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Motivat ion
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•  Probing Non- Abelian structure of SM: 
   test of Triple  Gauge  Couplings                               
 

•  Stringent limits from LEP but Tevatron 
   is complementary:

-  explores higher centre of mass 
   and pT values
-  probes different coupling combinations
  than LEP
-  competit ive with few fb - 1                                                           

  

•   New physics probe (Anomalous Couplings)              
            

•   Background of numerous analyses  
    (H  - > WW, SUSY, t tbar )                                          
 

    At 10- 2  to 10 - 4 of single production σ,                       
     too low statist ics at Run I 
    = >  low signif icance of diboson signal



Tevat ron  tod ay
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Tevatron  has  d elivered  2.5 fb - 1

CDF and  DØ each  have ~ 2.0 fb - 1 on  tap e

Resu lts  shown  here are us ing up  to 1.1 fb - 1

in s tan tan eous  lum in osit ies  close to  3E32

“Tevatron  is  a boson  factory”

p  – p bar collid er  at  √s  =  1.96 TeV



Select ion  cr iter ia
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Working in  had ron  collid er  environm en t  = >  focus  on  the clean  lep ton  channels .

CDF and  DØ have excellen t  lep ton  ID cap abilit ies  
... and  herm et ic calor im eters  to m easu re m iss ing E

T
 (= >  in fer  p resence of neu tr ino)



WW
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t  channel ~ 90 % s channel ~ 10 %Sensit ive to WWZ / WW

Also an  im p ortan t  background  for  
a p oss ible h igh - m ass  Higgs:

Dilep ton  analysis : ee, , e
   -  clean , bu t  low branch ing fract ion
   -  two isolated  h igh - p

T
 lep tons 

      of op p osite charge
   -  veto sam e- flavour  com binat ions  
      consis ten t  with  Z m ass
   -  large m iss ing E

T
 (2 )



WW cross  sect ion  resu lt s
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1546471929Observed

3 .81  ±  0 .171 .95  ±  0 .412 .30  ±  0 .2114 .8  ±  
0 .6  ±  2 .3

7 .8  ±  0 .4  
±  1 .0

15 .2  ±  
0 .6  ±  1 .7

Total BKG

11 .10  ±  0 .102 .10  ±  0 .053 .42  ±  0 .0528 .8  ±  
0 .1  ±  2 .4

10 .7  ±  
0 .1  ±  0 .9

12 .8  ±  
0 .1  ±  1 .1

WW signal

eµµµeeeµµµeeProces s

DØ (224- 252 pb- 1)CDF (825 pb- 1)

-  Run II WW signal clearly established
-  Good agreement with NLO SM prediction:

      preliminary                         PRL 94, 151801 (2005) 
      [see also: PRL 94, 211801 (2005)] 

(p  pbar  - >  W+ W- )
 =  13.6 
    ± 2.3  (s tat ) ± 1.6 (sys t ) ± 1.2 (lum i)

(p  pbar  - >  W+ W- )
 =  14.6 
    + .5 8 

- .5 1 (s tat )  +1.8 
-3.0

 (sys t )  ± 0 .9 (lum i)



WZ
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• Sensit ive to WWZ vertex
– cf. WW p rod uct ion , wh ich  

d ep end s on  WWZ and  WWγ
– Allows s tud y of WWZ coup ling 

p aram eters  with  no 
assum p tions  abou t  WWγ 
coup lings

– unavailable at  LEP
• SM cross  sect ion  is  3.7  p b 

(J.M Cam p bell and  R.K. Ellis )

• WZ → l  l+ l-  m od e is  clean  and  
unam biguous
– but  has  low branch ing fract ion  

1.5%

Z

 Z

 Z

Z selection:
•  2 high PT leptons (ee or µµ)

•  Minv (ll) consistent with MZ

W selection:
•  isolated lepton +  ET Miss
Main backgrounds:
•  Z/ γ* +  jet
•  ZZ



WZ observat ion
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Cross  s ection:

s ignal s ignificance

.  6 0 

.  3 3

Observed  !
... and  found  to be consis ten t  
    with  SM p red ict ions



ZZ
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No self coup ling of Z bosons  
in  the s tand ard  m od el:

   no ZZ
   no ZZZ

Low cross  sect ion  in  s tand ard  m od el.

Clean  s ignatu re: fou r  isolated  lep tons  in  the final s tate !

... bu t  th is  also m eans that  accep tance and  efficiency are absolu tely crucial

Our d etectors / t r iggers  have good  angu lar  coverage and  efficiency. 
Here is  the exam p le of the accep tance/ efficiency for  the eeµµ channel in  the DØ analysis :



ZZ cross  sect ion  lim it s
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The cand idate even t  from  DØ:

We set the  follow ing limits :

  CDF: σ(ZZ) <  3.8 p b (95% CL)

  DØ: σ(ZZ) <  4.3 p b (95% CL)

Consis ten t  with  s tand ard  m od el value: 1.4  0 .1 p b

With  4 -  8  fb - 1, th is  cou ld  becom e 
another  firs t  observat ion .



W
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Sensit ive to WWγ coup ling

Coup lings  at  in teract ion  ver t ices  are fixed  
in  s tand ard  m od el gauge theory

Variat ion  in  Wγ p rod uct ion  would  be s ign  
of new p hysics

   e.g. changes  in  p
T
(γ) sp ectrum ,

   in  p ar t icu lar  at  h igh  M
T
(Wγ)

γ ID is  crucial

    CDF: E
T
 >  7  GeV, | |  <  1.1

    DØ: E
T
 >  7  GeV, | |  <  1.1 or  1.5  <  | |  <  2.5

    Both  analyses : p hoton  well sep arated  from  lep ton : d eltaR(l,γ) >  0.7

Experim ental challenges: -  background  due to “π0- like jet s” faking photons
      (e.g.: in  con t ras t  to elect rons , no t rack- m atch ing)

-  no s im ple s tandard  cand le that  wou ld  p rovide clean  con trol sam ple 
   of isolated  h igh- p

T
 photons  (like Z  e e for  elect rons)



Ws ign al
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DØ prelim inary  (0 .9  fb - 1):      E
T
(γ) >  7  GeV , deltaR(l,γ) >  0 .7  , M

T
(lγν) >  90  GeV:

     m uon  ch ann el: σ(p  p bar l ν γ X) =  3.21 0.49 (s tat+ sys)0.19 (lum )p b
    elect ron  ch an nel: σ(p  p bar l ν γ X) =  3.12 0.49 (s tat+ sys)0.20 (lum )p b
    th eory: σ(p  p bar l ν γ X) =  3.21 0.08 (PDF)p b

CDF prelim inary  (1 .1  fb - 1):   E
T
(γ) >  7 GeV , d eltaR(e,γ) >  0 .7 ,  30 <  M

T
(µν) <  120 GeV:

     m uon  ch ann el: σ(p  p bar  ν γ X) =  19.11 .04 (s tat )  2 .40 (sys) .11 (lum )p b
    th eory: σ(p  p bar  ν γ X) =  19.3 .4 (sys)p b

Meas ured cros s  s ections  and 
photon E

T
 s pectra are  in good 

agreem ent w ith s tandard 
m odel  predictions .

Yield s  in  the 
DØ analys is

Exam p le p lots  from  
the CDF analys is



Wrad iat ion  am p litu d e z ero
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Generator- level Monte Carlo

Background - subtracted  d ata

Increased  sens it ivity to anom alous  coup lings
th rough  charge- s igned  rap id ity d ifference:

Stand ard  m od el coup lings  at  LO p rod uce an  
am p litud e z ero in  the cen tre- of- m ass  
p rod uct ion  angle

DØ d ata in  good  agreem en t  with  s tand ard  m od el ...

... looking forward  to even  m ore d ata !
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For exam p le in  1.1 fb - 1 of CDF d ata 
(s im ilar  analys is  p erform ed  at  DØ):

   Requ ire 

      -  two h igh- p
T
 electrons (E

T
 >  20 GeV, | eta|  <  2.8)

      -  a h igh - p
T
 p hoton  (E

T
 >  7  GeV, | eta|  <  1.1) 

         well sep arated  from  the electrons : d eltaR(e,) >  0.7

An om alous  ZZγ an d  Zγγ coup lings  
(ap pear in  extens ion s  of SM) 
can  in crease rate for  h igh - p

T
 ph oton s .



cross  sect ion ,even t  p rop er t ies
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CDF prelim inary  (1 .1  fb - 1):

   E
T
(γ) >  7 GeV , delt aR(e,γ) >  0.7 , M(eeγ) >  40 GeV: σ(Zγ) * BR(Zll) =  4.9 0.3 (s tat )0.3 (sys)0.3 (lum )p b

                         th eory: σ(Zγ) * BR(Zll) =  4.7 0.4 (sys)p b

   E
T
(γ) >  7 GeV , delt aR(e,γ) >  0.7 , M(eeγ) >  100 GeV: σ(Zγ) * BR(Zll) =  1.4 0.1 (s tat )0.2  (sys)0.1 (lum )pb

                         th eory: σ(Zγ) * BR(Zll) =  1.4 0.1 (sys)pb

DØ preliminary  (1 .0  fb - 1):

   E
T
(γ) >  7 GeV , delt aR(e,γ) >  0.7 , M(ee) >  30  GeV: σ(Zγ) * BR(Zll) =  4.51 0.37 (s tat+ sys)0.27 (lum )p b

              th eory (NLO, Baur, Han , Oh nem us): σ(Zγ) * BR(Zll) =  4.2 0.2 (sys)p b

Meas ured cross  s ections  and photon E
T
 spectra are  in good agreement 

w ith s tandard model predictions .



Con clu s ion s
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For more detailed documentation:

         h t tp :/ / www- cd f.fnal.gov/ p hysics / ewk/

         h t tp :/ / www- d 0.fnal.gov/ Run2Physics/ WWW/ resu lts / ew.h tm

?

http://www-cdf.fnal.gov/physics/ewk/
http://www-d0.fnal.gov/Run2Physics/WWW/results/ew.htm

