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Focus on Nature 607, 60–68 (2022) 
results
○ Paper accepted by Nature for 10th 

anniversary of H discovery



What can we do with the Run 2 Higgs measurements? 
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➢ Test compatibility with SM
○ Precise measurements of the main H production XS and decay BR

➢ Measurement of H coupling to fermions and vector bosons 
○ Probe anomalies from BSM contributions

Accessible via HH 
(Jin Wang talk)

Hcc measurements (C.Li talk) not 
included in this combination

➢ Probe properties of the H potential 
from H self-coupling

➢ What is not covered? 
○ HHVV coupling
○ H couplings to some 2nd (and 1st) 

generation charged fermions

https://indico.ihep.ac.cn/event/16536/session/4/contribution/16
https://indico.ihep.ac.cn/event/16536/session/0/contribution/21


● Main H production and decay channels covered
● In part with Simplified Template Cross section stage 1.2 

granularity

Analyses included in the combination
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Analyses Lumi (fb-1) ggH qqH VH ttH and tH

H(ɣɣ) 138 X X X X

H(ZZ) 138 X X X X

H(WW) 138 X X X X

H(Zɣ) 138 X X

H(bb) 36(ttH) 77(VH) 138(ggH) X X X X

H(ττ) 138 X X X X

ttH multilepton(ττ, WW, and ZZ) 138 X

H(μμ) 138 X X X

H(invisible) 138 X X X

http://dx.doi.org/10.1007/JHEP07(2021)027
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
https://doi.org/10.48550/arXiv.2206.09466
https://doi.org/10.48550/arXiv.2204.12945
http://dx.doi.org/10.1007/JHEP03(2019)026
http://dx.doi.org/10.1103/PhysRevLett.121.121801
http://dx.doi.org/10.1007/JHEP12(2020)085
https://doi.org/10.48550/arXiv.2204.12957
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x
http://dx.doi.org/10.1007/JHEP01(2021)148
http://dx.doi.org/10.1103/PhysRevD.105.092007


Evolution since discovery
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➢ Systematics uncertainties crucial for H measurements 
today and even more in future
○ Reduce exp. uncertainties with improved or new approaches
○ Need of more precise theory predictions

μ = 1.002 ± 0.057 [± 0.036 (theory) ± 0.033 (exp.) ± 0.029 (stat.)]

μ = 1.00 ± 0.13 [+0.08/-0.07 (theory) ± 0.07 (exp.) ± 0.09 (stat.)]

μ = 0.87 ± 0.23 [dominated by stat.]

Run 1 comb (up to 5.1 fb−1 at 7 TeV and 19.7 fb−1 at 8 TeV) 

H Discovery (up to 5.1 fb−1 at 7 TeV and 5.3 fb−1 at 8 TeV)

This combination (up to 138 fb-1 at 13 TeV) 

http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
https://doi.org/10.1016/j.physletb.2012.08.021
http://dx.doi.org/10.1038/s41586-022-04892-x


Test XS and BR compatibility with the SM
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➢ Good compatibility for main H production XS & decay BR
➢ Intriguing excesses in μtH and in μZɣ → interesting to probe 

with Run 3 data



H couplings to fermions and vector bosons
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Likelihood scan of (kf, kV)

● Coupling modifiers ki to quantify couplings deviations from 
SM predictions 

k μ =
 k

τ =
 k

b =
 k

t =
  

kZ = kW =  

H couplings vs particle mass

➢ Good compatibility with SM
○ Precision of ~3% on vector boson and of 5-20% on fermion coupl.



H couplings a little more general
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Measurement assuming effective 
couplings for ggH, Hɣɣ, and HZɣ  

Assuming also H decays to 
invisible(MET) & undetectable 

Stat. unc ≅ syst unc except for 
kμ and and kZɣ

Both invisible and undetectable 
BR’s compatible with zero



Constraints on the H self-coupling
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kλ measurement from HH vs from single-H  

CMS+ATLAS joint effort in 
modeling differential H XS’s vs kλ

Examples of kλ-dependent diagrams 
for single-H prod. mechanisms and 

H→VV decay

● kλ-dependent NLO electroweak 
corrections to H XS and BR

Modification of total XS vs kλ

➢ single-H constrain on kλ non-negligible wrt HH one
➢ First CMS measurement from single-H considering 

differential effects 

kλ = λ/λSM  ~λ

+ effects on 
differential XS

https://cds.cern.ch/record/2803606
https://cds.cern.ch/record/2803606


Evolution from the H discovery towards HL-LHC 
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➢ At HL-LHC high precision 
tests of the SM
○ Precision below 5% for all 

the considered couplings

➢ Potential for more 
extensive tests 
○ H-HH comb including kλ in 

the fit 
○ EFT interpretations   



● H combination provides extensive tests of the SM
○ H production XS’s, decay BR’s, H couplings + self-coupling

● Statistical uncertainties comparable to systematics ones

● Overall observed good compatibility with SM
○ Intriguing excesses in μtH and in μZɣ 

● First measurement of kλ from single-H taking into account 
effects on differential XS at CMS

● At HL-LHC high precision tests of the SM
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Summary

Exciting time ahead in Run 3 and beyond!



BACKUP



Trilinear self-coupling in single-H mechanisms
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Examples of kλ-dependent diagrams 
for single-H prod. mechanisms O(kλ)

● kλ-dependent NLO electroweak corrections to single-H XS 
and BR

Fabio Monti - IHEP CAS

Example of kλ-dependent 
diagrams for H→VV decay 

One universal correction for H 
wave-function renormalization O(kλ

2) 

kλ
kλ

kλ kλ

kλ

kλ

kλkλ



Effect of kλ corrections on Higgs XS and BR
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Fabio Monti - IHEP CAS

JHEP12(2016)080

Modification of H BR vs kλ

Modification of differential. XS
○ Larger variations for VH and ttH

Eur. Phys. J. C (2017) 77: 887

Eur. Phys. J. C (2017) 77: 887

arXiv:2003.01700
PhysRevD.98.114016

Modification of total XS vs kλ

● Effect on double-H @LO 
→large variation 

● Around SM single-H XS’s are 
larger than double-H

31 fb

1.7 fb

ggHH 

          qqHH

SM

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP12%25282016%2529080&v=74f4257f
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5410-8
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5410-8
https://arxiv.org/abs/2003.01700
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.98.114016&v=eb737363


Global fit
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● BSM phenomena affecting kλ should reasonably introduce 
deviations in other H couplings 

➢ Simultaneous fit of all H couplings
➢ Complementarity of constraints from single-H and HH fully 

exploited in their combination

Fabio Monti - IHEP CAS

CERN Yellow report Vol. 7 (2019)

➢ Challenging because of 
overlap between 
single-H and HH 
selections

➢ NOT impossible! ATLAS 
preliminary result

See also JHEP 1709 (2017) 069

https://doi.org/10.23731/CYRM-2019-007.221
https://cds.cern.ch/record/2693958
https://cds.cern.ch/record/2693958
https://doi.org/10.1007/JHEP09%282017%29069

