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Far away vision 
Higgs boson

precision

Electroweak
precision

Flavor
precision

New
Physics

‘Low mass’ and
high luminosity

Kind of
‘Intensity frontier’

~10 x more precise than HL-LHC

~20 x more data than Belle II

~105 x more data than LEP

Top
Never produced

in e+e-



FCC-ee Specs 
From Fabiola’s talk



FCC-ee Schedule 
From Fabiola’s talk



Basic Detector Requirements 



Basic Detector Designs 
ALLEGRO



Computing / Software are crucial ingredient 

(HL-)LHC is similar in scope.



Basic
Measurements

Marina Nogueira, Ang Li, Michele Selvaggi, 
Lars Röhrig, Fabrizio Palla, Nicola De Filippis



Vertex 
resolution

 Requires
   5 → 3 μm

And BTW
 FCC-ee has ~20 

times more b and 
tau pairs than
Belle II

 And the b/tau pairs 
are boosted

B Physics to benchmark vertex 

6x1012 Z

5 
μm

Flavor



Benchmark Vertex measurements 
MAPS

 Come to the 
workshop at 
CERN July 
1/2



Benchmark Vertex measurements 
MAPS

 Workshop at 
CERN July 
1-2 was a 
great event 
to hear what 
people are 
doing (link).

~ 5 μm resolution, but want to further improve

Traditional
design

https://indico.cern.ch/event/1417976/


Most copious process at FCC 
e+e-→qq

 Most basic MC needs work
 Acceptance not precise
 Beam and two photon 

background poorly modelled

Evis/√sEvis/√s

FCC

EW



Higgs Physics at e+e- Colliders 
ZH Threshold turns on at 91 + 125 GeV = 216 GeV reaches a 
maximum at around 255 GeV

FCC-ee:
most Higgses at 
240 GeV
considering lumi 
profile

arXiv:1308.6176

Vector boson 
fusion rises 
steadily, but is 
small

FCC-ee

Higgs



Higgs Physics at e+e- Colliders 
Leading strategy

 Tag the Z boson (leptons or jets)
 Recoil mass peaks sharply at Higgs mass

 
 

 Direct Higgs reconstruction not required, 
model independent σZH measurement

 Dominant background: WW, ZZ and Z/γ*

Challenges
 Detectors: resolution, tracking, vertexing, 

timing, angular
 Flavour tagging for Higgs couplings 
 Jet reconstruction algorithms

This plot does not work at hadron colliders.

Higgs



Basic Higgs Properties 
Higgs mass

 Basic SM 
parameter

 Not a limiting 
factor for 
radiative 
corrections

 Essential for 
producings Higgs 
directly e+e-→H

 Widths 4.1 MeV

Higgs



Basic Higgs Properties 
Higgs 
mass

 Basic SM 
parameter

 Not a limiting 
factor for 
radiative 
corrections

 Essential for 
producings 
Higgs directly 
e+e-→H

 Width

  4.1 MeV

Higgs



Momentum resolution 
Minimal 
material 
matters

 Drift chamber is 
ultra light

 Silicon detectors 
could be as light?

 Larger radius 
improves 
resolution ...

 Higher magnetic 
field improves 
resolution: 2T to 
3T improves 
momentum 50% 
and mass by 
14% 



Basic Top Properties 
Top mass

 Basic SM 
parameter

 Top never 
directly 
produced at 
lepton collider

 Hadron colliders 
have 
problematic 
definition of 
mass

 Theoretically 
much cleaner 
access at lepton 
colliders

Top



Higgs Couplings
beyond the third

generation fermions

David d’Enterria, Francis Petriello, Loukas Gouskos, Michele Selvaggi, 
Daniel Elvira, Xunwu Zuo



Why measure Higgs couplings? 

Loukas slide

Higgs



Higgs to first generation 
Unresolved 
Higgs decay 
modes
 Muons are only 

second 
generation seen

 Lighter fermions 
are very difficult

Higgs



Hadronic final states dominate 
Why is this 
important?
 At LHC those are 

often hopeless – 
background

 FCC-ee offers 
cleaner 
environment, more 
handles and data 
calibration

observed

Higgs



Higgs Electron Yukawa Coupling 
Measure e+e- → H →e+e-: how?

 ΓH is 4.1 MeV, measure mH at MeV level
 Dial collider ECM to mH, precisely!
 Monochromatize energy: ~ 4 MeV spread
 Signal is tiny and background is very large
 1.3 std significance per IP and per year

arXiv:2107.02686

signal background

Higgs



Higgs to gluon gluon 
Gluon tagging
 Major progress in 

tagging makes it 
feasible

 H→gg has no 
continuum 
background

 But can we 
distinguish well 
enough between 
u,d,s and gluons?

Higgs



e+e-→Higgs with polarized beams 
Beam 
polarization

 Transverse is 
more obvious

 80% not 
unreasonable

 Longitudinal 
much less clear

 Needs 
polarimeter: 
expensive

 Can work: 30%?

Higgs



e+e-→Higgs with polarized beams 
Single Spin 
Asymmetry

 Imaginary part 
in amplitude: 
interference

 Requires 
resonance 
(Higgs)

Higgs



e+e-→Higgs with polarized beams 
Origin

 ZH 
interference

 Does not 
work for 
H→gg !

 Term is 
proportional 
to mass!

 Azimuthal 
structure is 
different!

Higgs



e+e-→Higgs with polarized beams 

6

bb

W+W-

Quoted are significance of the signal.
Major improvements of up to factors
of 6 possible for bb and WW

6

Higgs



Tagging Challenge: Higgs→ss 
Jet tagging

 Key to quarks and 
gluons

 Very different from LHC

 Huge Z and W boson 
decay samples to 
calibrate

 PID is crucial input

 Charm, strange gluon 
tagging works

 Seeing H→ ss is least 
obvious, but should be 
possible

Higgs



Strange Tagging needs PID 



Tagging Challenge: strange 
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Tagging Challenge: Higgs→ss 
Jet tagging

 Key to quarks and 
gluons

 Very different from LHC

 Huge Z and W boson 
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calibrate

 PID is crucial input

 Charm, strange gluon 
tagging works

 Seeing H→ss is least 
obvious, but should be 
possible

Higgs



Calorimeter resolution matters …



Calorimeter technologies match 



SMEFT (at NLO)
Generically beyond SM 

Konstantin Asteriadis



Precision measurements and SMEFT 
SMEFT @ NLO

 Well studied on 
LEP data but LO 
only

 NLO opens up 
number of new 
operators

 Precision from 
FCC-ee is essential



Precision measurements and SMEFT 
SMEFT @ NLO

 Additional CP violating 
operators from NLO

 virtual corrections can 
develop imaginary 
contributions

 Instead of using full 
differential cross 
sections asymmetries 
should be sufficient

 LHC/FCC-ee 
complementary

 eEDM adds orthogonal 
very precise contribution



Precision measurements and SMEFT 
SMEFT @ NLO

 Constraints on Higgs 
trilinear and electron-
top coupling 
operators largely 
benefit from 
measurements at 
different ECM

 Different contributions 
have different 
dependence on the 
ECM 



Precision measurements and SMEFT 
SMEFT @ NLO

Systematic 
framework and 
evaluating all 
different operators

SMEFT community 
is catching up and 
will join the fun



Beyond the Standard 
Model Physics

Kevin Langhoff, Chris Verhaaren, Zeynep Demiragli



SUSY has still open phase space 
SUSY

 For certain 
areas of the 
phase space 
there is still 
room

 Careful with 
older plots as 
the LHC might 
do better than 
indicated but 
… there is 
room

New 
Physics



SUSY has still open phase space 
SUSY

 LHC might do 
better than 
indicated but … 
there is room

 Systematic 
uncertainties at 
FCC-ee are very 
important

 Theorists need to 
review the 
options, 
experimentalist 
the uncertainties

New 
Physics



Dark Sector: Axion-Like Particles 
Dark 
Sectors

 Going to 
lower 
energy from 
LHC

 → use the 
event 
counts and 
look for 
lower 
masses: 
intensity 
frontier

New 
Physics



Higgs Invisible Width 
Higgs boson: portal to dark world

 Use recoil and require nothing else
 Measure H→ZZ→vvvv
 Then remove as SM background
 SM precision 0.1%; NP at BF of 0.5%

Invisible decay
products

New 
Physics



Dark Sector: Axion-Like Particles 
Dark 
Sectors

 Going to 
lower 
energy from 
LHC

 → use the 
event 
counts and 
look for 
lower 
masses: 
intensity 
frontier

New 
Physics



Can the Z be a portal? 
Rare Z 
decays

 Not only the 
Higgs can 
be a portal

 Z resonance 
holds 
potential for 
exotic 
decays

New 
Physics



Sensitive to fractional charge? 
GUT

 Recent paper 
motivate GUTs 
with possible e/6 
charges

 Can the FCC-ee 
make a 
contribution

New 
Physics



Higgs and Glueballs? 
Comments

 Glueball searches 
are hard at the 
LHC

 The excess in 
bbbb final states 
will be hard to 
distinguish from 
the background

New 
Physics



Conclusions 
Status

 FCC-ee produces ~2.2M Higgs bosons in pristine conditions and 
thus has a strong Higgs program (HL-LHC ~ 180M Higgses)

 There are extraordinary electroweak precison, flavor precision, 
top, and BSM programs

 Detector design ideas exist and match the requirements
 New ideas for even better solutions are being investigated

Work that needs doing
 Work on systematics and the theory is essential
 New detector technology should be supported
 Detector integration is starting to move into focus



R.I.P. Peter Higgs

Passed away in April 2024



More
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FCC-ee Schedule 

26

3

26

26
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machine
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100
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time [operation years]

Z1 Z2 Z3 Z4 W1 W2 H1 H1 H1 t1 t2 t3 t4 t5

Electroweak
Precision

Lineshape The full LEP1 data can be accumulated
within a minute at the FCC-ee.

Stat. Uncertainty
ΔLEP/500



Higgs Couplings Precision

Not very dependent on the e+e- option
 Sensitivity to Higgs coupling is mostly around a percent
 Details of the uncertainties are dependent on the specific implementations arXiv:2206.08326



Higgs Couplings Precision

Sensitivity to 
deviations for

 Different effective 
Higgs couplings

 and aTGC 

arXiv:2206.08326
aTGCHiggs couplings



Lineshape Summary
Z 

po
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n

arXiv:2206.08326



Lineshape Summary
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Asymmetry Summary

A few points to note
 Z pole running creates substantially improved precision for all ‘LEP’ measurements by 

close to 3 orders of magnitude (statistically speaking)
 Major work for experimental and theory community to bring that precision to bear 

arXiv:2206.08326



Global Fit focus W/Z couplings

As expected
 Precision on couplings of W and Z bosons to fermions is more competitive at circular 

collider 

arXiv:2206.08326

Note logarithmic scale
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