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Reminder: why search for the Higgs in WW or ZZ specifically?
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WW and ZZ are by far the dominant decays at high mass...
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• Sweet spot at MH ~ 2 MW i
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... and contribute many signal events even at very low Higgs masses.
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• VV mode advantages: 
• Large fraction of all effective production at almost all masses
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• VV mode advantages: 
• Large fraction of all effective production at almost all masses
• ZZ->llll,llqq fully reconstructible, can (eventually) provide angular information (spin); llll has very good mass resolution

• Disadvantages: WW has poor mass resolution and large backgrounds. ZZ has low branching fraction.

• Without something like the Higgs, WLWL scattering amplitude violates unitarity at large s
• VLVL couplings to the Higgs are vital
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Reminder: why search for the Higgs in WW or ZZ specifically?

Narrow scope
• Focus on WW -> ll+MET and ZZ->llll in this talk

Most important of the WW/ZZ channels to MH=115–130 GeV

• WW->llqq, ZZ->ll+MET, ZZ->llqq results also available but will not be discussed here.



WW searches—the ingredients
• Select two leptons + some missing ET
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WW searches—the ingredients
• Select two leptons + some missing ET

• MH<160 GeV => on-shell W + off-shell W* (lower pT 
subleading lepton)

• Require high missing ET and low mll to suppress Drell-Yan
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WW searches—the ingredients
• Select two leptons + some missing ET

• MH<160 GeV => on-shell W + off-shell W* (lower pT 
subleading lepton)

• Require high missing ET and low mll to suppress Drell-Yan

• Require few jets / no b tags to suppress top

• Require high pTll , narrower window of mll, and low |Δφll | to 
select back-to-back topology, exploit (scalar) angular 
distribution

• Examine transverse mass of two leptons and missing ET

• Backgrounds predicted using a mixture of control data and 
simulation
• Both experiments predict W+jets with a variation of the 

“fakeable object” technique
• WW normalization from high mll control data
• non-WW (WZ,ZZ,Wγ,Wγ*)
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ATLAS-CONF-2012-012WW Control Region



WW mode—early estimated sensitivity
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CMS NOTE 2006/047



WW mode—early estimated sensitivity
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CMS NOTE 2006/047 (14 TeV)

ATL-PHYS-PUB-2010-009
(CMS also has more recent projections for 7 TeV: NOTE-2010/008)

http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf


WW mode—early estimated sensitivity
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CMS NOTE 2006/047 (14 TeV)

ATL-PHYS-PUB-2010-009
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ATLAS-CONF-2012-012

• Divide analyses into bins with very different signal to background: ee/mumu/emu; 0, 1, or 2 jets
WW mode—results
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CMS-PAS-HIG-11-024• Divide analyses into bins with very different signal to background: ee/mumu/emu; 0, 1, or 2 jets
WW mode—results
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CMS-PAS-HIG-11-024• Divide analyses into bins with very different signal to background: ee/mumu/emu; 0, 1, or 2 jets

ANALYSIS COMES DOWN TO  HOW WE BELIEVE THE NORMALIZATIONS OF SEVERAL 
TRICKY BACKGROUNDS

(EXPLOITED MOST OF AVAILABLE SHAPE INFORMATION)

WW mode—results
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CMS-PAS-HIG-11-024

WW mode—results
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WW mode—results

CMS-PAS-HIG-11-024
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WW mode—results
ATLAS-CONF-2012-012
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ZZ searches—the ingredients
• Select four ~isolated leptons

• Very clean—this already suppresses most backgrounds to a negligible level
• Remaining backgrounds are “irreducible” continuum ZZ (leading source of real four-high-pT-lepton events in the SM) 

and Z+jets, top, Zbb (leading sources of <4 real lepton + >=1 fake leptons)
• Many leptons => keep acceptance, reconstruction and identification (isolation) efficiencies high
• MH<160 GeV => ZZ* => one of the four leptons is often very low pT  (e.g. CMS takes pT>7/5 GeV for e/mu)

• Backgrounds
• SM ZZ from simulation, high Mllll control region 
• Non-ZZ (e.g. fake lepton) backgrounds from data-driven fakeable object method / SS control regions 

• Example: CMS selection
• |eta|<2.5/2.4 (e/mu)
• Track isolation/pT < 0.7 (in 0.3 cone)
• On-shell Z: pT1>20 GeV, pT2>10 GeV, 50<mll<120 GeV 
• Off-shell Z: mll>12 GeV
• mllll>100 GeV
• + tighter constraints on impact param. and sum of relative calo. and track isolation for lepton pairs.
• + charge/flavor requirements where appropriate



24

ZZ mode—early estimated sensitivity

CMS PAS HIG-08-003 (1/fb, 14 TeV)
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ZZ mode—early estimated sensitivity
ATL-PHYS-PUB-2010-009

ATL-PHYS-PUB-2010-009
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ZZ searches—results

arXiv:1202.1997
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ZZ searches—results

CMS, arXiv:1202.1997

Recall: CMS PAS HIG-08-003 (1/fb, 14 TeV)



ATLAS, arXiv:1202.1415
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ZZ searches—results



arXiv:1202.1415
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arXiv:1202.1415
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ZZ searches—results

arXiv:1202.1997



arXiv:1202.1415
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ZZ searches—results
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What to conclude?
• Small excess in ZZ is consistent both with a statistical fluctuation or (to a lesser extent) a signal
• Nothing to even call an excess in WW

ATL-PHYS-CONF-2012-019
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ATL-PHYS-PUB-2010-009

What next?
• Can I predict what we’ll see with  ~15/, of new 8 TeV data?

• No—signal could grow or go away, tension in diphoton and ZZ vs WW could increase or decrease

• Sensitivity will change
• e.g. H->WW cross section will increase faster than continuum WW, slower than ttbar
• Increased pile-up may require new techniques to keep its effects under control (e.g. DY bkg. to WW)
• Analysis improvements (e.g. more widespread use of MVAs, additional channels, reduced systematics)



How did the sensitivity projections do?
• ATLAS ZZ: projected ~0.5 bkg +  1.5 signal at 130 GeV, vs. 9.3 bkg + 2.65 signal actual.

ATLAS, arXiv:1202.1415

ATL-PHYS-PUB-2010-009
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CMS NOTE-2010/008

How did the sensitivity projections do?

• Example: CMS WW: projected mH<130 GeV vs <127 GeV actual; projected ~1 X SM at 130 GeV 0.7 X SM in finished analysis

http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf


CMS NOTE-2010/008
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What to expect for 8 TeV?

• 8 TeV predictions very similar to 7 TeV for WW, marginally better for ZZ
• Could exclude down past 0.1 SM at 160 GeV; expect >5 sigma significance for mH>120 GeV(?)

http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=NOTE&year=2010&files=NOTE2010_008.pdf
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Summary

• Hints, but no reliable evidence for a Higgs in the WW or ZZ decay modes
• Large swath of high mass excluded at nominal cross sections
• (ATLAS and CMS full combinations suggest ~115–130 GeV  or bust)

• The low mass WW->ll analysis is very tricky—requires accurate understanding of normalization of WW, DY, W+jets, Wγ,Wγ*

• Looking in tail kinematic regions of several backgrounds
• Sensitivity projections suggest 
• If we see a signal in this channel, will we believe it?

• The ZZ ->4l analysis will become more interesting this year, with (finally) more than a couple events expected.
• (if tenuous signal is established, this illustrates that we’ll have a only a crude understanding of the branching ratios)



Additional Slides
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WW mode—Early estimated sensitivity
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CMS NOTE 2006/047



WW mode—Early estimated sensitivity
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CMS NOTE 2006/047


