77 Heoiem

CHONNAM NATIONAL UNIVERSITY

Prospects for Higgs Precision

at the LHC and FCC
Jae Sik Lee (Chonnam Nat’l Univ.)

Pioneer Symposium, 2026 KPS Fall meeting
22/0ctober/2026, Jeju ICC



Contents:

-- Framework
-- LHC

-- FCC-ee

-- Synergies

-- Summary



Framework



Higgs couplings: cpsupert [JsL et al., CPC (hep-ph/0307377)]
Yongtae Heo, Dong-Won Jung, JSL, PRD [e-Print:2402.02822]

o Z gny T#(,.s . P
=154

_ 1
Luavy = gMW (gHWWW,Lj—W # -+ gHZZF ZMZ'M) H
w

a(0)M3 2
Myym = R ST (Myg) (€1, -€5,) — P7 (MH)M (e1€5k1ka)
H
S (Mu) = 2 ) NLQFghss For(tf) = Guww Fi(rw) + AST;
f=bt,T
P'(My) = 2 Y NLQ}ghsy Fop(rs) + APV,

f—h+ ~

o Qg M) M2 5ab i} .\ 9 .
MggH - = ( H) & {SQ(MH) (Gu 'Eu) - PQ(MH)W<€1627411€2>}
H

41 v
S(Mm) =Y g Far(ry) + A8 PUMu) = 3 ggzp Fps(7) + AP

f=b,t,c I=bte
Zy * * * * Z~ * %

MZ’)/H —%{S (MH,Mz) [kl 'kg €1 €9 —kl ) k2'€1] - P (MH,M2> <€1€2k11€2>}
2s52,Q

SP(My,Mz) = 2> NiQs I QSWQf 9igs Ger(Tr, Ap) — ! — Guww G1(Tw, Aw) + AS?7, P%/(Myg, Mz) = 2 Z NéQf—Wf 9t17s Gor(Ts, Ap) + AP?Y,
Cw Sw f=t,b,r

f=tb,



Loop-induced Higgs couplings at LO : MH=125 GeV

S7 = —8.324 gy + 1.826 gz + (—0.020 4+ 0.0254) g7, + (—0.024 + 0.0221) g5, + AS7;

PY = 2.771 gy, + (—0.022 + 0.025 ) gbz, + (—0.025 4 0.0224) g37,., + AP7

Sy = —6.542 4 0.046 7

S9 = 0.688 g7z + (—0.043 + 0.06314) g%z, + (—0.009 + 0.008 %) g7z + ASY;

P9 = 1.047 gtz + (—0.050 + 0.0634) g5z, + (—0.010 + 0.008 %) gf7z. + APY,

SI . = 0.636 + 0.071

S#7 = —12.3401 g, + 0.6891 g5z, + (—0.0186 4 0.01114) g75, + (—0.0005 + 0.00027) g7, + ASZ?
P?Y = 1.0459 g3;7, + (—0.0219 4 0.011214) g1 =, + (—0.0006 + 0.00024) g;,, + AP7

S&T = —11.6701 + 0.0114 4



Signal strengths:

u(P, D) =~ u(P) u(D)

P .~ B(H — D)

p  goF. VBF, WH, ZH. ttH, and tH
D vy, ZZ*, WW?* bb, T, and pp

E(D) _ B(H —}»'D) _ F(H —}I;') y Ftot(HSIv[)
B(Hsy — D) T'(Hsm — D) Tioe(H) 4+ ATl ot

Precisely, we calculate the total Higgs decay width by summing over the 9 partial widths of the Higgs decay modes into bb, WW*, gg, 77—,
ce, ZZ*, vy, Z~, and ptp~. Therefore, Al'tot addresses either all the Higgs decays into particles other than these 9 final states such as
dark matter and light quarks or decays into gg, ce, and Z~ beyond the SM.



Productions@LHC:
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Decays: Seong Youl Choi, JSL, Jubin Park, PPNP [2101.12435]
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Decay widths and Brs of the SM Higgs boson

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 3, defined by 6, = (FThis Review — J Ref. |g4]) /Tret [34). 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) I'(H — WW) I'(H — gg) I'H— t71) I'(H — c¢)
This Review 2.367 9.185 x 10! 3.382 x 107! 2.572 x 107! 1.173 x 107!
Ref. [84] 2.387 9.222 x 107" 3.386 x 107! 2.573 x 107! 1.185 x 107!
5r [%] —0.8 —0.4 —0.1 —0.05 —-1.0
THU [%] +0.5 +0.5 +3.2 40.5 +0.5

I'H — ZZ) I'H = yy) I'(H—Zy) I'(H— pp) Lot
This Review 1.139 x 107! 9.405 x 1073 6.531 x 1073 8.913 x 1074 4129
Ref. [84] 1.139 x 107! 9.438 x 1073 6.550 x 1073 8.927 x 1074 4.156
5r [%] —0.03 —0.4 —-0.3 —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 — c¢)
This Review 5.733 x 10! 2.225 x 107! 8.190 x 102 6.230 x 1072 2.841 x 102
Ref. [84] 5.744 x 107! 2.219 x 107! 8.147 x 1072 6.192 x 1072 2.852 x 1072
THU+ PU [%] 1.7 2.1 7.2 2.3 6.6

B(H — ZZ) B(H — yy) B(H — Zy) B(H — pu) Tt [MeV]
This Review 2.758 x 1072 2.278 x 1073 1.582 x 1073 2.159 x 1074 4.129
Ref. [84] 2.741 x 1072 2271 x 103 1.576 x 1073 2.148 x 1074 4.156

THU+ PU [%] 2.1 2.9 6.9 2.4 1.9




our framework ~ kappa framework

LHC HXSWG interim recommendations to explore the coupling structure of a
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More useful for the studies of
CPV, signs of Higgs couplings,
BSM particles in loops, etc
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LHC Higgs Cross Section Working Group - A. David (LIR, Lisbon) et al. (Sep, 2012)

e-Print: 1209.0040 [hep-ph]
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High-Luminosity LHC (HL-LHC) S ATLAS

ITh inbagration dates s CERN
LHC and HL-LHC schedule They we re there /2enatol  Stip EC-1, Bamed, EC-2
are here

BIL APC roquired  Pusl Ouler & e aystems  (Th rition
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‘ Aun 3 Long Shutdown 3 (LS3)
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Run 3 wrapped up in June 2026 and the official start of Long Shutdown 3 (LS3)
occurring on August 31, 2026

|

il

LS3 Duration: Ongoing through late 2029

Run 4 / High-Luminosity LHC (HL-LHC) Start: Scheduled to begin in June 2030
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Higgs productions @ LHC (Run 1 & Run 2): MH=125GeV

Vs (TeV)||ggF (pb)| VBF (fb)|WH (fb) |ZH (fb)|ttH (fb) [tHq (fb)[tHW (fb) [bbH (fb)
7 16.85 | 1241.4 | 577.30 | 339.10 | 88.78 | 12.26 - 155.20
8 21.42 | 1601.2 | 702.50 | 420.70 | 133.0 | 18.69 - 202.10
13 48.57 | 3781.7 | 1373.00 | 883.70 | 507.2 | 74.25 | 152 | 488.00

Ny = o x L£L~60pb x 150/fb = 9,000,000

Run 1 (2010 ~2013): 5/fb @ 7 TeV & 20/fb @ 8 TeV (each collaboration)

Measurements of the Higgs boson production and decay rates and constraints on its couplings from a
combined ATLAS and CMS analysis of the LHC pp collision data at /s = 7 and 8 TeV

ATLAS and CMS Collaborations * Georges Aad (Marseille, CPPM) et al. (Jun 7, 2016)
Published in: JHEP 08 (2016) 045 * e-Print: 1606.02266 [hep-ex]

pdf @ DOI [4 cite E datasets |_'=Q' reference search %) 2,028 citations

Run2 (2015 ~2018): ATLAS 139/fb @ 13 TeV & CMS 138/fb @ 13 TeV

A detailed map of Higgs boson interactions by the ATLAS experiment ten years after the discovery
ATLAS Collaboration + Georges Aad (Marseille, CPPM) et al. (Jun 30, 2022)

Published in: Nature 607 (2022) 7917, 52-59, Nature 612 (2022) 7941, E24 (erratum) - e-Print: 2207.00092 [hep-ex]

pdf Z links & DOI [4 cite B datasets EQ reference search %) 1,015 citations

A portrait of the Higgs boson by the CMS experiment ten years after the discovery.
CMS Collaboration + Armen Tumasyan (Yerevan Phys. Inst.) et al. (Jun 30, 2022)
Published in: Nature 607 (2022) 7917, 60-68, Nature 623 (2023) 7985, E4 (erratum) » e-Print: 2207.00043 [hep-ex]

pdf @ links @ DOI [4 cite H datasets [@ reference search %) 1,063 citations



. Global __ 1 09+0.11
Run 1 ATLAS+CMS: 20 signal strengths #Run1 Y9-0.10
Decay mode
Production mode Yy L7 WWw+* bb TT
ggF 1105033 1138031 0.8411] - 1.0+0:6
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Decay mode

Run2

Production mode
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Combined: Runl + Run2 ATLAS + Run2 CMS

Yongtae Heo, Dong-Won Jung, JSL, PRD [2402.02822]

1.3

1.2
black: Run2 CMS

1.1

magenta: Runl (95%CL)
blue: Run2 ATLAS (95%CL)

(95%CL)

shaded: Combined
(red,green)=(68%CL, 95%CL)

G2 =0.930 4

Illll'l]l]]llll]llll
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6o 085 1 105 11 115 12 a(bb) <1, and/or
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Single parameter varied

Varying Cy s = 1.00570-017 Cy = 1.02879-018 Cw = 1.031F0 418 Cz = 0.992" 0058
Parameter
gof 0.2649 0.3449 0.3867 0.2641
p-value 0.7590 0.0810 0.0349 0.8014
_ CPC1-IH i
&ﬁﬁf&é“ 1 HW[‘)!;HH‘.'IHJ“B [974‘5_‘_‘_‘5{5‘_‘_‘_[‘)%9_5““%‘ 1‘.6”‘1!1‘ H115 d:.;ﬁ_‘_‘_‘ﬁ%w_t‘)_ﬂl_‘&‘ “1‘ 1.0’””1‘.1““1.15 &;E:HID{BH‘ELBS‘ 1”‘1‘.05‘”‘1?1‘“‘115
C\II IGV CW CZ
Varying C7 = 092075 0% C% = 0.98775 056 CF = 0.98810 02 CS =0.84779:533
Parameter
gof 0.4753 0.2687 0.2680 0.2643
p-value 0.0071 0.6209 0.6421 0.7948
CPC14 . -
N: 6 N: 6 N: 8- of-
TR m T P g R TR Y IR T R s T R R L ‘w‘.‘s“:”émé.s
cs cs c? c:
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Single parameter varied

Varying CF = 09781502 CP = 093915038 CS =0.93315-03% C5 = +1.07870120,
Parameter —1.078701%
gof 0.2774 0.3330 0.3451 0.2678
p-value 0.4450 0.1048 0.0806 0.6473
|
N: 6; C\i 6 ‘:‘? s :
1 0.5 COZ; 05 1 0.5 C[)IS 05 1 1 0.5 (;)f 05 -2 -1 -1 -05 Ccﬁ 05 1 15
Varying | AS7 = —0.31370-178 ASI = —0.00670929 | Al = —0.04210-122 MeV
Parameter
gof 0.3474 0.2636 0.2649
p-value 0.0769 0.8425 0.7590
. CPC1-HC . . CPC1-1U
- -1 -08 - ‘GA- ;!- .. 4 0.2 -0.15 -0.1 - .A Sgn X 1 1 -0.8 -0.6 -0.4 -z r:)t (Mev; .6 0. 1
0.176/6.542=2.7% 0.030/0.636 =4.7 % 0.142/4.129=3.4%
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Combining the LHC Runl and Run2 Higgs: Summary of CPCn
fits with n =2 ~ 6 parameters varied:

o Cy, Cyw, Cz: consistent with the SM with the 1o error of 2%-3%
o C5, C3  (C5,: about 20 below the SM with the 1o error of 3%-4%
o C%,, C?, C?: about 20 below the SM with the 1o error of 4%-5%
e (C7: about 1o below the SM with the 1o error of 7%-8%

° }Cf}: consistent with the SM with the 1o error of 12-15%

CPC1 fits with a single parameter varied:
* kappa_g: 1sigma error of 5%
* kappa_gamma: 1sigma error of 3%
* Gamma_H: 1sigma error of 4%

Additionally,

*Wrong sign of the top Yukawa is completely ruled out
*Wrong sings of the bottom and tau Yukawa start to be excluded



Yongtae Heo, Dong-Won Jung, JSL, PRD [2402.02822]

Best gof!
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Goodness of fit

The Runl + Run 2 LHC Higgs precision data are NOT best described
by the SM Higgs boson !
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Higgs productions @ LHC (Run 3): MH=125 GeV

Run3 (2022 ~2026): ATLAS 332/fb @ 13.6 TeV & CMS 326/fb @ 13.6 TeV

arXiv:1610.07922 (CYR), 1607.05862 (13 TeV tHW), 2207.00092 (Run3)

Vs (TeV) ||ggF (pb) |VBF (fb)|WH (fb) |ZH (fb) [ttH (fb) |tHq (fb) [tHW (fb)|bbH (fb)

7 16.85 1241.4 577.30 | 339.10 | 88.78 12.26 — 155.20

8 21.42 1601.2 702.50 | 420.70 | 133.0 18.69 — 202.10

13 48.57 3781.7 | 1373.00 | 883.70 | 507.2 74.25 15.2 488.00
13.6 52.23 4078 1457 943.9 570 86.7 17.2 527

N =0 x £ ~ 60 pb x 300/fb ~ 2 x 10

Run3 Higgs data are not included in this report...
we might need to walrt...

One of the key points to watch: kappaF is smaller than 1 or
not driven by u(yy) > 1, u(bb) <1,and/orp(tt)<1

23
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FCC-ee

Main Ref.: FCC Physics Opportunities Eur. Phys. J. C 79 (2019) 6,474
Future Circular Collider Conceptual Design Report Volume 1

FCC Physics Opportunities : Future Circular Collider Conceptual Design Report Volume 1
FCC Collaboration « A. Abada (LPCE, Orleans) et al. (Dec 14, 2018)
Published in: Eur.Phys.J.C 79 (2019) 6, 474

pdf @ links ¢ DOI [4 cite FQ reference search %) 1,222 citations

yan ]



v

100 km

Table 2.1 Run plan for FCC-ee in its baseline configuration with two experiments. The number of WW events is given for the entirety of the
FCC-ee running at and above the WW threshold

Phase Run duration (years) Centre-of-mass Integrated lumi- Event statistics

energies (GeV) nosity (ab—1)
FCC-ee-Z 4 88-95 150 3 x 10!? visible Z decays
FCC-ee-W 2 158-162 12 108 WW events
FCC-ee-H 3 240 5 10° ZH events
FCC-ee-tt(1) 1 340-350 0.2 tt threshold scan
FCC-ee-tt(2) 4 365 L5 10° tt events




ACCELERATORS | MEETING REPORT CERN Courier

Towards a century of trailblazing
physics

1 September 2023 Final
decision
2014 2045
2018 2048
a o o @ o] o
HL-LHC
Conceptual Design Feasibity Study Construcion ol ends ‘ Operationof FCC-hh

Q + rERN T
Stud «=rNCou ~
Y tunneland FCC-ee

starts

Real time Taking into account past experience with building colliders at CERN,
the approval timeline, and assuming that the HL-LHC will run until 2041, FCC
could begin operations in 2045-2048. From the perspective of the technical
schedule alone, operation of FCC-ee could start in 2040 or earlier. Credit: E

Bentall FCC-ee could start in 2040 or earlier !



@240GeV: -
200 fb * 5/ab (3 years) ~10"6 HZ -

The key pointis the absolute measurement of the Higgs
coupling to ZZ and the total decay width !

1st: The total Higgs production cross section 10°
is determined by counting e+ e— — HZ E 251 '[]z,., S .5 b'_1 T
_ . :

events tagged with a leptonic Z decay, Z — 5 L 0z 1

I+ |-, independently of the Higgs boson s [ [Jww

decay considering the recoil mass L ]
m%{ocoﬂ =8+ M% - 2\/§<E€+ + E€—> = p%l 103— ]

2n: The measurement of g_HZZ allowsT_H o .

to be extracted through e+ e- > HZ; H > ZZ ' i

i ot o ":‘_.‘.."A-..A i ; R B ll 1 n x V".:v
g%IZZ 50 60 70 80 90 100110120 130140 150
I'n 28

since



Table 4.2: Precision determined in the k framework of the Higgs boson couplings
and total decay width (results of global fits)

Collider HL-LHC ILC250 CLIC380 LEP3240 CEPC250 FCC-66240+365
Lumi (ab™!) 3 2 1 3 5 5240 + 1.5365 +HL-LHC
Years 25 15 8 6 7 3 +4
stu/Tu (%) 68% SM 3.6 4.7 3.6 2.8 2.7 1.3 1.1
dgnzz/ guzz (%) L.5 0.3 0.60 0.32 0.25 0.2 0.17 0.16
Sgnww /gnww (%) 1.7 1.7 1.0 1.7 1.4 1.3 0.43 0.40
Sgmbb/gnvy (%) 3.7 1.7 2.1 1.8 1.3 1.3 0.61 0.56
tagged
Sgbice/ gHee (%) SM 2.3 44 2.3 22 cquarks 17 1.21 1.18
SgHge/ gneg (%0) 2.5 2.2 2.6 2.1 1.5 &gluons 1.6 1.01 0.90
dghw /g (%0) 1.9 1.9 3.1 1.9 1.5 1.4 0.74 0.67
S gtmm/ gty (%) 43 14.1 n.a. 12 8.7 10.1 9.0 3.8
5 gtiyy/ gty (%) 1.8 6.4 n.a. 6.1 37 4.8 39 1.3
Sgn/&gnu (%) 34 - - - - - - 3.1
BRgxo (%) 950/0 SM < 1.7 < 2.1 <16 < 1.2 < 1.2 <1.0 <10
5 E . Unpolgrized cross sect:ions o' —HZ
we S : —WwW >H
_5 - —7Z —H
B 200 ey S SO i S I
A
0 .
Table 2.1 Run plan for FCC-ee in its baseline configuration with two experiments. The number of WW events is given for the entirety of the g 150 -
FCC-ee running at and above the WW threshold O -
Phase Run duration (years) Centre-of-mass Integrated lumi- Event statistics
energies (GeV) nosity (ab™!) 100|—
FCC-ee-Z 4 88-95 150 3 x 10'2 visible Z decays E A T T T B o
FCC-ee-W 2 158-162 12 108 WW events 50— a
FCC-ee-H 3 240 5 10° ZH events B :
FCC-ee-tt(1) 1 340-350 0.2 tt threshold scan s f
6 .- 800 220 240 260 280 340 360
FCC-ee-tt(2) 4 365 1.5 10° tt events

Vs (GeV)



Synergies



Synergies:
with FCC-eh and FCC-hh



FCC-eh: Productions via ep — v HX (WW fusion:c = 1 pb) and
ep = eH X (ZZ fusion:0=0.15 pb)) : NH ~ 2.3 - 106 events w/ 2 ab-1

Fig. 4.12: Determination of the k scaling parameter uncertainties from a joint SM fit
of CC and NC signal strengths: green=FCC-eh alone

8.00
Ok/k [%]
6.00
@ LHeC
4.00
W HE LHeC
2.00 FCC-eh
0.00 -
bb WW gg TT cC 77 vV

TableS.1 0.74% 0.26% 1.17% 1.10% 1.35% 0.43% 2.3%
tt: 1.7%
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Relative uncertainty
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The FCC-eh provides measurements the very precise PDF and as which will
critically improve the systematics of Higgs measurements at FCC-hh:
Fig. 5.13 (left) and Fig. 5.14 (right)

parton-parton luminosities (Vs = 100 TeV)

B PDF4LHC15

WFCC-eh

qg qq

102

il " Loa sl L " E o sl aa sl PR
10° 10* 10? 10°

M, [GeV]

10*
M, [GeV]

Relative uncertainty

parton-parton luminosities (Vs = 100 TeV)

N FCC-eh

= \\\\\\\\\\\\\\\\\\\\\\\\\\\\\% S

= \\\\\\\\\\\\\\\\\\\\\ \\:\_\“““‘“““““““““““‘“ S

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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NN _TOrOrr s
RS

1 1 1 1
10° 10* 10° 10*

M, [GeV] M, [GeV]

For example, the gg PDF uncertainty
at 100 TeV: subpercent between M_H
and several TeV
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Two characteristic elements of FCC-hh:
large statistics & large kinetic range

Large statistics: Table 4.3

Table 4.3 Higgs production event rates for selected processes at 100 TeV (N1gp) and 27 TeV (N27), and statistical increase with respect to the
statistics of the HL-LHC (N100,27 = 0100/27 Tev X 30/15 ab_l, Nig =014 Tev X 3 ab_l)

gg — H VBF WH ZH ttH HH

Nioo 24 x 10° 2.1 x 10° 4.6 x 108 3.3 x 108 9.6 x 108 3.6 x 107
Nioo/Nia 180 170 100 110 530 390

No7 2.2 x 109 1.8 x 108 5.1 x 107 3.7 x 107 4.4 x 107 2.1 x 100
N27/N14 16 15 11 12 24 19

The large rates enable precise measurements of branching ratios for rare
decay channels such as yy, uy, or Zy.
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La rge Kinetic range: Fig. 4.3 Production rates of Higgs bosons above

a given pT threshold, for various production channels at 100 TeV and 30 ab-1

N=0(Pry>Prmn) X 30 ab™*
100

N Solid: gg—>H
Dashes: ttH

N=1M 106

ttH

1 ] | VIBFI

102 | ] ]

I

1000 2000 3000
Prmin (GeV)
The large kinematic range can be used to improve the S/B ratios, suppress the
systematic uncertainties and amplify the presence of modified Higgs couplmgs due
to higher-dimensional operators (SMEFT)

4000

5000

LHC: ggF
always
dominates



Fig. 4.4: The uncertainty on the reconstruction efficiency of electrons, photons and
muons as a function of transverse momentum
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The smaller uncertainties at large pT improve the experimental systematics,



Target precisions @FCC-hh(rare decays): rcc-eeeh + precision Ew

Table 4.4 Target precision for the parameters relative to the measure- typically half that of what is shown here, since all rates and branching
ment of various Higgs decays, ratios thereof, and of the Higgs self- ratios depend quadratically on the couplings
coupling A. Notice that Lagrangian couplings have a precision that is

Observable Parameter Precision (stat) Precision (stat+syst+lumi)
nw=oc(H) x BH— yy) S/ 0.1% 1.5%

nw=ocH) x BH— pp) S/ 0.28% 1.2%

uw=ocH) x BH— 4pn) S/ 0.18% 1.9%

w=ocH xBH— yup) S/ 0.55% 1.6%

w = o (HH) x B(H — yy)B(H — bb) - 5% 7.0%

R =B(H — up)/B(H — 4p) SOme - SR/R 0.33% 13%  apsolute couplings
R = B(H — yy)/BH — 2e2p) Systematics SR/R 0.17% 0.8% withg HZZ or

R =B(H — yy)/BH — 2p) cancelin SR/R 0.29% 1.4% B(H>4l) given by
R =B(H — puuy)/BH — pp) Ratios SR/R 0.58% 1.8 Fceee

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 1 x 1074 2.5x 107

* Considering the neglected experimental complexity such as pile-up, the most
robust measurements will involve the ratios of branching ratios:
U (0.7%), vy (0.4%), Zy (0.9%), and tt (1%)

* Higgs self-coupling: HH (7%)
* H>inv: BR(H>4nu)~1.1x10"-3 (visible with 1/ab) ; sensitivity~2x10”-4 with 30/ab



FCC-hh Simulation (Delphes) FCC-hh Simulation (Delphes)

§ _II|IIII|IIII|IIII|IIII|IIII!IIIIIIIII!IIIIIIIII :IIII‘IIII‘IIIIII‘|III‘|IIII|‘IIIIIIIIIII‘Illlll
;. (s =100 TeV — stat. + syst. + lumi - Vs =100 TeV — stat + syst (cons.)
= 10 : = B stat + syst (opti 7
tat. t. yst (optim.)
E’ F L=30 ab”’ sial v sys . L =30 ab’
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- 1.5% — - !

IIIIIIIl
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Fig. 4.5 Projected precision for the Fig. 4.6 Projected precision for the

rate measurement of various Higgs measurement of ratios of rates of different
final states, in the gg — H production  Higgs final states, in the gg — H production
channel (Taking, for example, H>yy)  channel.

The uncertainties of the ratios of branching ratios of different decay modes become
dominated by the statistics and the uncorrelated systematics as pT_min(H) grows.



Collider HL-LHC ILCas0 CLIC3g9 LEP3,49 CEPCys0 FCC-eep0. 365

Lumi (ab~") 3 2 1 3 5 Sx40 + 1.5365 +HL-LHC
FCC-ee+HL_LHC: Table4.2 » = = & © & . ©
—_— L] L] 8T/ Tu (%) SM 3.6 4.7 3.6 2.8 2/ 13 1.1
squzz/guzz (%) 15 0.3 0.60 0.32 0.25 0.2 0.17 0.16
Sgnww /gnww (%) 1.7 1.7 1.0 17 1.4 13 043 0.40
) 37 7 2.1 1.8 13 13 0.61 0.56
Sgitee/gitee (%) SM 23 4.4 23 22 L7 121 118
Sgrge/grgs (%) 25 22 2.6 2.1 15 1.6 1.01 0.90
aaaa Jaiee (%) 1.9 1.9 31 19 15 1.4 0.74 0.67
o Sgtmm/gtun (%) 43 14.1 na. 12 8.7 10.1 9.0 3.8
° Sgnyy/giyy (%) 1.8 6.4 n.a. 6.1 3.7 48 39 153
kappa framework: Fig. 8.5 A - -
BRexo (%) SM <17 <21 <16 <12 {2 <10 <10

® HLLHC = +FCCee ® +FCCeh = + FCChh

A R | H I Pl e
: [= Jf't 68% prob. uncertainties

[ FCC-ee+HL_LHC
1 o U N 0 QEY ] « IR O
i 3.8% 3.1% WBE:

_ 1.2% 0.26% 1.3%
3 0.7% 0.6%

0.4%
0.169

0.70 p

OKi[ %]
S
=3
——————————————————————-—;———————I———————————-b———
o
=3

0.01
Ky Kr Ke At Kb Kz K Ky Kzy Kg  OTHllgY

+FCC-hh 0.7% 0.9% 0.4% 0.9%
FCC-hh: pp (0.7%) (absolute), vy (0.4%), Zy (0.9%) (absolute);

tt (0.9%), and Higgs self-coupling (5%) v



og/gl %]

EFT framework: Fig. 8.4
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Updated analysis on the trillinear Higgs self-coupling (FCC-hh):
7.5%(2-6%) with 3(30)/ab

=In(La,,/La,.,)

0.0 P 1

10% precision @ ILC
with 8 ab! and 1 TeV c.o.m

0.85 0.90

FIG. 3.

0.95 1.00 1.05 1.10 1.15

Ay

Events/ 20GeV

70 |

60
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40}
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Jsy=1.00

J3y=1.08

300
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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 1o (20)
CI. The shaded region shows the 15 CI expected at the ILC at 1 TeV with 8 ab™!. Right: the SM M,,;;, distribution (solid Iine with dots
with 1o error bars) and those for Ay = 0.92 and 1.08 (dashed lines).

Jubin Park, Jung Chang, Kingman Cheung, JSL, PRD [2003.12281];
Mangano, Ortona, Selvaggi, EPJC [2004.03505];
Stapf et al., PoS EPS-HEP2023 [2312,03513]
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Executive summary: The Higgs couplings to all gauge
bosons and to the charged fermions of the second
and third generation (except the strange quark) will
be known with a precision ranging from a few per
milto ~ 1%
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Summary



o LHC: BSM with kxp <17
o FCC-ee: Absolute measurements of g,,, and 'y

o FCC-hh@FCC-ehépFCC-ee: The Higgs couplings to v, Z and W bosons, and
gluons; t, b, ¢ quarks; and 7, u leptons with a precision below 1% ... theoretical
and parametric uncertainties should be improved !
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Backup



Individual Production and Decay signal strengths
from 76 Production x Decay signal strengths

TABLE VI. LHC signal strengths for individual Higgs production processes and decay modes obtained from the signal strengths in
Table|ll| (Run 1), Table (Run 2 ATLAS), and Table (Run 2 CMS). Note that, being different from the signal strengths in
Table| V] no assumptions have been imposed on the Higgs boson branching ratios and/or production cross-sections. The combined
signal strengths are shown in the last line including all the 76 signal strengths available.

LEHC Production process Decay mode
ggF(®bbH)| VBF WH ZH ttHotH ~7y VA Ww* bb TT L
Run 1 (Table[IT 0.00%011 1.17+020(0.79+033 0784031094001 |[1.112010] 1034028 | 1.01+0 14 0.68*0 28 [1.04#0%8 | —
Run 2 ATLAS (Table [IIT Wy - f 1 b B decd (-2 e (DR ] | R S R gy T s o g D o B e
Run 2 CMS (Table|[IV 003129 lo.sitd | 1.4072 2411501028 110612 17 [[1.208%12|0.9010 13| 0.051 210 | 1061028 [0.702 2 1 L1410 00
Conbined ({76 sienal stzengihsl]| (0991200 (0981205 100t R iioa [ oa RIS | LA idpr marid ot hoa DT loon L 1T mavt) 5 | nag it

TABLE V. LHC signal strengths for individual Higgs production processes and decay modes. For the combined Run 1 signal
strengths, see Tables 12 and 13 in Ref. [13]. For the ATLAS Run 2 signal strengths, see Fig. 2 in Ref. [3] together with detailed
information on them provided in the website https://doi.org/10.17182/hepdata.130266. The CMS Run 2 signal strengths
are from Fig. 2 in Ref. [4]. Note that the production signal strengths have been obtained assuming that the Higgs boson branching
fractions are the same as in the SM and the decay signal strengths have been extracted assuming that the Higgs boson production
cross-sections are the same as in the SM.

LHC Production process Decay mode
ggF(®bbH)| VBF | WH ZH ttH tH vy zz* | ww* bb T i
Run 1 1.08%g 7, [118%8 33 0matgad|okorn g | 23757 = [jaatdid1.201028 11,000 008 (002 220 | L1 3l | =
Run 2 ATLAS 1085007 1104013 |1. 1610 2 (0,067 022 (074502 |6.61F 521109502011 pa+0-A1 |9 9012 5,91 +0 19 15661022 |1 5+002
Run 2 CMS 0971008 080D 12| 1.4980 23 [1.001 08¢ 1.13%048 Lasie0 loeytd D jogy D 210500 5 | 085t ad 1o




Decay widths and Brs of the SM Higgs boson

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 3, defined by 6, = (FThis Review — J Ref. |g4]) /Tret [34). 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) I'(H — WW) I'(H — gg) I'H— t71) I'(H — c¢)
This Review 2.367 9.185 x 10! 3.382 x 107! 2.572 x 107! 1.173 x 107!
Ref. [84] 2.387 9.222 x 107" 3.386 x 107! 2.573 x 107! 1.185 x 107!
5r [%] —0.8 —0.4 —0.1 —0.05 —-1.0
THU [%] +0.5 +0.5 +3.2 40.5 +0.5

I'H — ZZ) I'H = yy) I'(H—Zy) I'(H— pp) Lot
This Review 1.139 x 107! 9.405 x 1073 6.531 x 1073 8.913 x 1074 4129
Ref. [84] 1.139 x 107! 9.438 x 1073 6.550 x 1073 8.927 x 1074 4.156
5r [%] —0.03 —0.4 —-0.3 —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 — c¢)
This Review 5.733 x 10! 2.225 x 107! 8.190 x 102 6.230 x 1072 2.841 x 102
Ref. [84] 5.744 x 107! 2.219 x 107! 8.147 x 1072 6.192 x 1072 2.852 x 1072
THU+ PU [%] 1.7 2.1 7.2 2.3 6.6

B(H — ZZ) B(H — yy) B(H — Zy) B(H — pu) Tt [MeV]
This Review 2.758 x 1072 2.278 x 1073 1.582 x 1073 2.159 x 1074 4.129
Ref. [84] 2.741 x 1072 2271 x 103 1.576 x 1073 2.148 x 1074 4.156

THU+ PU [%] 2.1 2.9 6.9 2.4 1.9




* The electron Yukawa: H run@FCC-ee with \/Sz129.09 GeV

- resonant production: 1.64 fb > 0.6 fb (+ISR)
> 0.3fb (+com energy spread of 4.2MeV)

- maximum luminosity > 100 MeV spread : the resonance is invisible
- one year luminosity: 2 (7) /ab for the com energy spread of 6 (10) MeV
- one year run: upper limit of 2.5 times the SM value

- the SM sensitivity: 5 years needed



kappa framework

=" HLLHC = +FCCee ® +FCCeh = +FCChh L _
100 E—"[{Efit"""""""_"""""_Eé%_éééio_._ﬁh_éél_rt_éi_r;t_iég ___________________________ |
_ FCC-ee+HL_LHC 10%
1 TR -
- 3.8% 3.1% i :
T 1.2% 1.3% 90, 11.1%
S 1} 0.7% 0.6% §
: 0.4% E
_ 0.16% i
0.10 3 E
0.01 I SM
Ky Kr Kc Kt Kb Kz Kw Ky Kzy Ky ﬂ-H”—H
+FCC-hh 0.7% 0.9% 0.4% 0.9%
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