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

Just this year alone starting January, CMS produced 20 papers!

If Higgs Physics is broad than what does it mean for SM Physics?

SM

Higgs

??



Meaning of “SMP” in CMS
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“SMP”

Higgs

Top

If it has Higgs, it falls to Higgs 
If it has top quark, it falls to top quark 
What’s left? W, Z, ɣ, …

W, Z, ɣ, …

H, VH, 
HH, ttH, …

tt, ttW, 
ttZ, tW, …
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“SMP”

Higgs

Top

If it has Higgs, it falls to Higgs 
If it has top quark, it falls to top quark 
What’s left? W, Z, ɣ, …

W, Z, ɣ, …

H, VH, 
HH, ttH, …

tt, ttW, 
ttZ, tW, …Minor exception: jets only final 

states are still in SMP 
(i.e. QCD studies are included)



Recent results
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Focusing on just this year



Recent results in SMP
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Recent results in SMP
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So many since last CIPANP 
so I can’t cover all!
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Precision Searches



Precision measurements
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Z boson branching ratio to invisible particles

10

Chang
Florida

q

q l∓

l±q

qv

v

Rate(Z→vv) 
Rate(Z→ll)

Γ(Z→ll)Γ(Z→vv) =

Z Z

2206.07110 



W boson branching ratios
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eve
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cs

had

~30% uncertainty

W

fermion

fermion

e, µ, τ

v

e, µ, τ, had

v

b

b
had

Use top-quark pair production process

BR(Top quark → Wb) ~ 100%

Slice and dice into final states: 
ee, eµ, µµ, eτ, µτ, e/µ + had 

Then, measure the rate

Large Electron-positron 
(LEP) Collider results 

had 2.8σ higher τvτ BR



W boson branching ratios
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Phys. Rev. D 105 (2022) 072008



W boson branching ratios
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Confirms SM

Phys. Rev. D 105 (2022) 072008



W boson branching ratios
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Use measured hadronic 
branching ratio Depends on ⍺s at MW  and CKM elements

Fixing other parameters from world 
average values from PDG, one can 

obtain |Vcs| value indirectly

(Although indirect), precise Vcs measurement provided

Phys. Rev. D 105 (2022) 072008



Mll vs. PT,ll
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2205.04897
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Rare process searches/measurements
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              WZ polarization measurements
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JHEP 07 (2022) 032
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fL + fR + f0 = 1

Fraction of L, R, 0 will add up to 1

So parametrize in two 2D 
fL - fR v. f0

JHEP 07 (2022) 032



Importance of vector boson scattering
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credit: J. Manjarres

VBS sensitive to Higgs mechanism



WW scattering
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WW scattering
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WW scattering
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1412.2641



WW scattering
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First observation of VBS 
opposite-sign WW 

5.6σobs (5.2σexp)

Trained deep neural network 
machine learning algorithm to 

identify events that is more 
similar to VBS events

2205.05711
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WW scattering

17

WZ scattering
VH diboson

WWW triboson
WWZ triboson

20
tW production

ZZ scattering
4-top

15
ttW/ttZ

LHC13

VVV triboson

12
Higgs boson

LHC

Rapid 
expansion of 

frontiers
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WZ diboson

Tevatron
LEP

SPS

1 massive particles 
or 2 at most

2, 3, or even 4 
massive particles

year

every O(10 M)

every O(1 B)

every O(1 T)

mX=t, W, Z, H ~ 100 GeV

~2000 needed to 
make evidence 

(Today)
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“SMP”

Higgs

Top

W, Z, ɣ, …

H, VH, 
HH, ttH, …

tt, ttW, 
ttZ, tW, …
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“SMP”

Higgs

Top

ttWH
tWH

WWH

ttWW

ttZH

ttHH

The final states are getting more intertwined than ever

~similar cross 
section as tttt



Summary
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At the LHC SM physics is being tested in various ways 

For processes with large cross section we are slicing and 
dicing the data  

For processes with small cross sections we are now 
finding SM processes that produce O(100 GeV) particles 
up to multiplicities of three and four. (e.g. WWW, 4-top) 

In the future, HL-LHC will provide us large dataset to 
improve precision measurements 

And also allow some of the rarest processes with large 
multiplicities to be probed


