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The first-phase LHC legacy:

(a) the discovery of the Higgs boson

(b) the indication that signals of new physics around the
TeV scale are, at best, elusive

(c) the rapid advance of theoretical calculations:
precision measurements, from the Higgs to the flavour
sectors

(d) the extraordinary achievements of the accelerator
and of the detectors
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« FCCCDR | (EPJC2019) wrote:

“After 10 years of physics at the Large Hadron Collider, the particle physics
landscape has greatly evolved. The proposed lepton collider FCC-ee is a
high-precision instrument to study the Z, W, Higgs and top particles, and
offers great direct and indirect sensitivity to new physics. Most of the FCC-
ee infrastructure could be reused for a subsequent hadron collider FCC-hh.
The latter would provide proton-proton collisions at a centre-of-mass
energy of 100 TeV and directly produce new particles with masses of up to
several tens of TeV. It will also measure the Higgs self-coupling with
unprecedented precision. Heavy-ion collisions and ep collisions would
contribute to the breadth of the overall FCC programme.”

= Higgs_Precision@FCC-ee
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Fig. 5.1 One-o precision reach at the FCC on the effective single
Higgs couplings, Higgs self-coupling, and anomalous triple gange cou-
plings in the EFT framework. Absolute precision in the EW measure-
ments is assumed. The different bars illustrate the improvements that
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would be possible by combining each FCC stage with the previous
knowledge at that time (precisions at each FCC stage considered indi-
vidually, reported in Tables 5.1 and 5.2 in the & framework, are quite
different)
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e FCC ee 0

The future circular collider, FCC, hosted in a 100 km tunnel, builds on this legacy, and on the experience of previous circular
colliders (LEP, HER A and the Tevatron). The eTe~ collider (FCC-ee) would operate at multiple centre of mass energies ﬁ
producing 5 x 10'2Z" bosons (/s ~ 91GeV), 108 WW pairs (/5 ~ 160GeV), over 10° Higgses (/s ~ 240 GeV), and
over 10° tT pairs (/s ~ 350-365 GeV). The 100 TeV pp collider (FCC-hh) is designed to collect a total luminosity of 20 ab—!,
corresponding to the production of e.g. more than 10'° Higgs bosons produced. FCC-hh can also be operated with heavy ions
(e.g.PbPb at /sy = 39TeV). Optionally, the FCC-eh, with 50 TeV proton beams colliding with 60 GeV electrons from an
energy-recovery linac, would generate ~ 2ab~! of 3.5 TeV ep collisions.
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e Higgs precisions@FCC_ee !
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Table 5.1 Precisions determined in the x framework on the Higgs
boson couplings and total decay width, as expected from the FCC-
ee data, and compared to those from HL-LHC. All numbers indicate
68 % C.L. sensitivities, except for the last line which gives the 95% C.L.
sensitivity on the “exotic” branching fraction, accounting for final states
that cannot be tagged as SM decays. The fit to the HL-LHC projections
alone (first column) requires assumptions: here, the branching ratios
into ¢ and into exotic particles (and those not indicated in the table)

are set totheir SM values. The FCC-ee accuracies are subdivided inthree
categories: the first sub-column gives the results of the fit expected with
5 ab~! at 240 GeV, the second sub-column in bold includes the addi-
tional 1.5 ab—! at /s = 365 GeV, and the last sub-column shows the
result of the combined fit with HL-LHC. Similar to the HL-LHC, the
fit to the FCC-eh projections alone requires an assumption to be made:
here the total width is set to its SM wvalue, but in practice will be taken
to be the value measured by the FCC-ee

Collider HL-LHC ILC2s0 CLIC:g0 FCC-ee FCC-ch
Luminosity (ab~") 3 2 0.5 5@ 240 GeV + 1.5 @ 365 GeV + HL-LHC 2
Years 25 15 8 3 + 4 - 20
5T/ Ty (%) SM 3.6 4.7 27 1.3 1.1 SM
Seuzz/ guzz (%) 1.5 0.30 0.60 02 0.17 0.16 0.43
Sguww /gww (%) 1.7 1.7 1.0 13 0.43 0.40 0.26
B2 Hbb/ gabh (%) 3.7 1.7 2.1 1.3 0.61 0.56 0.74
32 Hee [ 8Hee (%) SM 23 4.4 1.7 1.21 1.18 1.35
0gHee /BHge (%) 2.5 22 2.6 1.6 1.01 0.90 1.17
SgHer/ gare (%) 1.9 1.9 3.1 1.4 0.74 0.67 1.10
SgHpp /gHpp (%) 4.3 14.1 n.a. 10.1 9.0 3.8 n.a.
82y BHyy (%) 1.8 6.4 n.a. 438 39 1.3 23
Sgun/gun (%) 3.4 - - - - 3.1 1.7
BRExo (%) SM < 18 =30 = 1.2 = 1.0 = 1.0 n.a.

The FCC-ee will also provide a first measurement of the Higgs self-coupling to 32%.



e Absolute measurement of the Higgs couplings to Z and
Gamma_H: a starting point for the Higgs_precision@FCC-ee!

improved analysis that exploits the superior performance of the CLD detector design (see the FCC-ee CDR, Sect. 7). The total
Higgs production cross section is determined by counting e e~ — HZ events tagged with a leptonic Z decay, Z — £7¢7,
independently of the Higgs boson decay. An example of such an event is displayed in Fig. 4.2 (left). The mass mgecoil of the
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Fig. 4.2 Left: a schematic view, transverse to the detector axis, of an from the total energy-momentum conservation, with an integrated lumi-
ete” — HZeventwithZ — 't~ and with the Higgs boson decay- nosity of 5 ab™! and the CLD detector design. The peak around 125 GeV
ing hadronically. The two muons from the Z decay are indicated. Right: (in red) consists of HZ events. The rest of the distribution (in blue and
distribution of the mass recoiling against the muon pair, determined pink) originate from ZZ and WW production

to the ratio opz x I'(H — £ZZ)/ 'u, hence to gﬁzzf I"H. The measurement of guzz described above thus allows 'y to be
extracted. The numbers of events with exclusive decays of the Higgs boson into bb, cc. gg. T, u"‘u_, WTW—, ATV ATE



e Higgs signal strengths@LHC

5.1. Higgs signal strengths

Each theoretical signal strength can be written in a product form as

(P, D) >~ u(P) (D), (176)

where P = ggF, VBF, VH, ttH denote the production mechanisms and D = yy, ZZ*), WW®)_ bb, t* 1~ the decay channels,
which are experimentally clean and/or dominant for My ~ 125 GeV. The factorization assumption is valid only when the
production and decay processes are well separated like as in the resonant s-channel Higgs production in the NWA. By
factorizing them, non-resonant and interference effects are inevitably neglected. More explicitly, at LO, the production
signal strengths are given in terms of the relevant form factors and couplings by

IS8 (M) + |PE(My)[?
[SE (M)
gHWWHZZ
AltH) = (g5:,)" + (ghe)” - (177)

and the decay signal strengths by

N B(H — D)

D)= ————, 178
u(D) B(Hoy = D) (178)

with the branching fraction of each decay mode defined by

I'(H — D)
B(H— D) = : (179)
Iot(H) + Al
Note that an arbitrary non-SM contribution AFwt to the total decay width is introduced. We observe o (H) becomes
the SM total decay width when g =1, g =0, 8&uwuz = 1 and ASV&47 = APY£% = 0. Note that the LO
relations in Eq. (177) are most rellab{e when hlgher order corrections to a BSM production cross section and those to the

corresponding SM one are the same and so they are canceled out in the BSM-to-SM ratios. Otherwise they are valid at
LO strictly.

(ggF) =

7(VBF) = fi(VH) =




e g HZZ / g"SM_HZZ < 1 indicates the existence of
additional Higgs bosons participating in EWSB:

gh2 ~1-(Z_6 v*2/M_Heavy)*2 [2HDM]

« EWPT (FCC-hh ... M.Son)
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Fig. 8.3 Manifestations of models with a singlet-induced strong first
order EWPT. Left: discovery potential at HL-LHC and FCC-hh, for the
resonant di-Higgs production, as a function of the singlet-like scalar
mass m>. 4t and bbyy final states are combined. Right: correlation

hZZ coupling: |ghzz/giny — 1|

between changes in the HZZ coupling (vertical axis) and the HHH cou-
pling scaled to its SM value (horizontal axis), in a scan of the models’
parameter space. All points give rise to a first order phase transition
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e Higgs precisions@FCC-ee(repeat)
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Table 5.1 Precisions determined in the & framework on the Higgs
boson couplings and total decay width, as expected from the FCC-
ee data, and compared to those from HL-LHC. All numbers indicate
68 % C.L. sensitivities, except for the last line which givesthe 93% C.L.
sensitivity on the “exotic” branching fraction, accounting for final states
that cannot be tagged as SM decays. The fit to the HL-LHC projections
alone (first column) requires assumptions: here, the branching ratios
into o and into exotic particles (and those not indicated in the table)

are set totheir SMvalues. The FCC-ee accuracies are subdivided inthree
categories: the first sub-column gives the results of the fit expected with
5 ab~! at 240 GeV, the second sub-column in bold includes the addi-
tional 1.5 ab~! at /& = 365 GeV, and the last sub-column shows the
result of the combined fit with HL-LHC. Similar to the HL-LHC, the
fit to the FCC-eh projections alone requires an assumption to be made:
here the total width is set to its SM value, but in practice will be taken
to be the value measured by the FCC-ee

Collider HL-LHC ILCasy CLICagn FCC-ce FCC-eh
Luminosity (ab—!) 3 2 0.5 5@ 240 GeV + 1.5 @ 365 GeV + HL-LHC 2
Years 25 15 8 3 +4 — 20
8lp/ Ty (%) SM 36 4.7 27 1.3 1.1 SM
denrz/ euzz (%) 1.5 (.30 0.60 02 0.17 016 0.43
Seww /S eww (%) 1.7 1.7 1.0 1.3 0.43 (.40 (.26
S2Hbh/ fHb (%) 37 1.7 2.1 1.3 .61 (.56 (.74
80 Hee [ BHee (50) M 23 4.4 1.7 1.21 I.18 1.35
S2rge /Hge (%) 25 2.2 2.6 16 1.01 0.90 117
8o/ Pl (T0) 1.9 1.9 31 1.4 0.74 0.67 .10
S2Hpp /2Hpp (90) 43 14.1 n.a. 10.1 9.0 3.8 n.a.
38y ryy (%) 1.8 6.4 n.a. 48 39 1.3 23
dgHu /gHu (%) 34 - - - - 3.1 1.7
BRExo (%) M = 1.8 = 3.0 = 1.2 = 1.0 = 1.0 ..
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e dg Hgg/g Hgg ~ 1%

S.Y. Choi, |.5. Lee and ]. Park Progress in Particle and Nuclear Physics 120 (2021) 103880

Table 11
(CPC) The best-fitted values in various CP conserving fits and the corresponding yx? per degree of freedom (dof) and goodness of fit. The p-value
for each fit hypothesis against the SM null hypothesis is also shown. For the SM, we obtain x? = 53.81, x?/dof = 53.81/64, and so the goodness

of fit = 0.814. From Ref. [258].

Cases CPC1 CPC2 CPC4 CPCN4
Varying Al ASY G, G, ci,C,

Parameters ASE C;, G ASY, ASE

c 1 1 1.001%00%8 1.042700%7 1.042715078 —1.04210:081 —1.0421)581
C3 1 1 0.96210-1%7 1 1 1 1

c; 1 1 1.024100%3 1 1 1 1

C. 1 1 1.019100H 1.0271054 1.027100% 1.028) 0% 1.02870 03¢
ASY 0 —0.2261032 0 —0.12910377 —0.129+0%7 3.524*0 3.523704)
ASE 0 0.016109% 0 —0.02110%7 —1.3410:065 0.095*00 1.41470.966
ATt (MeV) —0.285701% 0 0 0 0 0 0

x?/dof 51.44/63 51.87/62 50.79/60 50.96/60

Goodness of fit 0.851 0.817 0.796 0.791

p-value 0.124 0.379 0.554 0.583

For the decay H — gg, the scalar and pseudoscalar form factors and the relevant radiative corrections are given
numerically apart from the scalar and pseudoscalar Higgs-fermion—-fermion couplings by

§¢ = 0.688g,; + (—0.043 +0.062i)g,; + (—0.009 + 0.0081) g, + AS®:
P? = 1.048g,;, + (—0.049 + 0.063i)g/;, + (—0.010 + 0.008) gj;c + AP? ;
Soop = 0.8850, &%, =0.0516; &5, = 0.8775, &5, = —0.0218. (153)

o5
'Selw

where is from Fig. 9 and we set nf{i = 0 for Sflii. In the SM, we have S¥ = 0.636 + 0.070i and P# = 0. Similarly



« Wrong-sign H_1 coupling might imply large heavy Higgs Yukawa couplings 13
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i=1 f=udc,stbepnt

with the scalar and pseudoscalar couplings given by
9ir.7r = Opni + Re((r)Oyi £ Sm(C) Oui
Gngr= Sm(()0pi F Re((f)Oui, (50)

where the upper and lower signs are for the up-type fermions f = u, ¢, t and the down-type fermions

f=d, s be p, 1, respectively. The simultaneous existence of the scalar gf;, f and pseudoscalar



e dg Haa/g Haa~ 1% 14

S.Y. Choi, J.S. Lee and J. Park Progress in Particle and Nuclear Physics 120 (2021) 103880
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Fig. 34. (Left) Contour lines for |[AS¥| = 0.4,0.2, 0.1 from left to right on the [m?ll. IgH;1| % |) plane assuming the lighter-chargino-loop contributions

dominate ASY. (Right) The same as in the left panel but on the (My+, |guy+y-|) plane now assuming ASY is dominated by the contributions from
charged-Higgs loops. For the reference value of |ASY| = 0.4, we are taking the 1o error of the CPCN4 fit.

S7 = —8.341g,,,, + 1.826g;;, + (—0.020 4+ 0.024i) g + (—0.023 +0.0211) g}, . + AS” :

In the SM, we have S¥ = —6.558 + 0.047 i
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e Summary : Higgs Precision@FCC-ee

In addition to the unique electroweak precision measurement programme presented earlier, the FCC-ee provides the best
model-independent precisions for all couplings accessible from Higgs boson decays among the e e~ collider projects at the
EW scale. With larger luminosities delivered to several detectors at several centre-of-mass energies (240, 350, and 365 GeV),
the FCC-ee improves on the model-dependent HL-LHC precision by an order of magnitude for all non-rare decays, and is
therefore able to test the Higgs boson at the one-loop level of the SM, without the need of a costly e e ™ centre-of-mass energy
upgrade. The FCC-ee also determines the Higgs boson width with a precision of 1.3%, which in turn allows the HL-LHC
measurements to be interpreted in a model-independent way as well. Other eTe™ colliders at the EW scale are limited by
the precision with which the HZ or the WW fusion cross sections can be measured, i.e., by the luminosity delivered either at
240-250 GeV, or at 365-380 GeV, or both.
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e Decay widths and Brs of the SM Higgs

S.Y. Choi, |.S. Lee and |. Park Progress in Particle and Nuclear Physics 120 (2021) 103880

Table 6

Partial and total decay widths of the SM Higgs in MeV taking My = 125.5 GeV. We compare our numerical estimates with those presented in
Ref. [84] by introducing a quantity § defined by & = (F'rhis peview — I Ref. |541]fFRef_ [s4]- Also presented are theoretical uncertainties (THUs) of the
partial and total decay widths from missing higher orders estimated around My = 125 GeV, see Tables 178 and 182 in Ref. [84].

I'(H — bb) C(H — WW) F'H — gg) r(H— 11) I'(H — ct)
This Review 2.367 9.185 x 10! 3.382 x 10! 2.572 x 107! 1.173 x 10!
Ref. [84] 2.387 0.222 x 107! 3.386 x 107! 2.573 x 107! 1.185 x 107!
S (%] —-08 —0.4 —0.1 —0.05 -10
THU [%] +0.5 +0.5 +3.2 +0.5 +0.5

I'H — Zz) F'(H— yy) I'H — Zy) I'(H — pp) Tt
This Review 1.139 x 107! 9.405 x 103 6.531x 103 8913 x 104 4.129
Ref. [84] 1.139 x 107! 0.438 x 103 6.550 x 103 8.927 x 1074 4.156
5r %] —~0.03 —0.4 -03 -0.2 ~0.65
THU [%] +0.5 +1.0 +5.0 +0.5 +0.73

Table 7

Branching ratios (BRs) of the SM Higgs taking My = 125.5 GeV. We compare our numerical estimates with those presented in Ref. [84]. Estimation
of the total uncertainty THU+ PU has been done by adding linearly the THU and the total parametric uncertainty (PU) where the latter is obtained
by adding the individual PUs in quadrature, see Tables 174, 175, 176, 177, and 178 in Ref. [84].

B(H — bb) B(H — WW) B(H — gg) B(H — t71) B(H — ct)
This Review 5733 x 107! 2.225 x 10! 8.190 x 102 6.230 x 102 2.841 x 102
Ref. [84] 5.744 x 10! 2.219 x 10! 8.147 x 10?2 6.192 x 102 2.852 x 102
THU+ PU [%] 1.7 2.1 72 23 6.6

BH — ZZ) BH — yy) B(H — Zy) B(H — pp) Mot [MeV]
This Review 2.758 x 1072 2.278 x 103 1.582 x 103 2.159 x 10°* 4129
Ref. [84] 2.741 x 102 2.271x 1073 1.576 x 1073 2.148 % 10* 4.156
THU+ PU [%] 2.1 29 6.9 24 19




e Wrong-sign bottom-quark Yukawa (LHC): a
preference of the positive sign at ~ 1.5\sigma
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Fig. 31. CPC4: (Upper) The confidence-level (CL) regions of the fit by varying C,, Cj, Cj, and C;. The contour regions shown are for Ax? < 2.3 (red),
5.99 (red+green), and 11.83 (red+green+blue) above the minimum, which correspond to confidence levels of 68.3%, 95%, and 99.7%, respectively. The
best-fit points are denoted by triangles. (Lower) Ax? from the minimum versus Yukawa couplings. From Ref. [258].



o Target precisions@FCC-hh (rare decays) rcenis
needed to pin down PDF for \mu
Eur. Phys. J. C (2019) 79:474 Page 17 of 161 474

Table S.2 Target precision, at FCC-hh, for the parameters relative to that is typically half that of what is shown here, since all rates and
the measurement of various Higgs decays, ratios thereof, and of the branching ratios depend quadratically on the couplings
Higgs self-coupling. Notice that Lagrangian couplings have a precision

Observable Parameter Precision (stat) Precision (stat 4 syst 4 lumi)
i =o(H) x B(H— yy) S/ 0.1% 1.45%
pw=ocH) x BH— pp) St/ 0.28% 1.22%
pn=0o(H) x BH— 4p) Iy 0.18% 1.85%
pu=0o(H) x BH— yup) S/ 0.55% 1.61%

i = o (HH) x B(H— yy)B(H — bb) Sh /A 5% 7.0%

R =BMH — pp)/BH — 4p) SR/R 0.33% 1.3%

R =B(H — vyy)/B(H — 2e2pn) SR/R 0.17% 0.8%
R=BH — yy)/B(H— 21) SR/R 0.29% 1.38%
R=BH — ppy)/BH — np) SR/R 0.58% 1.82%

R = o (ttH) x B(H — bb) /o (ttZ) x B(Z — bb) SR/R 1.05% 1.9%

B(H — invisible) B@95%CL 1x 10~ 2.5x 107*

branching ratios. Taking as a given the value of the HZZ coupling (and therefore B(H — 4¢£)), which will be measured to
the few per-mille level by FCC-ee, from the FCC-hh ratios it could be possible to extract the absolute couplings of the Higgs
to yy (0.4%), wp (0.7%), and Zy (0.9%).



e Trillinear Higgs self-coupling (FCC-hh): ~8(~2)% with
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Left: the relative log likelihood distribution for the nominal value of A3;; = 1 at the 100 TeV hadron collider with 3 ab™!. The

black circles are the values obtained by a likelihood fitting of M,,;,;, distributions using BDTgy; with the BDT response cut of 0.216. The
black solid line shows the result of a polynomial fitting and the thin dashed line at 0.5(2.0) indicates the value corresponding to a 15(2¢)
CI. The shaded region shows the 16 CI expected at the ILC at 1 TeV with 8 ab™!. Right: the SM M,,;;, distribution (solid line with dots
with le error bars) and those for 4y = 0.92 and 1.08 (dashed lines).
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Measuring the trilinear Higgs boson self-coupling at the 100 TeV hadron collider via multivariate analysis



e The electron Yukawa: H run@FCC-ee with
Vs=129.09 GeV

The electron Yukawa coupling

The measurement of the electron Yukawa coupling is challenging due to the small size of the electron mass. If, for a variety of
reasons, the FCC schedule called for a prolongation of the FCC-ee operation, a few additional years spent at centre-of-mass
energy in the immediate vicinity of the Higgs boson pole mass, /s >~ 125.09 GeV, would be an interesting option. At this
energy, the resonant production of the Higgs boson in the s channel, ete™ — H, has a tree-level cross section of 1.64 fb,
reduced to 0.6 fb when 1nitial-state radiation 1s included, and to 0.3 1b if the centre-of-mass energy spread were equal to the
Higgs boson width of 4.2 MeV [81].

A much larger spread, typically of the order of 100 MeV, is expected when the machine parameters are tuned to deliver
the maximum luminosity, rendering the resonant Higgs production virtually invisible. The energy spread can be reduced
with monochromatisation schemes [82], at the expense of a similar luminosity reduction. It is estimated that 2(7) ab~! can
be delivered in one year of running at /s >~ 125.09 GeV with a centre-of-mass energy spread of 6 (10) MeV. From a
preliminary cut-and-count study in ten different Higgs decay channels, the resonant Higgs boson production is expected to
yield a significance of 0.40 within a year in both scenarios, allowing an upper limit to be set on the electron Yukawa coupling
to 2.5 times the SM value. The SM sensitivity can be reached in five years [83].

The FCC-ee therefore offers a unique opportunity to set stringent upper bounds on the electron Yukawa coupling. These
bounds are of prime importance when it comes to interpreting electron electric dipole measurements in setting constraints
on new physics. The bounds on top CP violating couplings given in Ref. [84], for example, are invalidated if the electron
Yukawa coupling is neither fixed to its SM value nor constrained independently.
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Table 5.1 Precisions determined in the & framework on the Higgs
boson couplings and total decay width, as expected from the FCC-
ee data, and compared to those from HL-LHC. All numbers indicate
68 % C.L. sensitivities, except for the last line which givesthe 93% C.L.
sensitivity on the “exotic” branching fraction, accounting for final states
that cannot be tagged as SM decays. The fit to the HL-LHC projections
alone (first column) requires assumptions: here, the branching ratios
into o and into exotic particles (and those not indicated in the table)

are set totheir SMvalues. The FCC-ee accuracies are subdivided inthree
categories: the first sub-column gives the results of the fit expected with
5 ab~! at 240 GeV, the second sub-column in bold includes the addi-
tional 1.5 ab~! at /& = 365 GeV, and the last sub-column shows the
result of the combined fit with HL-LHC. Similar to the HL-LHC, the
fit to the FCC-eh projections alone requires an assumption to be made:
here the total width is set to its SM value, but in practice will be taken
to be the value measured by the FCC-ee

Collider HL-LHC ILCasy CLICagn FCC-ce FCC-eh
Luminosity (ab—!) 3 2 0.5 5@ 240 GeV + 1.5 @ 365 GeV + HL-LHC 2
Years 25 15 8 3 +4 — 20
8lp/ Ty (%) SM 36 4.7 27 1.3 1.1 SM
denrz/ euzz (%) 1.5 (.30 0.60 02 0.17 016 0.43
Seww /S eww (%) 1.7 1.7 1.0 1.3 0.43 (.40 (.26
S2Hbh/ fHb (%) 37 1.7 2.1 1.3 .61 (.56 (.74
80 Hee [ BHee (50) M 23 4.4 1.7 1.21 I.18 1.35
S2rge /Hge (%) 25 2.2 2.6 16 1.01 0.90 117
8o/ Pl (T0) 1.9 1.9 31 1.4 0.74 0.67 .10
S2Hpp /2Hpp (90) 43 14.1 n.a. 10.1 9.0 3.8 n.a.
38y ryy (%) 1.8 6.4 n.a. 48 39 1.3 23
dgHu /gHu (%) 34 - - - - 3.1 1.7
BRExo (%) M = 1.8 = 3.0 = 1.2 = 1.0 = 1.0 ..
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4.5.2 Determination of Higgs couplings

The amplitude of the subprocess, VV — H — XX (X = b, W, g, 1, c, Z, y)involves a coupling to the vector boson V, scaling
as Ky, and the coupling to the decay particle X, proportional to xx, modulated by a x dependent factor due to the total decay
width. This leads to the following scaling of the signal strength

1

w¥ = k2 k2
x — Ky Kx a5
ZJKJ-BRJ

(4.1)

which is the ratio of the experimental to the theoretical cross sections, expected to be 1 in the SM. Measurements of this
quantity at the LHC are currently accurate to (2(20) % and will reach the ©(5) % level at the HL-LHC. With the joint CC and
NC measurements of the various decays, considering the seven most abundant ones illustrated in Fig.4.11, one constrains
with the above equation the seven xx parameters. The joint measurement of NC and CC Higgs decays provides 9 constraints
on ky and 9 on k7 together with 2 each for the five other decay channels considered. Since the dominating channel of H — bb
is precisely determined, there follows a strikingly precise determination of the x values, to about or below one percent, as is
shown in Fig.4.12. A feature worth noting is the“transfer” of precision in signal strength from the gy in the CC channel to
«w-. This overall level of precision may as well be used to constrain EFT parameters, a task beyond the standalone FCC-eh
analysis presented here.

A fundamental quantity to be accessed, linking the two heaviest SM elementary particles, is the ttH coupling, and its associated
CP phase &, expected to vanish in the SM. An update of the LHCeC analysis documented in Ref. [97] shows that FCC-eh
could achieve a precision of 1.9% in the determination of ¢;.

backgrounds such as single top and W photoproduction. The resulting uncertainty on the invisible Higgs branching ratio is
estimated to be 1.2%.
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