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 Extremely clean – “Gold-plated” channel 

o Fully reconstructed final states 

oGood mass resolution (~ 1.6-2.4 GeV) 

oHigh S/B ratio (~ 1.5)  

o Low decay branching fraction 

 

 Currently statistically limited 

o 4.5 fb-1 @ 7 TeV + 20.3 fb-1 @ 8 TeV 

o Expect 68 SM HZZ*4l (e,m) events 

 

 Properties measurement 

oHiggs mass, width, spin, parity, couplings. 

o Critical to determine whether it is fully compatible 
with the SM Higgs boson 
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Higgs  ZZ*  4l Analysis 



 Trigger match with single and/or di-lepton trigger 

   Four sub-channels: 4e, 2e2m, 2m2e, 4m 
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Higgs  ZZ*  4l Selections 
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Higgs  ZZ*  4l Events 
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  Very clean signature, with fully Higgs mass reconstruction 
  BR(HZZ*) = 2.63%, BR(ZZ*4l, e or m)=0.45%   
  About 68 H ZZ*4l events produced 
  Observed 37 candidates with 18 Higgs  ZZ*  4l signal  

Phys. Rev. D91, 012006 (2015) 

Higgs  ZZ*  4l 
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BDTZZ helps to increase the Higgs detection sensitivity. 

Phys. Rev. D91, 012006 (2015) 

Expected significances are 6.2s 

Observed significances are 8.1s 

BDTZZ > 0 

6.6s 

8.1s 

Higgs  ZZ*  4l 
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ATLAS HZZ*4l only ATLAS Combined mass 

Higgs Mass vs Signal Strength 



Combined Higgs Mass 

Higgs mass precision is better than 0.2%. 

8 ATLAS+CMS:  PRL 114 (2015) 191803  

Some tension between the four measurements (p-value ~10%) and 
opposite in ATLAS and CMS - very good agreement in the central values 



 using BDT to identify VBF/VH/ggF Higgs 
– Mjj, hjj  , hleading jet, Jet pT  
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Probing Higgs Productions 
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Phys. Rev. D91, 012006 (2015) 



10 

Probing Higgs Productions 

Phys. Rev. D91, 012006 (2015) 



 The likelihood scan as a function of the ratio of fermion to 
vector-boson coupling scale factors,  
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 The value of lFV = 0 is disfavored at the 4s level. 

Fermion vs Boson Couplings 

Phys. Rev. D91, 012006 (2015) 
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Higgs Spin and Parity 
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Higgs Spin and Parity 
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Observed 0- exclusion 97.8%  
Observed 1+ exclusion 99.8%  

MVA:  mZ1, 
mZ2 + decay 
angles 

0+ 

0+ 

0- 

0- 

BDT analysis variables: 
 mZ1, mZ2 from  Higgs --> ZZ* 4l 

+ production and decay angles 

Exclusion (1-CLs ): 

Observed 2+
m

 exclusion 83.2%  PLB 726, 120-144 (2013) 

Higgs Spin and Parity 



  All tested alternative models are excluded in 

favour of the SM Higgs boson hypothesis at 

more than 99.9% CL. 
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Higgs Spin and Parity (HZZ+WW) 

EPJC75, 476 (2015) 



 Using per-event-error method, direct limit on the total width 

of the Higgs boson H < 2.6 GeV @ 95% C.L., dominated by 

the detector resolution. 
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Direct Measurement of Higgs Width 



 High-mass off-peak region of the HZZ/WW channel above the 

2MV threshold have sensitivity to Higgs production through off-

shell and background interference effects.  
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The combination of both on-shell and  

off-shell measurements of signal strength 

     moff-shell / mon-shell = H / H
SM 

achieve a significantly higher sensitivity  

to the total width H. 

Indirect Measurement of Higgs Width 

PRD 88 (2013) 054024, JHEP 04(2014) 060, EPJC (2015) 75:335 
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Indirect Measurement of Higgs Width 

 Assuming         , the observed (expected) 95% CL upper 

limit on              is 5.5(8.0), respectively. It translates into 

the 95% CL limit on Higgs width of 22.7 (33.0) MeV. 

EPJC (2015) 75:335 
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H ZZ*  4l @ LHC Run2 

ATLAS-CONF-2015-059 
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HiggsZZ*4l Fiducial Cuts 



 Total and fiducial cross 

section measurement. 
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Higgs Fiducial and Total Cross Section 

ATLAS-CONF-2015-059 
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Search for Heavy Higgs 



 To search for dark matter (MET) associated with a Higgs boson. 
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Search for Higgs + Dark Matter 

ATLAS-CONF-2015-059 

No significant excess  is 
found in search for Higgs 
boson with large MET. 



  H  ZZ*  4l is very clean, so called “Gold-plated” 

channel which has several advantages: 

o Fully reconstructed final states 

oGood mass resolution (~ 1.6-2.4 GeV) 

oHigh S/B ratio (~ 1.5)  

 H  ZZ*  4l is  sensitive to properties measurements 

oHiggs mass, width, spin, parity, couplings which are critical to 

determine whether it is fully compatible with the SM Higgs 

boson. 

 H  ZZ*  4l final states is used to search for high mass 

Higgs or DM with associated production at LHC Run2. 

24 

Summary 



Thank you ! 
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 Higgs production cross sections for MH = 125 GeV. 
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Higgs Production 
(NNLO QCD and NLO EW) 

(for MH = 125 GeV ) 

Cross section 
(pb) 

√s = 8 TeV 

Cross section 
(pb) 

√s = 13 TeV 

ggF 19.27 43.92 

VBF 1.58 3.75 

WH 0.70 1.38 

ZH 0.42 0.87 

ttH 0.13 0.51 

 bbH 0.20 0.51 

Total 22.30 50.94 

Higgs Cross Section: 8 TeV vs 13 TeV 
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Z/ZZ 4l Productions 

• Very rich physics: resonant Z4l,  HZZ*4l, SM ZZ4l  

• Differential cross section measurements in m4l and PT  

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

• First try to constraint gg4l 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 



Analysis of Single Resonance Z4l 

 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(Z4l) 
 A complementary test of the detector response for H  4l detection 
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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 



CERN’s Large Hadron Collider (LHC) 

LHC is the world’s largest collider (7-14 TeV) 
ATLAS Collaboration (38 countries, 174 institutions, ~ 3000) 
CMS Collaboration (41 counties, 179 institutions, ~3300) 

Tunnel (26.7km) 
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LHC：Proton-Proton Collisions 

Major challenge： 
Higgs  ZZ*  4l  
production rate is very low 
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Major  Challenge (Large Pileup) 

 Large pileup events result in big challenge to the detector, 

reconstruction and  particle identification (eg. e, m, g, t, b) ! 
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HZZ4m m 

m 

m 

m 



Boosted Decision Trees (BDT) 
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BDT was firstly applied for particle identification in MiniBooNE exp.  in 2004. 

BDT is one of popular analysis tools in CERN TMVA package,  
it has wide applications  in particle physics including  the 
discovery of the Higgs boson and its properties measurement . 
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Higgs Spin and Parity 



Indirect Measurement of Higgs Width 

 The expected 95% C.L. upper limits 

 on moff-shell。 
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