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Tevatron at Fermilab

Main
Injector

 & Recycler

Tevatron

p source

Booster CDF
DØ

•• p pp collisions at 1.96 p collisions at 1.96 TeVTeV  

•• More than 7  More than 7 fbfb––11  data on tape per experimentdata on tape per experiment

•• Running in 2011: 10 -12  Running in 2011: 10 -12 fb fb -1-1 per experiment per experiment

  Show analyses Show analyses up toup to
5.1 fb5.1 fb-1 -1 of dataof data
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CDF II and D0 Detectors
••  Multipurpose DetectorsMultipurpose Detectors

•• Silicon tracking Silicon tracking, , central tracker central tracker , , calorimetercalorimeter, , muon chambermuon chamber

•• Solid operations with  Solid operations with high high efficiencyefficiency: 80 - 90%: 80 - 90%

••  Broad Physics Broad Physics Program: Program: B-PhysicsB-Physics,,  QCD, Top, QCD, Top, Higgs Higgs and new and new Physics searchesPhysics searches, of , of course course EWKEWK
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Outline

••  ZZγγ

••  WW and WW and ZZ ZZ with leptonswith leptons

•• Dibosons with jets Dibosons with jets

TGCTGC
((Also Also WW+WZWW+WZ→→llνν +  + jjjj))

W mass W mass covered covered in in next next talk talk by by Alexander MelnitchoukAlexander Melnitchouk

We will focus We will focus on on Diboson PhysicsDiboson Physics



5 Diboson Production

S-channel probesS-channel probes

triple triple gauge couplignsgauge coupligns

(TGC)(TGC)
S-channelt-channel

Tevaron is Tevaron is 
herehere

Tevatron is Tevatron is in the in the Diboson Diboson era: era: now with Jets  now with Jets  
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Zγ Production
D0: Z(D0: Z(νννν) + ) + γγ in 3.6 fb in 3.6 fb-1-1

PRL 102, 201802 (2009)PRL 102, 201802 (2009)

CDF: Z(CDF: Z(llll) + ) + γγ in 5.1 fb in 5.1 fb-1-1
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WWWW→→llνν + l + lνν
••Dominant Dominant background background for for HH→→WW (WW (same analysis techniquessame analysis techniques))
••  Test SMTest SM  predictionprediction: : xsec xsec can can be enhanced by be enhanced by NP or NP or HiggsHiggs
••  Look Look for anomalous for anomalous TGCTGC

ResultsResults::
•• CDF: 12.1 CDF: 12.1±±0.90.9+1.6+1.6

-1.4-1.4((systsyst) ) pbpb

••  D0: 11.5D0: 11.5±±2.1(2.1(statstat++systsyst))±±0.7(lumi) 0.7(lumi) pbpb

NLO NLO theory theory 11.6611.66  ±±  0.70 0.70 pbpb

PRL 103, 191801 (2009)PRL 103, 191801 (2009)

arXivarXiv:0912.450:0912.450

TGCTGC
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ZZ → ll+ νννν && ll+ll

••    D0 observedD0 observed  ZZ ZZ →→ llll++llll  in 1.7 fbin 1.7 fb-1-1

••  Three events with Three events with statistical significance statistical significance of 5.3of 5.3  σσ

••  Significance Significance risesrises  toto  5.7 5.7 σσ  if combined to if combined to ZZ ZZ →→ llll+ + νννν

PRL 101, 171803 (2008)PRL 101, 171803 (2008)

••  CDFCDF observedobserved  ZZ ZZ →→ llll++llll  in 4.8 fbin 4.8 fb-1-1

••  Five events with Five events with statistical significance statistical significance of 5.7of 5.7  σσ

http:http://www-cdf//www-cdf..fnalfnal..gov/physics/ewk/2009/ZZllll/ZZWeb/cdf9910_ZZ_4leptons_publicgov/physics/ewk/2009/ZZllll/ZZWeb/cdf9910_ZZ_4leptons_public..pdfpdf

Smallest Diboson Smallest Diboson SM production SM production x-sectionx-section



9 Combined limits on
Anomalous ZWW & γWW TGC

Combination Combination of of four channelsfour channels::

• WW + WZWW + WZ→→ l lνν +  + jjjj
••  WW WW →→ l lνν + l + lνν
••  WZ WZ →→ l lνν +  + llll
••  WWγγ  →→ l lνν +  + γγ

Results with Results with 0.7 - 1.1 fb0.7 - 1.1 fb-1-1

••  Most stringent Tevatron resultMost stringent Tevatron result

••Compatible with individualCompatible with individual
LEPII LEPII experimentsexperiments

•• Most stringent result  Most stringent result on W on W magnetic dipole magnetic dipole ((µµW) and W) and electric quadrupoleelectric quadrupole
((qWqW) ) momentsmoments..

PRD 80, 053012PRD 80, 053012
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WW - WZ - ZZ with jets

••  Dibosons with hadronic Dibosons with hadronic final state final state to to test SMtest SM
••  Used Used in TGC limitsin TGC limits
••  ButBut…… : :

••  How How can can we we talk talk about low about low massmass  Higgs if we Higgs if we areare
not able to make not able to make a a great great job job with Dibosons into jets with Dibosons into jets ??

TRUETRUE
TRUETRUE

/ W / W
Similar to low Similar to low massmass
Higgs processesHiggs processes::
•• WH WH
••  ZHZH

ll / 
l /
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Observation Observation of VV of VV →→  MET + MET + jjjj
•• Search for Search for νννν and l and lνν final states. final states.
•• Acceptance for WW, WZ and ZZ events.Acceptance for WW, WZ and ZZ events.
•• Event selection:Event selection:

•• Missing Missing EETT > 60  > 60 GeVGeV;;
•• 2 2 jets jets EETT > 25  > 25 GeVGeV, |h| < 2.0;, |h| < 2.0;
•• Missing Missing EETT  significance significance > 4;> 4;
•• Missing EMissing ETT-jet -jet ΔφΔφ  > 0.4.> 0.4.

•• Missing EMissing ETT model to  model to enanche enanche QCD rejection.QCD rejection.
•• Sysytematic uncertaintiy Sysytematic uncertaintiy on V+on V+jj jj background shapebackground shape

checked with checked with γγ++jj jj eventsevents.

σ(pp→VV) , V=W,Z 
18.0 ± 2.8(stat) ±  2.4(syst) ± 1.1(lum) pb

NLONLO  Theory Theory = 16.8 = 16.8 ±± 0.5  0.5 pbpb

PRL 103, 091803 (2009)PRL 103, 091803 (2009)

1516 ± 239(stat) ±  144(syst) events
 5.3  5.3 σσ Significance Significance

In 3.5 fbIn 3.5 fb-1-1



12

WW + WZ → lν + jj
••Similar to Similar to WHWH  →→  llνν  + + jjjj
••Same Analysis TechniqueSame Analysis Technique

••Validate multivariate technique to extractValidate multivariate technique to extract
small signal small signal in in large large backgroundbackground

In 1.1 fb-1:In 1.1 fb-1:
σ(pp→WW + WZ) =

20.2 ± 2.5(stat) ±  3.6(syst) ±  1.2(lum) pb

NLONLO  Theory Theory = 16.1 = 16.1 ±± 0.9  0.9 pbpb

Signal Significance Signal Significance 4.44.4 σσ
First First EvidenceEvidence

PRL 102, 161801 (2009)PRL 102, 161801 (2009)
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WW + WZ → lν + jj

••  Two analysesTwo analyses::

••  Matrix Element MethodMatrix Element Method::  First First observationobservation  in 2.7 fbin 2.7 fb-1-1

••  Mjj FitMjj Fit  : 4.6: 4.6 σσ significance significance in 3.9 fbin 3.9 fb-1-1

••Combined ResultCombined Result
σ(pp→WW + WZ) = 16.0 ± 3.3(stat + syst) pb

arXivarXiv:0911.444:0911.444

σ(pp→WW + WZ) = 14.4 ± 3.1(stat) ±  2.2(syst) pb

σ(pp→WW + WZ) = 17.7 ± 3.1(stat) ±  2.4(syst) pb

Now UpdatedNow Updated
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WW + WZ → lν + jj (Mjj)

σ(pp→WW + WZ) =
18.2 ± 3.3(stat) ±  2.5(syst) pb

Mjj Mjj peak peak observedobserved

••  Look Look for for a a lepton lepton and METand MET  →→ W W
••  Look Look for for at at least two jets with least two jets with EETT>20 GeV>20 GeV
••  Compute Mjj Compute Mjj of the of the two leading jetstwo leading jets  →→  W/ZW/Z
• Require PtRequire Pt((jjjj)) > 40 40 GeV/c to have smoothGeV/c to have smooth
backgroundbackground
••Fit Mjj distributionFit Mjj distribution

In 4.3 fbIn 4.3 fb-1-1

1582 ± 275(stat) ±  107(syst) events
 5.2  5.2 σσ Significance Significance
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WW + WZ → lν + jj (ME)

σ(pp→WW + WZ) =
16.6 + 3.5 - 3.0 (stat+ syst) pb

••Same technique Same technique of WH of WH → llνν + +  bbbb
••Evaluate Matrix element Evaluate Matrix element of of samplesample
componentscomponents
••Combine Combine into into EPDEPD

In 4.6 fbIn 4.6 fb-1-1 5.4 5.4 σσ Significance Significance
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ZW + ZZ → ll + jj

Jet Likelihood Ratio:Jet Likelihood Ratio:
Quark/Gluon Quark/Gluon DiscriminantDiscriminant
•• Energy in Energy in qq jets less spatially spread than in  jets less spatially spread than in gg jets jets
•• CompareCompare	  	  ΔΔR	  R	  distribution of calorimeter tower pairs withindistribution of calorimeter tower pairs within

jetjet	  	  to typical quark or gluon (from to typical quark or gluon (from Alpgen Alpgen Monte Carlo)Monte Carlo)
•• Quantized as Jet LR: Quantized as Jet LR: larger = more quark-likelarger = more quark-like CDF	  Run	  II	  Preliminary	  (4.8	  5-‐1)

•• Build NN Build NN discriminantdiscriminant
•• Fit of Fit of 4.8 fb4.8 fb-1-1 data to S+B template yields: data to S+B template yields:

•• 86.4 ± 107.7 signal events86.4 ± 107.7 signal events
•• 13603 ± 840 13603 ± 840 bkg bkg eventsevents

•• p-value obs/expp-value obs/exp: 0.167/0.097: 0.167/0.097

••Set	  a	  limit	  on	  Set	  a	  limit	  on	  σσZW+ZZZW+ZZ	  of	  of
σσobsobs//σσexp	  exp	  <	  2.46	  at	  95%	  CL<	  2.46	  at	  95%	  CL

•• Combination of WZ and ZZ still unobserved Combination of WZ and ZZ still unobserved
••	  	  Branching ratio ofBranching ratio of	  	  ZZ	  	  	  	  leptons smallleptons small
•• Z+ jets background is very large Z+ jets background is very large
•• Motivates new quark-gluon  Motivates new quark-gluon discriminantdiscriminant
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Summary

••  Electroweak Physics very active at the Electroweak Physics very active at the TevatronTevatron
•• Tevatron  Tevatron is setting stringent limits on TGCis setting stringent limits on TGC
••  Diboson Diboson signals in signals in hadronic hadronic final states well established: final states well established: new standardnew standard
candle for Physics with jets ?candle for Physics with jets ?
•• WZ  WZ →→ l lνν + bb and WZ/ZZ  + bb and WZ/ZZ →→ MET + bb next frontier MET + bb next frontier
  (also Higgs, of course)  (also Higgs, of course)
•• Listen to next talk for another  Listen to next talk for another Tevatron Tevatron EWK hot topic: W massEWK hot topic: W mass

Speed Ski WR
251.4 Km/h

Tevatron is going Tevatron is going fast, fast, very very fast.fast.
BtwBtw. . This guyThis guy

(Simone (Simone OrigoneOrigone) ) is Italianis Italian..
Of Of coursecourse……
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Backup
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Triple Gauge Couplings
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Wγ Production

WWγ→γ→llνν +  + γγ production production
••  Isolate WW Isolate WW γγ  couplingcoupling

ResultsResults
••  95% CL on a TGC:95% CL on a TGC:

••  0.49<k0.49<kγγ<1.51<1.51
••  -0.12<-0.12<λλγγ<0.13<0.13

••  σσ=14.8=14.8±±1.5(1.5(statstat))±±1.0(1.0(systsyst))±±1.0(1.0(lumlum) ) pbpb

PRL 100, 241805 (2008)PRL 100, 241805 (2008)

PRD 71,PRD 71,  091108 (2005)091108 (2005)

NLO NLO theorytheory: 16 : 16 ±±    0.4 0.4 pbpb
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WW CDFWW CDF
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VV VV →→  MET + MET + jjjj
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MEMEMjjMjj

CDF: WW + WZ → lν + jj
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(Light)	  Quarks Gluons

ZW + ZZ → ll + jj


