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Introduction
l A generic heavy scalar boson search with ZZ→2l2ν final state, but 

test with EWS
l Electroweak Singlet Model (EWS): additional heavy Higgs

p Why 2l2v is promising?

l New physics manifest itself in a change of the transverse mass (or 
MET) spectrum 

l ZZ→2l2ν search channel — a promising  

vvchannel for heavy resonance search: 

l BR( ZZ→2l2ν) ~ 6 BR( ZZ→4l) 

l reduced background in High MZZ

compared to ZZ→2l2q 

l Not sensitive to the width of heavy scalar 
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Signal and Backgrounds

SM-like heavy higgs

Signal

ggH qqH
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Signal and Backgrounds

Diboson/Triboson: ZZ →2l2ν, WZ, ZVV irreducible 
background 

non-resonant
background 

Backgrounds

instrumental MET 
background

Drell-Yan

Single top, WW, WWW

W+jets:

ttbar:
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Event Category

three categories
depending on jet
multiplicity
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Object and Event selection
l Trigger: single lepton or di-lepton trigger
l Offline Electron/Muon selection:

l p" > 25GeV
l η* < 2.5, 𝜂. < 2.4
l Tight ID and Isolation 

l 𝐩𝐓𝒁 > 𝟓𝟓𝐆𝐞𝐕
l 𝒎𝒍𝒍 − 𝟗𝟏 < 𝟏𝟓𝐆𝐞𝐕
l 3rd lepton veto
l ∆𝚽 𝐣𝐞𝐭,𝐌𝐄𝐓 > 𝟎. 𝟓
l ∆𝚽 𝐙/𝛄,𝐌𝐄𝐓 > 𝟎. 𝟓

l 𝐌𝐄𝐓 > 𝟏𝟐𝟓𝐆𝐞𝐕
l Transverse Mass distribution is used to set shape based limits
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Event cut flow

𝑒𝑒𝜇𝜇

All Background estimated with MC samples as first check
All jet categories summed up

Figure: Event flow vs. different cuts in each bin CMS AN-16-325
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Irreducible Backgrounds
l Diboson/Triboson: ZZ, WZ, ZVV with Z decaying into lepton pairs
l Similar topology as signal H→ZZ→2l2v, Estimated with MC prediction
l qq→ZZ , apply the following corrections:

l EWK(NLO/LO) as a function of the quark flavor and Mandelstam variables
l QCD (NNLO/NLO) corrections are computed as a function of Mzz

l gg→ZZ: QCD(NNLO/NLO) k-factors applied, as like signal

l WZ: No EWK corrections applied (assign 3% uncertainty to cover this)
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Non-Resonant backgrounds
l ttbar, tW, WW, Wjets, ττ: flavour symmetric 
l Fully data-driven estimation

l use Z mass sideband regions to define a 𝛂 factor
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Non-Resonant backgrounds
l 𝜶 computed from:

l inclusive jet category (𝜶 is independent of jet category)

l b jet tag events (top enriched region)

l MET > 70 GeV (independent of the MET cut)

l We can also cross check 𝜶-Method using k-Method

l 𝑘NN =
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Q
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Q
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�
similarly 𝑘.. =

P
Q

UTT
VWXY
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�

l	𝜶 and k give the same results

l Systematic uncertainties are computed via MC closure 

test

lThe systematic of this procedure is found to be 13%

𝑒𝑒 0.369 ± 0.006
𝜇𝜇 0.683 ± 0.009

Bias =
𝑁hi*jklm*j

𝑁*nh*lm*j(pq)
− 1

11



Z+Jets background
l Data-driven estimate of “fake MET” from Z+jets using a photon 

Control Region: 
l Simulation does not reliably describe instr. MET especially in the tails
l Simulation has limited statistics
l γ+jets and Z+jets events show similar jet activity and thus “fake MET” 

sources 

l Pre-selection cuts applied to both the dilepton and photon samples : 
l γ/Z pT >55GeV
l No extra leptons and b-tag veto
l Jet categorization : VBF, 1-jet, and 0-jet 
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Z+Jets background
l Genuine MET are modeled by:

l Dominant: W+𝛾 → 𝑙	𝜈	𝛾 ,  Z+𝛾 → 𝜈	𝜈	𝛾 ,  Z+Jets→ 𝜈	𝜈	𝛾 , W+Jets→ 𝑙	𝜈	𝛾
l top+γ, Z→	ττ, WW, WZ, top 

l The above processes are subtracted from 𝛾 data using MC

vs. 𝐩𝐓 vs. MET

Figure: Decomposition of the 𝛾 data in genuine vs instrumental 𝐸"ykzz using the MC truth

CMS AN-16-325
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Z+Jets background
l Photon + jet and Z + jet events similar in MC (except for the mass) :

l Re-weight photon pT to match the dilepton pT distributions in data , 
separately for each category (0-jet , 1-jet and VBF) : 

l Weights used to re-weight the photon sample using “bin-by-bin method” : 

CMS AN-16-325
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Z+Jets background
l To evaluate the validity of the method, we perform a closure test using 

simulated 𝛾+jet and DY samples: 

vs. 𝐸"ykzz

vs. 𝒎"

15The systematics are caculated via MC closure



Systematic Uncertainties

CMS PAS HIG-17-012
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Final Yields

Apply all the final selection and the data-driven methods.
Signal cross section is scaled to 1pb.
The uncertainties are statistical only except the data-driven bkg(+systematics)

CMS AN-16-325
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Final MT distribution
CMS PAS HIG-17-012

0-jet

𝒆𝒆 𝝁𝝁 18

1-jet

VBF



Limits

Figure: Upper limits at 95% CL set on the ggH (left) and qqH (right) cross section 
of a scalar boson as function of its mass for various values of width. Note that 
these are limits on the absolute cross-section.

CMS AN-16-325
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Conclusions

l 13TeV data with 35.9 fb-1 were analyzed.

l No excess found! More stringent limits set on the heavy scalar mass. 

l Limits results: generic production of heavy scalar of various width in 
ggF and VBF 

l Analysis with full 2017 data is on-going

20



backup

21

http://cms.cern.ch/iCMS/analysisadmin/cadilin
es?id=1876&ancode=HIG-17-
012&tp=an&line=HIG-17-012
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