas vector boson fusion is a t-channel process which yields a cross section that grows
logarithmically with the center-of-mass energy. The Higgs boson is also produced in association with
a fermion pair. The most important process of this type is Higgs production in association with a top
quark pair, whose typical diagram is shown in Fig. 1.3 (Right). The corresponding production cross
sections at the ILC are shown in Figs. 1.4 (Left) and (Right) as a function of the collision energy by
assuming the initial electron (positron) beam polarization to be ≠0.8 (+0.2).

The ILC operation will start with the e
+

e
≠ collision energy of 250 GeV (just above threshold for

hZ production), where the Higgsstrahlung process is dominant and the contributions of the fusion
processes are small, as shown in Fig. 1.4 (Left) . As the center-o�-mass energy,

Ô
s increases, the
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Figure 1.3. Two important Higgs boson production processes at the ILC. The Higgsstrahlung process (Left), the
W-boson fusion process (Middle) and the top-quark association (Right).
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Unique feature of lepton-lepton colliders  
   Detecting the Higgs boson without seeing decay: “recoil method”  
   Measure ZH cross section with high precision without assumptions on decay  
   Often interpreted as quasi-direct measurement of width 

f f

Model independence: the ZH Higgs-strahlung process

5

• Measuring the Higgs couplings without strong assumptions on how it decays (but assume same kind of interactions as in the SM..) can 
be done by “tagging” Higgs boson production without observing its decay, detecting only the accompanying Z boson ⇒ recoil mass 

• Without looking at the Higgs decay: 

• Reconstructing H→ZZ:  

• Reconstructing other Higgs Boson decays H→XX: 

• Looking at “invisible” Higgs decays (large missing energy) ⇒ BR(H→invisible)
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Extended unbinned likelihood S+B fit with sys

31.03.2021Cesare Cazzaniga

fmodel(Mrec |σ, mH, ⃗θ ) = Nsig ⋅ CBSh ape(Mrec, mH, δbr, δisr, δL, θs) + Nbkg ⋅ Ch ebych ev(Mrec, θb)
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 644±N =  47206 
 0.013±a0 = -0.4170 
 0.012±a1 = -0.1467 
 0.018±a2 = -0.0570 

 0.016±a3 =  0.067 
Extended B fit. in Bkg region

Fit sidebands

!HHH does not enter single-Higgs processes at LO but it affects production/decay at NLO 


Introduction 
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Preselections - cut flow

31.03.2021Cesare Cazzaniga

Cut flow - Selections

Sample name HZ WW ZZ

Sample size 1E+07 2E+07 2E+07

Events 3,2E+04 1,3E+06 3,7E+05

Pt cut Eff%
76,948 1,42 6,199

Minv cut Eff% 72,16 0,156 5,78

Mrec cut Eff% 72,1546 0,05256 0,0271

Events 2,3E+04 7,0E+02 1,0E+02

E
ve

nt
s

Mrec [G eV ]

After pre-selection 

5ab-1 @ 240 GeV 

Cross section is measured with the recoil method (Higgs boson tagged by a Z→μμ)

Extended unbinned fit 
(S+B with syst.)
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Correlation between  and δκHZZ δκλ

Cesare Cazzaniga

… strong anti-correlation: as expected 
From previous studies 

… menage to put constraints  
simultaneously on both couplings  
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Signal model for couplings extraction
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Model for 240 GeV analysis - coupling extraction

Cesare Cazzaniga 19.04.2021
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Zoom to see !

Nsig = σNLO ⋅ BR ⋅ (1 + δBR) ⋅ ϵ(1 + δϵ) ⋅ L0 ⋅ (1 + δL) ⋅ ISR ⋅ (1 + δISR)

σNLO = (1 + δκHZZ)2 1
1 − δZHκ2

λ
σLO(1 + C1κλ) ⋅ σHZ,tru e

Produced with GraphViz from Roofit output

… Systematics as Gaussians + constraints from LHC

… bare Model

Process dependent coefficient 

Universal  coefficient 

Roberto Salerno (LLR) - meeting FCC contacts 



Roberto Salerno (LLR) - meeting FCC contacts 

Some preliminary results 

||Ecole Polytechnique 3

Combined with HL-LHC
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δκλ ∈ [−0.38, + 0.38]

Compatible with
comb = 1/ (1/HL − LHC )2 + (1/FCCee)2

Exclusive analysis at the moment considering only deformation of the Higgs boson 
cubic coupling.  
Already considering two energy points that will lift off the degeneracy between δkHZZ 
and δκλ deviations
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||Ecole Polytechnique 2

Some numbers … to recap 
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δkλ

…. here only well-constrained sys.: lumi, branching Z,ISR
FCCee-only FCCee + HL-LHC
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Roberto Salerno (LLR) - meeting FCC contacts 

Some preliminary results - number of IP

||Ecole Polytechnique
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Roberto Salerno (LLR) - meeting FCC contacts 

Next steps 

On-going add an orthogonal VBF category @ 365 GeV  
   from simple cut based analysis to multivariate one 


Make n-POI fit 


Include additional variables in the fit (angular distributions and masses 
exclusive decay channels) 

||Ecole Polytechnique 11
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