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Higgs Productions and Decays

 ggH, ttH, bbH – Yukawa coupling
 VBF, VH – Gauge coupling

Dec.17, 2016



 Extremely clean – “Gold-plated” channel

o Fully reconstructed final states

oGood mass resolution (~ 1.6-2.4 GeV)

oHigh S/B ratio (~ 2.2-2.4) 

o Low decay branching fraction (2.67%)

 Properties measurement

oHiggs mass, width, spin, parity

o Total and differential cross section

o Couplings
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Higgs  ZZ*  4l Analysis
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 Trigger match with single and/or di-lepton trigger

 Four sub-channels: 4e, 2e2m, 2m2e, 4m
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Higgs  ZZ*  4l Selections

Dec.17, 2016 H. Yang - Higgs->ZZ*->4l Properties Measurement



5

Estimated Backgrounds in Control Regions

Zbb
ttbar

Z+jets

Main background is ZZ: estimated from MC simulation, scaled to theoretical xsection
 Reducible backgrounds: Zbb, Z+light jets, ttbar, using data-driven method

Estimates agree with data in control regions where isolated & d0 requirements 
are  removed for subleading pairs. Estimated background using data-driven 
methods by extrapolating to signal region using extrapolation factors.
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H ZZ*  4l Events

Observed 10s
Expected 8.6s
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Analysis Strategy

ATLAS-CONF-2016-079
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Higgs  ZZ*  4l BDT Outputs
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HiggsZZ*4l Cross Section

Total and fiducial cross

section measurement.
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 Total and fiducial cross section measurement at 13 TeV.
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Higgs Fiducial and Total Cross Section
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Higgs  ZZ*  4l Couplings

 The universal coupling 

strength scale factors 

- KF for all fermions 

- KV for all vector bosons. 

 The HZZ*4l channel 
is not sensitive to the KF

and relative sign of the two 
couplings, only a quadrant 
is shown in KV-KF plane.

Assume SM Higgs with 
mass of 125GeV, the fitted 
coupling scale factors are 
compatible with the SM 
predictions. 
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Higgs  ZZ*  4l Production Modes

Compatibility between 
measured cross section
and SM prediction is:
- 1.1s for ggF+bbH+ttH
- 1.4s for VBF+VH
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Higgs Production Cross Sections

 Combining gg and ZZ final states
 The compatibility between 
measurement and SM prediction 
corresponds to a p-value of 21%.

ATLAS-CONF-2016-081
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Higgs Cross Sections x Br

 The compatibility between the 
measurement and SM prediction 
corresponds to a p-value of 11%.
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Higgs Production Cross Sections

 The compatibility between measurement and 
SM prediction corresponds to a p-value of 43%.
 The global signal strength is measured to be:
The local significance of Higgs boson is 10s (exp: 8.6s)
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Search for BSM Higgs

 Limits on the BSM 

parameters KHVV , KAVV

sin are derived with a fit 

of yields in different 

categories.

 KSM which scales SM 

interactions is fixed to 

unity. ggF production is 

fixed to SM value, but 

Br(HZZ*) and BSM 

couplings are free 

parameters.
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Search for Heavy Higgs
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Search for Heavy Higgs

BSM: two Higgs doublet model (2HDM); Electroweak singlet model (EWS)

The maximum deviation 

from SM bkgd is found at 

a mass ~705 GeV with NWA

the global p-value is ~1.9s.

No significant excess 

has been observed.
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Analysis using full datasets is still 

ongoing, please stay tuned !

Thank you !
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Combined Higgs Mass

 Higgs mass precision is better than 0.2%.
 PRL Editor Suggestion

ATLAS + CMS: PRL114 (2015) 191803

Dec.17, 2016



Higgs Properties Measurement
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• Higgs Strength m = 1.09 ± 0.14

• Spin/Parity: 0+

• Couplings: agree with SM predictions
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Coupling scale factors
2-parameter benchmark model:

kV = kW=kZ

kF = kt=kb=kc=kt=kg

(Gluon coupling are related to top, b, 

and their interference in tree level loop 

diagrams)

Assume no BSM contributions 

to loops: gg H and no BSM 

decays (no invisible decays)

 kF = 0 is excluded (>5s)

Higgs Properties Measurement
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• μV/μf can be measured in the 
different decay channels and 
combined:

μV/μf =  

in agree with SM

Fermionic & Bosonic production

• Can also fit μV
f vs μF

f per decay:
– μV

f =μf
VBF+VH

– μF
f=μf

ggF+ttH
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Analysis of Single Resonance Z4l

 The Z 4l production was first observed at the LHC by ATLAS and CMS. It 
serves as a standard candle for 4l decay channel along the Higgs discovery.

 Cross section and BR measurement of the Z  4l production provides
 A SM test for a rare decay process, measurements of σ(4l) and BR(Z4l)
 A complementary test of the detector response for H  4l detection

24
Phys. Rev. Lett. 112, 231806 (2014) 

BR(meas.)=3.20±0.25±0.13×10-6

BR(SM NLO)=3.33±0.01×10-6
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Z/ZZ 4l Productions

• Very rich physics: resonant Z4l, HZZ*4l, SM ZZ4l

• Differential cross section measurements in m4l and PT

for inclusive 4l (80<m4l<1000 GeV)

• First try to constraint gg4l contribution from data

• Theoretical predictions available at different level of 
corrections

Theoretical Predictions:
qq → ZZ: Powheg (NLO)
on-shell H: Powheg (NLO)
gg → ZZ : MCFM (LO)
H → 4l & on-shell qq → ZZ: 

NNLO QCD + NLO EWK

arXiv: 1509.07844


