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From July 4th, 2012 seminar
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From Peskin, Higgs Hunting, 2012



6 years later…
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2012-2018
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Are the major decay/production 
modes present?
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The ZZ(*)→ 4l decay mode
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up to July 2012 2016+2017
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The production modes
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The production modes
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Other decay/production modes
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Other decay/production modes
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Standard Model like boson?
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Consistency across channels
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Spin-parity
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Spin-parity
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Small deviations from the SM?
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CP mixture?
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How and where to measure

H→ γγ: only sensitive to non-spin0 


H→ WW: no full kinematic information available


H→ Z(γ*)Z*(γ*) → 4l: full kinematics available, angular 
information 
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Anomalous coupling results at Run1
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Anomalous coupling at Run2
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Anomalous coupling at Run2
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Mass measurement
Why precise mass measurement?


• SM self-consistency check, mH 
contribute to mW


• determine the EW vacuum stability


• affect the coupling uncertainties


• 100 MeV ΔmH => 0.9% ΔBR


• BSM correction to the couplings 
might be subtle
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Mass measurement
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On-shell width measurement
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Off-shell width measurement: Run1
SM prediction: 4.15 MeV, extremely small compared to the mass ~ 125 GeV
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Mass & Width: Run2
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Describe mass shape in full range

no approximation on-shell/off-shell

interference with bkg included
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Any other deviation?
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Direct search for BSM?
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Search for additional Higgs
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4l 2l2v 2l2q

BR (%) 0.453 2.692 9.422

Resolution (%) 1-3 - 3-7

Mass range [GeV] 130-3000 200-3000 550-3000

H→ ZZ, 3 final states

Search for ggH and VBF production

arXiv:1804.01939
submitted to JHEP
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Search for additional Higgs
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Search for additional Higgs

!38

 [GeV]Xm

 Z
Z)

 [p
b]

→
 X

→
(p

p 
σ

3−10

2−10

1−10

1

= 0 GeVΓ= 0 GeVΓ= 0 GeVΓ= 0 GeVΓ

CMS  (13 TeV)-135.9 fb

σ 1±Expected 
σ 2±Expected 

Observed
Expected 4l
Expected 2l2q

νExpected 2l2

130 200 300 400 500 700 1000 2000 3000

 [GeV]Xm

X
/m X

Γ
0

0.05

0.1

0.15

0.2

0.25

0.3

 Z
Z)

 [p
b]

→
 X

→
(p

p 
σ

95
%

 C
.L

. l
im

it 
on

 

1

2
3

10

20
30

210

210×2

130 200 300 400 500 1000 2000 3000

CMS  (13 TeV)-135.9 fb

 [GeV]Xm

X
/m X

Γ

0

0.05

0.1

0.15

0.2

0.25

0.3

 Z
Z)

 [p
b]

→
 X

→
(p

p 
σ

95
%

 C
.L

. l
im

it 
on

 

1

2
3

10

20
30

210

210×2

130 200 300 400 500 1000 2000 3000

CMS  (13 TeV)-135.9 fb

=1VBFf

VBFggF+VBF

Excluded xsec in the grid of 
• mH (130 — 3000 GeV) , ΓH (0—30%) 

Model independent inputs for many BSM theories

arXiv:1804.01939
submitted to JHEP

No significant excess observed



Summary
• The ZZ final state provides a long list to check things about the Higgs boson

• Existence?  ✔

• SM like? ✔

• Precisely SM???

• Couplings of decay and productions?

• Anomalously couplings ?

• Mass?

• Width?

• Differential distributions?


• BSM Higgs search?

• We are in an era of precision measurement, and the list is expanding

• Off-shell differential..


• More data (3000 fb-1) and more ideas waiting for us! So far only analyzed ~70 fb-1
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Additional slides
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Anomalous coupling with production
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VH(bb) to measure HVV (V=Z,W) coupling 

sensitive to small anomalous couplings
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fa3 < 0.0034 at 95% combined with H→ZZ/WW
assuming μt/μb= SM
fa3 < 0.28 at 95% using H→ ZZ/WW


