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Standard Model of particles & interactionsStandard Model of particles & interactions
■  Renormalizable QFT of electroweak SU(2)

L
´U(1)

Y
 & strong SU(3)

c
 gauge interactions

EWK
sector:

QCD sector:Flavour sector:

O(20) parameters: Couplings, H mass & vev, H-f Yukawas, CKM mix., CP phases.
Experimentally confirmed to great precision for over ~50(!) years:



3/35Korean Phys. Soc, Jeju, Oct'26                                                         David d'Enterria (CERN)

Standard Model of particles & interactionsStandard Model of particles & interactions
■  Renormalizable QFT of electroweak SU(2)

L
´U(1)

Y
 & strong SU(3)

c
 gauge interactions

EWK
sector:

Higgs 
sector:

O(20) parameters: Couplings, H mass & vev, H-f Yukawas, CKM mix., CP phases.
Experimentally confirmed to great precision for over ~50(!) years:

Higgs



4/35Korean Phys. Soc, Jeju, Oct'26                                                         David d'Enterria (CERN)

                Why do we need a new collider ?Why do we need a new collider ?
Long-lived 
meta-stable vacuum

   LHC has discovered Higgs + “nothing else” = Higher precision & energy needed
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                            FCC = Collider with broadest physics reachFCC = Collider with broadest physics reach

Particle collider with 4 interaction points in 91-km (200m-undergnd) ring:
 ‣ FCC-ee: e+e- Higgs/EW/Flavour/top/QCD factory at √s = 90–365 GeV
 ‣ FCC-hh: Energy frontier pp collider reaching √s ≈ 100 TeV
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■  Cover the broadest possible range of BSM scenarios:
    Heavier than LHC reach → Produce it at FCC-hh (energy frontier ×10)
    Small couplings / hiding well → Find it at FCC-ee (precision ×300)

■  BSM searches at FCC-ee:
     ➨ Direct model-indep. discovery of particles from Z,W,H decays up to m~Ös/2 
         Small & well understood backgrounds: Fill “blind spots” in p-p searches 
    ➨ Indirect via high-precision SM measurements sensitive to virtual corrections:

■  BSM scale L (from generic SMEFT) via precision measurements:

                  Indirect & Direct BSM searchesIndirect & Direct BSM searches

   ➨ New Higgs-coupled physics:

FCC(e+e-): ±0.1% Higgs couplings precision: L ≳ 7 TeV

    HL-LHC:  ±5% Higgs couplings precision:       L ≳ 1 TeV

   ➨ New electroweak-coupled physics:

      Current EWK fit excludes new physics below:  L ≳ 3 TeV
      FCC(e+e-):  ×300 times more precise:               L ≳ 50 TeV 

,X ,X
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,X

,X

,X
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          FCC-ee = Z, W, H, top factoryFCC-ee = Z, W, H, top factory

 ➨ Full LEP program in 1 minute: Z(×5·105 LEP), W (×104 LEP),
    plus 2M Higgs, 2M top quarks

 ➨ Indirect exploration of the 10–100 TeV energy scale through SM “stress
    tests” via high-precision studies of the 4 heaviest particles: W,Z,H,top

■  The FCC-ee features unparalleled luminosities:
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          FCC-ee = Z, W, H, top factoryFCC-ee = Z, W, H, top factory
■  Physics programme in 4 baseline runs:

 ➨ Full LEP program in 1 minute: Z(×5·105 LEP), W (×104 LEP),
    plus 2M Higgs, 2M top quarks

 ➨ Indirect exploration of the 10–100 TeV energy scale through SM “stress
    tests” via high-precision studies of the 4 heaviest particles: W,Z,H,top
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                    FCC-ee: High-precision W, Z, topFCC-ee: High-precision W, Z, top

■ Mostly thanks to: (i) Huge statistics
                               (ii) Exquisite beam energy calib: dE

cm
≈0.1, 0.15, 1 MeV (Z,W,t)

Z resonance: 6·1012 Z tt thresh. scan: 2·106 topsWW thresh. scan: 2·108 W

• Lineshape:
 Exquisite Ebeam (RDP)
 MZ, ΓZ to 10 keV (stat)

• Asymmetries:
  sin2θW to 1e-6
 αem to 8e-5

• Branching fractions,Rl,Rb:
 αs(mZ) to 0.1%

• Predict mtop, mW in SM

• Threshold scan:
 mW to 200 keV
 ΓW to 300 keV

• Branching fractions:
 αs(mW) to 0.2%

• Radiative returns: e+e-→Z(νν)γ
 Nν to 0.0005

• Threshold scan:
  mtop to 7 MeV
  Γtop to 11 MeV
  λtop to 1.5% (4D fit)
  EW couplings to 1%
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FCC-ee: FCC-ee: aaemem(m(mZZ) coupling) coupling

■  FCC-ee will reduce the current QED coupling uncertainty by up to
    a factor ´20: da/a(m

Z
)~6·10-6 (stat. uncert., syst. cancel in ratios)

■  The QED coupling at mZ is a large parametric uncertainty in EWPO fits.
■  Slope of mm fwd-bckwd asymmetry off-peak and fwd. Bhabha/mm ratio on-peak 
    have very strong sensitivity to QED coupling & weak mixing angle:

Max. γ-Z interf./asymm:

 Ös = 87.9, 94.3 GeV

[P.Janot, 
 arXiv:1512.05544]

[M.Riembau, 
 arXiv:2501.05508]
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FCC-ee: FCC-ee: aass(m(mZZ) coupling) coupling
■ EW boson hadronic widths known at N3LO in pQCD:

■ FCC-ee will reach 0.1% precision on αs(mZ) (×20 better than LEP):

ha
d

ro
n

s

 – Huge Z pole statistics
 – Exquisite syst./parametric precision:

   Z  

[DdE, Jacobsen
 arXiv:2005.04545]

Sensitivity to αs(mZ) via

O(4%) higher-order corrs. 

Z,W

https://arxiv.org/abs/2005.04545
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            FCC-ee: W boson mass & widthFCC-ee: W boson mass & width

■  Threshold scan over √s ≈ 155–170 GeV for W mass & width extraction:

■  Experimental uncertainties: δmW ~ 0.2 MeV (vs. ±9 MeV today)

                                                 ΔΓW ~ 0.3 MeV (vs. ±42 MeV today)

■  Theoretical NNLO+NLL ISR uncertainties are today at the O(3 MeV) level.

■  Also, W mass with O(1 MeV) from W→qq,q+νℓ inv. mass (kin. constraints)

[P.Azzurri, 
 arXiv:2107.04444]

[M.Defranchis, work in progress]          
 mW: position of rise
 ΓW: curvature of rise

 Cross-sections
 measured 
 at 7 √s points
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                FCC-ee: Top-quark mass & widthFCC-ee: Top-quark mass & width

■  Threshold scan over √s = 340–345 GeV for top mass & width extraction:

■  Experimental uncertainties: δmtop ~7 MeV (vs. ±290 MeV today)

                                                 δΓtop ~12 MeV (vs. ±190 MeV today)

  Cross-sections
  measured 
  at 10 √s points

■  Today, theoretical N3LO+ISR uncertainties are at the O(35 MeV) level.

[M.Defranchis et al., arXiv:2503.18713]
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                                FCC-ee: EWPOs exp. uncertaintiesFCC-ee: EWPOs exp. uncertainties

■ Complete, self-calibrating observables sensitive to huge set of BSM scenarios

■ Stat. uncertainties very small. Syst. ones reducible in-situ (statistics-driven).

Z

W

t



15/35Korean Phys. Soc, Jeju, Oct'26                                                         David d'Enterria (CERN)

                            FCC-ee: EW+QCD theory uncertaintiesFCC-ee: EW+QCD theory uncertainties

■ Current TH uncertainties to be improved by ´5–10 to match expected exp. ones:

   
Required N3LO SM corrections of 
EWPOs theoretically doable in 
~10 years (with appropriate financial 
support and training programs)
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                            FCC-ee: EW+QCD theory uncertaintiesFCC-ee: EW+QCD theory uncertainties

■ Current TH uncertainties to be improved by ´5–10 to match expected exp. ones:

   

■ Theory calculations wish-list for FCC-ee:  [ESPPU’25 Phys. Book, arXiv:2511.03883]
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                        FCC-ee: Indirect BSM reach of EWPOsFCC-ee: Indirect BSM reach of EWPOs
■  Comparison of (m

top
,m

W
,m

H
) electroweak fit today and at FCC-ee:

FCC-ee

LEP+LHC
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                        FCC-ee: Indirect BSM reach of EWPOsFCC-ee: Indirect BSM reach of EWPOs
■  Comparison of (m

top
,m

W
,m

H
) electroweak fit today and at FCC-ee:

FCC-ee

LEP+LHC

LEP constraints: L >  3–10 TeV
After FCC-ee:     L > 30–100 TeV

[Allwicher, McCullough, Renner, arXiv:2408.03992]

■ Constraints on generic BSM SMEFT dim-6 operators at scale L:
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Long-lived 
meta-stable vacuum

 

                        Higgs boson as the keystone of (B)SMHiggs boson as the keystone of (B)SM
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      FCC-ee = Higgs boson factoryFCC-ee = Higgs boson factory

■  Cross section (HZ+VBF): s(e+e-H+X) » 200 + 50 fb
■  2+ million Higgs bosons produced with small & controlled 
    backgrounds and no pileup:

(also sensitivity to y
t
)

■  Access to precision (<<1%) Higgs couplings, and rare & BSM decays
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                          FCC-ee: Higgs couplings, width, massFCC-ee: Higgs couplings, width, mass

■  Recoil method in H-Z(ll) unique to lepton collider:
    reconstruct H 4-mom. independent of H decay mode:

■  High-precision
 
(0.2%) σ

ZH 
provides model-indep.

    g
Z
 coupling σ(ee→ZH)  g∝

Z
2, with ±0.1% uncert.

■  Total width (Γ
H
) with 0.8% precision from combination of measurements 

     σ(ee→ZH), σ(ee→ZH→ZZ*), Γ
H→ZZ

:

■  Limits in invisible decay from missing mass: <0.05% (95% CL)

■ Higgs mass from recoil mass in Z→mm,ee: δmH ~ 4 MeV

Z→qq
H → inv.

Z→ee

σ(ee→ZH) via 
Z→ee,μμ,qq

[A.Li et al.,
 arXiv:2512.21290]

[H. Abidi et al., arXiv:2504.11103]
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                          FCC: Higgs couplings, width, massFCC: Higgs couplings, width, mass

■ Most precise g
ZZ

 ~0.1% coupling sets limit on new scalar-coupled 

    physics at: ≳ 7 TeV

■  FCC will improve by factor ~10 the precision in Higgs 
    properties wrt. (model-dependent) HL-LHC results:

First meas. of 
2nd-gen. quark 
Yukawa’s 

1st model-indep
total width (0.8%).

Invisible width 
to ~0.05%
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                          FCC: Higgs couplings, width, massFCC: Higgs couplings, width, mass

■ Most precise g
ZZ

 ~0.1% coupling sets limit on new scalar-coupled 

    physics at: ≳ 7 TeV

■  FCC will improve by factor ~10 the precision in Higgs 
    properties wrt. (model-dependent) HL-LHC results:

FCC-hh will
further improve
loop/rare/heavy 
couplings (γ,Zγ,μ,t)
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                    FCC-ee: Indirect new physics reachFCC-ee: Indirect new physics reach

■ FCC-ee Higgs boson precision measurements will greatly
   improve scalar-coupled BSM limits:

■ Big gains on SMEFT ops.
    bounds:

    LHC+EWPO

    LHC+EWPO+Higgs:

     Bosonic/Higgs-gauge ops

     Higgs-fermion (Yukawa)

    LHC+EWPO+Higgs+top

 [E.Celada et al., arXiv:2404.12809]
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FCC-ee: eFCC-ee: e±± Yukawa coupling Yukawa coupling

s(e+e-H)
Breit-Wigner

 = 1.64 fb

s(e+e-H)
visible 

= 290 ab

(incl. ISR + Ös
spread 

= G
H 

= 4.2 MeV)

■ Resonant s-channel Higgs prod. at Ös = 125 GeV :

■ “Counting exp.”: Tiny signal excess above huge backgds in 10 Higgs decays

■ Limits on e-Yukawa coupling strongly depend on Lumi + spread:

Beams mono-chromatization required to achieve Ös
spread

~ G
H

y
e 
< 2 (1.5)´y

e,SM
 at 95% CL, for 4 IPs in 1 (4) years (improvements ongoing)

(×100 better than HL-LHC)

 [D. d’Enterria et al., arXiv:2107.02686]
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                Neutrino massesNeutrino masses
Long-lived 
meta-stable vacuum
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                Generation of neutrino massesGeneration of neutrino masses

co
up

lin
g 
l

mass(GeV)

e±

n
e,μ,τ

<10-12

<3·10-10

\\

■ Lightness of mν, coupling of ν’s to Higgs (or other scalar vev), their nature 

   (lepton number violation?)                                       are big open mysteries:

(Majorana)
 Type-II seesaw

(Dim-5 Weinberg)
Type-I,III seesaw

Inverse seesaw Radiative Zee-like

(Righ-handed neutrino)
Standard “Dirac” Yukawa
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                        FCC-ee: Heavy neutrinos sensitivityFCC-ee: Heavy neutrinos sensitivity

(Also in W,H decays)

[A. Blondel et al. arXiv:1411.5230]

■  FCC-ee sensitivity down to 
    |Uμ|2~10−11 for m

N
~10–100 GeV:

    Approaching minimal Type-I seesaw

■  Possible Dirac/Majorana separation:
     HNL decay/prod. angles, HNL oscil.
     

■  Direct searches for heavy-neutrinos
    in Z→Nν decays with displaced

    N→Z(jj,ll)ν , W(jj,lν) events:

(for Majorana, ½ for Dirac)

(smallest mixing for which the minimal seesaw still 
 produces neutrino masses of the measured size).

(Weaker mixing = longer lifetime = more displaced vtx)

[J.Alimena et al. 
arxiv:2203.05502]
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                        Unparalleled Flavour physicsUnparalleled Flavour physics
Long-lived 
meta-stable vacuum
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     ➨ Baryogenesis unexplained without extra CP Violation
     ➨ Pattern of fermion masses & mixings unexplained.
     ➨ New physics contributing to higher-order (Penguin, box) 
        loops in flavour-changing processes.

                  FCC-ee: Flavour physicsFCC-ee: Flavour physics

■  Flavour remains a sector with enormous physics motivations: 

■  FCC-ee has an enormous leverage for flavour physics: 

  ➨ Unparallelled b-, c-quark, tau stats with 6·1012 Z bosons:

  ➨ Unique experimental
     conditions compared
     to LHCb/Belle-II

Boost, no trigger loss, 
higher accept., initial state 
flavour tagging, a very clean 
environment:
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                  FCC-ee: Flavour physicsFCC-ee: Flavour physics

■  Flavour remains a sector with enormous physics motivations: 

■  FCC-ee has an enormous leverage for flavour physics: 

Out of reach
at LHCb/Belle-II

Access to very rare heavy-Q and tau decays, BRs, decays asymmetries, 
oscil. freqs., inclusive & exclusive CKM elements, ...

     ➨ Baryogenesis unexplained without extra CP Violation
     ➨ Pattern of fermion masses & mixings unexplained.
     ➨ New physics contributing to higher-order (Penguin, box) 
        loops in flavour-changing processes.

Boosted b’s & taus:

<βγ>≈ 6: topological 

reco of decays w/ ME
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                  FCC-ee: CKM & tau physicsFCC-ee: CKM & tau physics

■ CKM elements:

    - CPV angles (γ,β,φs) at permille

    - Vcb,cs from inclusive W→cb, cs in 
      WW run.
      Also Vts from top t→Ws decays

■ Tau physics (1011 from Z→ττ)

    - Tests of Lepton Flavour Universality: 
      mτ @ 10 ppm 
      τ lifetime @ 20ppm
      GF from τ @ 10 ppm
      B(τ→ lνν) @ 200 ppm

    - Searches for Lepton Flavour Violation:
       τ→μγ @ 10-9 

       τ→3μ @ 10-11

       τ→3e at 10-11

[Marzocca et al. 
arXiv:2405.08880]

 (×10 Belle-II)

 (×10 Belle-II)

[A.Luisani. 
10.5281zenodo.19369364]
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                  FCC-ee: CKM & tau physicsFCC-ee: CKM & tau physics

■ CKM elements:

    - CPV angles (γ,β,φs) at permille

    - Vcb,cs from inclusive W→cb, cs in 
      WW run.
      Also Vts from top t→Ws decays

■ Tau physics (1011 from Z→ττ)

    - Lepton Flavour Universality: 
      mτ @ 10 ppm 
      τ lifetime @ 20ppm
      GF from τ @ 10 ppm
      B(τ→ lνν) @ 200 ppm

    - Lepton Flavour Violation:
       τ→μγ @ 10-9 

       τ→3μ @ 10-11

       τ→3e at 10-11

[Marzocca et al. 
arXiv:2405.08880]

BSM today : L >  1–10 TeV
After FCC-ee: L > 30–100 TeV
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SummarySummary
■ FCC-ee provides unparalleled luminosities 3–200 ab-1 at √s=90–365 GeV 
   for high-precision (down to 10-5 uncert.) W, Z, H, top studies, setting unique
   indirect constraints on new physics up to L  ≳ 30–100 TeV:

■ Plus unique measurements: Electron Yukawa, heavy n's, Flavour, QCD,...

FCC-hh will provide
direct evidence over
same L range (backup)
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SummarySummary
Lots of interesting exp. & theory physics to do ! Come join the effort !
Activity areas of FCC Physics, Experiments & Detectors (PED):

 https://fcc-ped.web.cern.ch 

https://fcc-ped.web.cern.ch/
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Backup slidesBackup slides
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                Dark matter searches at FCCDark matter searches at FCC
Long-lived 
meta-stable vacuum
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                      FCC-ee: Direct Dark Matter searchesFCC-ee: Direct Dark Matter searches

■ DM freeze-out fixes σ·v ≈ 3 10−26cm3/s. If m
DM

 is just below m
Z,H

/2, then

   DM freeze-out dominated by resonant Z,H exchange, fixing Γ
Z,H

.

For M
DM

<M
H,Z

/2: 

(e+)

(e-)

(e+)
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                      FCC-ee: Direct Dark Matter searchesFCC-ee: Direct Dark Matter searches

■ DM freeze-out fixes σ·v ≈ 3 10−26cm3/s. If m
DM

 is just below m
Z,H

/2, then

   DM freeze-out dominated by resonant Z,H exchange, fixing Γ
Z,H

.

■ ~10-4,~5·10-3 precision measurements of
Z & H invisible widths are best collider option to 
test any m

DM
<m

Z,H
/2 coupling via SM mediators

[De Simone et al. arXiv:1402.6287]

FCC-ee

FCC-ee

[O.Cerri et al. arXiv:1605.00100]

■ Limits on s(DM-nucleon) vs.
    m

DM
 in Higgs-portal models

   competitive with future direct
   DM-searches experiments.

(approx. current limits)
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                      FCC: Axion-Like ParticlesFCC: Axion-Like Particles

■ FCC-ee will provide the best direct searches for ALPs over 
   ma ≈ 1–300 GeV, FCC-hh will extend this to ma ≈ 30 TeV:
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                              FCC-ee: SUSY constraints from EWPOsFCC-ee: SUSY constraints from EWPOs

■ FCC-ee measurements significantly improve SUSY searches:
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                              FCC-ee: SUSY constraints from EWPOsFCC-ee: SUSY constraints from EWPOs

■ FCC-ee measurements significantly improve limits in benchmark
   SUSY models :



43/35Korean Phys. Soc, Jeju, Oct'26                                                         David d'Enterria (CERN)

                            FCC-ee: Composite Higgs constraintsFCC-ee: Composite Higgs constraints
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                              FCC-ee: Higgs self-coupling via FCC-ee: Higgs self-coupling via ss(H+Z)(H+Z)

 ■ Higgs trilinear indirectly constrained through loop corrections to σ(H+Z):

 ■ Tiny effect, but visible thanks to 
    extreme (0.4%) precision on s

ZH 

    coupling reachable at FCC-ee.

 ■ Indirect limits on trilinear l coupling 
   at ~30% level combining HL-LHC+
   FCC-ee at 240+350GeV

    Self-coupling correction δ
h
: energy-dependent

    δ
Z
: energy-independent (distinguishable).

[M. McCullough, 2014]
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                              FCC-ee: Higgs self-coupling via FCC-ee: Higgs self-coupling via ss(H+Z)(H+Z)

 ■ Addition of FCC-ee 240+350GeV Higgs
    cross section solves 2nd minimum on l  
    from HL-LHC data alone.

 ■ Higgs self-coupling 
    constrained to within
    ~30%. Higher-energy
    e+e- collisions required
    to reduce it to ~20%



46/35Korean Phys. Soc, Jeju, Oct'26                                                         David d'Enterria (CERN)

                              FCC-hh: Higgs self- & quartic couplingsFCC-hh: Higgs self- & quartic couplings

■ FCC-hh will measure self-coupling to δκλ < 5%: Probe Higgs potential.
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                          FCC-hh: Direct heavy BSM searchesFCC-hh: Direct heavy BSM searches

■ FCC-hh will allow directly producing BSM multi-TeV resonances:
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            FCC-hh: Direct SUSY searchesFCC-hh: Direct SUSY searches

■ FCC-hh will allow directly producing SUSY multi-TeV particles:
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            FCC-hh: Direct SUSY searchesFCC-hh: Direct SUSY searches

■ FCC-hh will allow directly producing SUSY multi-TeV particles:
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    Open questions in the SM (1)Open questions in the SM (1)

✘ Light-masses generation: 1st-gen. fermion + all n's Yukawa couplings?

[Gauge interactions: U(1)
Y
, SU(2)

L
, SU(3)

c
]

[Lepton dynamics]

[Lepton masses]

[Quark dynamics]

[Quark masses]

+ new particles/symmetries ?[Higgs dyn. & mass]
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    Open questions in the SM (2)Open questions in the SM (2)

✘ Light-masses generation: 1st-gen. fermion + all n's Yukawa couplings?
✘ Naturalness: Higgs mass virtual corrections «untamed» up to Planck scale

+ new particles/symmetries ?

[Gauge interactions: U(1)
Y
, SU(2)

L
, SU(3)

c
]

[Lepton dynamics]

[Lepton masses]

[Quark dynamics]

[Quark masses]

[Higgs dyn. & mass]
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    Open questions in the SM (3)Open questions in the SM (3)

✘ Light-masses generation: 1st-gen. fermion + all n's Yukawa couplings?
✘ Naturalness: Higgs mass virtual corrections «untamed» up to Planck scale
✘ Flavour: SM cannot generate observed matter-antimatter imbalance

[Gauge interactions: U(1)
Y
, SU(2)

L
, SU(3)

c
]

[Lepton dynamics]

[Lepton masses]

[Quark dynamics]

[Quark masses]

[Higgs dynamics & mass]



53/35Korean Phys. Soc, Jeju, Oct'26                                                         David d'Enterria (CERN)

    Open questions in the SM (4)Open questions in the SM (4)

✘ Light-masses generation: 1st-gen. fermion + all n's Yukawa couplings?
✘ Naturalness: Higgs mass virtual corrections «untamed» up to Planck scale
✘ Flavour: SM cannot generate observed matter-antimatter imbalance
✘ Dark matter: SM describes only 4% of Universe (visible fermions+bosons)

[Gauge interactions: U(1)
Y
, SU(2)

L
, SU(3)

c
]

[Lepton dynamics]

[Lepton masses]

[Quark dynamics]

[Quark masses]

+ new particles/symmetries ?[Higgs dyn. & mass]
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    Open questions in the SM (5)Open questions in the SM (5)

✘ Light-masses generation: 1st-gen. fermion + all n's Yukawa couplings?
✘ Naturalness: Higgs mass virtual corrections «untamed» up to Planck scale
✘ Flavour: SM cannot generate observed matter-antimatter imbalance
✘ Dark matter: SM describes only 4% of Universe (visible fermions+bosons)
✘ Many others: Strong CP, quantum gravity, cosmological const, dark energy, 

        inflation,...

[Gauge interactions: U(1)
Y
, SU(2)

L
, SU(3)

c
]

[Lepton dynamics]

[Lepton masses]

[Quark dynamics]

[Quark masses]

+ new particles/symmetries ?[Higgs dyn. & mass]

Some/Most(?) of these questions will not be fully answered at the LHC 

+ new particles/symmetries ?
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co
up

lin
g 
l

mass(GeV)5·10-4

2·10-6

Generation of lightest fermion (u,d,s; e; Generation of lightest fermion (u,d,s; e; nn's) 's) 
massesmasses

e±

u,d

s

n
DIRAC

<10-12

<3·10-10

\\

■ LHC can only access 3rd (plus few 2nd)-gen.Yukawas. What about the rest?
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11st st -,2-,2ndnd-gen. quark Yukawa couplings at FCC-ee-gen. quark Yukawa couplings at FCC-ee

Bound
vector
meson

Interferes with:

[G. Perez et al, arXiv:1505.06689]

(direct)

(indirect)

■  1st & 2nd gen. quark Yukawa accessible via exclusive H®Vg , V=r,w,f 

■  H®r(pp)g channel most promising: N~40 counts expected, low backgds

■  Sensitivity to u/d quark 
    Yukawa couplings:

■  All channels accessible with higher stats at FCC-pp. 
    But much worse backgrounds (QCD and pileup).

(k
q
=y

q
/y

b
)
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Right-handed neutrinos decaying into HiggsRight-handed neutrinos decaying into Higgs

■  FCC-ee sensitivity down to |y
νe

|~5 × 10−3 for unexplored m
N
~100–350 GeV

■  Consider (symmetry-protected) seesaw scenario with 2 sterile n (N
i
):

    large neutrino Yukawa couplings & masses: y
n 
» 10-3, m

N
 » 102 GeV

■  N
i
 decay to Higgs+n. Signature: mono-Higgs(jj) plus missing energy

    [Antusch, Cazzato, Fischer, arXiv:1512.06035]
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FCC-ee exploits recipes from past eFCC-ee exploits recipes from past e++ee--,pp colliders ,pp colliders 
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FCC-ee characteristicsFCC-ee characteristics
   

CIRCULAR

■ Ös limited to ~400 GeV by SR~E4/R: R~80 km (×3 LEP radius)
■ Large # of circulating bunches:            ×104 LEP bunches +crab-waist collisions
     ➞ High Lumi (better at low Ös):     ×104–10 more lumi than ILC for √s = 90–400 GeV
     ➞ Top-up injection ring to compensate L burnoff 
■ Various Interaction Points possible: 2 baseline, 4 target
■ Precise E

beam
 from resonant depolarization: ±0.1 MeV (2 MeV at LEP)

400 GeV
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Beam energy spread via resonant depolarizationBeam energy spread via resonant depolarization
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Luminosity gain: FCC-ee vs. LEPLuminosity gain: FCC-ee vs. LEP
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