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Framework
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Higgs couplings: CPsuperH [JSL et al., CPC (hep-ph/0307377)] 
Yongtae Heo, Dong-Won Jung, JSL, PRD [e-Print:2402.02822]
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Loop-induced Higgs couplings at LO : MH=125 GeV 
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Signal strengths:
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Productions@LHC:
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Decays: Seong Youl Choi, JSL, Jubin Park, PPNP [2101.12435]  
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Decay widths and Brs of the SM Higgs boson
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our framework ~ kappa framework

Yongtae Heo, Dong-Won Jung, JSL, PRD [e-Print:2402.02822]

** Comparison:
~

More useful for the studies of
CPV, signs of Higgs couplings, 
BSM particles in loops, etc
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      LHC
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Run 3 wrapped up in June 2026 and the official start of Long Shutdown 3 (LS3) 
occurring on August 31, 2026
LS3 Duration: Ongoing through late 2029
Run 4 / High-Luminosity LHC (HL-LHC) Start: Scheduled to begin in June 2030

They were there

We 
are 
here
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Higgs productions @ LHC (Run 1 & Run 2): MH=125GeV

Run 1 (2010 ~ 2013):  5/fb @ 7 TeV & 20/fb @ 8 TeV (each collaboration)

Run2 (2015 ~ 2018):  ATLAS 139/fb @ 13 TeV &  CMS 138/fb @ 13 TeV
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Run 1 ATLAS+CMS: 20 signal strengths  
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Run2 
ATLAS: 
25 signal 
strengths  

kappaF:    0.95 +- 0.05
kappaV : 1.035 +- 0.031
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Run2 
CMS: 
28 signal 
strengths  
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Yongtae Heo, Dong-Won Jung, JSL, PRD [2402.02822]
Combined:  Run1 + Run2 ATLAS + Run2 CMS

magenta: Run1 (95%CL)
blue: Run2 ATLAS (95%CL)
black: Run2 CMS (95%CL)
shaded: Combined
 (red,green)=(68%CL, 95%CL)

… driven by the data:  
µ(γγ)   > 1,  
µ(bb)  < 1, and/or 
µ(τ τ ) < 1
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Single parameter varied
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Single parameter varied

0.142/4.129 = 3.4 %0.176/6.542 = 2.7 % 0.030/0.636 = 4.7 %
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Combining the LHC Run1 and Run2 Higgs: Summary of CPCn 
fits with n = 2 ~ 6 parameters varied:

CPC1 fits with a single parameter varied:
   * kappa_g: 1sigma error of 5% 
   * kappa_gamma: 1sigma error of 3%
   * Gamma_H: 1sigma error of 4%
Additionally,
   * Wrong sign of the top Yukawa is completely ruled out
   * Wrong sings of the bottom and tau Yukawa start to be excluded
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The Run1 + Run 2 LHC Higgs precision data are NOT best described by the SM Higgs boson ! 

Best gof!
kappaF = 0.920+-0.029

Yongtae Heo, Dong-Won Jung, JSL, PRD [2402.02822]
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Higgs productions @ LHC (Run 3): MH=125 GeV
Run3 (2022 ~ 2026):  ATLAS 332/fb @ 13.6 TeV &  CMS 326/fb @ 13.6 TeV

arXiv:1610.07922 (CYR), 1607.05862 (13 TeV tHW), 2207.00092 (Run3) 

Run3  Higgs data are not included in this report…                                                                       we might need to wait…
One of the key points to watch:  kappaF is smaller than 1 or 
not driven by µ(γγ) > 1, µ(bb) < 1, and/or µ(τ τ ) < 1
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   FCC-ee
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   FCC-ee
Main Ref.: FCC Physics Opportunities Eur. Phys. J. C 79 (2019) 6,474

Future Circular Collider Conceptual Design Report Volume 1



26

      FCC
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CERN Courier

Final 
decision

FCC-ee could start in 2040 or earlier !
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@240GeV:
200 fb *  5/ab (3 years) ~10^6 HZ 

The key point is the absolute measurement of the Higgs 
coupling to ZZ and the total decay width !

1st: The total Higgs production cross section 
is determined by counting e+ e− → HZ 
events tagged with a leptonic Z decay, Z → 
l+ l− , independently of the Higgs boson 
decay considering the recoil mass

2nd: The measurement of g_HZZ  allows Γ_H 
to be extracted through e+ e− → HZ; H → ZZ 
since 
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Table 4.2: Precision determined in the κ framework of the Higgs boson couplings 
and total decay width (results of global fits)

tagged 
c quarks 
& gluons

68%

95%
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                     Synergies
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                     Synergies:
       with FCC-eh and FCC-hh
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FCC-eh: Productions via  ep → ν HX (WW fusion:σ = 1 pb) and  
ep → eH X (ZZ fusion:σ = 0.15 pb)) : NH ~ 2.3 · 10^6 events w/ 2 ab-1
Fig. 4.12: Determination of the κ scaling parameter uncertainties from a joint SM fit 
of CC and NC signal strengths:  green=FCC-eh alone

Table S.1       0.74%     0.26%      1.17%     1.10%     1.35%    0.43%     2.3%                        
                                                                                                                                                          tt: 1.7%
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The FCC-eh provides measurements the very precise PDF and αs which will 
critically improve the systematics of Higgs measurements at FCC-hh: 
                                            Fig.  5.13 (left) and Fig. 5.14 (right)

For example, the gg PDF uncertainty 
at 100 TeV: subpercent between M_H 
and several TeV
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Two characteristic elements of FCC-hh: 
                                           large statistics &  large kinetic range

Large statistics: Table 4.3

The large rates enable precise measurements of branching ratios for rare 
decay channels such as γγ, μμ, or Zγ. 
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Large kinetic range: Fig. 4.3  Production rates of Higgs bosons above 
a given pT threshold, for various production channels at 100 TeV and 30 ab−1 

The large kinematic range can be used to improve the S/B ratios, suppress the 
systematic uncertainties and amplify the presence of modified Higgs couplings due 
to higher-dimensional operators (SMEFT)

ttH VBF

N=1M

LHC: ggF 
always 
dominates
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Fig. 4.4: The uncertainty on the reconstruction efficiency of electrons, photons and 
muons as a function of transverse momentum

The smaller uncertainties at large pT  improve the experimental systematics
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Target precisions @FCC-hh(rare decays):  FCC-ee,eh + precision EW 

* Considering the neglected experimental complexity such as pile-up, the most 
robust measurements will involve the ratios of branching ratios: 
                               μμ (0.7%), γγ (0.4%), Zγ (0.9%), and  tt (1%) 
* Higgs self-coupling:  HH (7%)
* H>inv: BR(H>4nu)~1.1x10^-3 (visible with 1/ab) ; sensitivity~2x10^-4 with 30/ab

some
systematics 
cancel in 
Ratios

absolute couplings 
with g_HZZ or
B(H>4l) given by 
FCC-ee
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Fig. 4.5 Projected precision for the 
rate measurement of various Higgs 
final states, in the gg → H production 
channel (Taking, for example, H>γγ)

Fig. 4.6 Projected precision for the 
measurement of ratios of rates of different 
Higgs final states, in the gg → H production 
channel.

1.5%
0.8%

The uncertainties of the ratios of branching ratios of different decay modes become 
dominated by the statistics and the uncorrelated systematics as pT_min(H) grows.
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kappa framework: Fig. 8.5

     FCC-hh:  μμ (0.7%) (absolute),                                       γγ (0.4%),  Zγ (0.9%) (absolute);
                                                            tt (0.9%), and Higgs self-coupling (5%)

FCC-ee+HL_LHC: Table 4.2  →

FCC-eh 
WBF:
0.26%
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EFT framework: Fig. 8.4
32%

c.f. kappa
framework

5%
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Updated analysis on the trillinear Higgs self-coupling (FCC-hh):  

Jubin Park, Jung Chang, Kingman Cheung, JSL, PRD [2003.12281];
Mangano, Ortona, Selvaggi, EPJC [2004.03505];
Stapf et al., PoS EPS-HEP2023 [2312,03513]

7.5%(2-6%) with  3(30)/ab
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Executive summary : The Higgs couplings to all gauge 
bosons and to the charged fermions of the second 
and third generation (except the strange quark) will 
be known with a precision ranging from a few per 
mil to  1%∼
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 Summary
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Backup
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Decay widths and Brs of the SM Higgs boson
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● The electron Yukawa: H_run@FCC-ee with √s≃129.09 GeV

- resonant production: 1.64 fb > 0.6 fb (+ISR) 
                                                 >  0.3fb (+com energy spread of 4.2MeV)
- maximum luminosity > 100 MeV spread : the resonance is invisible
- one year luminosity: 2 (7) /ab for  the com energy spread of 6 (10) MeV
- one year run: upper limit of 2.5 times the SM value
- the SM sensitivity: 5 years needed
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0.7%
1.2%

3.1%
FCC-ee+HL_LHC

0.6% 0.4%
1.3%

10%

0.9% 1.1%
0.16%

3.8%

kappa framework

0.9%0.4%0.9%0.7%+FCC-hh
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