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Status Quo

Solid and proven theory
Open questions that require physics beyond
the Standard model
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The Standard Model
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The Standard Model

» before Higgs discovery in 2012
—> theory driven research

 after Higgs discovery
—> experimentally driven research

fjc;e“ 0\’95@
NN Y
s - Need for next-generation Higgs Factory 4. 4
A lg@s
C\E/RW 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh



The Two-Fold Strategy
FCC-hh
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https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf
https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf
https://arxiv.org/abs/1411.4085

ete” vs pp: The best of Two Worlds

Electron — Positron Machine

cross section [pb]

MADGRAPH5 AMC@NLO v3.5.0
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. Large event rates (required for rare decays)
. Boosted studies possible
. Higher energies accessible
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ete” vs pp: The best of Two Worlds

cross section [pb]

NS

Electron — Positron Machine Hadron- Hadron Machine
10° MADGRAPH5_.AMC@NLO v3.5.0 e — o o
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Clean precision baseline High Statistics/ high energy Higgs frontier
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The Physics Landscape at FCC

—CDR baseline runs (4IPs)
— Additional opportunities

r Total
y4 ZH tt integrated
O(1) 40 125 40 30 19.2 5 10.8 0.4 2.7 luminosity
l ] (ab-)
>
I I Energy
40 -.- 60 88 91.2 94 125 1575 --- 1625 217 240 340 ... 350 365
(GeV)
Z lineshape W mass and width
QCD QCD : : top EW couplings
precision flavour ile}c(:tron N, Higgs mass Higgs :oupllngs Miop Higgs VBF production Physics
studies rare decays uKkawa as o ("' and Higgs couplings improved) highlights
dark sector flavour (e.g. Veb)
# events
13 8'
0(1013) 0O(109) 0O(2x109) 0O(2x1068) (4 1Ps)

L O S S |

1

1

Various /s scenarios
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The Physics Landscape at FCC

—CDR baseline runs (4IPs)
— Additional opportunities

3 Total
V4 ZH tt integrated
O(1) 40 125 40 30 19.2 5 10.8 0.4 2.7 luminosity
l | (ab-)
>
I I Energy
40 -.- 60 88 91.2 94 125 157.5 --- 162.5 217 240 340 ... 350 365
(GeV)
Z lineshape W mass and width
QCD QCD : : top EW couplings
precision flavour électron N Higgs mass Higgs couplings Mp  Higgs VBF production Physics

Yukawa as OZH

studies rare decays ("k and Higgs couplings improved) highlights
dark sector flavour (e.g. Veb)
’ ’ o(10%9) ’ ’ 0(109) ’ ’ O(2x109 ’ 0[@x109 falpg
Various +/s scenarios, with complementary physics program
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The Physics Landscape at FCC

B —— ) o FCC-hh builds on previous findings/
z ww ZH tt integrated -
a Bl : s wm lmoy refines them further and makes new
= AR SR t e .
o om w2 e m wsws o 20 w . w s Eneray observables accessible
— fresles - Inspired by the equivalent FCC-ee 2x101° Higgs,3 x107 Higgs pairs

schematic by Christophe Grojean « Higgs self coupling

» Rare Higgs decays

» High py Higgs
measurements

» ttH and top yukawa

» Rare top processes

WIMP dark matter
Heavy resonances
Long-lived particles
Opportunities to directly
discover NP inferred at
FCC-ee

. . . .

* EW (longitudinal) VBS
» Jet physics at 10s of
TeV, boosted objects

* CKM matrix * Precision EW @ high
¢ CPVin b- and c- hadrons energy.
* FCNC studies » Forward physics.
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The Physics Landscape at FCC

B — ) o FCC-hh builds on previous findings/
z ww ZH it integrated n
a Bl : s wm lmoy refines them further and makes new
o | T T 1 T R 1 .
© s o2 o ws s s v 20 w . w s Eneray observables accessible
S o e Inspired by the equivalent FCC-ee 2x101% Higgs,3 x107 Higgs pairs

schematic by Christophe Grojean « Higgs self coupling

» Rare Higgs decays

» High py Higgs
measurements

» ttH and top yukawa

» Rare top processes

WIMP dark matter
Heavy resonances
Long-lived particles
Opportunities to directly

Only a selection will be

shown. with focus on discover NP inferred at
’ FCC-ee

Higgs program

* EW (longitudinal) VBS

» Jet physics at 10s of
TeV, boosted objects

* Precision EW @ high

* CKM matrix
¢ CPVin b- and c- hadrons energy.
* FCNC studies » Forward physics.
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The Higgs Program
Cross-Sections Higgs Mass & Width

A

~ 125 GeV

, Higgs Self-coupling
Higgs

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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The Higgs Program
Cross-Sections Higgs Mass & Width

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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The Higgs Program at unprecedented Precision/Energy
Cross-Sections Higgs Mass & Width

Higgs Self-coupling

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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Absolute Normalization for Higgs Couplings and Width

e, u Recoil Mass Method
- Initial state well known
. —> Inclusive, model-independent Higgs
£ Fy i analysis based on Z-boson kinematics

- Higgs selection without looking at it's decay
products
2 2
m o =85+ m7; — 2+/SE
1. Determine inclusive cross-section o(ZH) via recoil mass recotl Z \/— Z
method: 0(ZH) < gf,,

FCC-ee Simulation (Delphes)
— —T T

T T T T T T T T T T T T T

F — ZH

— Vs =240 GeV . Zz

L=108ab’ . WwW
- * .,

ete > 2ZH = 'y +X Other Backgrounds

>
[
S
P
=
w
2
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>
@

2. Investigate H — ZZ decay to extract Higgs width I'(H)

T(H-ZZ) g}
0(ZH)BR(H - Z7) X g&,, X D = F‘Z’;f

3. Extract absolute couplings of channel H - XX:

T(H-XX)  gfzz9% S
0(ZH)BR(H — XX) X gfiz7 X rH) H?Z(HI;XX e o

T IIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIII'III

a,‘ lIIIlIIlIIllIIIlIlIllIIIllllllllllllllllllllllII
o

Z leptonic recoil [Ge

8
B
2
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The Higgs Program at unprecedented Precision/Energy
Cross-Sections Higgs Mass & Width

e+

~ 125 GeV

, Higgs Self-coupling
Higgs

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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: : Reference M.
Inclusive ZH Cross-Section (tnxiv2512.212001

% o SbFCC-ee smuten, V5 =240 GeV. 10.8 ab!

2 3

o — Z(qq)H (x50)
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Extract g4,, via recoil mass method MVA score
- Normalization for FCC-ee but also FCC-hh coupling measurements

Final state /s =240GeV /s =365GeV

Leptonic channels

* leptonic Z — Il (I = e, u), as well as hadronic Z — gq analysis Z(ete )H +0.81 +1.91

at 240 and 365 GeV Z(utp~)H +0.68 +1.79

» Event selection based on Z kinematics Z(¢+0-)H +£0.52 +1.32
* Likelihood fit on recoil mass distribution Hadronic channel

* Model independence shown by statistical tests Z(qq)H +0.38 +0.56
—> alter Higgs BR and extract o (ZH) Combined result

ZH +0.31 +0.52
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https://arxiv.org/pdf/2512.21290

The Higgs Program at unprecedented Precision/Energy
Cross-Sections Higgs Mass & Width

A

~ 125 GeV

, Higgs Self-coupling
Higgs

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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Reference et b, g, 7"

EleCtrOn Yu kawa |[arxiv:2107.026861. Arxiv:2604.24152 ) <

‘ First generation Yukawa Study! ‘

Energy spread:
—8=0
05 . §=41Mev
—-8=7MeV
=~ naAl - d =15 MeV
o)
= 0.4 d =30 MeV
—_~ ---8=100 MeV
I -
)
o i
p 02—
v | BT« R
St

T PR T |
124.99 124995 125 125.005 125.01
S - 's (GeV)

Open Tasks!

» Gluon tagger performance

 Beam monochromatisation

‘ dedicated run for resonant s-channel production needed ‘

Strong cross-section dependence on +/s

—->6my and BES need to be reduced to level of Higgs width:
4MeV

—->BES can be reduced with monochromatisation (current
reach 20MeV)

Leading sensitive channel: H - WW*- lyjj
= 2.00 (1Yx1exp)
2> 4Yx4exp~8

Promissing channel: H = gg:

* High branching ratio

* No background contamination from Z->gg (forbidden), but
from mistagged Z->qq

C\E/RW ‘ 24/06/2026
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https://arxiv.org/pdf/2107.02686
https://arxiv.org/abs/2604.24152

The Higgs Program at unprecedented Precision/Energy
Cross-Sections Higgs Mass & Width

A

~ 125 GeV

, Higgs Self-coupling
Higgs

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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2313 Reference —

| [DOL: 10.17181/jfb44-50d81]

Higgs Mass

NS

et ut
Recoil Mass Method
‘ my parametric uncertainty in other quantities (BR, o..) ‘ - |nitial state well known
—> Inclusive, model-independent Higgs
« Statistics dominated measurement analysis based on Z-boson kinematics
- Leading sys. uncertainty: beam energy scale calibration — Higgs selection without looking at it's decay
products
FCC-ee simulation
g5 Q-OB T T O I T L1 1 [T 0T [ SG] BT T G [ 010 | GV 8 5] 7 %0 2 —— 2 _ /
& F  Z(ww)H, 240 GeV . _ o _ mT@COll S+ mZ 2+/SE Z
g 007 " Defat 1+ Simultaneous likelihood-fit FGC-o0 Simutation (belphes)
§ B j ﬁ : — Perfect resolution 7 . = SR it olpt ) _
PR - Magnelic feld T in ee and uu channel at g " (5= 210 Gov —T 3
g 5105 1ﬂ I il i O IO 240 and 365 GeV : B ax — LI
5 ﬂfﬁﬂ 1 * Z(up) dominates sensitivity . E
0.04 : . E E
g Y {  due to superior momentum 3 =
" | : resolution 3 E
o.o1:fSJ *%.. : 0;_ — E
L : o ] — * e Zle to1:i(c)recoil e160
2'2#%41“1‘25"&5 s e | 0(my) = 3.97 MeV e
Recoil mass (GeV)
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https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73

PeH Reference EE—

| [DOL: 10.17181/jfb44-50d81]

Higgs Mass

Limitations & Open Tasks

‘ my parametric uncertainty in other quantities (BR, ¢..) ‘ + Transparent tracker is crucial

—> Tracker limits sensitivity if % > BES

» Statistics dominated measurement
« Leading sys. uncertainty: beam energy scale calibration

6\ 0.08 FICICIT?IeIIS"l"JlLf_IﬂanI TT |] llllll [||||||||| TTTTTTTT] :\‘? 05; — Drift chamber 2T — Silicon 2T
% F | Z(u*lli')H, 240 GeV ] . - . . g 0.45;—- -~ Drift chamber 2T (MS only) -~ Silicon 2T (MS only)
g 0.07:~ = . EFH : —D;eféult —E ° SImU|taneOUS I|ke||hood_f|t g 0.4F Drift chamber 3T Silicon 3T
=} B { { — Perfect resolution 7 . Ke) F —— Beam energy spread (0.185%) Z(I)H lepton p_
S oosf e R TR in ee and pu channel at g 035
8 osh —Sficontracker 240 and 365 GeV E 03
: 1« Z(up) dominates sensitivity 2 i
0.04 . . o 2
i ] due to superior momentum S oast
e , : resolution ot L
0.02;_. _ 0.05?
: ] AR M PO PO R [ | , ., |,
0.01f SJ :“h.,, : i o0 0 20 30 40 50 60 70 80 90 100
. | — ] p_(GeV)
—l 111 IIII|I\II LELE IIIIIIIII 1111 111l — T
22 123 124 125 126 127 128 129 130 131 132 6(mH) - 3'97 MeV

Recoil mass (GeV)

NS
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https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73
https://repository.cern/records/c5dn3-c0s73

The Higgs Program at unprecedented Precision/Energy

Cross-Sections Higgs Mass & Width
A

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

experimental
knowledge
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Higgs to hadronic: H — bb, cc, ss

I ~80% H decay hadronically I

FCCAnalyses: FCC-ee Simulation (Delphes)

Reference _—

| [arxiv:2511.23149

bb/ cc/ gg channels:
—>Clean, large S/B

Performance Driver!

« Jet visible mass resolution
« Jet flavor tagging:

Lena Herrmann | Physics Program FCC-ee/ FCC-hh

- e ss channel —> Unique opportunities for strange
3 10 BWW [0ZZ —>measurable for the first time tagging with PID (charged hadron
2 b Vs =240.0 GeV =$qz =§(‘1’|"4W PID missing at LHC) [2]
;_', L=10.8ab"’ —Hbb H . .
5 U e'e ~Z(W)HG)  _Hgy —Hes Investigate categories
® 106 —Hre E Z(vv,jj,INH=>]]
10 s
108 i _ _ Vs 240 GeV 365 GeV
: Flavor tagger crucial for signal 1 1
10° h ' L 10.8 ab 3.12 ab
10° enhancemen Channel | ZH vev.H | ZH vev.H
102 7
108 Simultaneous fit of cxBRs in VBF  H —bb | £0.21 +1.89 | £0.39 +0.64
1 and ZH H—cé | £1.75 +20 | £3.01 +3.36
107" H —»ss | £110 4990 | £340 +280
10_20 50 100 150 200 250 Similar analyses for FCNC H'QQS H —gg | £0.85 +£5.5 | £2.13 =£2.56
_ m; [GeV] decays H — bs, bd, sd, cu [1]
pre-selection stage
i ‘ 24/06/2026 24



https://arxiv.org/pdf/2202.03285
https://repository.cern/records/3jjdh-6fz97
https://arxiv.org/abs/2511.23149
https://repository.cern/records/7xjde-ebj45

The Higgs Program at unprecedented Precision/Energy
Cross-Sections Higgs Mass & Width

A

~ 125 GeV
" H
Higgs

Higgs Self-coupling

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

experimental
knowledge

24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh 25



Rare Decays: H — Zy,yy, up < =il

g

Large Higgs sample at FCC-hh improves precision on/ makes rare decay channels accessible

3.0: : FCC-ee

2.5 -:

2.0t

SK[%]
o

1.0!

0.5 i _ ] FCC-ee+FCC-hh
0.0 |
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https://cds.cern.ch/record/2944678

Rare Decays:H — Zy,yy,up < ezl

Ratio Measuremnet: H - uu/ H - ZZ* - uuuu

Strateg y FCCAnalyses: FCC-hh Simulation (Delphes) FCCAnalyses: FCC-hh Simulation (Delphes)
% 11311;2 ﬁ=84T§-V — up cont. g 10:3 V§=84T?V — 4 cont.
—> Ratios reduce dependence on common T g e o T oL B v
systematic assumptions L —
* Theory unc on production cross-section ]
* Luminosity
. etc LHD B e VH 2227 2 pppp
—> Absolute coupling measurement by using FCC-ee e e e e et N | R0 e s e |
‘c% my, [GeV] US; My, [ GeV]

['(H ~XX)
OproaBR(H = XX) = 0pr04 @ Likelihood Fit to invariant mass distribution in bins

BR(H — XX) g2 .\ of pr(H) (smaller sys at high p;(H) )
BR(H = ZZ*) \ gt

?
~ 0.1% precision from FCC-ee

Model-dependent
assumptions at hh
machines needed

NS
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https://cds.cern.ch/record/2944678

Rare Decays:H — Zy,yy,up < ezl

Ratio Measuremnet: H - uu/ H - ZZ* - uuuu

FCCAnalyses: FCC-hh Simulation (Delphes)

Strategy

0 Vs =84 Te;V — u cont.
L =30ab

5 Vs=84TeV
L=30ab’

NS

- Ratios reduce dependence on common o RIS T 0.0
systematic assumptions V
« Theory unc on production cross-section : _— =
« Luminosity ; | -
"H—- 77" -
e efc ! L ”MMF
—> Absolute coupling measurement by using FCC-ee
my, [GeV] :/S; m,, [GeV]
['(H 2XX)
O-prodBR(H - XX) = Oprod @
BR(H - XX) g2 Vs BTV
— =— Scenario FSR baseline
BR(H — ZZ*) IHzz Int. lumi in ab™! 30
Model-dependent .
019 o 1 oc assumptions at hh S9Hup/gupup in % 0.660
~ 0.1% precision from -ee machines needed
C\E/RW ‘ 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh 28


https://cds.cern.ch/record/2944678

The Higgs Program at unprecedented Precision/Energy
Cross-Sections Higgs Mass & Width

A

~ 125 GeV

, Higgs Self-coupling
Higgs

An alternative
potential

Standard Model
potential

Higgs field value
in our Universe

Current
experimental
knowledge
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Trilinear Higgs Self-Coupling [l monise swosrose

Higgs self-coupling provides insight into L

- Nature of Higgs potential H
- EWK symmetry breaking

'
o
N

N

An alternative
potential

H

Standard Model
potential

« At FCC-ee: k, accessible indirectly at tree-level ~20-30%
« At FCC-hh: 30 million Higgs pairs expected

Most sensitive channel: HH — bbyy (high BR + high selection eff) V@
« Signal/background discrimination via DNN
« Profile likelihood fit on 2D m,,, my,

Current
experimental
%~ knowledge

Higgs field value
in our Universe/

Channel specific result: §k; = 3.5(stat.) + 3.8(syst)

Combination with other channels (bbtt, bbbb) improves ?
precision further

C\E/RW ‘ 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh 30

NS


https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://arxiv.org/pdf/2511.03883

Trilinear Higgs Self-Coupling [l monise swosrose

Ky -7

Higgs self-coupling provides insight into Not
- Nature of Higgs potential H ole
- EWK symmetry breaking Di-jet resolution has critical impact
H on analysis
« At FCC-ee: k, accessible indirectly at tree-level ~20-30%
« At FCC-hh: 30 million Higgs pairs expected
5 FCC- hh 3'0 ab"1'(84 TeV)

Most sensitive channel: HH — bbyy (high BR + high selection eff) \ & i ::,Ztt fin'v

« Signal/background discrimination via DNN
« Profile likelihood fit on 2D m,,, my,

-2AIn(L)

Channel specific result: §k; = 3.5(stat.) + 3.8(syst)

Combination with other channels (bbtt, bbbb) improves
precision further

kx
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https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://arxiv.org/pdf/2511.03883

Trilinear Higgs Self-Coupling [l monise swosrose

Higgs self-coupling provides insight into H:,/'/ Note
- Nature of Higgs potential H
- EWK symmetry breaking Di-jet resolution has critical impact

H on analysis

« At FCC-ee: k, accessible indirectly at tree-level ~20-30%

o At FCC_hh: 30 mi”ion Higgs pairS expected HL_GLS':/;probabilitysensitivity-AIIscenarioscombinedwith HL‘-LHC
Most sensitive channel: HH — bbyy (high BR + high selection eff) = |
- Signal/background discrimination via DNN [
« Profile likelihood fit on 2D m,,, my,
|cucm |
Channel specific result: §k; = 3.5(stat.) + 3.8(syst) ‘
‘ FCC-eezmw/240 ‘
Combination with other channels (bbtt, bbbb) improves Foceompers | A\
precision further > I Eu:@ﬂ%,?n%trate,g)
-Muc10

6A3[%]

C\E/RW ‘ 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh 32

NS


https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://repository.cern/records/5mqfv-xnd34
https://arxiv.org/pdf/2511.03883

Couplings and Branching Ratios . %

% channel ZH WW-H ZH WW - H
kz (%) 1.3 0.10 0.10 ZH - any  +0.31 +0.52
kw (%) 1.5* 0.29 0.25 YH—any £150
b (%) 25°  038/049  033/045 G v S+ S
kg (%) 2F 0.49/0.54 0.41/0.44 g — 88 £120 +990 £350 +280
+0.80 +5.5 +2.1 +2.6
ke (%) 1.6 0.46 0.40 How  toss +1.2 156
K¢ (%) - 0.70/0.87 0.68/0.85 =k sl = - o
" H—->WW* +£0.80 +1.8™ +2.1™
Ky (%) 1.6 1.1 0.30 H-ZZ* 425 +8.3() +460
Kzy (%) 10* 4.3 0.67 Ho 7y t1is o 23
Kt (%) 32" 3.1 0.75 H—-vwww £25 +77
Ky (%) 4.4* 3.3 0.42 H — inv. <55x 1074 <1.6x10°3
+29 +29 . -3
|Ks| (%) = 67 —67 Hui 1208
'y (%) - 0.78 0.69 H — bs <3.1x107
By (<,95%CL) 1.9x1072* 5x10~* 2.3 x 1074 pobe R
Bunt (<,95% CL) 4x1072* 6.8x 1073 6.7 x 1073 Hocu  <65x10°*
observable param stat. stat. + syst.
p=oc(H) x BH— vy) o 0.1% 1.4%
pw=oc(H) x B(H— pp) op 0.4% 1.2%
p=o(H) x B(H — £0£8) Su 0.2% 1.8% *)
p=o(H) x B(H — v££) Su 1.1% 1.7% ()
u=o(ttH) B(H — vy) ou 0.4% 2.2%
R =BMH — pp)/BH — pupup) JR/R 0.5% 1.3%
R = B(H = vy)/B(H — eeup) SR/R 0.5% 0.8% Q)
R=B(H = v7)/BH = uu) SR/R 0.5% 1.3% Q)
R = B(H — puy)/BH = puup) dR/R 1.6% 2.0% )
R = o(ttH) B(H — bb) /o (ttZ) B(Z — bb) SR/R 1.2% 2.0% Q)
R = o(VBF — H)) B(H — epvv)/o(VBS — WW)) B(WW — euvv) SR/R 1.9% 2.0%
B(H — invisible) B@9%%CL 1.2 x10~* 2.6x 10~ &
o(HH) 8k 3.5% 5.2%
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Couplings and Branching Ratios . %

% channel ZH WW-—-H ZH WW —H
Kz (%) 1.3 0.10 0.10 ZH —any 0.3 +0.52

kw (%) 1.5* 0.29 0.25 YH—any £150
b (%) 25¢ [ 0387049 0337045 G v S+ S
kg (%) 2¢ 0.49/0.54 041/0.44 H - ss +120 £990 £350 +280
* H-—gg +0.80 +5.5 +2.1 +2.6
ke (%) 1.6 Ho7r  +0.58 +1.2 +5.6 %)
ke (%) _ Hopp %11 +£25
¢ . H— WW*  +£0.80 +1.8( +2.1(
Ky (%) 1.6 H—7ZZ*  +25 +8.3( +4.6 ™
* H £3.6 +1 +1
Kzy (%) 10 . H % :t:1$1.8 ﬂg :i:2§
Kt (%) 52 H-owvwww £25 +77
Ky (%) H — inv. <55x 1074 <1.6x1073
|K,s| (%) H—dd <1.2x 10‘2
H— uu 1.2 x 10~
I'u (%) H s be :3.1 % 10~
B (<,95% CL) ey o
Bunt (<, 95% CL) H— cu <6.5x 1074
observable param stat. stat. + syst.
p=oc(H) x BH— vy) o 0.1% 1.4%
pw=oc(H) x B(H— pu) op 0.4% 1.2%
p=o(H) x B(H — £0£8) Su 0.2% 1.8% E;
. . =o(H) x B(H— vt b} 1.1% 1.7% *
« One order of magnitude improvement b ) B ) P VA
_ R=BH — pu)/BH — pppp) SR/R 0.5% 1.3%
com pared to H L L H C R = B(H = vy)/B(H — eeup) SR/R 0.5% 0.8% E;
R = B(H — vy)/BH — pp) SR/R 0.5% 1.3% *
 FCC-ee/hh complementary R B(H s oo/ BH o ) wnrew  dow O
: : R = o(ttH) B(H — bb) /o (ttZ) B(Z — bb SR/R 1.2% 2.0% *
« Absolute Higgs width measurement of 0.78! B o B e o WW)B(WW —» omw) WK Lom oom
B(H — invisible) B@9%%CL 1.2 x10~* 2.6x 10~ &
o (HH) Sk 3.5% 5.2%
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The Electroweak and Top — Program at FCC-ee

CHALLENGES

EWPOs parametric inputs i.e. my, (mg, ag(my),..)

Observed Deviation = new physics effect + uncertainty
from input parameters

—> Bring systematics down to stat level
- Precise knowledge of luminosity, +/s, BES, .. crucial
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The Electroweak and Top — Program at FCC-ee
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“Q ED (mZ) onl fo Z-peak [arxiv:1512.05544], [slides: ]. Eysermans], [arxiv:2501.05508]

Dominant parametric uncertainty in EW precision fit (sin(8y,, my,)): & \
- Avoid QCD-loop uncertainties from a(0) —» a(m;) extrapolation \
—~ Measure at the Z-pole y / /
- Current uncertainty needs to be reduced by one order of magnitude ~_/ | /
to ~107> \ /
\JV
Approach 1): A%% off peak measurements, Sa [ cammaccurecy rom A% P00 |
Nt o eff — =3x107°
On peak ConStraIntS Sln(eW) a 10-550. = l60I = I70. = I80I = l90I = :IOOI = I110' = I12(; = .130I = I140I = I150
Approach 2): Lepton Ratios in Forward Region Sa B e ne
> Compare differential distributions of ¢ — 6x10 R
Re- e+ » Re-/,- in forward region *) = -
5[ Hl R 5 ii
[ M Combination g

[l
=
v 5

Challenge: < _5%1
e/u identification in forward region ;

-20 —10 0 10 20
5(sin205) x 10°

C\E/RW ‘ 24/06/2026
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https://arxiv.org/pdf/1512.05544
https://indico.cern.ch/event/1674073/contributions/7065948/attachments/3269285/5839763/roundtable_alpha_qed.pdf
https://arxiv.org/pdf/2501.05508

Top Threshold Scan Y s

Scan +/s around tt production and measure ee>WbWb

Challenge
Curve encodes top quark properties as my, Iy, (as) Near threshold tt behaves like a short-lived QCD
= —— e bound state, requiring high-order non-relativistic QCD
o 58 ] .
Q. 1.4 |-ttthreshold - m " 171.5 GeV — —->N4LO needed from theory side
g - —QQbar_Threshold NNNLO —FCC-ee 350 LS only -
5 1.2 - —IsRonly ~FCC-ee 350 LS+ISR ]
oy - 91 km ring circumference ] Uncertainty source mES [MeV] | Ty [MeV]
o - - Experimental (stat. x1.2) 43 10.4
8 - i Parametric y; 4.2 3.6
|t O 8 L O, Y -
oveL $ : : - Parametric ag 2.2 1.7
0.6 = B o Luminosity calibration (uncorr.) 0.5 1.0
L i g Luminosity calibration (corr.) 0.4 0.4
0.4 - g Beam energy calibration (uncorr.) 1.2 1.8
- . — Beam energy calibration (corr.) 1.2 0.1
0'2 - implementation of corrections - 8 $ Beam energy Spread (uncorr.) 03 08
| baTed BRSS9 5005) | ] "q’__s '§ Beam energy spread (corr.) 0.1 1.1
1 ] ] 1 ! | | 1 ] O =
/s [GeV] i _8 Theory, unprofiled (scale) 35 25
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https://arxiv.org/pdf/2203.06520
https://arxiv.org/pdf/2503.18713

Reference

Flavor at the Z-pole

Attribute T(4S) pp Z B — K*tt analysis
All hadron species v Vv * Not observed to date _
- ‘ * Requires 2-3um impact parameter resolution
High boost v H
- ; — » Requires excellent PID capabilities
Enormous production cross-section v
Negligible trigger losses v v q
ngh geometrical acceptance \/ / 120f PV (3.0um, o.ozsi#n:, ?.'?fmt) &de\;&{; Tvo(:zo.g,;gl, 5.0um)
robabuity to waentily a 7 = U.
Low backgrounds v v - W 5, K°D,D,(D, - 1)
Flavour-tagging power v v = ] 20 e DDy Dy WA
o e ) ‘ O J mm B, - K*Dgv(Dy — 1v)
[nitial-energy constraint v (V') S 80 W B, - K*D,D,(D, - mrnn'n’)
= ] EEm B, K*D:D,(D: — Dyy, Dy — Tv)
i 601 B B, K*D,D,(D, — v, D, — mrrn®)
8 1 s B, - K*D'tv(D’ — Dyy, D, — nann®n®)
Z I b- tt u b t ] % : j— Bd - K‘UDSDS(DS - TV, Ds — 7['7!'7!'7['07['0)
-pO e compines many attriputes In = 40'_ W B, - K*D:D,(D: - Dyy, D, — nrnn’n®)
terms of flavour physics - -

0 ! —. b o |
4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0
m(K*[3m],[37];) [GeV]
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https://arxiv.org/pdf/2203.06520

CE/RW
\\._/

24/06/2026

Lena Herrmann | Physics Program FCC-ee/ FCC-hh

41



The BSM- Program — A Selection

Dark Sector

(N
)
:

Ll | Lol L im
102 103 104 10°

A~O(TeV)
new physics scale

BSM (EFT) - valid
E<A
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https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf
https://indico.cern.ch/event/1086716/contributions/5050221/attachments/2542448/4378851/HIggs2022_BAKortman_EFTATLAS.pdf

[ESPPU input]

New Resonances

FCC-hh s:mulatlon (Delphes)

> R R S T FCC-hh Default layout (#1), <u> = 200
100 TeV 84 TeV 3wl ey ;L“sfzfeim.—g Foesow! S B T

BSM object (%) CDR baseline FSR baseline § 100 Zoou = - 8 fgz W ]

Z’SSM — 43 37 ’ g 165

7 sspp —TT, 18 16 -;',’ 14p

Z'ro — tt 23 20 I

Grs — WW 22 19 § 8

Q* —jj 40 35 o

WO 4.4 4.0 2 N

ho 1.2 /i 02500 3000 3500 4000

m, [TeV]

Chargino mass [GeV]

Direct mass reach of up to 40TeV
—linear scaling: ~7xreach LHC
Precision Measurements from FCC-ee
could lead the way
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https://indico.cern.ch/event/1439855/contributions/6461632/

CE/RW
\\._/

24/06/2026

Lena Herrmann | Physics Program FCC-ee/ FCC-hh

44



Conclusion

Exciting physics program with many possibilities to contribute

« Full simulation: studies, testing, reporting
« Many analyses to explore:
—>Various physics channels
—>Beam induced background studies
2.

« Reconstruction Techniques to be improved
—~>Handling of pile-up at FCC-hh
—>Flavor tagging
2.

« Detector/ accelerator studies
- control of beam parameters

—> detectors fulfilling physics needs
—etc

C\E\/R_N)l ‘ 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh
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Join the Effort

==

Subscribe to corresponding mailing lists:
https://groups-portal.web.cern.ch/

> FCC-PED-Physics B4 %*

-+ FCC-PED-PhysicsCoordinationGroup =
4 FCC-PED-PhysicsGroup-BSM =
< FCC-PED-PhysicsGroup-EWPrecision =

oy 1

-+ FCC-PED-PhysicsGroup-Flavours 0 2%
— FCC-PED-PhysicsGroup-Flavours-Coordination [ 422
— FCC-PED-PhysicsGroup-Flavours-CPC 4 222 8
— FCC-PED-PhysicsGroup-Flavours-Charm |
— FCC-PED-PhysicsGroup-Flavours-CPV |
— FCC-PED-PhysicsGroup-Flavours-Rare [ 22
FCC-PED-PhysicsGroup-Flavours-TauEW - 22=

ez

“z=

sz

4 FCC-PED-PhysicsGroup-GlobalFits =

4 FCC-PED-PhysicsGroup-hh 04 222 (5

- FCC-PED-PhysicsGroup-Higgs < 225 %

4 FCC-PED-PhysicsGroup-HighLevelReco -7 2=

-+ FCC-PED-PhysicsGroup-MCgenerators |

< FCC-PED-PhysicsGroup-PrecisionCalculations Sas

- FCC-PED-PhysicsGroup-QCD 4 222 %

-+ FCC-PED-PhysicsGroup-Top 1 <=
> FCC-PED-SoftwareAndComputing B4 %* =

4 FCC-PED-SoftwareAndComputing-Coordination

4 FCC-PED-SoftwareAndComputing- Analysis

4 FCC-PED-SoftwareAndComputing-Core !

-+ FCC-PED-SoftwareAndComputing-DB

B

e

=
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https://groups-portal.web.cern.ch/
https://groups-portal.web.cern.ch/
https://groups-portal.web.cern.ch/

Feasibility Study Report & Other Resources

@

x] 25 Apr 2025

arXiv:2505.00272v1 [hep-e

Future Circular Collider
Feasibility Study Report

Volume 1

Physics, Experiments, Detectors

blication of EDP Sciences,
di Fisica.

Feasibility Study Report: Volume 1
L[a rXiv:2505.00272v1] T

=W Higgs. Top j j

[cds:n78xk-gqcv56] L[cds:foav-m4p30]

Havour ) j

—

{

[cds:jnzpp-1fw39] [cds:69mM03-zzb95]

—

—

FCChh j 7

[cds:bzhc2-mem17] L[cds:Bkaxg-ejn91]

CERN
|
NS
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https://cds.cern.ch/record/2928193/files/2505.00272.pdf
https://repository.cern/records/mf0cz-2c516
https://repository.cern/records/mf0cz-2c516
https://repository.cern/records/mf0cz-2c516
https://repository.cern/records/n2emg-43f06
https://repository.cern/records/n2emg-43f06
https://repository.cern/records/n2emg-43f06
https://repository.cern/records/2fxav-m4p30
https://repository.cern/records/2fxav-m4p30
https://repository.cern/records/2fxav-m4p30
https://repository.cern/records/nf05j-xsq05
https://repository.cern/records/nf05j-xsq05
https://repository.cern/records/nf05j-xsq05
https://repository.cern/records/nf05j-xsq05
https://cds.cern.ch/record/2928193/files/2505.00272.pdf
https://repository.cern/records/ebvyr-s5y37
https://repository.cern/records/ebvyr-s5y37
https://repository.cern/records/ebvyr-s5y37
https://cds.cern.ch/record/2928193/files/2505.00272.pdf
https://repository.cern/records/zqdvw-gh865
https://repository.cern/records/zqdvw-gh865
https://repository.cern/records/zqdvw-gh865
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The Importance of the Two Stages

Clean, model-independent precision baseline - High Statistics/ high energy Higgs frontier

 Different production modes covered at various

Js scenarios 5 » study of rare decays:
. . . . o " H Hyy, Huu, HZy
>,\Mf I . >H< Higgs « Higgs self coupling at percent-level
. A . ! > Constraints on Higgs potential
Roprvik e S | - constraints on high scale new physics
@125 )
* Model-independent determination of Higgs I
properties (cross-section, width) I

» Unique access to hadronic decays, electron
Yukawa, invisible

C\E/RW ‘ 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh 49
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What about pile-up?

Avg. interactions/bunch cross.

- Huge pile-up make future hadron collider yow  0a10) 0(100) 0(1000) Eiftiire
measurements increasingly difficult LHC HL-LHC FCC-hh
- Hard to quantify the impact exactly <u> =200
- Powerful pile-up suppression
pile-up supp ATLAS
techniques through e.g. high sy il

at <p>=200

precision timing detectors
- LHC performance better than
expected at higher pile-up !
- No direct pile-up overlay, assume LHC

levels in the Delphes parametrizations

[CERN courier]

\f)’ ‘ Physics at the FCC-hh | Birgit Stapf | 03.11.2025 | Zurich
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The FCC Integrated Program

» Proposed Future Circular Collider
* 91 km ring, built at CERN
» Two stages: 2> FCC-ee on luminosity frontier
- FCC-hh on energy frontier
» Physics cases tested and found to be complementary
(cite feasability):
—->FCC-ee: not only Higgs but also EW, QCD, flavour
top factory; explore light physics frontier
—>FCC-hh: new energy frontier
* Project extends several decades
Common infrastructure of two stages—> cost effective

SISEelclole

FeaS|b|I|ty study  Project approval by Construction starts HL-LHC ends FCC- hh stage,
CERN Council ~ 20 years

Lena Herrmann | Physics Program FCC-ee/ FCC-hh



FCC-ee Operartion

Working point Z pole WW thresh. ZH tt

Vs (GeV) 88, 91, 94 157, 163 240 340-350 365
Lumi/IP (103 cm—2s—1) 140 20 75 1.8 14
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 10° tt

Number of events 6x 10127 24x108 WW — + 370k ZH

65k WW — H +92k WW — H

High Precision requires large
data samples and thus high
luminosity machines

C\E/RW ‘ 24/06/2026 Lena Herrmann | Physics Program FCC-ee/ FCC-hh
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BSM at FCC-ee

At the Tera Z can discover light states (possibly feebly coupled and long-
lived)

_ e Highly segmented tracking/calorimetry. (pQi
;2; 10— — . % 10
= by - =8 o / c
\ QF 1
107
102 (rossn
\\\\\\\\ FCC-ee LLP N, = uuv
10-10 sl i 10°° «'ff:ff-:»
~~~~~ FCC-ee LLP Ny = ujj
~~~~~~~~~~ ’ FCCpp &= 100TeV, L _ =30 ab™
\\"'“"""‘r’c:—(? ais 10—4 FCCpPD (5= 63TeV, L= 29.0 pb’
10_12 FCC-POPD 8300 ToV, L = 110.0 b"
5 10 50 100
MNI [GEV]

10° 102 10" 1 10 10 10° 10" 10°
m, (GeV)

Heavy Neutral leptons (HNL) Axion-like particles (ALPs)

[M. Selvaggi, ecole de GIF]
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