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2Overview
Higgs boson discovery was announced on the 4th of July 2012. 


Since then, much effort has been put into determining its 
properties
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3Overview
Higgs boson discovery was announced on the 4th of July 2012. 


Since then, much effort has been put into determining its 
properties

All theoretical information (such as XS and BR) has 
been extracted for a Higgs boson mass of 125 GeV

R.L. Workman et al. (Particle Data Group),  
Prog. Theor. Exp. Phys. 2022, 083C01 (2022)

https://pdg.lbl.gov/2022/reviews/contents_sports.html
https://pdg.lbl.gov/2022/reviews/contents_sports.html
https://pdg.lbl.gov/2022/reviews/contents_sports.html
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4Overview
Higgs boson discovery was announced on the 4th of July 2012. 


Since then, much effort has been put into determining its 
properties

The Higgs boson mass is one of the most important free parameters of 
the Standard Model.


It is crucial to properly determine its value since it determines all the 
other Higgs boson properties
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Higgs boson mass 5

Higgs boson mass measurement is performed using H→ZZ*→4ℓ and  
H→γγ, thanks to their mass resolution (1-2%) and complete 
reconstruction of the final state.

Phys. Lett. B 805 (2020) 135425
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https://www.sciencedirect.com/science/article/pii/S037026932030229X
https://cds.cern.ch/record/2871702
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Higgs boson mass 6

Higgs boson mass measurement is performed using H→ZZ*→4ℓ and  
H→γγ, thanks to their mass resolution (1-2%) and complete 
reconstruction of the final state.

Phys. Lett. B 805 (2020) 135425
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Higgs boson mass: H→ZZ*→4ℓ 7

Latest result uses Full Run 2 data, (138/fb)


Final results have been extracted adopting a  Nx2D likelihood:

• N = number of categories based on the relative mass uncertainty
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Higgs boson mass: H→ZZ*→4ℓ 8

Latest result uses Full Run 2 data, (138/fb)


Final results have been extracted adopting a  Nx2D likelihood:

• N = number of categories based on the relative mass uncertainty

1 2 3 4 5 6 7 8 9
 bin category4l / m4lmδ

0

20

40

60

80

100

Ev
en

ts
 / 

1 
un

its

Data

H(125)

*γZZ*, Z→gg

*γZZ*, Z→qq

Z+X

 (13 TeV)-1138 fbPreliminary CMS

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

4l / m4lmδ
0

20

40

60

80

100

120

140

160

Ev
en

ts
 / 

0.
00

2 
un

its

Data
H(125)

*γZZ*, Z→gg
*γZZ*, Z→qq

Z+X

 (13 TeV)-1138 fbPreliminary CMS

C
M

S-
PA

S-
H

IG
-2

1-
01

9

https://cds.cern.ch/record/2871702


F. Errico, ICNFP2024

70 80 90 100 110 120 130 140 150 160 170
 (GeV)µ2e2m

0

10

20

30

40

50

60

Ev
en

ts
 / 

2 
G

eV
Data
H(125)

*γZZ*, Z→gg
*γZZ*, Z→qq

Z+X

 (13 TeV)-1138 fbPreliminary CMS

Higgs boson mass: H→ZZ*→4ℓ 9

Latest result uses Full Run 2 data, (138/fb)


Final results have been extracted adopting a  Nx2D likelihood:

• N = number of categories based on the relative mass uncertainty

• 1D = four lepton mass

• 2D = kinematic discriminant
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Higgs boson mass: H→ZZ*→4ℓ 10

Latest result uses Full Run 2 data, (138/fb)
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Background model shape: 
polynomial functions (from 
either MC and DATA)
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Higgs boson mass: H→ZZ*→4ℓ 11

Latest result uses Full Run 2 data, (138/fb)

105 110 115 120 125 130 135 140
 (GeV)4lm

0

10

20

30

40

50

60

70

80

Ev
en

ts
 / 

1 
G

eV

 (13 TeV)-1138 fbPreliminary CMS
Signal
Bkg
Signal+bkg
Data

Signal model shape: DSCB


Background model shape: 
polynomial functions (from 
either MC and DATA)
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Higgs boson mass: H→ZZ*→4ℓ 12

Latest result uses Full Run 2 data, (138/fb)
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Background model shape: 
polynomial functions (from 
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Higgs boson mass: H→ZZ*→4ℓ 13
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Higgs boson mass:  H→γγ 14

Latest result uses 2016 data + Run1


• Critical component → energy calibration of the response of the 
detector to photons. Correction are derived using a multivariate 
regression technique


• Dedicated method developed → deals with residual differences 
between data and MC, after applying corrections

✦ Multistep scale corrections with Z→ee events (time stability => η, 

shower category and ET)


• Events classification → according to their production mode, mass 
resolution and their predicted signal-to-background ratio;  
S/(S+B) value is obtained using a multivariate discriminant (BDT).



F. Errico, ICNFP2024

122 123 124 125 126 127 128 129

 CMS
 (8 TeV)-1 (7 TeV) + 19.7 fb-1Run 1: 5.1 fb

 (13 TeV) -12016: 35.9 fb

 (GeV)Hm

γγ→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 
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15Higgs boson mass:  H→γγ

Phys. Lett. B 805 (2020) 135425

https://www.sciencedirect.com/science/article/pii/S037026932030229X
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 mH = 125.38 ± 0.14 [±0.11(stat) ± 0.08(syst)] GeV

Higgs boson mass:  H→γγ
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Higgs boson mass:  H→γγ 18

Electron to γ transport systematic evaluated with 
simulation + transparency loss measurements
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Higgs boson width 19

• Test of Higgs on-shell vs off-shell production 


• Test for H→invisible particles


Measured in the H→ZZ channel, full Run 2 data from the on-shell 
distribution
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Higgs boson width 20

• Test of Higgs on-shell vs off-shell production 


• Test for H→invisible particles


Measured in the H→ZZ channel, full Run 2 data from the on-shell 
distribution
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Fit four-lepton mass distribution


POI included in the signal model 
using a Breit-Wigner

ΓH < 330 MeV @ 95 % C . L .

https://cds.cern.ch/record/2871702
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Higgs boson width 21

• Test of Higgs on-shell vs off-shell production 


• Test for H→invisible particles


Measured in the H→ZZ channel, full Run 2 data from the on-shell 
distribution
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Fit four-lepton mass distribution


POI included in the signal model 
using a Breit-Wigner

—> measurement limited 
by detector resolution 

ΓH < 330 MeV @ 95 % C . L .
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Higgs boson width 22

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production

*R.L. Workman et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022)

https://pdg.lbl.gov/2022/reviews/contents_sports.html
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Higgs boson width 23

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production
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• 3 exclusive categories


• Profit of several kinematic discriminant (sig vs bkg and 
also for interference)

https://cds.cern.ch/record/2871702
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Higgs boson width 24

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production

ΓH = 2.9+2.3
−1.7 MeV @68 % C . L .
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Higgs boson width 25

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production
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+3.34

�1.00
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Conclusion 26

Higgs boson properties(mass/width), measured by the CMS 
collaboration have been presented.


The Higgs boson mass, free  parameter of the SM, is measured 
with a precision of the order of 0.1% (@68% CL).


The best width measurement is extracted comparing on-shell 
with off-shell decay rates. 


More on the way…
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27

Thanks for 
your attention



Backup
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Higgs boson mass:  H→γγ 29

Latest result uses 2016 data + Run1


• Critical component → energy calibration of the response of the 
detector to photons. Correction are derived using a multivariate 
regression technique


• Dedicated method developed → deals with residual differences 
between data and MC, after applying corrections:

• Multistep method: uses Z→ee events (the electron showers are 

reconstructed as photons):

✤ step 1: correction of the long-term drifts in the energy scale in 

data

✤ step 2: correction of energy resolution in the simulation and the 

scale correction in data, simultaneously 

✤ step 3: correction for any nonlinear response of the crystals with 

energy 
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Higgs boson width 30

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production, in different decay channels

2016+2017 only

Nat. Phys. 18 (2022) 1329

https://www.nature.com/articles/s41567-022-01682-0
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Higgs boson width 31

ΓH = 3.2+2.4
−1.7 MeV @68 % C . L .
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Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production, in different decay channels

https://www.nature.com/articles/s41567-022-01682-0
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Higgs boson width 32

ΓH = 3.2+2.4
−1.7 MeV @68 % C . L .

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production, in different decay channels

No off-shell scenario (μoff-shell = 0 
or ΓH = 0) is excluded at a p-
value of 0.0003 (3.6 standard 

deviations)
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https://www.nature.com/articles/s41567-022-01682-0
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Higgs boson width 33
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• Profit of several kinematic discriminant (sig vs bkg and 
also for interference)

Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production

https://cds.cern.ch/record/2871702
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Higgs boson width 34
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Difficulties in directly measuring the width (4.07 MeV*) due to  
detector resolution.

Measured in the H→ZZ channel, full Run 2 data, comparing on-shell 
and off-shell production

https://cds.cern.ch/record/2871702

