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Performance of the Tevatron/CDF

Electroweak Physics

- W/Z production cross sections and Ratios
- Forward-Backward Asymmetry

- WW production

Top Physics

- Top production cross sections

- Top mass

Summary
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Fermilab Tevatron

Operated with proton bunches on antiproton
bunches at CM energy of 1.96TeV
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Run 2 CDF Detector

Upgraded Components

Tracking
- Silicon
» 707K channels
» Full Coverage of luminous region
* Radial coverage from 1.35-28cm
- Central Outer Tracker
- 30k sense wires, 44-132 cm
*+ 96 dE/dx samples/track

Time of Flight

Expanded Muon
Coverage

Endplug
Calorimeter
Trigger (pipelined)
- Drift Chamber
Tracks @ L1
- Silicon Tracks @ #
L2
Fully Digital DAQ 1§
(132 ns) '

Collider Detector at Fermilab Il
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Current Tevatron status

Run 2a goal is
5-8 X 103!

Initial Luminosity (E30)
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2 fb! for Run 2a
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Overview of EWK

First priority is to reestablish baseline
measurements:
- W-/(v, Z>(( Cross Sections
- Ratio of W/Z Cross Sections
- Forward/Backward Asymmetry

Goal is to improve our understanding of
the Standard Model EWK parameters.

W Charge Asymmetry

- Constraints on PDFs

W Mass Measurement

- Dominated by Systematics
Diboson Production

- WW, WZ, Wy

- Triboson Couplings

+ Anomalous couplings may indicate New
Physics
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OLB(W-ev)

Event selecti Number of Candidates:
vent setection 38628 in 72 pb-!
One isolated high Background (~6.4%):
pr central e QCD: 1344 +82 +672
E.>25 GeV Zoee: 344 + 17

W->1v: 768 + 22

CDF Run Il Preliminary, ?’2pl::'1

& : i
53001} Entries 38628 |
€é L
S « DATA
@ 25001 [J Sum
-1 _
I I WoevMC |
S Z—eeMC |
1112000 [J W—tvMC
[J QcD '
15001
1000
35004
o buceat N i Saay _
40 60 80 100 120 140

M,, GeV/c

0, *B(W>ev) = 2.64£0.01,,,,+0.09, +0.15,,, nb
NNLO @ Vs=1.96 TeV: 2.69 + 0.10 nb
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OwlLB(W-pv)

Number of Candidates:
» 21599 in 72 pb-!
One isolated high p; Background (11%) :

Event selection

central p - QCD: 222 + 58
P->20 GeV - cosmics: 276 + 195
T « Zouu: 1147 + 44
Veto Z and Cosmics - WoOTV: 691 + 31
| CDF Run Il Preliminary, 72pb :
o Entri 1599 |
% 2200 . DATA ntries 215989
2 2000 O Sum [ﬂl
5 W-upv MC 4
3'1800- Z—sup MC
= [J W—tvMC
21600" O acb
L Cosmic
1400]
1200} n
1000
800
600 4
400] L
200] "
0 e Teesa,
0 20 40 60 80 100 120
M., GeV/c
Ow*B(W->pv) = 2.640.02,,,,+ 0.12 .+ 0.16,,, nb
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Event selection

OwlLB(W->1w)

Candidates: 2345 in 72 pb-!

Backgrounds (~ 26 %):

One isolated (cal+track)
high E; central 1 QCD: 363 + 52

E_->25 GeV

e removal

W-ev: 103 + 11
W-uv: 91 + 27
Cosmics: 35 + 13
Z >t 20+ 2

-I
CDF Run II Preliminary, [L =72 b
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O, B(Z>ee)

Luminosity: 72 pb-!
Observed Events: 1830 Events

Background (~0.5%): 8.7 + 4.7, + 2.4

> 'syst

NNLO Prediction: 252 + 9 pb
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O, B(Z->pp)
Luminosity: 72 pb-!
Observed Events: 1632 Events
Background (~0.8%): 14 + 14
NNLO Prediction: 252 + 9 pb

| CDF Run Il Preliminary, 72pb
Entries 1632

2204

2004

180,

160;

Events per 1GeV/c?

140

120,

100;

80,

60

404

204

70 75 80 85 90 95 100 105 110 115
M, GeVic’

Gz*B(zﬂlll) = 246 x 651’01‘ t lzsysf t 15Ium pb
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Summary of W and Z
Cross Sections

W cross section measurements Z cross section measurements
CDF Run Il Preliminary CDF Run Il Preliminary
_I. Ldt=72.0pb" _I. Ldt=72.0pb"
* o(pp— W— 1v) < Standard Model

. olpp— Z— 1L 1)

—e— o(pp—>W— 1v)

< Standard Model

. o(pp— Z— e e)

—— o(pp—> W—ev)

—&k—— Gy (e+]) — % —— oz (e +|)

24 26 28 3 3.2 34 3.6 22 0.24 0.26 0.28 0.3 0.32 0.34

G (nb) 6 (nb)
Combined W and Z Cross Sections
Ow = 2.640 £ 0.012,,, + 0.0935ysf + 0.158Iurn pb
GZ = 251.5 i 4.351-01- i 10'6SYS'|' i 15'1|Uﬂ1 pb
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Rcombined
r(W)e [GeV] 2.29 +0.06,,,+ 0.10,

r(W)u [GeV] 2.11 +0.05
r(W),,., [GeV] 2.146 + 0.078

R =10.6740.15 NNLO(1.96 TeV)  [Nucl, Phys. B359,343 (1991)]
[Phys.Rev: Lett. 88,201801 (2002)]

[(W) : 2.118+ 0.042 GeV [Phys. Rev. D66, 2002 (PDG fit)]

SM Consistency Checks

Theoretical PDG PDE
Measure  prediction SsM combined Exp

\ (PP W) F(W ~ &) [(2)
o(pp~2) T(W) T(Z ~ €3

N\

Extract
R, 9.88 & 0.24,,,,+ 0.47,,
R, 10.69 + 0.27,,,+ 0.33,

10.54 + 0.18_, . + 0.33sys

sta

March 21, 2003

(W) : 2.0921+ 0.0025 GeV [Phys. Rev. D49, 2002]
BRW-™) 599+ 004. . +007
BR(W - ev) TS T T Tstat = E T sys
g _ 0.99+0.02., .+0.04
ge - . - stat—" * sys
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Forward Backward Asymmetry

(Arg)
do - 7]y - e'e
(aq ) = A1+ cos” ) + B cos &
d cos @

A= N: —N; _ g(co9>0) —a(cof<0) _3B A, B depend
® N.+N, o(co>0)+o(cogd<0) 8A Oonl Qu(M,)
&'E 15- CDF Run ll Preliminary

0.8 J.L=T2pb-1
0.6 l
0.4 N _
0.2
0 2 e
0.2= O altulations
-0.4 f— G Statistical
-0 6:_ L Total |
40 60 100 200 300 600

M. (GeV)

Arg is a direct probe of the relative strengths of the
vector and axial-vector couplings.

Arp modified by neutral gauge bosons beyond the SM.
Extract sin26¢ff from Agp
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WW pair production

q w* q w*

Y/Z

W q wW-

a)

Apvs E N =0 |CDF Preliminary

=351 :
3 MO 2 candidate
E 3:_ & Data ee evenTS in 72 pb—l
% - m [ata ep : .
B v SM expectation:
— [} 4 Data pp
O 2.74 + 0.59
2 -
I P Background:
1.5j
" Y 1.52 + 0.64
3
a.5
0 L e F e T GG T o e I e i R O
a 20 40 60 80 100 120 1440
E, (GeV)

Extrapolation of Run I results
Theory: 1.8 TeV > ~9.5 pb with 10% uncertainty

Theory: 1.96 TeV > 13.25 + 0.25 pb (hep-ph/9905386)

Run I CDF experiment > 10.2 +6.3-5.1 (stat) * 1.6(sys) pb

Run IT Extrapolation: 10.2 * (13.25/9.5) = 14.2 pb
Marcn ¢1, cuus FRIIP KOenn, 1he unio STaTte universiTy / LLF
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Top Quark Physics

The Discovery of the top quark in 1995 was no big
surprise. What was surprising is that its mass is
almost 40 times that of the b quark, and
tantalizingly close to the scale of EWSB.

The Fermilab Tevatron has been the only place,
and will be until the LHC turns on in ~2008, to
study the top quark.

Everything we know about top is based on about
100 events from the Tevatron Run 1 by the DO
and CDF collaborations.

With 30 times more top events, as expected in
Run 2a, we hope to try and answer such questions
as:

2>Why is top so heavy ?
> Is it or the third generation special ?
>Is top involved with EWSB ?

> 1Is it connected to new physics ?
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Production and Decay of the
Top Quark

At the Tevatron, top quarks
are primarily produced in pairs. g

Tiop~ 4 x 10 25
A1~ 10 -38s

Top decays as free quark!
BR(t->Wb) @ 100 %

e

3 classes of signal
Dilepton: 2 high-P; leptons, 2 bjets, large Missing E1: BR 5%
Lepton + jets: 1 high-P; lepton, 4 jets (2 b's), large E; : BR 30%
All-hadronic: 6 jets : BR 44%

He-e(1/81)

B mu-mu (1/81)
] tau-tau (1/81)
Oe -mu (2/81)
He -tau(2/81)

B mu-tau (2/81)

He+jets (12/81)

M mu+jets(12/81)

B tau+jets(12/81)

Branching ratios

for t+ decay modes
March 21, 2003 Phillip Koehn, The Ohio State University / CDF
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Top production numbers

Run 1 Run 2a

CM Energy (TeV)
L(cm-2 s-1)
L(fb-1)

o(tt) (pb)
o(single top) (pb)

N(t+t) produced
N(single t) produced

N(t+t—>dilepton)

N(tt—>1+3j) (1tag)
N(tt—>1+4j) (2tags)

March 21, 2003

1.8 1.96
2x1031 2x1032
0.11 2.0
5.0 7.0
2.5 3.4
500 14000
250 7000

150
1400
5 600
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Top Properties

D
w' Uy a
A
v, a
Decay modes
Branching ratios
SM

New Physics ?

CKM matrix element |Vip|

Rare decays

t->Zc/Ye, t->WZb, ..

Non-S+M decays
t->H-, t->t,..

Phillip Koehn, The Ohio State University / CDF
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Top cross section

Measurement of the _
cross section is ) (tt—) — Nobs kag
rimarily a “countin {

P Y 9 A _J |

experiment”

0, (Vs =1.96TeV)=1.30xg, (/s =1.8TeV)

Run 1 cross section results ~100 pb

DA combin
(m =172 GeV/%g i 5.9+1.7 pb
meine | e 65" p
Measure in different™ |
(t[3§o| %chgjt)s — 4.1+2.1pb
decay channels and .
o di Rplds | —e— 5,1+15 pb
using different o
CDF L+jets
; 0 9.2+4.3 pb
Tec hmques (Soft Lepton Tag)
. N , DO L+ets . "
b-tagging, kinematic (Soft Leptori Tag) +
" | s
Fitting, Neural Nets ~ CDF Hadronic ——— 76" b
D@ Hadronic %‘—H 7.1+3.2 pb
CDF Dilepton C Y 8.4"5 py
1|_ P R R B | -35

1 35 7 9 1113 15
0y; (pb)
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0;; dilepton cross section

Event selection
- 2 High Py (P1>20 GeV) oppositely charged leptons (e, ).
- Both isolated: I, < 0.1
- Veto Z's, cosmics, and conversions
- Neutrinos: large missing E; > 25 GeV
- at least 2 jets with E; > 10 GeV
- Total transverse energy of the event > 200 GeV
BR~5%, detection eff ~ 11%, expect S/B~9, S~2.5
5 candidate events in 72 pb-!

Backgrounds from Drell Yan, Z%->tt1, WW : 0.30 £ 0.12

CDF Run Il Preliminary - A¢ vs E; ij522, After all cuts
3.51
- MC tt
3 ® Dataee
- H Data uu
:2'5—_ * Dataep
2
n 2
d’ =
m =
E =
S i
ul o » ks
g_ -
1 . *
o5 ™ @
. = |
ELY ! R s, *,'l ] | , 1, |
G_I__._L....__I_l_,_.___. Pl o S| e i B Ll

0 20 40 60 80 100 120 140
E, (GeV)

O, = 13.2 £ 5.9, + 1.5, , pb
NLO fOI" M'I'Op - 175 Gev: 6°7O+O'71-O.88 pb



O;;+ ¢ lepton + jets

Event selection

- 1 High momentum, central, and isolated lepton

- P1>20 GeV/c, e or p.
Veto Z's, cosmics, and conversions
Neutrinos: large missing E; > 20 GeV

- 3 or more jets with E; > 15 GeV

- at least 1 jet with secondary vertex tag (SVX)
15 observed events in 57.5 pb-!
Backgrounds from Wbb,Wcc, mistags, Wec, non-W: 3.8 + 0.5

CDF 1l preliminary

[ | | —]
Eackground E
77 Background errors T
Background + tf 3
E 30 AN Ekgnd riterrors —
3 255 ® Datasr5pb’y
g :
g 201 R =
g 15— 3
5 [ 2
13 SR S
at | | | | i =

1 2 3 > 4

Number of jets In W4|ets

A
v

control signal

Oy = 5.3+ 1.9, %08, pb
NLO fOI" M'I'Op - 175 Gev: 6-7O+O'71-O.88 pb

IV\al1 LIl &1, VYV Y rlllllll.J NUCIirn, 11ic VIV viuic viivel Dlly /7 LUI
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Top mass: lepton + jets

Select lepton + 4 jet events, similar to the o(tt)
measurement, except no requirement on silicon.

14

b-jet

- JRPRCELL

e, PP L o

-------------
--------

—
o
L)

b-jet

METHOD
Use 2C constrained fitting technique with constraints
M,=My. Mji=My . M;1=M,,

24 combinations:
12 correspond to the jet parton match
every combination has 2 solutions for neutrino P,

Choose combination with lowest X2.
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Top mass

Reconstructed top masses from data are compared
to parameterized templates of top and background
Monte Carlo.

CDF Il Preliminary (72 pb )

140 ] 5
- Herwig 175 GeV/c
Nu 120:_ 5
':3 100 Y /ndf=1.12
4] - .
o 80F signal
s
= -
2 40
L C
20
u: PR T TN N TN T TN T Y Y T T TN Y S P i B
100 150 200 250 300 . 350
Reconstructed Mass (GeV/c )
70F
. BOL Vecbos
Q C
= £ 2 L
E 5l.'lE ¥ /ndf=0.96
o 40;—
3 3pF background
c -
= 20~
10;—

e b e by oy by 1 Y
100 150 200 250 300 5 350
Reconstructed Mass (GeVic )
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Top mass

CDF Il Preliminary (72 pb '1)
M., =171.2 + 13.4 + 9.9 GeV/c"

|:| Cala (33 avaris) oaf
- 0.3F
ﬂ Eackground n.?E
] Bog+Signal - n.ﬁ&

= o.5f

D Evarl= wilh 1ag (83 | 045—

-

b
o

0.2f
o4fF
G:IIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIII

160 165 170 175 130 135 130

Top Mass (GeVic )

Events/(15 GeV/c”)
- N W a2 00 -~ 0 O

Cin
Ay Ty
Foleli Sale

i [
100 150 200 250 300 3502
Reconstructed Mass (GeV/c )

CDF Run 1 combined 176.1 + 6.5 GeV/c?

Use a continuous likelihood method to extract top
mass and statistical uncertainty

o
2IE_I--II|IIII|IIII|IIII|IIII|IIII|IIII|II

M;op is the minimum of the log-likelihood distribution

Oy,p Corresponds to a change of 0.5 units in the log-
likelihood
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Summary

Run 2a is well underway and we are in
the process of reestablishing some basic
Ehysics measurements and getting a
etter understanding of the CDF
detector

+ W/Z Cross Sections and Ratios

* 1t Cross Section

- Top mass

- Some of the more complicated analyses
will follow

- W Mass

- With Iar'ger' samples éla'rer' this year) we
will be able to extend our Run I searches
for extensions to the standard model

- Diboson couplings
- Top Properties

By summer we hope to have ~200 pb-1.
* Goal for Run 2a is still 2000 pb-!
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