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Popular directions in Particle Physics. 
Which ones FC-ee can explore?

TC/DSB
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The Nature of 
Higgs Boson

We are confident that  the SM itself is the piece of   
the underlying complete and consistent  theory!

Which one?!

The origin of
matter/anti-matter 

asymmetry

Fine-tuning
problem

Dark Matter
problem

Neutrinos,
(g-2), flavour 

anomalies

Connection to GUT & 
couplings unification
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The ingredients of the BSM theory space
Gauge Invariant, Renormalizable, 

Anomaly Free DM
Z2 symmetry, an upper limit on 
the mass from relic density

HIGGS
                 Which one?
Fundamental: SUSY, UED, …
OR
Composite: CHM, Technicolor, RS, ...

mono-X, invisible Higgs decays,  
disappearing tracks, multi-
leptons, Z’, VLQs, ...

VBF/VH resonances, deviations from 
SM couplings, ttH, invisible decays, 
Z’, VLQs,  ...(g-2)m and flavour

An upper limit on the 
scale of new physics

multi-leptons,  LVUV, LQ’s, 
Z’, ... 
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FCC-ee: main characteristics

2020 - 2040   2045 - 2060

 CDRs
 “FCC-ee: the lepton collider”, EPJ Special 

Topics 228 (2019) 26
 “FCC physics opportunities: future circular 

collider conceptual design report” v1 EPJ C 
79 (2019) 474

 The first stage of FCC

 Two or Four Interaction Points (IPs)

 High Luminosity: ~20ab/IP @ mZ

 CME’s:  91, (125), 160,  240,  365 GeV

 Fixed CME and  precise CME calibration: 
~100 keV@mZ,~300 keV@mWW 

 European Strategy  for Particle Physics
CERN-ESU-015 (2020)
“An electron-positron Higgs factory is 
the highest-priority next collider”
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FCC-ee:  physics opportunities
 Higgs Physics: HZ

 the precision is based on the measurement the 
mass recoiling Z-bozon in                        
process and the accuracy of CME calibration

 counting                 around the Higgs mass allows
to determine 

EPJ C 79 (2019) 474 

Azzi,Perez, EPJ (2021) 136:1195
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FCC-ee:  physics opportunities
 Higgs Physics: HZ

 the precision is based on the measurement the 
mass recoiling Z-bozon in                        
process and the accuracy of CME calibration

 counting                 around the Higgs mass allows
to determine 

Azzi,Perez, EPJ (2021) 136:1195

 Determination of Higgs couplings
 HZZ – per mille precision
 HWW, Hbb, Hcc, Hgg – percent precision
 Hmm – 10% precision, Hgg –  5% precision

 Challenge for theory to match HZ precision
  N3LO QCD + N2LO EW
 “precision calculations for future e+e– 

colliders” workshop 
(indico.cern.ch/event/1140702/)
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FCC-ee:  physics opportunities
 Higgs Physics: Higgs self coupling

 Can be probed indirectly via single Higgs boson 
production

 Sensitivity to        via NLO processes 
 C1   varies with   CME
 The combination of HL-LHC and FCC-ee

brings  sensitivity to gHHH down to 33% 

McCullough, 2013

arXiv:2203.06520 FCC 
Snowmass 2021 summary
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FCC-ee:  physics opportunities
 Higgs Physics: Higgs coupling to electrons

 Using monochromatic resonant Higgs production
at                      GeV

 Challenges:
 ISR+FSR → 40% reduction
 beam energy speread ~ 4 MeV

→ 45% reduction
 potential uncertainty of the Higgs mass
 total convoluted cross section: ~ 0.28 fb
 large backgrounds

 Expected
 20 ab-1/y @ √s = 125 GeV → ~ 6k ee→ H bosons /y
 after 2 years running with 4 IP → limit ye < 1.6 x ye (1.2 )𝜎

d'Enterria, Poldaru, Wojcik arXiv:2107.02686
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FCC-ee:  physics opportunities
 EW precision program around Z  pole and WW
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FCC-ee:  physics opportunities
 EW precision program around Z  pole and WW

arXiv:2203.06520
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FCC-ee:  physics opportunities
 EW precision program around Z  pole and WW

 Improvement in our understanding of SM or BSM 
by at least one order of magnitude

 Theory challenges:
 Theory must be matched with EWPO at 

least at the same level of accuracy

 This requires not only N3LO and leading 
N4LO QED corrections – at least one order 
beyond the current state of art, but also 
respective MC generators

arXiv:2203.06520

arXiv:2106.13885
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FCC-ee: physics opportunities
 Top quark physics

 per mille precision for anomalous vector and 
percent precision for anomalous axial coupling 
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FCC-ee: physics opportunities
 Flavour physics

 FCC-ee will be able to measure rare B-meson 
decays which are inaccessible at present

 LVF in Z-decay will be probed down to 10-9

 CKM probes
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FCC-ee: physics opportunities
 EW global fits

 mW vs  mtop plane

 order of magnitude improvement – the story 
behind mW will become transparent
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FCC-ee: prospects for direct test of new physics
 The new physics scale can be quite low, at least for some particles

fundamental 
scalar

“regular” Higgs Goldstone 
boson

TechnicolourSUSY

Models with 
Higgs boson

UED ADD Twin 
Higgs

Little 
Higgs RS 

composite 
scalar

RS CHM
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FCC-ee: prospects for direct test of new physics
 In particular in models with partial Higgs compositeness, there could be light pseudo scalars
 1312.5330, 1610.06591
 2104.11064  Cacciapaglia, Deandrea, Iyer, Sridhar 
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FCC-ee: prospects for direct test of new physics
 Light Dark Matter case (~ 100-160 GeV) 

AB, Ginzburg, Locke, Freegard, Pukhov arXiv:2112.15090 

 The angular W-boson distribution
(either for real or virtual W) is found to be very 
important discriminator between DM spin as well 
as the main BG

 The shape of angular W-boson distribution is the 
same for two benchmarks for DM of the same 
spin

   for SDM

for FDM



Alexander  Belyaev 19

      
Theoretical Challenges and Physics potential at FCC-ee

FCC-ee: prospects for direct test of new physics
 Sub-GeV vector DM: Vector-like fermion portat to dark SU(2) (AB, Panizzi, Thonguoi, work in progress)
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Summary
 FCC-ee could the first machine coming after the LHC

 It is unique collider, which provides incredible opportunities which come with challenges for theory and 
experiment

 We should seriously consider FCC-ee not only as a precision collider, but also as a discovery machine

 New signals  are likely to appear, at least we strongly feel that it is around the corner
 From my  point of view what is missing now is the strategy of mapping of the signal space 

into the space of concrete models (not only  EFT’s!)
 This reverse engineering program should be taken very seriously
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