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Why measure the mass and couplings?

● m(H) (or λ) is a free parameter of 
the SM, but its value has many 
implications
➔ Hierarchy problem of the SM
➔ In the absence of new physics, 

EW vacuum is near a critical 
point: 10.1007/JHEP08(2012)098 

● Many reasons to measure it 
precisely

https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP08%25282012%2529098&v=3300b8d6
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Why measure the mass and couplings?

arXiv:1310.8361

● m(H) (or λ) is a free parameter of 
the SM, but its value has many 
implications
➔ Hierarchy problem of the SM
➔ In the absence of new physics, 

EW vacuum is near a critical 
point: 10.1007/JHEP08(2012)098 

● Many reasons to measure it 
precisely

● Want to measure couplings to 
~% level to test BSM theories

● 100 MeV unc. in m(H) means 
up to 0.9% unc. in BRs

https://arxiv.org/pdf/1310.8361.pdf
https://arxiv.org/ct?url=http%3A%2F%2Fdx.doi.org%2F10%252E1007%2FJHEP08%25282012%2529098&v=3300b8d6
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m(H) measurement in ATLAS ATLAS-CONF-2017-046

● H→ZZ→4ℓ channel very clean, with clear 
references (Z→2ℓ,4ℓ)

● Kinematic fit of m
12 

leptons (~15% gain)

● Per event mass uncertainties
● Main systematic: lepton 

energy/momentum scale
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m(H) measurement in ATLAS ATLAS-CONF-2017-046

● H→ZZ→4ℓ channel very clean, with clear 
references (Z→2ℓ,4ℓ)

● Kinematic fit of m
12 

leptons (~15% gain)

● Per event mass uncertainties
● Main systematic: lepton 

energy/momentum scale

● H→γγ channel has good statistics 
and mass resolution

● Different S/B and resolution cats.
● Main systematics: photon energy 

scale (LAr cell non-linearity and 
layer calibration, material)
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m(H) measurement in ATLAS ATLAS-CONF-2017-046
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m(H) measurement in CMS

● H→ZZ→4ℓ channel in CMS uses 3D fit 

➔ m
4ℓ
, ME discriminant, and per-event 

mass uncertainties

● Also includes kinematic fit of Z
1 
leptons

➔ ~8% improvement in 3D fit 

● Dominant systematic uncertainty comes 
from the lepton energy scale

JHEP11(2017)047
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m(H) measurement in CMS

12% more precise compared 
to Run 1 ATLAS+CMS 

combination

JHEP11(2017)047
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Higgs Couplings
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Higgs Couplings

Andrea 
Marini 
(CMS)

Jason 
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(ATLAS)

Daniele 
Zanzi 

(ATLAS)

Marco 
Peruzzi 
(CMS)

Michael 
Kagan 
(ATLAS
+CMS)

Ioannis 
Nomidis 
(ATLAS)



H mass and couplings in CMS and ATLAS              Moriond Electroweak 2018                    David Sperka (Florida) 11

Higgs Couplings

NEW!
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CMS H→WW
● Total of 30 signal regions 

target ggH, VBF, WH, and 
ZH prod.
➔ Split in number of leptons, 

number of jets, and lepton 
charge/flavor 

● Dedicated tt, Z→ℓℓ, and VV 
control regions fit 
simultaneously 

NEW!
CMS-PAS-HIG-16-042

Number of leptons

WH→ 3l ZH→4l
Number of 

jets

2 leptons
3 leptons

4 leptons

0 jets
1 jet 2 jets

Flavour of 
lepton pair

Flavour of 
lepton pair

SF DF SF DF

ggH-tag ggH-tag ggH-tag ggH-tag

mjj and Δηjj

ggH-tag VBF-tag VH-tag

SF: Same Flavour (ee/μμ)
DF: Different Flavour (eμ)
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CMS H→WW CMS-PAS-HIG-16-042

● Total of 30 signal regions 
target ggH, VBF, WH, and 
ZH prod.
➔ Split in number of leptons, 

number of jets, and lepton 
charge/flavor 

● Dedicated tt, Z→ℓℓ, and VV 
control regions fit 
simultaneously 
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CMS H→WW

2-jet 
VBF 
tagged0-jet eμ 

ggH tagged
p

T2
>20 GeV

Signal extracted 
using binned 
templates of 

different sensitive 
observables  

depending on the 
category

CMS-PAS-HIG-16-042

● Total of 30 signal regions target 
ggH, VBF, WH, and ZH prod.
➔ Split in number of leptons, 

number of jets, and lepton 
charge/flavor 

● Dedicated tt, Z→ℓℓ, and VV control 
regions fit simultaneously 
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CMS H→WW

● Main theoretical uncertainties are ggH cross section and jet bin migration
● Main experimental systematics come from the background rates, 

luminosity, and lepton identification efficiencies  

CMS-PAS-HIG-16-042
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Combined Higgs Measurements

ggH VBF WH, ZH ttH

H→γγ

H→bb,ττ,μμH→WW,ZZ
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ATLAS Comb.: Cross Sections
● Combination of ZZ and γγ decay 

channels 
● Cross section measurements in the 

Simplified Template Cross Section 
(STXS) framework
➔ Th. uncs. in SM predictions (blue 

bands) separated from exp. and 
th. uncs. in measurements

➔ For the usual prod. modes... 

ATLAS-CONF-2017-047
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ATLAS Comb.: Cross Sections ATLAS-CONF-2017-047

● Combination of ZZ and γγ decay 
channels 

● Cross section measurements in the 
Simplified Template Cross Section 
(STXS) framework
➔ Th. uncs. in SM predictions (blue 

bands) separated from exp. and 
th. uncs. in measurements 

➔ … and also more differentially
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ATLAS Comb.: Higgs Couplings ATLAS-CONF-2017-047

● Results also interpreted in terms of Higgs couplings using the 
leading order inspired “κ-framework” model

● 2D regions found for κ
V
 vs. κ

F
, and κ

g
 vs. κ

γ

➔ Assuming no BSM contributions to total width
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CMS Combination NEW!

● Includes a wide range of H 
measurements using the full 2016 
dataset

● Combined analysis sensitive to 22 
out of 25 possible prod. x decay 
combinations 

CMS-PAS-HIG-17-031
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Production and Decay Modes

Most precise measurement of gluon fusion, ttH, and total signal strength

(ATLAS+CMS Run 1 combination:                          )      

~11%

~41%

~27%

~51%

~26%

~9%

CMS-PAS-HIG-17-031
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Template Cross Sections

● Results quoted for 
the conventional 
production modes
➔ VH split into V(ℓℓ) 

and V(qq)
● Th. uncs. in SM 

predictions (grey 
bands) separated 
from exp. and th. 
uncs. in the  
measurements

● First ever STXS  
measurement 
using 5 decay 
channels 

CMS-PAS-HIG-17-031



H mass and couplings in CMS and ATLAS              Moriond Electroweak 2018                    David Sperka (Florida) 23

Couplings: Resolved Loops CMS-PAS-HIG-17-031
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Couplings: Resolved Loops CMS-PAS-HIG-17-031
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Couplings: Effective Loops

B
inv

< 0.22 @ 95% CL

B
undet 

< 0.29 @ 95% CL

● No assumptions about loop processes (independent parameters)

● Two assumptions about total width: No BSM decays…  

CMS-PAS-HIG-17-031
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Couplings: Effective Loops

B
inv

< 0.22 @ 95% CL

B
undet 

< 0.29 @ 95% CL

● No assumptions about loop processes (independent parameters)

● Two assumptions about total width: No BSM decays… or κ
V
<1  

CMS-PAS-HIG-17-031
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Constraints on BSM models CMS-PAS-HIG-17-031
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Constraints on BSM models CMS-PAS-HIG-17-031
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Constraints on BSM models

A/H → ττ

CMS-PAS-HIG-17-020

JHEP01(2018)055

CMS-PAS-HIG-17-031
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Higgs Couplings

~ limits ~ measurements
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Higgs Couplings

~ limits ~ measurements
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ATLAS search for H→φγ, ργ arXiv:1712.02758

● Look for deviations from SM to constrain light quark couplings
● Search for a resonance in the K+K- γ and π+π- γ mass distribution
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ATLAS search for H→φγ, ργ arXiv:1712.02758

● Decay proceeds directly and indirectly, look deviations from SM
● Search for a resonance in the K+K- γ and π+π- γ mass distribution

~208x SM

~87x   SM

~52x   SM

~597x SM
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Summary
● Precision Higgs measurements are truly 

starting to put the SM (and BSM) to the test

● First combined 13 TeV results shown, 
surpassing Run 1 precision in key 
measurements, e.g. ggH 

● With more data, should be able to see the 
deviations predicted by many BSM models

~11%

~41%

~27%

~51%

~26%

~9%
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Backup
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ATLAS m(H) measurement
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ATLAS m(H) measurement
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ATLAS m(H) measurement
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CMS m(H) measurement



H mass and couplings in CMS and ATLAS              Moriond Electroweak 2018                    David Sperka (Florida) 40

CMS m(H) measurement
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CMS H→WW
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CMS H→WW

eμ 0-jet ggH tagged eμ 1-jet ggH tagged
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CMS H→WW

eμ 2-jet ggH tagged
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CMS H→WW
eμ 2-jet VBF tagged

eμ 2-jet VH tagged
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CMS H→WW

Same flavor categories
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CMS H→WW
4ℓ categories3ℓ categories

3ℓ OSSF 3ℓ SSSF
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CMS H→WW

tt scale factors DY→ττ scale factors

WW scale factors
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CMS H→WW
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CMS H→WW
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CMS H→WW
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ATLAS Combination
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ATLAS Combination
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CMS Combination
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CMS Combination
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CMS Combination
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Constraints on benchmark BSM models



H mass and couplings in CMS and ATLAS              Moriond Electroweak 2018                    David Sperka (Florida) 57

Constraints on benchmark BSM models
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Constraints on benchmark BSM models

JHEP11(2015)206

CMS-PAS-HIG-16-007
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SM Compatibility
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Run 1 Results:

ATLAS+CMS Combination
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ATLAS+CMS Combination
CMS Run 2

ATLAS+CMS Run 1
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Run 1 Results:

ATLAS+CMS Combination
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Run 1 Results:

ATLAS+CMS Combination
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ATLAS+CMS Combination

CMS Run 2 ATLAS+CMS Run 1
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Run 1 Results:

ATLAS+CMS Combination

CMS Run 2 ATLAS+CMS Run 1
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Run 1 Results:

ATLAS+CMS Combination
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Run 1 Results:

ATLAS+CMS Combination

CMS Run 2

ATLAS+CMS Run 1
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Run 1 Results:

ATLAS+CMS Combination


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68

