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Introduction & overview
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Combined measurements: ingredients

* Individual analyses study specific Higgs boson characteristics
- need to combine them to get a full view of the Higgs boson
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argeted signatures included in combined measurements:

Most of the main
production x decay
channels included

Note: some additional
channels not yet included in
combined measurements

/Rare decay modes starting
to feature in combined

7measurements

/Searches for invisible H
decays (for coupling
strengths)



Combined measurements: ingredients

Measurements in many
decay channels
included = range of
analysis techniques

S/B discrimination,
classification
S/B separating
variables
BDT, DNN
Matrix element

Background
estimation
Data sidebands
Data/simulation
mixture
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Cross section measurements

e ——————————l

(Inclusive) signal strength Simplified template Differential, fiducial
Or Ccross section cross sections measurements
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¥*Signal strengths, cross sections

e Signal strength modifiers py scale cross sections and branching
fractions relative to the SM:

O; ggf f O; - %f

Hi =~ u =

= p; X

 (0;- Bsm

* Improvement in relative precision: 14% (Run 1) = 6% (Run 2)
* Theory uncertainty: 7% (Run 1) = 4% (Run 2)


https://doi.org/10.1038/s41586-022-04892-x
https://doi.org/10.1038/s41586-022-04893-w
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Precision on bosonic decays, decays to tau leptons: ~10%

Uncertainties on rare decay branching fractions (uy, Zy)
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Slmpllfled template Cross sections
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Simplified template cross sections

Observed: CB-analysis

* Recent results from CMS in .
individual decay channels T Sy on s prton

138 fb™' (13 TeV)
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« Examples: H=2>1tt, H>WW

sensitive for|VBF, low
pT1 VH
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-013/index.html

CMS-PAS-HIG-19-016

A(Tf,jd/ApT(fb/GOV)

Differential measurements

e Differential cross section measurements in several channels
(H=> vy, H=>ZZ, H=>1Tt, H=>WW)

 Example:
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large range of variables measured in the H=>yy channel
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Generally good agreement between measurements and predictions
Interpretations: see later
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-016/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-13/

Coupling measurements

 Coupling modifier framework =

parameterisation of inclusive
production and decay rates
 Processes with loops:

* Can resolve loops or consider
effective coupling modifiers

* Constrain possible BSM g TEEE00)
contributions to Higgs width in
effective case: o 000000
I'y K|2_|

FEIM (I = Biy — ggundet)
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Notice improvement with time, from discovery

\ /’
|||||‘L1|,(||||||||||

CMS

I | I I I | I I I | I I I I I I I
|| + Discovery # LHC Run 1 |
— |—68%CL =--"95%CL ¢ SMHiggs |

0.6 0.8 1.0 1.2 1.4K

torun1torun 2

\

1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80

g 000000t

> —- HO
g 0000000 Kb,Kt = KF
B I I I I I I l I I I I | I | I l I | I | |
C 4= Observed best fit ]
— ATLAS Run?2 7 Observed 68% CL
B Observed 95% CL _
= ¥ SM prediction —
~ _ Z
- ] Q
P
~ _ -
| ] S
L _ ()
— ] (@))
- - (@)
— _ ~
- R )
— _ o
- - N
— - N
- 4  |on
- 0 IN
: | | | | | | | | | | | | | | | | | | | | | :
0.95 1.00 1.05 1.10 1.15
Ky

Scale all vector boson couplings with kv, all fermion couplings with Kr

13


https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04892-x

X\
“Wector bosons/fermions

Nature 607 (2022) 60

1.5

g 000000t

> —- H0

g 099900 Kb,Kt = KF

CMS
I | I I I | I I I | I I I I I I I LL : I I | | | I I I | | | | I | | I I | l. | :
|| + Discovery #* LHC Run 1 | 115 ATLAS Run2 ;8*;2:3:3 ggf/ifgl_ -
—68% CL ---95% CL ¢ SM Higgs | 1 105 Observed 95% CL -
i - . — m-ﬂmﬂm——_
L ] E . QZ)
- - D : 1.055— ] g
- 1.00F 1 &
= —> o
N ~
T 0.95 15
— : S
i} 0.90 4 N
_| E o
i 0.85 g4 ™
: 0.80F ]
\\ ,’ | C | | | | | | | | | | | | | | | | | | | | | ]
| | | | [ L 1 T | | | | | | | | | |
0.6 0.8 1.0 12 14 0.95 1.00 1.05 1.10 1.15
KV K‘
4

Notice improvement with time, from discovery

torun1torun 2

Scale all vector boson couplings with kv, all fermion couplings with Kr

13


https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1038/s41586-022-04892-x

\&’o‘“ : g o
Coupling vs mass

CMS 138 fb™ (13 TeV)
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Higgs-charm coupling: see A. Marini's talk after the coffee break

Reduced coupling modifiers vs particle mass
Follows pattern expected in SM
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Coupling vs mass
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Higgs-charm coupling: see A. Marini's talk after the coffee break

Particle mass [GeV]

Reduced coupling modifiers vs particle mass
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Follows pattern expected in SM
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Strongest constraints on effective coupling modifiers: O(5%)
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» Couplings from cross sections

 Combined measurements of differential cross sections in H=>yy
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Summary & outlook
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