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CDFOutlineOutline

•• Tevatron Tevatron andand CDFCDF

•• Electroweak Electroweak physicsphysics at the at the TevatronTevatron::
�� Large numbers of W bosonsLarge numbers of W bosons
�� High mass Z/High mass Z/γγ* events* events
�� Sensitive to u & d quarksSensitive to u & d quarks

•• WW and and ZZ Cross section measurements(e,Cross section measurements(e,µµ,,ττ))

•• DiBosonDiBoson production  production  

•• Conclusions and future prospectsConclusions and future prospects
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CDFThe The TevatronTevatron: Run II: Run II
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DeliveredDelivered
To TapeTo Tape

Store Number

CDF Run I

200 200 pbpb--11

64 64 pbpb--11

•• TEVATRONTEVATRON performance        
improved : �del ~ 400 pb-1

• CDFCDF:

�ECM = 1.96 TeV

�data taking efficiency 
> 85% 
�on tape� ~350~350 pbpb−−¹¹

• PhysicsPhysics Analyses:
�Between 64 and 200

pb-1 taken  Mar 2002 –

Sep 2003

�δ� ~ 6% (from σinel)
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CDFThe CDFThe CDF--II detectorII detector
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CDFThe CDFThe CDF--II detector II detector 
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CDFEW Physics RoadmapEW Physics Roadmap
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CDFW, Z events selectionW, Z events selection

•• Z:Z:
�� two electronstwo electrons

�� high Pt high Pt 
�� isolatedisolated
�� central or forwardcentral or forward(e)(e)

•• W:W:
��one lepton (e,one lepton (e,µµ or or τ)τ)

��high Pthigh Pt
�� isolatedisolated
�� central or forwardcentral or forward(e)(e)

�� large Elarge ETT

ZZ00→→µµµµµµµµ++µµµµµµµµ--

oror

��one one muonmuon
�� high Pt high Pt 
�� isolatedisolated
�� centralcentral

��2nd track 2nd track 
�� high Pt high Pt 
�� isolatedisolated

WW→→eeνν
WW→→eeνν

ZZ00→→µµµµµµµµ++µµµµµµµµ--
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CDFInclusive W cross sectionsInclusive W cross sections

ee

EET T ((GeVGeV))

��

MMT T ((GeVGeV/c/c22))

-- QCD, QCD, 
-- Z Z →→ �� ++��−−, , 
-- W W →→τντν ,,
-- cosmic (cosmic (�� channel)channel)

pb166162772)(BR lumsyststat
64
60 ±±=→→⋅ +

−µνσ Wpp

pb167142782)(BR lumsyststat
61
56 ±±=→→⋅ +

−νσ eWpp

( 4.4 ( 4.4 ±± 0.8)%0.8)%

(10.6 (10.6 ±± 0.4)%0.4)%

EstimatedEstimated
backgroundbackground

(17.94 (17.94 ±± 0.35)%0.35)%

(14.39 (14.39 ±± 0.32)%0.32)%

Acceptance x Acceptance x 
efficiencyefficiency

Candidate events Candidate events 
in in 72pb72pb--11

37,57437,574W W →→ eeνν
31,72231,722W W →→ ��νν

Giulia Manca, Moriond(EWK), 21-8 March 2004

||||||||η(η(η(η(η(η(η(η(electronelectron)))))))) |||||||| <<<<<<<< 1.11.1
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CDF

( 8.7( 8.7±± 2.4)%2.4)%

EstimatedEstimated
backgroundbackground

(5.2(5.2 ±± 0.2)%0.2)%

Acceptance Acceptance 
x efficiencyx efficiency

Candidate Candidate 
events in events in 6464 pbpb--11

10,46110,461WW→→eeνν

�� QCD, QCD, 
�� Z Z →→ �� ++��−−, , 
�� W W →→τντν ,,

WW→→→→→→→→eeνννννννν in the plugin the plug

�Major systematics : PDFs, Amount 
of material in the simulation, Plug ET
scale, Recoil modeling 

MMT T ((GeVGeV/c/c22))

σσσσσσσσ··BR(WBR(W→→→→→→→→eeνννννννν) = 2.874 ) = 2.874 ±±±±±±±± 0.0340.034stat stat ±±±±±±±± 0.0670.067syssys±±±±±±±±0.1720.172lumlumnbnb

electron Eelectron ET T ((GeVGeV))

1.1< 1.1< ||||||||η(η(η(η(η(η(η(η(electronelectron)))))))) |||||||| <<<<<<<< 2.82.8

WW→→→→→→→→eeνννννννν(MC)(MC)

Sum
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CDF
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Inclusive Z cross sectionsInclusive Z cross sections

pb)(9.14)()(9.59.248)*/(BR 0.7
2.6 lumsyststatZpp ±±=→→⋅ +

−µµγσ

pb)(3.15)()(9.32.255)*/(BR 5.5
4.5 lumsyststateeZpp ±±=→→⋅ +

−γσ

||||||||η(η(η(η(η(η(η(η(22ndnd e) e) |||||||| <<<<<<<< 2.82.8(10.18 (10.18 ±± 0.28)%0.28)%17851785Z/Z/γγ** →→ ��+ + ��−−

25122512Z/Z/γγ** →→ee++ ee−− CPCP

17301730Z/Z/γγ** →→ee++ ee−−CCCC

acceptance x acceptance x 
efficiencyefficiency

Number of candidates in Number of candidates in 
72pb72pb--11

For 66 < m(66 < m(�� ��)/)/GeGeVcVc--22 < 116< 116

(22.74 (22.74 ±± 0.48)%0.48)%

••Extended coverage in the forwardExtended coverage in the forward ||ηη |<|< 2.82.8

Central Central (CC) + Central Plug (CP)

••Small backgroundsSmall backgrounds ::
QCD, Z/W QCD, Z/W →→ ττ,, cosmicscosmics ((��)  )  < 1.5%< 1.5%

Mee(GeV/c2)

��

ee

||||||||η(η(η(η(η(η(η(η(11stst e) e) |||||||| <<<<<<<< 1.01.0

||||||||ηηηηηηηη|||||||| <<<<<<<< 1.01.0
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CDFWW→→→→→→→→ττττττττννννννννττττττττ and Z and Z →→→→→→→→ ττττττττ��������++ττττττττ��−− SignalsSignals

•• Tau Tau reconstruction:reconstruction:
�� Count tracks in 10Count tracks in 10oo ττ --cone and veto cone and veto 

tracks in 30tracks in 30oo isolation coneisolation cone
�� Reconstruct Reconstruct ππ0 0 candidates in candidates in 

Shower Max detectorShower Max detector
�� Combined mass Combined mass << m(m(tautau) ) 

•• Tau Tau selection :selection :
�� ||ηη| < 1.0 | < 1.0 
�� EET  T  > 25 > 25 GeVGeV

Z Z →→→→→→→→ ττττττττ��������++ττττττττ��−− : first look !: first look !

M(e+M(e+ττττττττ+E+ETT) () (GeVGeV))
WW→→→→→→→→ττττττττννννννννττττττττ :  :  23452345 in ~7272 pbpb--11

Background ~ 26 26 % % (dominated QCD)

σσσσσσσσ··BR(WBR(W→→→→→→→→ττττττττνννννννν) = 2.62 ) = 2.62 ±±±±±±±± 0.070.07stat stat ±±±±±±±± 0.210.21syssys±±±±±±±±0.160.16lumlumnbnb

Giulia Manca, Moriond(EWK), 21-8 March 2004
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CDFSummary of Cross sections (eSummary of Cross sections (e++µµµµµµµµ))

→→→→→→→→ Assuming lepton universalityAssuming lepton universality(correlated (correlated systematicssystematics accounted for )accounted for )

σσσσσσσσ··BR(WBR(W→→→→→→→→ ��νννννννν) = 2777 ) = 2777 ±±±±±±±± 1010stat stat ±±±±±±±± 5252sys sys ±±±±±±±± 167167lumlumpbpb

σσσσσσσσ··BR(ZBR(Z→→→→→→→→ ����) = 254.3 ) = 254.3 ±±±±±±±± 3.33.3stat stat ±±±±±±±± 4.34.3sys sys ±±±±±±±± 15.315.3lumlumpbpb

NNLO theory curves 

(MRST 2002)

Giulia Manca, Moriond(EWK), 21-8 March 2004
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CDFExtraction of Extraction of Γ(Γ(Γ(Γ(Γ(Γ(Γ(Γ(WW): ): ): ): ): ): ): ): CDF + DCDF + DØØ

σσσσσσσσ(pp(pp→→→→→→→→Z)Z) ΓΓΓΓΓΓΓΓ(W)(W) ΓΓΓΓΓΓΓΓ(Z (Z →→→→→→→→ ����))

σσσσσσσσ(pp(pp→→→→→→→→W)W) ΓΓΓΓΓΓΓΓ(W (W →→→→→→→→ �� νννννννν)) ΓΓΓΓΓΓΓΓ(Z)(Z)
R  R  =

���������	
���������	

���������
���������


�� ��� �
��� ��
��������� ��
������� �	����� �	����

Current World Ave: 2092 ± 40 MeV        LEP direct measurement : 2150 ± 91 MeV

����	������	��

(2187(2187±±±±±±±± 128) 128) MeVMeV(2071(2071±±±±±±±± 40) 40) MeVMeVΓΓΓΓΓΓΓΓ(W)(W)

0.10350.1035 ±±±±±±±± 0.00620.00620.10550.1055 ±±±±±±±± 0.00380.0038BRBR((((((((WW→→→→→→→→��νννννννν��))

10.3410.34±±±±±±±±0.350.35statstat±±±±±±±±0.490.49sys sys 
‡10.9310.93±±±±±±±±0.150.15statstat±±±±±±±±0.130.13sys sys 

‡RR

D0(e) D0(e) L=42pbL=42pb--11CDF(CDF(ee++µ) µ) µ) µ) µ) µ) µ) µ) L=72pbL=72pb--11

Using the NNLO calculation of ΓΓΓΓ(W→→→→��νννν��) :
‡NNLO@1.96  : 10.66 ± 0.05 (J.Stirling)
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CDF

R R � gg22
�

U  U  =
R R e gg22

e
= = 1.002 ±±±± 0.036

Lepton UniversalityLepton Universality

From the measurements of the W W →→→→→→→→ eeνννννννν and 
W W →→→→→→→→ τ τ τ τ τ τ τ τ νννννννν cross sections :

0.99 0.99 ±±±±±±±± 0.040.04stat stat ±±±±±±±± 0.070.07syssys
BR(WBR(W→→→→→→→→τ τ τ τ τ τ τ τ νννννννν))
BR(W BR(W →→→→→→→→e e νννννννν))

==

= = 0.99 0.99 ±±±±±±±± 0.020.02stat stat ±±±±±±±± 0.040.04syssys

ggττττττττ

ggee
→→→→→→→→

g g �
g g e

= 1.011 ±±±± 0.018

� Calculating R separately for e and � channels: ggττττττττ

ggee
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CDFForwardForward--backward asymmetrybackward asymmetry

)0(cos)0(cos
)0(cos)0(cos

<+>
<−>=

θσθσ
θσθσ

fbA

Z/Z/γγγγγγγγ** θθp(q)p(q) p(q)p(q)

��++

��--

5438 candidates in ~ 72 pb-1

•• Unique atUnique at TevatronTevatron (off Z pole)(off Z pole)
•• Directly probes V,A Directly probes V,A →→sinsin22θθWW ,u,,u,

d couplings to Z d couplings to Z 
•• Sensitive to New PhysicsSensitive to New Physics
→→→→→→→→ Agreement with SM prediction.Agreement with SM prediction.

||||||||η(η(η(η(η(η(η(η(11stst e) e) |||||||| <<<<<<<< 1.01.0
||||||||η(η(η(η(η(η(η(η(22ndnd e) e) |||||||| <<<<<<<< 2.82.8



Giulia Manca, Moriond(EWK), 21-8 March 2004

CDF

•Selection:
•1 high-PT lepton (e,�)
•1 photon with:

ET>7GeV, ∆R(γ,��)>0.7
•1 neutrino: large ET>25 GeV/

Separate WWγγγγ
vertex 

from (boring) lepton 
Bremsstrahlung

DiDi--Boson production: Boson production: WWγγγγγγγγ

MT (�γγγγγγγγ,νννν) /GeV

M
T

(� γγ γγγγ γγ
, νν νν

) /
G

eV

• pp pp →→→→→→→→WWγγγγγγγγ→→→→→→→→�� γ γ γ γ γ γ γ γ νννννννν��
• probes EW boson self-
coupling: direct consequence 
of SU(2)xU(1) gauge theory

• NEW PHYSICS, e.g. composite 
W modifies coupling

MT (�,νννν) /GeV
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CDF

(32 ± 5) %(32 ± 5) %128128WW���� ������

(25 ± 6) %(25 ± 6) %131131WW���� ee����

estimatedestimated
backgroundbackground

Candidate Candidate 
Events in 202 pbEvents in 202 pb--11

DiDi--Boson production: Boson production: WWγγγγγγγγ
Data agree with SM expectation:Data agree with SM expectation:

��� ����	
��

������������

σ·BR(pp →Wγ → �ν � γ) = 19.3 ± 1.3 pb

ET(γγγγ)

ET(γγγγ)

σ σ σ σ σ σ σ σ •••• BRBR((((((((WWγ γ γ γ γ γ γ γ →→→→→→→→ �� ν ν ν ν ν ν ν ν �� γ)γ)γ)γ)γ)γ)γ)γ) = = 

19.7 19.7 ±±±±±±±± 1.71.7stat stat ±±±±±±±± 2.02.0sys sys ±±±±±±±± 1.21.2lum lum pbpb

Next: extract WWγ coupling from Photon 
ETspectrum

259259
255.63 255.63 ±± 2.13 2.13 ±± 26.4326.43
75.12 75.12 ±± 0.46 0.46 ±± 15.0015.00
180.51 180.51 ±± 2.08 2.08 ±± 11.211.2

N expected (L=202/pb)N expected (L=202/pb)

datadata
Total SM Total SM 
N(background)N(background)
N(W+N(W+γγγγγγγγ MC) MC) 

Photon ET(GeV)
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CDFZZ�� ProductionProduction
• pp pp →→→→→→→→ZZγγγγγγγγ→→→→→→→→��++��-- γγγγγγγγ

• 2 leptons: ET > 25 GeV

• 1 photon: ET > 7GeV, ∆∆∆∆R(γγγγ,��)>0.7

� New physics at Zγγγγ vertex?

Non in SM !!

4.70 4.70 ±± 1.341.34N(background)N(background)

6969
70.46 70.46 ±±4.00 4.00 

65.76 65.76 ±±3.76 3.76 

e + e + ��

datadata

TotalTotal

N(Z+N(Z+γγγγγγγγ MC)MC)

σ·BR(pp →Zγ → ��γ) = 5.4 ± 0.4 pb
��� ����	
��

��������������� ���������	����	�����������
����

σσσσσσσσ••••BRBR((((((((ZZγγγγγγγγ→→→→→→→→��++��-- γγγγγγγγ)))))))) = 5.3 = 5.3 ±±±±±±±± 0.60.6stat stat ±±±±±±±± 0.30.3sys sys ±±±±±±±± 0.30.3lum lum pbpb

DATA AGREE WITH SMDATA AGREE WITH SM M(��) (GeV/c2)
M

(�
�

γγ γγ)
 (G

eV
/c

2)
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CDF

��� ����	
��

���

Towards Higgs: WW ProductionTowards Higgs: WW Production

σ·BR(pp →WW→ ��νν) = 5.1 +5.4 pb

�J.M.Campbell, R.K.Ellis, Phys.Rev.D60:113006,1999, hep-ph/9905386

σσσσ••••BR((((pp →→→→ WW)))) = 
=5.1 +5.4 

–3.6 (stat) ±±±± 1.3 (sys) ±±±± 0.3(lum) pb

ppTT
WW ((GeVGeV))

dd σσ σσσσ σσ
// d

pdp
TT

W
 

W
 

55

6.89 6.89 ±± 1.531.53

2.34 2.34 ±± 0.38 0.38 

datadata

N(WW signal)N(WW signal)

N(background) N(background) •Motivation:
•Sensitive to WW� and WWZ 
vertex
•Higgs discovery channel
•Anything new/unexpected?
•Selection :
•2 OS leptons + ET + no jet with ET >15 GeV

EETT ((GeVGeV))/

∆φ∆φ ∆φ∆φ
( ΕΕ ΕΕ

ΤΤ ΤΤ, �
�) �= 126 pb-1-
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CDFTowards W MassTowards W Mass
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��
��!��" ������" ����� # 
���
����
$����

W W �� ����Z Z �� ���� � ���

�%
" �!��

�

��
��!�&���$�
��	

Used to test the
momentum scale

(measured with J/Ψ)Ψ)Ψ)Ψ)

� ���

�%
" �!��

�

Mµµµµµµµµ (GeV/c2) MΤΤΤΤ (µ,νµ,νµ,νµ,ν) (GeV/c2)

direct 
extraction
of ΓΓ(W)(W)
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CDFConclusions and OutlookConclusions and Outlook

•• TevatronTevatron and CDF are running very well.and CDF are running very well.
•• We have measured cross sections for many We have measured cross sections for many electroweak electroweak processes processes 

and extracted the first and extracted the first electroweak electroweak parameters parameters 
� all results (still) consistent with Standard Model.all results (still) consistent with Standard Model.

�� These measurements have set the basis for:These measurements have set the basis for:
�� Understanding of the detector Understanding of the detector 
�� Understanding of the backgroundsUnderstanding of the backgrounds
�� Lepton identification (e, Lepton identification (e, mu mu , , taustaus))

��Many will soon become precision measurements sensitive to New Many will soon become precision measurements sensitive to New 
Physics.Physics.

�� Work well underway on CDFII first results on WWork well underway on CDFII first results on W--mass, W mass, W 
asymmetry, direct asymmetry, direct ��(W) and boson(W) and boson--quark couplingsquark couplings''


