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Landscape of the Higgs physics today

.
So far many questions still open for Higgs physics :

\Y,

\Y,

How well the Higgs boson couplings to fermions, gauge bosons and to itself be probed at current
and future colliders?

How do precision electroweak observables provide us information about the Higgs boson
properties and/or BSM physics?

why the Higgs boson remains light?d the heart of the naturalness problem

What is the best path towards measuring the Higgs potential ?

To what extent can we tell whether the Higgs is fundamental or composite?
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V  Couplings to gauge bosons and 3rd generation fermions close to SM expectations
(~ 10% precision), evidence for 2nd generation fermion coupling (HA nmj, all

mesurements consistent with CP-even scalar

V  LHC experiments entered era of differential corss section measurements (EFT fits, etc.)
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Landscape of the Higgs physics for H:=LHC

U HL-LHC and future colliders

would explore in detail the
Higgs properties : understand the

deep origin of EWSB

U Beyond HL -LHC measurements :
couplings to fermions to %-
level, to bosons to per-mil

V

Vv
Vv
Vv

self-coupling
invisible decays
BSM Higgses

Vs = 14 TeV, 3 ab’ per experiment

Vs =14 TeV, 3 ab' per experiment
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ATLAS+CMS Internal
Projections ESPPU 2025

I EsPPuU 2025
[ ] EsPPU 2020

-31.1%

Theory uncertainties are dominating

U Non-resonant HH projections : 3000 fb-!

0.02

bbrT 38 27 bbrr [0.5,16] [0.3,2.0]
bbyy 26 26 bbyy [05,1.7] [0.4,1.9]
4b resolved 10 1.3 4b resolved [-05, 6.1] [-0.3,7.2]
4b boosted = 22 4b boosted - [-04,8.2]
Multilepton 10 Multilepton [-01,4.7) s
bbee 05 bbee [-2.1,9.1] -
Combination 45 45 Combination [0.6,14] [0.6,1.5]
ATLAS + CMS 7.60 ATLAS + CMS -26/+29
Combined evidence >7(. Precision on k,=1 ~26%

0.04 0.06 0.08 0.1
Expected uncertainty



European Strategy 2020

MnN electron -positron Higgs factory is the highest priority next collider . For the longer
term, the European particle physics community has the ambition to operate a proton-proton
collider at the highest achievable energy.o

A E u r dogether with its international partners, should investigate the technical and financial
feasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV
and with an electron-positron Higgs and electroweak factory as a possible first stage. Such a
feasibility study of the colliders and related infrastructure should be established as a global
endeavour and be completed on the timescale of the next Strategy update.o

FCC project @ CERN: a new 100 km tunnel in the Geneva

region, for two complementary machines covering the largest

phase space in the high energy frontier:

U extreme precision circular e+e-collider (FCC-ee) with
variable collision energy from 90-360 GeV

U highest energy reach in pp collisions (FCC-hh): 100 TeV

3 s0-100km
I FCC Feasibility Study (FS) launched in 2021: \“ :

K
¥
L

C To be carried out in 2021-2025
C Mid-term review in Autumn 2023
C March 2025: documentation submitted to ES committe
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FCC intebrated program - timeline

transfer lines proposed | |
Injection \\pA (Experiment site) to ba installed inside i

1
into booster FCC-hh ring tunnel / PA Expenment site) Azimuth = 0.7
F—— Injection into collider -
— — — — — 3
Injection \‘ / Injection
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. FCC-ee.”

CC hh

Arclength = 3516586 m

collimation

\ /

51551400 m N s
—————— |PD [J] e i PD
| (Experiment LN SLSS=1400m
| [shiriverlmen (Secondary PMTN E:_Sxecc:;:g:rr?ft
/ Experiment s | N Xpe
/ site) s ~ site)
/ s | S
s | .
N
I ~
LLS5=2032 | LLS5=2032
PF PH " | P
(Technical site) (Technical site) SLS5=1400 m (Technical site)
— Betatron & Betatron Beam absorber
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2046 - 2065 2070 - 2100

Feasibility Study
(geology, R&D on accelerator,
detector and computing
technologies, administrative
procedures with the Host States,
environmental impact, financial
feasibility, etc.)

®

Project approval by
CERN Council

(or alternative project selected)

Construction starts

Ambitious schedule tak ing into account:
C past experience in building colliders at
CERN
v approval timeline: ESPP, Council

¢
decision
® °® C that HL-LHC will run until 2041
HL-LHC C project preparatory phase with
ends  Operation of FCC-ge  Operation of FCC-hh adequate resources immediately after

(15 years physics exploitation) (~ 20 years of physics exploitation)

Feasibility Study

15 years of FCC-ee operation followed by 25 years of FCC-

hh operation, interleaved with a shutdown of 10 years



Machine luminosity for physics at FCGee

.
= 100 | | | | I = )
o . aJeued i u Higgs factory:
:E’ L ¢ reeedi T A 2.2x100e*e’Y HZ
2 =3 < i EW & Top factory:
2 F ] A 6x102 e*e" ¥ Z (LEPX105)
é " :_ _: A 2.4x108 ete" Y V-
3 E E A 2x108 e*e" Y tt
i st .1 u Flavor factory:
|| R ————————— \_, ............... - A 5x1012 e*e" Y bb, cc
100 150 200 250 800 350 400 A 10l e*te Y *-
Vs [GeV]

~100 kHz of physics
data at the Z pole

Working point Z pole WW thresh. ZH tt

Vs (GeV) 88,91, 94 157, 163 240 340-350 365
Lumi/IP (1034 cm—2s~1) 140 20 7.5 1.8 1.4
Lumi/year (ab™1) 68 9.6 3.6 0.83 0.67
Run time (year) 4 2 3 1 4
Integrated lumi. (ab—1) 205 19.2 10.8 0.42 2.70

2.2 x 10° ZH 2 x 109 tt

Number of events 6 x1012Z 24x 108 WW + + 370k ZH

65k WW - H +92kWW — H
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Higgs production at FCCee

.
Higgs-strahlung or ete'A ZH

Background sources

| 4@
VBF production: e*e’A nnH (W fusion) o
e*e’A Hete (Z fusion) oF f"llﬁllf
s =240.0 GeV ms_fll\ﬂw_
Process Cross section

Higgs boson production, cross section in fb

ete” - ZH 212 E
g [ - T T : ERRRRRRE ete” — vvH 6.72 N
5 250 T — ete” s ete  H 0.63
5 F —wwor | Total 219
§ 200 — N i
S o ]
i f_ /\\_:‘ Background processes, cross section in pb
o ] ete™ — eTe~ (Bhabha) 25:1
oo~ T cgiya s
- b e"e” —qq 50.2
o = e ete™ — pp (or 77) 4.40
- — 1 ete” = WW 15.4
Do T TN ete- > ZZ 1.03
s (Gev) ete” = eeZ 4.73 : . :
ete” = evW 5.14 I
= ; / i

= 10.8 ab' 'in 3 years with 4 detectors located = om0 om0 mo w0 am Ao
at 4 interaction points (IPs), at as=240 GeV ‘J:[Ge'v']

VBF xsection increases significantly with the centre-of-mass energy A dominant process above 450 GeV



Higgs yield at colliders

.
Annual Higgs Boson Production by Collider

10"
10°
108
107

10°

I IIIIT|'|| | IIlIIlII I IIIIIIII I Illlﬂl'l T TTTTm)

(pelpow) ez uoIssIgng

Higgs Bosons per Year (log scale)

10°

(‘LHC ’}"50 ?-ovr m;??ayr%’t;&q Tov%b‘,

A e*e’ colliders produce less Higgs bosons than the LHC, but they benefit from precise
knowledge of initial s t a g e dearbexperinfiental environment.

A pp colliders allow measurements of rare decays

A e*e' and pp colliders are complementary to fully explore the Higgs sector
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Global strategy for Higgs studies

Eur. Phys. J. Plus 137(1), 23 (2022)
. B
| s(ete" Y HEZ P4z

ZH events tagged by the Z, without reconstructing
the Higgs decay. Unique to lepton colliders.

FCC-ee simuaten V5 =240 GeV. 108 ab™
00 arvevvedsdat bttt

C ) T E=wwH
-] ez

F | B e
20001~ [ Rare (e(e)Z, 1y — p'n, T7)

3000

Events

e.g. whenZ Y leptons :

oo |
affected by the Beam - ~doi: 10.17181/jfo44-s0d81

2 2
Myrecoil =— S + Myy — 2\/§(E[+ + EE_) Energy Spread (BES)

A fit to the recoil mass distribution allows: Radiation (ISR)

500

A measurement of 0 ZH) independent of the Higgs decay
mode with 0.31 % uncertainty. Hence an absolute |

920 122 124 126 128 130 132 134 136 138 140

determination on g, Meec (GEV)

A Ugy -9,z ~ 0.1-0.2 % (also including ZA had)
A a precise meas. of the Higgs mass A Um,/m, ~ O(MeV) (w.r.t 20 MeV for HL -LHC)

Easiest case: Z Y lep.
Az Y had: more careful design of the analysis
N. De Filippis Seminar at LIP, February 25, 2026 10



Modelindependent Higgs couplings measurements

.
Known g, it is possible to measure U x BR for specific Higgs decays

gﬁszgéxx A H YprdZides G,

O7H X B(H — XX) 0.¢ FH A H VprO\XdéS Ohix

o(ete” = ZH)

ole'e” >ZH) o(efe” »ZH) _ T
TH—ZZY |

BR(H —ZZ*) T(H—ZZ*)/Ty ~
Y U y/U, ~several %

H Y Drovides G, :

SelecteventswithH Y b b, ccttgggngZg eWW, ¢ O /g ~1%

A deduce Gupp » GHoc » IHgg + IHww > Dritt s GHgg» FHnmy hizgs - a model-indep
SelecteventswithH Y fin oA deducgg@GH Y i n v i) s idéernfination of Higgs
couplings.

Data at higher energy bring important additional observables:

2
_ X
Ot X B(H — XX) gwaF it
H

FirstnnH'Y nnbb ~ gyww? 9hos? / Gy
A nnbb / ( ZH(bb) ZH(WW) ~ guz2* / Gy = R A (i precision at 19%)
Then do nnH Y nnWW ~ gpww” / On 3

AR/ nnWW ~ gy / Grizz? At the end: Higgs couplings and G, extracted from a global
Agww precision to few permil fitto all 0 x BR (Kappa framework, SMEFT framework)
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HZ selection strateqgy
.

MC simulation based on Whizard : Analysis workflow based on recoil method using
Z(e dee) final state

doi:10.17181/jfb44-s0d81, Eur. Phys. J. Plus 137(1), 23 (2022)

A & =240 GeV,~ =10.8 ¢t
A IDEA detector; detector response modelled with Delphes

1010 FCC-€® simuation (s = 240 GeV, 10.8 ab™ 1010 ECC-€® Simuation Vs = 240 GeV, 10.8 ab™
I' | thI’] . 2 E IDIEAdetecgor ! ! E 2 E IDEA detector | I E
Baseline selec : g i N 12 o o (109 ]
. . . 100 CJww E 10° Cww E
A atleast 2 OS leptons with p>20 GeV, one isolated : ] : - ]
Zy —e'e, T
e . . . 10° 108 = are (e(6)Z, vy — &'’ t't) 3
A in case of more than 2 leptons in event, select pair : : e ' 3
minimizing 107 107
X2 =0.6 x (mgg — mz)2 + 0.4 x (mrecoil — mh)2 ws; 106;
A tight selection of Z mass between [86, 96] GeV ,(,5; oL
A Background reduction by cut on i ol
vt &0 08 <P /“N A0 \‘098 o™ 80 05 % ‘410 A0 o9
s % P4 22V e ™Y 'zﬁAo;‘f\?_Q‘m‘w\udsa\“‘* W 4 22€ o2 ,10499.;2040@\&53“;
A Zp;[20, 70] GeV to suppress Z/d
A | c oSl €0.98 for ZA Il, ggA ee/mnitt » 3000 FCC-8 Simuson [S=240GeV, 10.8ab” .o FCC-ee simusron {5 = 240 GeV, 10.8 ab”’
= N IDEA detector ; ] E I IDEA detector ]
events & T o 5 ] r ——ZeeH ]
2500 s — 25001 e I B e e
Nz : a =z ]
2000 I:IZ”._‘:,"*"_""_ ! B 20001 ! I:Iza{{e'e—,ﬁ- » N
Parametric fit based on recoil mass distribution F i S URL U L i {anl i ek A L
A Fit function: double-sided Crystal-ball + Gaussian = 1 ™%
1000~ . 1000f
core F 1 :
A Free parameter: H mass, signal and bkg g~ et 0
norma“zat'on ‘?20 122 124 126 128 130 132 134 136 138 140 ?201;2125“2‘6H‘II|28!I1|3‘0”“132”134‘1 1:%6 1:I38 140
My (GeV) M, (GEV)
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Higgs mass measurement
.

Likelihood scans to extract uncertainties on mass

Stat. + syst . uncertainties:

- Higgs mass:

3.97 MeV at 68% C.L.

2

1.8

-2ANLL

1.6

FCC-ee Simulation

_{s=240 GeV, 10.8 ab™
111

— w'u” d(m) = 4.74 MeV
ete” 6(mh) =5.68 MeV

| =/ w'u +e'e d(m)=3.97 MeV

1.4

1.2

\Ilil\lllll‘ll\|\ll

1

0.8

0.6

0.4

0.2

1?4.59

124.99 125

doi:10.17181/jfb44-s0d81, Eur. Phys. J. Plus 137(1), 23 (2022)
N. De Filippis

Source of uncertainty:

- Beam Energy Spread (BES)
- Initial State Radiation (ISR)
- Muon momentum scale

- Center-of-mass energy - dominant

- FSR uncertainty
FCCee simulation s = 240 GeV, 10.8 ab™’
\I\Iil\I\!\III!I\I\!II\I!I\II
BES
(0.87 MeV) s
 BES~1%
s + 2 MeV
(2.17 MeV) :
Muon scale (~10°%) |
(0.80 MeV) ;
El. scale (~107) ;
(0.50 MeV) :
L Syst. combined
.00 125.01 (251 MeV)
\I\IiI\I\I\III‘I\I\'II\I‘I\II
m, (GeV) -3 2 1 0 1 2 3
Ogyer(M,) (MeV)
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Constraint on detector requirement from H mass measurement

.
Higgs boson mass to be measured with a precision better than its natural width (4MeV), in view of

a potential run at the Higgs resonance

Events / 20 MeV
()] ~J
S 1]

[$)]
(=]
o

400

300

200

100

FCCee simuiation

INE

Vs = 240 GeV, 10 qp‘1

Muon final state Z

puH

o
— IDEA perfect re
— IDEA 3T

solution

\\ — IDEA CLE

silico

n tracker

/’\\ d

0i:1(

).17181/jfb44-s0d81

N
—h
O
DN

I\

il

/B

g O

e,

925 123 12

4 125 126 127 128 129 130 131 132

Recaoil (GeV)

-2ANLL

N

1.6

1.4

1.2

0.8

0.6

0.4

0.2

FCC-ee simulation

\\

Vs =240 GeV, 10 ab ™!

Muon final state Z(u'p)H (stat. only)
IDEA §(m ) = 3.49 MeV
—— |IDEA perfect resolution S(mh) = 2.67 MeV
— IDEA 3T §(m ) = 2.89 MeV
— IDEA CLD silicon tracker 8(mh) =4.56 MeV

AN

AN

AR\

1/

N\

////

|
124.996

124.998

125

|
125.002 125.004
m, (GeV)

mfrom Z, with momentum of O(50) GeV, to be measured with a p; resolution smaller than the
BES for the momentum measurement not to limit the mass resolution
A achieved with the baseline IDEA detector A uncertainty of 3.49 MeV with 10 ab’ 1

A CLD performs less well because of the larger amount of material A larger effects of MS

If the B increased from 2T to 3T A 50% improvement of the momentum resolution
14% improvement on the total mass uncertainty 14



HZ crosssection measurement

For the ZH cross-section measurement, after applying the basic selection criteria, the |cos <l
cut is omitted and replaced by a BDT approach to further suppress background.

Events

10°

10*

10

input variables for BDT

Variable | Description

Pote— Lepton pair momentum

Optp— Lepton pair polar angle

Mgt p— Lepton pair invariant mass

Pligading Momentum of the leading lepton
leading Polar angle of the leading lepton

Momentum of the subleading lepton

[T, ding Polar angle of the subleading lepton
m — Adptp— | Acoplanarity of the lepton pair
Abpt - Acolinearity of the lepton pair
FCC-ee simulation =240 GeV, 10.8 ab™’
|||\l|||||\|||||I\|IIIII‘IIIII\[Illll\llllll\lll—
—— Zw'wH ]

1 b b b by by by by by nna Ly

Iz - ﬂw(ﬂ
| Rare :

0 01 02 03 04 05 06 07 08 09 1

MVA score

N. De Filippis

doi:10.17181/jfb44-s0d81, Eur. Phys. J. Plus 137(1), 23 (2022)

The impact of systematic
uncertainties is found to

be below 1%, mostly
from BES

The overall impact of

systematics is minimal,

and the measurement

remains fully statistically

dominated

Seminar at LIP, February 25, 2026

Stat. uncertainty in %:

Channel Vs =240 GeV
Z(ete™)H  40.81
Z(p"p )H  10.68
ZTeYH  40.52
FOCee musols =240 GoV. 108 ab”
BES 1%
(0.094778 %)
Vs = 2 MeV .
(0.001332 %)

Muon scale (~10%)
(0.000068 %)

El. scale (~10°)
(0.000095 %)

Syst. combined
(BES 1%)
(0.094788 %)

0.05 0. 1
Oyet (cr(ZH Z— o) (%)

15

—005




HA gqg (hadrons) and progress on jet flavour tagging

GxB(H YXX)

. A Z(IhH(qq)
High precision Higgs BRs to hadron measurements: A Z(nn)H(qa)
A coupling of the H to bottom and charm, gluons , and strange A Z(qq)H(qq)
A bb, cc, ss, gg final states in addition to WW, ZZ, tt o
A classification is performed by a neural network (NN) _ [OAnelyses: PCes Simultion (belpnes).
A Key ingredients: 218000F (5 - 240,0 GeV Egzw -
A tagging of b, c and g jets greooo- L=mrart HED) ]
A detector requirements (tracking, vertexing, timing) 2 14000[ 200, 050,y o ool 420 s
and particle flow algorithm used 12000 T e
10000~ :::g\g’)\’) E
A State-of-the-art flavour-tagging algorithm developed 80001 1 _3‘
recently in the context of FCC-ee based on GNN o000l ] doi:10.17181/9pr7y-3vE57
40002— f -,\\_\—“ —f
> 1 SN . s.”"f”"’f’”.’ Lo S — e
8 - eie.—)ngH—)” ¢ tagging P20 122 124 126 128 130 132 134 136 138 140
-8 ~ =5 d’ s b' - f— ~ — mrecoil [GeV]
5 - = 80%, Z(IH(qq) @ <= 240 GeV
° 10 E——cvsg .................... miS-id ~ 17 20/0 .......... 3 Signal strength Categories
‘é’ C _CV§ ud 5 N ce g9 8 ZZ WW TT
u —cv’sb : .
@ - ' ' : . Uncertainty (%) 347 193 223 7.65 149 254
402 _E__u,r,,__E’,h_ys,,,,J_...Q.__8,,2..,(,_7_,).,,_.64,,6_(292,,2) ___________ T .
: | | . - A 0.21%,0n HbbY
C : The combination of the three A 1.6% on H VY
r . . Z boson final states leads to v
o A 0.8% on H Y
1030 012 i 0.'6 018 1 expected uncertainties on A 90% onssH V
1

jet tagging efficiency

@6 8 %L L .
A 1.0% of H YV



s(HZ) x BR and s(WWA H) x BR measurements

e

NG 240 GeV 365 GeV
channel ZH WW-—-H ZH WW—H
ZH — any  +0.31 +0.52
YH —any  +150
H — bb +0.21 +1.9 +0.38 +0.66
H — cc +1.6 +19 +2.9 +3.4
H — ss +120 4990 +350 +280

Uncertaint H - gg +0.80 +5.5 +2.1 +2.6

neerainty -on H— 77 +0.58 +1.2 +5.6 ()

s *BRIn% H— up +11 425  projectigns from FCC-ee CDR
H—> WW*  40.80 +1.8*) +2.1®)
H — ZZ* +2.5 +8.3 (*) +4.6 (*)
H — vy +3.6 +13 +15
H— Zvy +11.8 +22 +23
H—vvvv +25 +77
H — inv. <55 x 1074 <1.6x103
H — dd <1.2x1073
H — uu <1.2x1073
H — bs <3.1x10*
H — bu <22x107%
H — sd <20x10%
H— cu <6.5x 10~ doi: 10.17181/n78xk-qcv56
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Higgs to invisible particles analysis

only invisible decayi n t he SM: nnniH(BR/'= 0Z1@6%)
best individual measurements from ZHA qq + missing energy using recoil
mass or missing mass at the Z peak

A A requires excellent hadronic energy resolution

>

A tag the Z using muon, electron and hadron final states (qq and bb), Z peak

[87, 96] GeV
e v A calculate missing mass m,,;.; as 240 GeV minus visible mass m;

doi: 10.17181/7hbn8-3d233 BR(HY inv) > 0.052 excluded @ 95%CL
% 80000 :_ T [ T T T '| T T T I T T T I T T T '| _:! :': _ I I I I I -
o E FCC-ee =t 3 E - — 5=240 GeV, L=10.8 ab™" -
© 70000 - Simulation (Delphes) D;},_‘?- - s 001 FC(_',‘-ee Simulation (Delphes) __ {5-365 GeV, L=3 ab" __
P C {s=240 GeV, L=10.8 ab" £ ZH(bko) . 3 - e'e—ZH — Combined .
1 __ : —_ | [~ -
§ B0000E"Z5qq, Hosinv . ZH(sig) x 100 D 0.0081+029% =0.26% 0.064% =0.17% x0.21% +0.055%
@ oook- E 2 C+0.23% 20.22% 0.062% =0.16% =0.21%  =0.052%
- - 3 +0.43% =0.43% +0.22% 0.58% 1% +0.16%
E 3 w 0.006— _ —_
40000 o @ C ’
3 : 3 o0.004F .
30000 r PR = .
C a T ]
20000 - 0.002F =
10000 — 3 ot | — | —

= 3 ee uu qq cc bb All

60 80 100 120 140
M, iss [GEV]
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Uncertainty on Higgs couplings and width: latest

.
Coupling HL-LHC FCC-ee FCC-ee + FCC-hh
Kz ((‘Z;a)) :2 8-;8 8';5) A Couplingst o  Hb can be
Ryw 7o 3 3 y . )
o (%) - 0.38 /0.4 0.33 1 045 improved compared to the HL-LHC
g (%) o+ 0.49 /0.54 0.41/0.44 to re'agh sub-percent-level
ke (%) 1.6 0.46 0.40 precision.
ke (%) = 0.70 / 0.87 0.68 /0.85
Ky (("f;)) ‘1-3: i; gé’g A Couplingst o H cahde
Rzy (70 : >
ke (%) 3.0 3.1 0.75 measured at the percent level.
Ky (%) 4.4* 3.3 0.42 )
|| (%) - i ik - A Sensitivity to the strange-quark
Iy (%) - 0.78 0.69 Yukawa coupling with potential
Biw (<,95% CL) 1.9x1072* 5x1074 2.3 x 1074 evidence
Bunt (<,95% CL) 4x1072* 6.8x1073 6.7 x 1073

> >

> I

FCC-ee and FCC-hh Integrated Programme is complementary and provide D order of
magnitude improvement of all Higgs coupling w.r.t HL-LHC

Neverthless, until FCC-hh, HL-LHC is still going to be the best machine for Zg, nm(rare decays)
and ttH coupling determination for the next decades years

HL-LHC has no access to charm Yukawa coupling

FCC-ee has limited access to top Yukawa coupling (only via loop corrections to e*e'A tt cross
section indirectly)
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Higgs Yukawa coupling to electron

. Eur. Phys. J. Plus 137 (2022) 201
FCC-ee: unique opportunity to study the Higgs Yukawa coupling to electron, y., via resonant s-
channel production e*e'Y H in a dedicated run at the Higgs pole, &s = m,

In the SM:
A the Yukawa coupling of the electron isy, = & 2/v =n2.8-10' 6

A BR( He'e) & 10 ° Main background
ye)"< i o(e'e—H),,, =1.64fb as peak cross section | .
N |o(ere—H) . ,=280ab(ISR+vs_ =1 ,=42MeV)

A Beams must be monochromatized such that the spread of their center-of-mass energy is
commensurate with the narrow width of the SM Higgs boson
A Generator-level study for signal+background for 10 decay channels:
A most significant channel: HA gg (quark-gluon tagging via ML, for light mistag ~ 1%), HA WW* A In+jets

- Energy speac For 10 ab* &vs_ ., =T,: Signif ~ 1.30
05  s5=41Mev
_ - ijQZZSMI\:\eIV i Upper Limits / Precision on K,
% 0.4? -~ szaoer 8 Eﬂwm upper limit @ 95CL on
< 03 F pom the electron Yukawa
., 10° - coupling at 1.6 times the
° , - b o SM value for each
0t R T detector for one yearA
O T T s s+ & 1 4 | X100beter than for
12480 124566 _ (ésev)ms.oos 125.01 wf ® 2 3 8§ g & HL-LHC
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Higgs self coupling at as < 500 GeVT1 Il.e. ZH & tt thresholds

Probe indirectly trilinear Higgs self coupling & through
higher-order corrections to single-Higgs processes

arXiv:2503.13719v2

Vertex corrections (linear in k)

ZH Higgsstrahlung

O(few%) NLO correction to SM observable (i.e the & g &
cross section) parameterized according to: ‘
/\3 e Ry e
ENLO = ZHZL()(I + KJ)\Ol = T arXiv:1607.04251 VBF processes
] ' arXiv:1711.03978 B CONC dagrams §

Universal coefficient
from wave function

C, process-dependent coefficient that encodes the interference ,
between the NLO amplitudes and the LO ones e” e

The total (NLO) cross section can be measured O(1%): =,
- possible probing NLO deviations from SM: U 9=29a,1 1 =
- parameter C, sensitive to & sexploit different sensitivities

at 240 GeV and 365 GeV:

- ZH @ 240 GeV
- VBF @ 365 GeV

N. De Filippis

Process and kinematic
dependent coefficient

------- 240 GeV Z(uu)H
+365 GeV Z(up)H
+365 GeV VBF

———— +240 GeV Z(ee + bb)H

-------- FCC-ee + HL-LHC

hreshold

III|IIIIII|III|I||||II|IIIIIII

e Production mechanisms \ 8
BB\ e —hr : P
X = AT 2
olts ;_ ete™ = hete™ 4
= ete™ — hit :
N E = \‘ ) \ / * ':
5 :— X 0.1 o”',"',’"[”'.”'.”‘;i 2""}'”." NS VA A A 0] SV
= -2 4 6 8 10 12
oF Lo 8K
205 B e The secondary minimum
s [GeV : .
leigibleimpadofamodi!ied/l,,,,,,ontheangul:r/a;syrE\meetries]. eaSIIy eXCIu ded addlng a 2nd
At 1-loop Ci for HZ. WW-boson fusion and ZZ-boson fusion are .
independent of the beam polarization. e n e rg y po I nt
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https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1711.03978

Higgs self coupling at FCCGee (as < 500 GeV)

.
NB: 365 GeV A ZHH threshold, but too low ZHH x-section

| ; affects single- nggs prod at NLO
e.g. 100% variation on | ; modifiesd ( Z H)

‘. by ~ 2% at 240 GeV and ~ 0.5% at 365 Ge\.
Larger than / comparable with the exp.

precisiononu ( 4 H

Precise measurement of U ( Z ¢bjstrains a combination of | ; and gyzz.
Measurements at two values of & sneeded to determine separately | ; and gyzz.

10T

i Recent: 4 IPs. Running at ds = 240 and 365 GeV
Y U g9~ 28% for FCC-ee
~ 18% (combining with HL-LHC)

Lagscev (ab™")

arXiv:2505.00272v1

With 4 IPs: 5 Uobservation of | , within reach
with 15 years of operation at FCC-ee

L24ocev (ab™")
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Higgs self coupling at FCChh via HH

.
Gluon gluon Fusion (ggF)

o(pp — HH + X) [fb]
M, = 125 GeV
PDFALHCI5

v

A

g H
, § 000000000000
R R\
TH
AN G S00000000908
g - - H
destructive interference

Most sensitivity in channels that can be cleanly
tagged: HH ®bgg HH Bbbb, HH Wbtt

FCC - hh 30 ab~! (84 TeV)
yyly+jets -
. mm Single Higgs H H Mb%
10°4 1 HH - bbyy kI=1.0
[ HH - bbyy ki=2.4
%’ [ HH - bbyy kl=3.0
4
=
£ 102 4
A
H
£
o
n
5
3 10!
10° A
115.0 117.5 120.0 1225 125.0 127.5 130.0 1325 135.0
Myy

doi:10.17181/w6928-gr929
N. De Filippis

Precision (%) on k;

10.1016/].revip.2020.100045

10 : : . : :
1314 20 30 50 70 100
Vs [TeV]
FCC - hh
o trwooman | Depending on the di-
55 < orion s | JEtMass resolution
Tmnnizeem | and systematic
o5 assumptions A
40 EXxp. prec. on o,
35 @ 68% C.L.
o T
N R o e o| A 3.2% to5.4% at
R 4 84 TeV
Non’llinal loée\l . SG'eV BGIeV A 28% to 48% at
my; resolution 100 TeV
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https://www.sciencedirect.com/science/article/pii/S2405428320300083

Precision on Higgs selfcouplings
.
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