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I will cover a few important CMS results à personal 
highlights from CMS Higgs physics measurements!

Higgs potential plays a central role in the SM
à Understanding Higgs boson properties is crucial to solving the Higgs-saw puzzle

The Higgs boson is 
• A massive fundamental CP-even 

scalar in SM
• Responsible for masses of W/Z 

bosons (EWSB)
• Gives rise to fermion masses*

*ignoring neutrino masses in SM

JCP = 0+

EW
SB

Yukawa

Mass
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CM
S-H

IG-21-019

Best single-channel mass measurement from CMS in 
the Hà4l channel

• Events classified in 9 classes with improving mass 
resolution 

• Mass resolution (1-2%) improved from Run-1 due to 
beam-spot constraint in muon pT reconstruction

 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
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CM
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IG-21-019

Best single-channel mass measurement from CMS in 
the Hà4l channel

• Events classified in 9 classes with improving mass 
resolution 

• Mass resolution (1-2%) improved from Run-1 due to 
beam-spot constraint in muon pT reconstruction

 

Higgs line shape 
dominated by 
experimental 
resolution

à Include off-shell 
region to measure 
width  
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Higgs mass and Width
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CMS Preliminary  (13 TeV)-1138 fb

68% CL

95% CL

Mass measured to within < 0.1% precision 

Zero width exclusion translates to 
observation of off-shell region 
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Expected 

CMS Preliminary  (13 TeV)-1138 fb

68% CL

95% CL

Mass measured to within < 0.1% precision 

Zero width exclusion translates to 
observation of off-shell region 

Mass very well measured
Width consistent with SM Higgs
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Clear evidence of Higgs boson couplings to vector bosons and fermions!
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Many alternate hypotheses for spin (             ) excluded already in Run-1 
à Studies of the CP-properties of Higgs interactions reveal structure of the 
underlying Higgs sector  
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All indications so far point to no CP-odd contributions!
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We see a clear picture of the Higgs boson when we 
put the various pieces together! 

https://www.nature.com/articles/s41586-022-04892-x
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e done?

https://www.nature.com/articles/s41586-022-04892-x


15Nicholas Wardle

So, we aren’t done?
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• Is the Higgs sector SM-like ? BSM (eg 2HDM)

SM
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• Is DM a particle and does it get 
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W
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https://wmap.gsfc.nasa.gov/universe/uni_matter.html
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Constraints on SM couplings so far allow for extra 
contributions to total Higgs width …
• From new physics in decay loops 
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Constraints on SM couplings so far allow for extra 
contributions to total Higgs width …
• From new physics in decay loops 
• Searches for rare decays of Higgs bosons 

CMS only

Phys. Lett. B 846 (2023) 137783
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Constraints on SM couplings so far allow for extra 
contributions to total Higgs width …
• From new physics in decay loops 
• Searches for rare decays of Higgs bosons 
• Searches for BSM decays of the Higgs boson

CMS only

Search for HàAAà4γ : Extreme boosts 
require novel photon reconstruction method
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Constraints on SM couplings so far allow for extra 
contributions to total Higgs width …
• From new physics in decay loops 
• Searches for rare decays of Higgs bosons 
• Searches for BSM decays of the Higgs boson
• Search for invisible Higgs boson decays

CMS only

g

g
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First results including dedicated 
ttH(àinv) search from CMS

B(Hàinv) < 15% 
@ 95%CL 
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Constraints on SM couplings so far allow for extra 
contributions to total Higgs width …
• From new physics in decay loops 
• Searches for rare decays of Higgs bosons 
• Searches for BSM decays of the Higgs boson
• Search for invisible Higgs boson decays

CMS only

Interpretations under 
searches for Dark Matter

Complementary to direct 
searches!
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Higgs boson self-coupling 
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The Higgs potential includes H3 terms 

V (H) =
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“self-coupling” generates Higgs-Higgs 
interactions à Search for ppàHH
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
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λ

λ

λ

Loop corrections to single-Higgs boson production 
and decay involve Higgs self-coupling [1]

[1] Eur. Phys. J. C (2017) 77: 887

Precision (single) Higgs boson measurements 
also sensitive to Higgs self-coupling!

Includes kinematic dependance 

N
ature publication 

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
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λ

λ

λ

Loop corrections to single-Higgs boson production 
and decay involve Higgs self-coupling [1]

[1] Eur. Phys. J. C (2017) 77: 887

Precision (single) Higgs boson measurements 
also sensitive to Higgs self-coupling!

Includes kinematic dependance 

N
ature publication 

Expect updates @ Higgs 2023

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html


Looking beyond the couplings
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Huge datasets available in Run-2 (and being collected in Run-3) 
allow to measure Higgs boson properties differentially
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Huge datasets available in Run-2 (and being collected in Run-3) 
allow to measure Higgs boson properties differentially
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boson (self) couplings
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Looking at Extreme Higgs events
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Large datasets allow us to probe extreme regions of 
phase-space à Extreme Higgs boson events!

Often requires re-thinking traditional tagging for decay products 

Phys. Rev. Lett. 131 (2023) 041803

CM
S-H

IG
-21-017 

CMS-HIG-21-020 

Boosted ggHàττ

Boosted (pT>450 GeV) VBF Hàbb

High mass VBF HH(à4b) 

http://dx.doi.org/10.1103/PhysRevLett.131.041803
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-017/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-020/index.html
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Looking and not seeing Extreme Higgs events
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Large datasets allow us to probe extreme regions of 
phase-space à Extreme Higgs boson events!

Often requires re-thinking traditional tagging for decay products 

Phys. Rev. Lett. 131 (2023) 041803

High mass VBF HH(à4b) 
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Looking beyond the Higgs?
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Search for 4-tops provides complementary 
approach to constraining Higgs-top Yukawa 
coupling! g

g

HHH

t

t̄

t̄

t

Global fits across multiple measurements (eg 
through EFTs) will provide strongest constraints on 
Higgs boson properties 

CM
S-TO

P-18-003

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html
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Full Run-2 analysis yields 4-top observation

Combined significance 5.9σ (5.1σ) !
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Phys. Lett. B 847 (2023) 138290

Search for 4-tops provides complementary 
approach to constraining Higgs-top Yukawa 
coupling! 

CM
S-TO

P-18-003

http://dx.doi.org/10.1016/j.physletb.2023.138290
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html
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Precision measurements require more than just more data 
à Improvements in reconstruction techniques & calibrations will be 
needed for HH sensitivity and %-level H measurements @HL-LHC
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
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Run-3/HL-LHC

See Monika’s talk

Precision measurements require more than just more data 
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Discovery ~Today

Higgs @ HL-LHC CMS

Run-3/HL-LHC

See Monika’s talk

Precision measurements require more than just more data 

Improvements in reconstruction techniques & calibrations are vital 
for few % precision couplings for CMS @HL-LHC!
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New ideas/tools to get there
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Many avenues being explored but just as a couple of Machine 
Learning examples from Run-2

Chained quantile regression to improve description of photon 
identification used in ppàHàγγ differential cross-section measurements

JHEP 07 (2023) 091

à Improves dominant experimental uncertainty in Hàγγ by ~70%!
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BDT learns corrections per-quantile 
for each input variable from CDFs

Electrons reconstructed as 
photons from Zàee

[1] J.Phys.Conf.Ser. 762 (2016) 1, 012036

QCD Multijet background in HHà4b analysis based 
on data-driven method

BDT reweighting technique based on [1] to perform 
corrections, optimized in ACR data  

CMS investigating similar approaches with NN/Normalising flows for Run-3
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Phys. Rev. Lett. 129 (2022) 081802

Correct pT b-jets, mHH , pT(H1), 
pT(H2), m(H1), m(H2), |Δη( H1,H2)| 
applied in SR regions to account for 
differences between 3b and 4b 

http://dx.doi.org/10.1007/JHEP07(2023)091
https://arxiv.org/abs/1608.05806
http://dx.doi.org/10.1103/PhysRevLett.129.081802
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Higgs-saw puzzle has kept CMS entertained since the discovery

In 11 years…
• Higgs boson mass measured within <0.1%  precision
• Confirmed couplings to vector bosons and heavy fermions 

• Evidence for Hàμμ
• Studied CP properties of Higgs interactions

But also 
• Extra components of width still allowed 

• Rare SM decays, BSM decays (eg dark matter)
• New physics in Loops

• Constrained self-coupling (Higgs potential à see Higgs 2023 for update)
• Go beyond inclusive yields and couplings

• Differential measurements give new angles of approach
• Extreme Higgs boson events 
• Look places other than Higgs boson production (4-top)

• Developed new ways to improve on our experimental data analysis
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Higgs-saw puzzle has kept CMS entertained since the discovery

In 11 years…
• Higgs boson mass measured within <0.1%  precision
• Confirmed couplings to vector bosons and heavy fermions 

• Evidence for Hàμμ
• Studied CP properties of Higgs interactions

But also 
• Extra components of width still allowed 

• Rare SM decays, BSM decays (eg dark matter)
• New physics in Loops

• Constrained self-coupling (Higgs potential)
• Go beyond inclusive yields and couplings

• Differential measurements give new angles of approach
• Extreme Higgs boson events 
• Look places other than Higgs boson production (4-top)

• Developed new ways to improve on our experimental data analysis

Many more pieces of the 
puzzle to keep us busy!
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Higgs @ CMS
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WH / ZH

VBF

ggH

gg→
ZH

gb→tHW qg→tHq

39

ttHbbH
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ecreasing cross-section H
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b, ⌧, µ

b, ⌧, µ

H

W,Z

W,Z

Hàff HàVV

Hàγγ

With the mass well 
measured we can test 
concrete predictions of 
Higgs-SM couplings

Many different ways to make and see a Higgs
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2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

   [200-300] H
T

p
ggH
µ

CB  1.29-
 0.89+0.70  0.33-

 0.34+  0.64-
 0.60+  0.97-

 0.41+  0.46-
 0.38+ 

NN  0.68-
 0.83+1.55  0.54-

 0.54+  0.25-
 0.26+  0.23-

 0.49+  0.26-
 0.27+ 

      ]¥ [300,H
T

p
ggH
µ

CB  1.46-
 1.28+1.65  0.45-

 0.46+  0.76-
 0.72+  1.02-

 0.84+  0.56-
 0.46+ 

NN  0.98-
 1.46+2.31  0.74-

 0.74+  0.29-
 0.31+  0.48-

 1.18+  0.37-
 0.37+ 

ggH 0 Jet
µ CB  0.46-

 0.46+-0.18  0.16-
 0.16+  0.38-

 0.39+  0.05-
 0.03+  0.20-

 0.20+ 

     [0,10]H
T

p
ggH 0 Jet
µ NN  0.84-

 0.82+-1.65  0.47-
 0.47+  0.58-

 0.57+  0.28-
 0.24+  0.29-

 0.29+ 

   [10,200]H
T

p
ggH 0 Jet
µ NN  0.48-

 0.48+-0.43  0.22-
 0.22+  0.37-

 0.37+  0.18-
 0.17+  0.14-

 0.14+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

     [0,60]H
T

p
ggH 1 Jet
µ

CB  1.21-
 1.21+-0.87  0.50-

 0.50+  0.89-
 0.88+  0.36-

 0.44+  0.54-
 0.51+ 

NN  0.66-
 0.69+0.73  0.42-

 0.42+  0.41-
 0.41+  0.21-

 0.30+  0.22-
 0.22+ 

   [60,120]H
T

p
ggH 1 Jet
µ

CB  1.13-
 1.23+3.37  0.49-

 0.49+  0.66-
 0.67+  0.64-

 0.80+  0.44-
 0.43+ 

NN  0.57-
 0.65+2.10  0.40-

 0.40+  0.26-
 0.27+  0.26-

 0.41+  0.19-
 0.19+ 

  [120,200]H
T

p
ggH 1 Jet
µ

CB  1.24-
 1.21+1.94  0.60-

 0.60+  0.67-
 0.66+  0.70-

 0.69+  0.50-
 0.45+ 

NN  0.65-
 0.78+1.61  0.53-

 0.54+  0.18-
 0.19+  0.23-

 0.49+  0.25-
 0.25+ 

            [0,200] H
T

p
 2 Jet³ggH 

µ
CB  1.53-

 0.88+0.05  0.25-
 0.25+  0.66-

 0.61+  1.27-
 0.45+  0.46-

 0.36+ 

NN  0.56-
 0.67+1.49  0.41-

 0.41+  0.25-
 0.27+  0.22-

 0.43+  0.19-
 0.20+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

 [0,350]
jj

qqH < 2 Jet or m
µ CB  2.93-

 4.55+1.94  0.52-
 0.53+  2.15-

 2.33+  1.43-
 3.49+  1.28-

 1.67+ 

NN  1.19-
 1.21+-0.99  1.02-

 1.07+  0.21-
 0.21+  0.26-

 0.10+  0.54-
 0.53+ 

   [0,200]H
T

p
 [350,700]jj 2 Jet m³qqH 

µ
CB  1.44-

 1.77+-0.29  0.97-
 0.98+  0.72-

 0.77+  0.49-
 1.07+  0.61-

 0.66+ 

NN  1.04-
 1.05+1.47  0.85-

 0.86+  0.37-
 0.37+  0.28-

 0.26+  0.39-
 0.39+ 

         [0,200]H
T

p
]¥ [700,jj 2 Jet m³qqH 

µ
CB  0.38-

 0.39+0.68  0.31-
 0.32+  0.16-

 0.16+  0.06-
 0.06+  0.15-

 0.15+ 

NN  0.31-
 0.32+1.24  0.27-

 0.28+  0.08-
 0.09+  0.08-

 0.09+  0.11-
 0.12+ 

     ]¥ [200,H
T

p
]¥ [350,jj 2 Jet m³qqH 

µ
CB  0.45-

 0.58+0.69  0.30-
 0.32+  0.24-

 0.28+  0.12-
 0.33+  0.19-

 0.22+ 

NN  0.34-
 0.35+0.16  0.30-

 0.31+  0.04-
 0.04+  0.04-

 0.04+  0.15-
 0.14+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

    [0,150]V
T

p

WH
µ

CB  0.91-
 0.95+0.77  0.73-

 0.77+  0.49-
 0.51+  0.06-

 0.04+  0.23-
 0.22+ 

NN  0.91-
 0.94+0.79  0.80-

 0.84+  0.38-
 0.40+  0.06-

 0.05+  0.20-
 0.19+ 

     ]¥ [150,V
T

p

WH
µ

CB  1.26-
 1.38+2.65  1.11-

 1.21+  0.53-
 0.57+  0.10-

 0.23+  0.25-
 0.25+ 

NN  1.25-
 1.37+2.65  1.21-

 1.30+  0.23-
 0.33+  0.10-

 0.23+  0.25-
 0.25+ 

      [0,150]V
T

p

ZH
µ

CB  0.81-
 0.90+1.97  0.74-

 0.80+  0.29-
 0.34+  0.10-

 0.23+  0.10-
 0.09+ 

NN  0.81-
 0.91+2.00  0.76-

 0.82+  0.29-
 0.37+  0.12-

 0.23+  0.09-
 0.08+ 

     ]¥ [150,V
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p

ZH
µ

CB  0.82-
 1.01+2.23  0.77-

 0.89+  0.16-
 0.22+  0.21-

 0.41+  0.14-
 0.13+ 

NN  0.82-
 1.00+2.18  0.78-

 0.89+  0.16-
 0.24+  0.21-

 0.39+  0.13-
 0.13+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

ggH

With the data collected in Run-2 we have enough 
Higgs bosons to explore high momentum regions and 
probe potential hiding places for new (heavy) physics!

Run-2 CMS Hàττ

Run-2 CMS Hàγγ

qqH VH

Eur. Phys. J. C 83 (2023) 562

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-010/index.html
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Effective field theories

EFTs allow us to coherently correlate measurements across 
different production & decay, from different kinematic regions, to 
pick out coherent BSM effcts à guide on the path to New Physics!
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 CMS
 (8 TeV)-1 (7 TeV) + 19.7 fb-1Run 1: 5.1 fb

 (13 TeV) -12016: 35.9 fb

 (GeV)Hm

gg®Run 1 H
Total (Stat. Only)

 0.31) GeV± 0.34 ( ±124.70 

 4l® ZZ®Run 1 H  0.42) GeV± 0.46 ( ±125.59 

Run 1 Combined  0.26) GeV± 0.28 ( ±125.07 

gg®2016 H  0.18) GeV± 0.26 ( ±125.78 

 4l® ZZ®2016 H  0.19) GeV± 0.21 ( ±125.26 

2016 Combined  0.13) GeV± 0.16 ( ±125.46 

Run 1 + 2016  0.11) GeV± 0.14 ( ±125.38 

Total Stat. Only

Phys. Lett. B 805 (2020) 135425

mH combination
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http://dx.doi.org/10.1016/j.physletb.2020.135425


Higgs Width
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FC for boundary Hà4l
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Run-1 data is already enough to rule out spin-2 (and many other JP states) at > 99.9% confidence level 

Hypothesis tests for non-nested models used to distinguish O+ from other JCP states. 

No Zero - Spin zone
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Translation into Warsaw Basis



e/μ Flavour anomolies
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Search for lepton-flavour violating decay of a Higgs 
boson to an eμ pair

B(Hàeμ) < 4.4 × 10−5

(4.7 × 10−5 ) at 95% CL 

[c.f ATLAS :6.2 × 10−5 (5.9 × 10−5)] 

Local (Global) significance of 
3.8σ (2.8σ) near 146 GeV

110 115 120 125 130 135 140 145 150 155 160

 [GeV]Xm

0

1

2

3

4

5

6

7

8) [
fb

]
µ

 e
®

 X
 

®
(p

p 
s

95
%

 C
L 

lim
it 

on
 

 (13 TeV)-1138 fbCMSPreliminary

95% CL limits

observed

s 1±expected 

s 2±expected 

HIG-22-002

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-22-002/index.html
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0 0.5 1 1.5 2 2.5 3 3.5 4
Parameter value
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0.06+0.00 0.05+ 0.03+ 

0.05± 0.07 0.02± 0.04±
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0.06-1.00 0.04- 0.04- 
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Stat Syst

Z

H

H

H

g

g

γ

γ

γ

Higgs boson production and decay 
mechanisms that proceed by loops 
can be treated as effective 
couplings 

New heavy particles can appear in 
these loops leading to large 
deviation in the effective coupling:
 H-Zγ, Η-g, Η-γ

H
g

g

Effective couplings
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VHH Search
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CMS-HIG-22-006

HH production at the LHC:

VHH:
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Essential ingredient for Baryogenesis 
(production of B-asymmetry) : 

à First order phase transition [1]

The universe today is matter 
(baryon)-dominated, 

[1] A. D. Sakharov, JETP Lett. 5, 24 (1967)

nB >> nB̄
<latexit sha1_base64="hr7/izyhrvvGWDZ7B8nQlxrjSsY=">AAAB/XicbZDLSgMxFIbP1Futt/GycxMsgqsyUwVdlaIuXFawrdAOQyZN29BMZkgyQh0GX8WNC0Xc+h7ufBvTdhba+kPgy3/OISd/EHOmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqSiRhDZJxCN5H2BFORO0qZnm9D6WFIcBp+1gdDWptx+oVCwSd3ocUy/EA8H6jGBtLN8+EH56maFaDRnoBliaW+bbZafiTIUWwc2hDLkavv3V7UUkCanQhGOlOq4Tay/FUjPCaVbqJorGmIzwgHYMChxS5aXT7TN0bJwe6kfSHKHR1P09keJQqXEYmM4Q66Gar03M/2qdRPcvvJSJONFUkNlD/YQjHaFJFKjHJCWajw1gIpnZFZEhlphoE1jJhODOf3kRWtWKe1qp3p6V69d5HEU4hCM4ARfOoQ430IAmEHiEZ3iFN+vJerHerY9Za8HKZ/bhj6zPH8V/lMw=</latexit>

False vacuum

True vacuum

Why do we care?



Modified Higgs potential and Baryogenesis
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Phys. Rev. D
 97, 075008 (2018)

SM BSM 

Inclusion of Dimension-6 (BSM) term in potential changes 
the relationships between the fundamental Higgs 
parameters 

V (H) =
µ
2

2
(v +H)2 +

�

4
(v +H)4 +

�6

⇤
(v +H)6

<latexit sha1_base64="/wWCMVYermXL70pQ6aLITL/8Pfk="></latexit>

� =
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�SM

= 1 +
16�6v4

m2
H
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<latexit sha1_base64="4cXwsHVPHQdXKXuqaNY77lBYzuI="></latexit>

�6
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50% increase in self-coupling could hint at mechanism for 
1st order EWK phase-transition accuracy crucial goal

BSM physics in Higgs potential could be the solution!


�
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STXS measurements
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CMS  (13 TeV)-1138 fb

2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

     [0,60]H
T

p
ggH 1 Jet
µ

CB  1.21-
 1.21+-0.87  0.50-

 0.50+  0.89-
 0.88+  0.36-

 0.44+  0.54-
 0.51+ 

NN  0.66-
 0.69+0.73  0.42-

 0.42+  0.41-
 0.41+  0.21-

 0.30+  0.22-
 0.22+ 

   [60,120]H
T

p
ggH 1 Jet
µ

CB  1.13-
 1.23+3.37  0.49-

 0.49+  0.66-
 0.67+  0.64-

 0.80+  0.44-
 0.43+ 

NN  0.57-
 0.65+2.10  0.40-

 0.40+  0.26-
 0.27+  0.26-

 0.41+  0.19-
 0.19+ 

  [120,200]H
T

p
ggH 1 Jet
µ

CB  1.24-
 1.21+1.94  0.60-

 0.60+  0.67-
 0.66+  0.70-

 0.69+  0.50-
 0.45+ 

NN  0.65-
 0.78+1.61  0.53-

 0.54+  0.18-
 0.19+  0.23-

 0.49+  0.25-
 0.25+ 

            [0,200] H
T

p
 2 Jet³ggH 

µ
CB  1.53-

 0.88+0.05  0.25-
 0.25+  0.66-

 0.61+  1.27-
 0.45+  0.46-

 0.36+ 

NN  0.56-
 0.67+1.49  0.41-

 0.41+  0.25-
 0.27+  0.22-

 0.43+  0.19-
 0.20+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

 [0,350]
jj

qqH < 2 Jet or m
µ CB  2.93-

 4.55+1.94  0.52-
 0.53+  2.15-

 2.33+  1.43-
 3.49+  1.28-

 1.67+ 

NN  1.19-
 1.21+-0.99  1.02-

 1.07+  0.21-
 0.21+  0.26-

 0.10+  0.54-
 0.53+ 

   [0,200]H
T

p
 [350,700]jj 2 Jet m³qqH 

µ
CB  1.44-

 1.77+-0.29  0.97-
 0.98+  0.72-

 0.77+  0.49-
 1.07+  0.61-

 0.66+ 

NN  1.04-
 1.05+1.47  0.85-

 0.86+  0.37-
 0.37+  0.28-

 0.26+  0.39-
 0.39+ 

         [0,200]H
T

p
]¥ [700,jj 2 Jet m³qqH 

µ
CB  0.38-

 0.39+0.68  0.31-
 0.32+  0.16-

 0.16+  0.06-
 0.06+  0.15-

 0.15+ 

NN  0.31-
 0.32+1.24  0.27-

 0.28+  0.08-
 0.09+  0.08-

 0.09+  0.11-
 0.12+ 

     ]¥ [200,H
T

p
]¥ [350,jj 2 Jet m³qqH 

µ
CB  0.45-

 0.58+0.69  0.30-
 0.32+  0.24-

 0.28+  0.12-
 0.33+  0.19-

 0.22+ 

NN  0.34-
 0.35+0.16  0.30-

 0.31+  0.04-
 0.04+  0.04-

 0.04+  0.15-
 0.14+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

2- 0 2 4 6 8 10 12 14 16 18
Parameter value

  tot   stat   syst   theo  bbb

    [0,150]V
T

p

WH
µ

CB  0.91-
 0.95+0.77  0.73-

 0.77+  0.49-
 0.51+  0.06-

 0.04+  0.23-
 0.22+ 

NN  0.91-
 0.94+0.79  0.80-

 0.84+  0.38-
 0.40+  0.06-

 0.05+  0.20-
 0.19+ 

     ]¥ [150,V
T

p

WH
µ

CB  1.26-
 1.38+2.65  1.11-

 1.21+  0.53-
 0.57+  0.10-

 0.23+  0.25-
 0.25+ 

NN  1.25-
 1.37+2.65  1.21-

 1.30+  0.23-
 0.33+  0.10-

 0.23+  0.25-
 0.25+ 

      [0,150]V
T

p

ZH
µ

CB  0.81-
 0.90+1.97  0.74-

 0.80+  0.29-
 0.34+  0.10-

 0.23+  0.10-
 0.09+ 

NN  0.81-
 0.91+2.00  0.76-

 0.82+  0.29-
 0.37+  0.12-

 0.23+  0.09-
 0.08+ 

     ]¥ [150,V
T

p

ZH
µ

CB  0.82-
 1.01+2.23  0.77-

 0.89+  0.16-
 0.22+  0.21-

 0.41+  0.14-
 0.13+ 

NN  0.82-
 1.00+2.18  0.78-

 0.89+  0.16-
 0.24+  0.21-

 0.39+  0.13-
 0.13+ 

Observed   tot s 1±  stats 1±

CMS  (13 TeV)-1138 fb

Eur. Phys. J. C 83 (2023) 562

Ηàττ

CMS-HIG-20-001 VH(àbb)

b) bnn ll(®ZH b bn l®WH 

Expected Th. Unc. Observed Total unc. Stat unc.Expected Th. Unc. Observed Total unc. Stat unc.

 <150 GeV

Z
T

75< p  <250 GeV 0J

Z
T

150< p

 1J³

 <250 GeV, 

Z
T

150< p  <400 GeV

Z
T

250< p >400 GeV

Z
T

p
 <250 GeV

W
T

150< p  <400 GeV

W
T

250< p  >400 GeV

W
T

p

1

10

210
) [

fb
]

b
 b

®
 B

R
(H

´
 le

p.
) 

®
 B

R
(V

´ i
s

0

2

R
at

io
 to

 S
M

 (13 TeV)-1138 fbCMS Preliminary

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001/index.html
http://dx.doi.org/10.1007/JHEP07(2021)027
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-010/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-001/index.html


55Nicholas Wardle

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

PRESHOWER
Silicon strips ~16 m2 ~137,000 channels

SILICON T"CKERS

MUON CHAMBERS
Barrel: 250 Dri# Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

FORWARD CALORIMETER
Steel + Quartz $bres ~2,000 Channels

STEEL RETURN YOKE
12,500 tonnes

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CRYSTAL 
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO4 crystals

Total weight
Overall diameter
Overall length
Magnetic $eld

: 14,000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

CMS DETECTOR

Pixel (100x150 μm2) ~1 m2 ~66M channels
Microstrips (80–180 μm) ~200 m2 ~9.6M channels
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Boosted HHà4b events
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Higgs couplings for BSM physics
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CMS In the SM, the Higgs regulates longitudinal WW 
scattering at high energies  
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If couplings to vector bosons and fermions are SM-like 
Scattering amplitudes don’t diverge

à Measuring these couplings is a strict test of SM at 
higher energies 



HàZa
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CMS-HIG-22-003 

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-003/index.html


Hàaa BSM searches
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Excluded by 
H-couplings

M. Cepeda et al (https://arxiv.org/abs/2111.12751)

https://arxiv.org/abs/2111.12751


Single Top

61Nicholas Wardle

tH/ttH->bb
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pp ! tH + tt̄H
H ! WW/ZZ/øø/bb/∞∞

∑V = 1.0, resolved

Observed
Expected (SM)
Observed (Multilepton)
Expected (Multilepton)
Observed (∞∞)
Expected (∞∞)
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Expected (bb)

Full Run-2 constraints underway!

Close to exclusion for odd-sign kV/kF couplings 
with partial Run-2 data

Phys. Rev. D 99 (2019) 092005
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-011/index.html
http://dx.doi.org/10.1103/PhysRevD.99.092005
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-008/


CMS Higgs Comb (Nature 2022)
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Analysis Decay tags Production tags

Single Higgs boson production

H ! gg [42]

ggH, pT(H) ⇥ Nj bins

VBF/VH hadronic, pT(Hjj) bins

WH leptonic, pT(V) bins

ZH leptonic

gg

ttH pT(H) bins, tH

H ! ZZ ! 4` [43]

ggH, pT(H) ⇥ Nj bins

VBF, mjj bins

VH hadronic

VH leptonic, pT(V) bins

4µ, 2e2µ, 4e

ttH

H ! WW ! `n`n [44]

eµ/ee/µµ ggH  2-jets

VBF
µµ+jj/ee+jj/eµ+jj

VH hadronic

3` WH leptonic

4` ZH leptonic

H ! Zg [45]
ggH

Zg
VBF

H ! tt [46]

ggH, pT(H) ⇥ Nj bins

VH hadronic

VBF
eµ, eth, µth, thth

VH, high-pT(V)

H ! bb [47–51]

W(`n)H(bb) WH leptonic

Z(nn)H(bb), Z(``)H(bb) ZH leptonic

ttH, ! 0, 1, 2`+ jets
bb

ggH, high-pT(H) bins

H ! µµ [52]
ggH

µµ
VBF

ttH production 2` SS, 3`, 4`,

with H ! leptons [53] 1`+ th, 2` SS+1th, 3`+ 1th

ttH

H ! Inv. [71, 72] pmiss

T

ggH

VBF

VH hadronic

ZH leptonic

Higgs boson pair production

HH ! bbbb [57, 58] H(bb)H(bb) ggHH, VBFHH (resolved, boosted)

HH ! bbtt [59] H(bb)H(tt) ggHH, VBFHH

HH ! leptons [60] H(WW)H(WW), H(WW)H(tt), H(tt)H(tt) ggHH, VBFHH

HH ! bbgg [61] H(bb)H(gg) ggHH, VBFHH

HH ! bbZZ [62] H(bb)H(ZZ) ggHH

https://cms-results.web.cern.ch/cms-results/public-
results/publications/HIG-22-001/index.html 

Refs available @

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-22-001/index.html
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Rare decays @ HL-LHC
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HBeyond SM physics can lead to large 
modifications of 1st generation quark 
Yukawas à possible enhancement in 
HàZQ/QQ compared to SM

Projection of Run-2 search for HàZ 
J/ψ à 4μ and Hà YY à 4μ

Analysis still very statistics limited at 
HL-LHC à 3 events in HàYY Higgs 
peak would constitute discovery!

 

CM
S-PAS-FTR-21-009

Channel 3000 fb�1 (⇥SM) 4500 fb�1 (⇥SM)
H ! ZJ/y 2.9 ⇥ 10�4 (126) 2.7 ⇥ 10�4 (117)
H ! U(mS)U(nS) 1.3 ⇥ 10�5 (0.2) 8.5 ⇥ 10�6 (0.14)

95% CL Upper limit on B(HàX) at (extended) HL-LHC


