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Overview

The TOP/EWK physics program from the
perspective of precision:

Luminosity Limited
W.Z cross sections

Statistics Limited
-production in the pb and sub-pb realm:

dibosons, top pair and single top
-polarization and asymmetries

Systematics Limited
-W and Top masses

Outlook and Remarks
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W, Z and top at the Tevatron

The EWK/TOP PhySICS I_Dr_ogram Tevatron W and Z Cross Sections
© Tests Standard Model predictions = Woh

® Constrains the SM

© Appearance of Physics Beyond SM ? & 10

: . _ 2 —+ 4 Wyslvy
@ Also crucial as input for LHC physics = 10 g vy T
program: <
e Input to Parton Distribution Functions % 10"
« Important for some backgrounds at % 10°
LHC 3
O 4

10t gggrellmmarygunuzl)j
I ¢ reliminary Run Il {e+
Producing 4 CDF Preliminary Run Il (&+1)

5[ =m Theory | |

~90,000 W— ev(pv) events/week 10
~8,000 Z—ee/pyu events/week

~200 WW, 60 WZ events/week

~100 ttbar, 30 single top events/week

NOTE: for L ~ 15 pb-'/week
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W and Z event topology

P.u>20GeV

K\

Electron

. . Hadronic recoil
Hadronic recoil ‘

U
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Using t leptons

Hadronic Decays t-ldentification

D& o
+ " -
I track + p= =Y T M =1 track +
+ -alo cluste + =1 trac
T calo cluster ot ("7 | rack + Tt nt wide calo
1""Il'l-' & calo cluster + & v cluster
- T
V. EM sub-cluster
CDF Run I Preliminary, L=72 ,i':l:a_J
I 5|g na| 1400 | W — tv:number of tracks, associated withthe T candidate
Rk . . B 2345 events
seed track A Isolation - ; . .
f 1200~ 7*7 W—tv Identification
TI - —s—Data
1000 — W os1tv
L =W v
i B W —sev
i ' . 800~ o AN A
A coof
. : ‘ sig -
_ 1 b 400— N
not associated v eiso - -
with tau candidate ,’! 200
D:A_A_A_A_Eﬁllgllhlllhlllhlll

]
-
%)
W
N
w
[»)]

7 8 9 10
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W and Z cross sections

Tevatron W — | v cross section measurements Tevatron Z— I" | cross section measurements
=2087+54 =251.3£5.0pb
OTh,NNLO=2087£54pb Oth,nNLo=221.3£5.0p
R Sy
CDF'04 (u) —— 2768+ 16 + 64 + 166 pb CDF’04 (e) —e— 255.8+3.9+55+15.4 pb
CDF'04 (e) —e— 2780+ 14 + 60 + 167 pb CDF’04 (u) —e— 248.0+ 5.9+ 7.6+ 14.9 pb
CDF'04 (e+u) —o— 2775+ 10+ 53+ 167 pb CDF’04 (e+u) —e— 2549+ 33 +46+15.2 pb
CDF’04 (e) —— 2874+ 34+ 167+ 172 pb c(:l:l)F'or-;» () ——e—— 242 +48 +26 + 15 pb
(preliminary, 1=n<2.8) preliminary
CDF’03(z) — 2620+ 70 + 210+ 160 pb
(preliminary) w
DO’04 (e) —e— 264.9+39+99+17.2pb
(preliminary)
w D004 (u) —e— 291.3+3.0+6.9+18.8pb
relimina
D904 (e) —— 2865+ 8+ 75+ 186 pb ® i
DO’04 (1) —e 237 +15+18 + 15 pb
DQ.O5 (1) SO05 Baas 2989 +151+81+194 pb
1000 3500 6000 O 500
c x B, pb c x B, pb

Measured with 100 pb-' or less

Overall good agreement with the NNLO calculations

Accuracy limited by the systematic effects

Uncertainties dominated by the luminosity measurements (~6%)

Other systematics: dominated by PDF uncertainties (~2%) in e/u, tau algo in T channels
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Statistics Limited

-production in the pb and sub-pb realm:
dibosons, top pair and single top
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Diboson production

W, Z.y

- Test Gauge Boson Self Interactions
W.Z.v

- SM Higgs searches W, Z.7
- Resonance searches: Look for excess }_ o {

in kKinematical distributions: E1(y)

3-body mass, lepton Pt W
Complementarity with LEP experiments: >‘ T <

- Probing at higher Vs y

- W-y final state:

g | ! Lry ¢ Y p W
w >~/‘Z/\<ﬁ X :
ISR FSR = v _ v
' O q
q y ; > o]

Photon Id is crucial:

Main backgrounds: I1%—yy and jets faking photon
Fake Rates: 0.2% @ JetEr=10 GeV and 0.05% @ JetEr>25GeV
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Dibosons production (ll)

o o°*BR (W—{fv)=18.1+£3.1pb
PhysRevLett 94, 211801

0y 0*BR (W—iv) =14.8 £ 1.6(stat) £ 1.0
(syst) £ 1.0(lumi) pb PhysRev D71, 091108

&% 200 pb! Er¥ spectrum

(L4

; —_'_'"I""I""I"""'D"""":
o « Data
G [a) 3
;102:_ lVY @
L C L ' 7
G=46%0.6pb T | v+jet -
@ PhysRevLett 94, 211801 & L, My w8
DS °° 4.2 £ 0.4 (stat +syst) + 0.3 (lumi) pb © 10} By  2-
PhysRevLett 95, 051802 TR pym Y e
'E | | 1 E
=
|WW ((dilepton) | 1c s
o1 I_I.|....:

@ oWW)=13.87;(star)’y; (syst) = 0.9(lumi) g0 og LT L

o(WW ) =14.63% (stat) "2 (syst) = 0.9(lumi) E} (GeV)
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WW production (l+jets)

1
First analysis with W/Z decaying in jets q
W RN
Final state: Witv with W/Z—qq
q
Advantage: much larger branching ratio q Wiz
Disadvantage: much larger backgrounds 9
Main background: W + 2jets € 200pb NS Dijet Mass
prOdUCtlon Background plus WWIWZ hypothems flt to data
320[);— ! l+ - CDF Run | prellmmary 194 pb _;
Fit in signal region yields: 21805 v o E
o E 160;— — Background —;
0 <40 pb at 95% CL 14u§ﬁ —Sackgregnal
120_ + —;
Also used to constrain anomalous 1:2: :
triple gauge couplings sob E
40;_ WW+WZ = 66.2 + 78.1 (stat) events .
20 YY —:
oC | T T I -

1 1 1 1 | 1 1 1 | 1 1 1 | 1 1
60 80 100 120 140 160 180
Dijet mass (GeVi/c )

Y
=]



11 Lucio Cerrito - Oxford

Top production at the Tevatron

/‘

gq annihilation via strong
interaction (~85% at the
_ Tevatron)
Pair: < VAP ——
gg fusion 1
(dominant at LHC)
_ Ay Y N
NOTE: Production through virtual Z and y are much smaller
] . 10 | .\Q\'\-\i\' ~ - BC
Single: 9 AR -~ BCMNT
R 8 Sy - o LSYN
q - 2 o — NLO
g t 8Ty 1 | 5 6
q W g 5 A \‘*"\\
W .
Vb _ § Pair produc'tion\ \-\: B
r g NG o4 PN
b Vz‘b 1 b Vrb W 2 \‘*1«; .
2 3 )
2 ~
& - .
Single top .
Harris, Laenen, Phaf, Sullivan, Weinzierl, PRD 66 (02) 054024 2 “xq_(
Tait, PRD 61 (00) 034001; Belyaev, Boos, PRD 63 (01) 034012 S
. Vs=1.8Te
T T T VT
150 160 170 180 190 200

Top quark mass (GEVJ’{':)
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Top decay and Event Classification

Since V,~1, and M,>M,,+M, , the top decays almost exclusively to Wb.

Top decay channels are classified according to the W decay, leading to:

® Both W’s decay via W—¢ v
topology:¢v¢vbb -DILEPTON

® One W decays via W—{ v
topology:¢vaqqbb -LEPTON

® Both W’'s decay via W—qq’
topology: qqgg bb - ALL HADRONIC

Br(W — leptons) ~ 1/3
Br(W — quarks) ~ 2/3
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Top ldentification techniques

B hadrons in top signal events

are long-lived and massive may decay semileptonically
 Detect secondary |dentify leptons in jets
verteces

displaced
tracks

Secondary eor lLin jet

vertex

vertex (do b
/ y o b—tvc (BR ~ 20%)
e b—c—fus (BR ~ 20%)
X

prompt tracks z

~55% Top Event Tag Efficiency ~20% (B.R.)/lepton
~0.5% False Tag Rate (per jet) ~2%
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Top production cross section

Comparing different channels is an essential test of production/
decay against non-SM DS

D Run Il Preliminary

CDF Run : dilepton (topological) 8.6 *:: +11 pb
T T | L | T T T | T T T | T T | T T | T 71 L:zso pb-f H . :: - -
|:| Cacciari et al. JHEP 0404:068 (2004) Assume m=175 GeVic’ . . +1.4 +1.6
KidunakisVﬂglPRD&B 114014 (2003) CDF Run 2 Preliminary |+1315 (tOPOIogIcaI) 6.7 -1.3 1.4 pb
i // . L=230 pb™! [ | o
Dilepton: Combined 24,16 .04 i i +1.2+1.4
(L= 200pb ) / 1.0£57 249504 Egzn;;a:;fd (topological) 717 pb
dilepton (topological) NEW 8.6 2312 5y
Lepton+Jets: Kinematic 0.8 09,04 -2.0 -1.0
(L= 347pbt’) / 6.3+05 0903 SOS L=370 pb H—e H
" ® I+jets (Vertex tag) 8.6 +:f +:1D pb
Lapton+Je§s Soft Muon L=230 pb’’ | o
(L=193pb ) / - +0.9 +0.9
/ l+jets (Vertex tag) NEW 8.2 0 55 PP
_ _:r . =
Lepton+Jetrs Vertex Tag/ L=363 pb 34447
NUIRR| ((=37806 ) / all hadronic 7.7 0 b
L=162pb" F— & : |
MET+Jets: Vertex Tag 1.2 1.3 , 0.4 all hadronic NEW 5.p ¥26+1.5
SOS (L= 311,0.{3‘ ) % 6-1 i 1.2 t 0.9 t 0.3 SOS (=350 pb-f :: . : : -2.5 -1.0 p
— &
; Cacciari et al. JHEP 0404:068(2004), m, =175 GeV/c?
All-hadronic: Vertex Tag / 1.7 . 3.3 . 05
SOS (L:Sj'?pb-j) / 80i1-7i22i0-4 Ll | Ll ] [ ] | | | | | Ll L ] Ll I L | - | | 1|
0 25 5 75 10 125 15 175
Combined 0. 4
ULR| Combined., 7 11065075 o(pp — tt) (pb)
7 (stat.)+(syst. )+(rumu
L1 1 | 11 1 | 11 | | 1 1 | 11 1 L1 1 1 1 1
0 2 4 6 8 10 12 14

o(pp — tt) (pb)



Lucio Cerrito - Oxford

Lepton+jets (vertexing)

Using vertex tagging

1 jet

v

2 jets

CDF Il Prellmlnary
HT = 292 GeV

0.8 \ Jet1 82.9 GeV

0.6
50.4— LP.Y
> | i
B - L., =27 mm
0.2 fi
- Electron 52.7 GeV
(1|

Jet2 65.6 GeV

-0.6 -0.4 -0.2 -0 0.2
X (cm)

Number of Events

Number of Events

o =8.9 = 0.9 (stat) J_r})'_g (syst) £0.5 (lumi) pb

CDF Runll Preliminary (318 pb'1)

[ wob
I wee

L — 2
500 Mlop =178 GeV/c P

400

300

200
H;>200 GeV For N, =3

100 f

[ Jwe
[]w+LF Mistags
[ Non-w
Il Single Top
[ | Diboson+Z—tt
---tt,a=6.1pb
[ ]tto=8.7pb
tt+1a

4 Data, 318 pb”

4+ Data, 318 pb"'

0 o — e— —
1 2 4 >
3 Number of .?ets
§ [ wWeb
QQF Runll Preliminary (318 pb ) [ wee
M, =178 GeVic’ [Jwe
20F op ] W+LF Mistags
d , P [ Non-w
18 F 7 % Il single Top
16 E [] Diboson+Z—stt
3 7 ---tf,0=6.1 pb
I : / / [Jtio=8.7pb
12 F tfi 1o
100 G

- Hy > 200 GeV For N, >3

o N B OO O
T T

73
Number of Jets



All hadronic
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High multijet background is a problem
(~1:1000)

events

- Require 6 jets

- At least one of the jets has a
secondary displaced vertex

- NNet discriminant further enhances
the signal

Use the preselected 6-jets data

to estimate the background
(est. 494 ev.)

O, =522 (stat) =7 (sys)pb = 0.3(lumi)

DES 350 pb NN Output

200

150

50

D@ Runll preliminary
- x| ‘
Integrated Luminosity = 349 pb

predicted background (data)
= {t MC + background
- G-jet data (Vertex Tagged)

100 # :;_H

_+_

0[!75

0.8

| . |
085 09 0.95 1

NN all discriminant



o(pp — tt) (pb)

Comparison: o vs top mass

10

Combined CDF Cross sections vs Top Mass
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Cacciari et al. JHEP 0404:068 {2004)
Cacciari et al. £ uncertainty

Kidonakis Vogt PIM PRD 68 114014 (2003)
Kidonakis,\Vogt 1P|

Preliminary CDF combined tt production cross section for 350 pb\'aI
@ Summer 2005 CDF+D0 combined top quark mass

[
166

[
168

[
170

1
172

[
174

[
176

Top Mass (GeV/c

[
178

80



Single Top signal

proton g < If t-channel, there is

+ an extra light quark
y' <= High P_muon

w W' V <= High P neutrino

ol b <— High P b-quark

) b <e—— b-quark jet
antiproton

® Lepton+Missing Et+Jets

® t-channel extra b tends to be forward

Lucio Cerrito - Oxford

® Similar to top pair production, but with less jets

Backgrounds

Anything with a lepton+jets+MET signature
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Single Top Summary

Cross sections:

Ss-channel t-channel S+t
NLO calculation: 0.88 pb (+¥8%) 1.98 pb (¥11%)
Run | 95% CL limits, D@Q: <17 pb <22pb
CDF: <18 pb <13 pb <14 pb
€5 Run Il CDF 95% CL limits
160 pb-! <14 pb <10 pb <18 pb
w Runll D@ 95% CI Limits
230 pb'! Cut Based <10.6 pb <11.3 pb
Decision Tree <8.3 pb <8.1pb
Neural Network* <6.4 pb <5.0pb
370 pb! Likelihood Discriminant < <5.0 pb <44pb >

SOS Best limits
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Statistics Limited

-polarization and asymmetries
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Z Forward/Back asymmetry

Ars arises from Axial and Vector couplings Z and v interference term:

N v ZF f £
+ f = e, quarks

f o £’
CDFRunlI 110 pb'!
y d()'(COSH > 0) — d()'(COSH < ()) PRL 87, 131802 (2001) f£dt =108 pb!
FB= I T T T T Plpbarl_ \*ZI \X\I\

dG(COSH > O) + dG(COSH < O) I 4 1992-1995 Data ” ;’*;Z :L> ee

1.0~ SM prediction M{ee) > 40 GeV/c? 7

{(NLO QCD with MRST)

Collins-Soper frame

lab frame ZO/Y*
p + p

N I ]
~ ZO/Y* Sh + 7
50 70 100 200 300 500 700 1000
D p

2.20 dev. from SM (ee). tev/e”
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Z FB asymmetry

Asymmetry vs Invariant Mass

: TDO
< | + S05
- 177 pb! I ?
0.6 _— ““““ *‘“"‘ ;‘T.T..'.T..'.T.T..'.T ".."T."..'.T..':.fn'-:.'.:.'- "“‘
: oal |1
Asymmetry vs Invariant Mass i 1 |
E 1 C T T T I T T T T ] 0.2 :_
< f 72 pb-! . i
0.8~ — o
0.6 = i D@ Run Il Preliminary
04 ;_ _E -0.2 : 177 pb 1
S 2:15 7/155 I o Data
0'3 = E -04r ZGRAD
E ST e MC] N PYTHIA
0.2E ﬂ faﬁl i;:g:lﬁdeg _* 0.6 —— 2Z'sm: M = 600 GeV
3 *calculations B Z'sy: M = 800 GeV
0.4+ i 3 Statistical ] o8
0.6 e | Total E p I R A B PR P
40 60 100 200 300 600 70 80 90100 150 200 250 300 350 400

M, (GeVic 2) Mee (GeV/c?)
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Helicity of W bosons in top decay

b

Are there new interactions at this spin = 1/2

energy scale? i V-A coupling
w+
spin=1

» Positive helicity F+ suppressed
by chiral factors ~Mm, / M, —} F,. =0
» Relative fraction of F is:

M?/2M;
TV /21\3; =07
F =0.3

Fy
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F, and F- fractions

> Likelihood analysis of cos 6* Likelihood analysis of Pt spectrum

: : Dilepton sample
> Lepton+jets sample: 31 events
J ) Y Fix Fo=0.7, measure F+ with a binned

€15 162pb! cosO* spectrum likelihood
5 -1
8- g1 w 370 pb-!  Lepton pT spectrum
- - 10
7 3 e 16 D@ Run Il Preliminary
- S 2 14,
6 E‘ 3 = S05 —e—Data
- 05 0 05 1 13 12— [ ] — Signal + Bkg Model
-g 5F- Fo 10i s Signal Model
g g —o-Data E e Bkg Model
m T —— Best Fit 8- be—
32_ . ® . —— Longitudinal 6 P
- —— Left-handed -
2/ & Background 4:_
B 2%’ """ : b
1 ] ]
T b b b 105530 L tmpnpmpnl, gl MY
3 i I 00 20 40 60 80 100 120 140 160 180 200
q1 e S - 1-5| - Lepton pt (GeV)
cos 0*
+0.22 —
FO — ().74_0.34 (stat + syst) w F,=0.04 =0.11(star) = 0.06(syst)

F, <0.27@95%CL F.<0.25@95%CL
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Superjets ?

In Run | the rate of semileptonic decays in W+b-jets was found to
slightly exceed the SM prediction (PRD 65, 52007(2001)).

Run Il data shows no disagreement with SM semileptonic decays:

Jet multiplicity w Jet multiplicity
|:|Other backgrounds Number of Jets in Events with at least one Doubly-Tagged Jet
(7] C
_____________________ [Jaco r DO
A o
RN R, .\if+HF,Z+HF Ii -tf,qtb,thC
.tt scaled to 6= 5.6 pb B W/zbb, WiZb MC

I W/Zcg, WiZe MC
I W/Z+light jets MC
[ QCD Multijets

—e— Data

@ Datal =162+ 10pb’

Number of tagged events
=]

1 2 3 =4

1 2 3
Number of jets in W+jets Exclusive Number of Jets
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Models with a dynamically broken EW symmetry (technicolor)
predict a top-quark condensate, X, that decays to a t-tbar pair.
Search for tt resonances, the limit is generally model-independent, look at the t-tbar
invariant mass

w 370 pb-! ttbar invariant mass w 370 pb-! Resonance Mass
g L D@ Run Il Preliminary (L =370 pb") | Z 1} D@ Run Il Preliminary (L =370 pb )
E 30:— e data g - = prediction for topcolor Z'
S osF- S05 f % 12:— S05 with I, = 1.'2.% M,
;E - | W Wiijets "x 100 e expected limit at 95% C.L.
20:_ W multijet C * observed limit at 95% C.L.
- *} single top 81—
15 —total systematic error 62_
10f— ++ 45_
ad 3

1 2

600 700 800 900 1000 1100 120(
tt invariant mass [GeV]

8o
(=]

400 500 600 700 800 900 1000 1100 1200
M, [GeV]

[=]
o
B
[=]
o
[44]
Q
o



Systematics Limited
-W and Top masses

Lucio Cerrito - Oxford
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Using the top and W masses

Radiative corrections to the
W mass calculation:

- W

Quadratic in the top mass:

2
AM,, « M,
---- L.
W W
—— e = = = o i == 150 175 200
Logarithmic in the Higgs m, [GeV]
mass: t
AM,, «In(M,,)

M: and Mw can be used to predict Mu
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Status of the W mass measurement

Precision fit of the transverse mass distribution:
M7 =2p;p; (1-cosA¢)

Calibration of the tracker and calorimeter at CDF:
Run Il goal: calibrate pr to 0.01%

200 pb'! W —ev tranverse mass
Y — up invariant mass s |
— u |
2500 0 - +’r4.1'+'4'i’f++*’f-h
E ¢’+‘ N ?-_ ™ i#ll {.i
!: F e a 1500 e .
2 r Y Aplp=(-1.344 +0.088)x 10" E - i ﬂu
g a B _
%000} # 2/ 40f - i HH*‘W l&
A 7ldot =22/17 : i
L 1000 A Iq»
F A "
: f L it i
500 # 5, Rafe™ : J,*F *l“
- o . b % 500~ \
S R g [/ %%idof = 69 /58 *,
_ “,
, . M
o— : : ‘ : : : ' [ . | . vy
G 10 0 60 80 100
GeV)
m,, ( m_(ev) (GeV)

Current Total Uncertainty: 76 MeV (Run1: 79 MeV)

work to improve: recoil, backgrounds, production and decay models
w Finalizing the calorimeter calibration
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W width direct measurement

Width of the W Boson (*Preliminary)

%% /dof = 3.0/4

w 177 pb'! 3 W boson transverse mass Measurement T, [MeV]
= CDF-la e L 2110 = 329
© - ‘ EﬂgaBackground '
- —MC+ :
~ F kg CDF-Ib e —— 2175 = 169
E 10° | CDF-b p —@—t 1 1780 + 237
T Do-l e +—o— 2231+ 173
B signal region: 100-200 GeV/c? Dol e b 5011 + 142
102 = : -

Tevatron Run-/II* @ 2079 = 86

S05

10

1400 1900 2400

I'yy= 2.011 = 0.142 GeV fw [MeV]
Syst. uncertainty dominated by EM&Had resolution and underlying event

Total uncertainty lower than DJ run 1
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Top Mass Measurement

Final State:

Measured in both dilepton and
lepton+jets

With higher BR, the lepton+jets is
the golden channel for mass
measurements

Reconstruct the right decay chain

Assign jets to partons Weight each
choosing the single OR combination with its
most probable own probability

configuration

b-jet
4 jets from one W and two
b quarks =12 jet-parton

permutations x 2 neutrino P,
solutions = 24 combinations

Use b-tagging to reduce
permutations:
1 b-tag: 12 solutions
2 b-tags: 4 solutions
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Determining the Top Mass

Template Method

Compare to MC templates
an observable that is strong
function of the top mass

2

\

w
Q
=)

Events/5 GeV/c

Rec Mass 1-Tag(T): CDF Preliminary

w
o
o
T T

N
19,
o
T T

Top mass:

1145 GeV/c?
165 GeV/c?
185 GeV/c?

W 205 GeVv/c?

200"
150f
100"

50"

250 300
M_ (GeVic)

top

Matrix Element Method

Maximize the combined
likelihood of the observed
events

Calculate a probability per each
event:

Use the differential cross section: LO
Matrix element

Determine the probability that a parton

level set of variables y will be measured
as a set of variables x

Maximize IT; P' (Myp)
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Template Technique

2-ta 1-tag(T) . .
g B : g--—-| Jet Energy Scale is included in the
% 8 o B18E o . .
gi' SlgnaHstpd 3142— 7 e I|ke| I hOOd
7 6 12
3 B | B~ Likelihood
- : CODF Run Il Preliminary (318 |'.t|:|'I “ c CDF Run Il Preliminary (318 pIJ'I Toa
1 E
o 150 200 ! - 0 150 200 250
m, (GeWie’) m, (GeVic’)
o 1-tag(L) 0-tag
sz 5; Inata.jzs #) % : IDaI:a (50 4s)
.% 45— 5|gnal + B % z Slym +Bigd
% 3;— an-;a arly -!é 5 Eﬂhgd anly
B COF Ru 1 tagL b “ : CDFRunl h"
2 P
1
0 e RERROGO00O0O T Irellmmaﬁr@w pb )

(!
m, (GeVie') m, (GeVic)

160 165 170 175 180 185 190
Mop(GeWc)

M, =173. > (stat + JES) £ 1.7(sys) GeV /c’
=173.5, GeV /¢’

The top mass measurement is not (yet) systematically limited, but it will be

Single Best Measurement
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Event Likelihood Technique

-In L(rqop) (2D)

63 events jOlnt likelihood | D@ Run Il Preliminary |+jetS
: 1  COFRunllPreliminary 318pb") = £ ;

ﬂ 39;"Aﬁéf'Béékgfbﬁh'd'ﬁﬁﬁéidéféﬁdﬁ(ﬁ”‘Imé'\?éh'fé) """""" . 3125 |- Miop = 169.5+4.4 GeV/c? 1
a? 255 ......... 1 732+ ........... { Stat Only) GeV’c ........... "" ..... E E
] : : : : . 3120 1 o
Moo e : .

] 3115 | . ]

3110 | v ]

3105 |y / .
1?}6 158 1‘10 1‘;2 1‘;4 1‘16 1‘18 1${) 132 1911 150 155160 165 170 175 180 185 190 195 200

Mrop [GeVIC mz> [GeVic ]

S05 D5

op = 173.2f§:2(stat) + 3.2(sys) GeV /c? M, =169. 5%3 (stat + JES)*| [ (sys) GeV /¢’
=173.5%, GeV /c’
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Summary of top mass measurements

The resultsC%

1 1 1 1 |
{ —LEP1 and SLD

Best Tevatron Run 2 Preliminary

{Runi + Run2)

&
DO Dilept 155.0 140+ 7.0
(L= EBGIpEP on ks 13.0
CDF Dilept 165.3 +23 + 3.6
(L= 340;:1: ?p on 65.3 43 S05
———
DO Lepton+Jets 169.5+30+ 3.6
(L= 320 pb") :
- =
CDF Leptun+Jets 173.5 +27 + 3.0{I5
(L=318pb )
SN,
New TeV Average (prel.)172.7 + 17 + 2.4

LEP2 and Tevatron (prel.)

68% CL

200

_.—
Run 1 World Average 178.0 +27+3.3
{Run 1 only) :
| (- (- | | 1 1 | | 1 1 1 1 | | 1 1 | | 1 1 1 1
140 150 160 170 180

Top mass {GeWc:Q}

190

..and the consequences
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MHiggs prediCtiOn

6 1
Aaﬁs)d = |
a . +
5- — 0.02758+0.00035 [f : ] M iy, = 915, GeV
! == 0.02749+0.00012 B M 1. < 186GeV (95%CL)
4 ++ incl. low Q° data —
N, _ |
< 3 h Including the LEP direct search
2 —] —
| M ;0o <219GeV(95%CL)
1 ] —
0 | Excluded P2 |
30 100 300

m, [GeV]
Note: AM=3 GeV corresponds to £20% uncertainty of the predicted Mu
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Run [l W mass expectation

W Mass Precision (MeV)

300

B DO Run1a (e)

|

250

I
=2
=

150

100

50
30 MeV syst limit

CDF Run1ia (e+m)

.

Single Experiment Sensitivity

DO Run1 (e)
CDF Run1 (e+m)

CDF/D0 TDR (e+m) -

_________________________ It s s m e |

[ 20 MeV syst limit

L | ! .\.....I ! Coon oy T

10

10° 10° 10°
Integrated Luminosity\_(/pb}

Current CDF Run II (e+n):
76 MeV
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Run |l Top mass expectation

Current

Projected Am_(GeV)

Tevatron I+11

2.9 GeV

1
0.9
0.5

Q.7
0.6

0.3

Lepton+jets channel (CDF+D0 combined)

Statistical uncertainty

JES systematic uncertainty (from M,, only)
Remaining systematic uncertantias

—— Total uncertainty

Total Uncertainty

- [
- L]
LI

-
----
-----
hhhhhh

10

1 10
Integrated Luminosity (fb H
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Significance (# of sigmas)

—h
o

o

o 1 2 3 4 5 6 7 8 9 10

—kmwhmm-qooto
|

Single Top Production

B Slgnlflcance of observatlon of SM smgle top

il CDF+DQ!  — R E s e . )
- current D@

- measurement ;

— '_,,E--"‘-? S — {—channel

B - s—channel
ZMII‘IIIIIII|IIIIi|II|II||'IIi|II‘|I||'||

Integrated Luminosity [fb™']

Lucio Cerrito - Oxford
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Top Physics Outlook

Top quark property Value Precision
Current Run Il LHC
Top Mass 17355, GeV 2-3 GeV 1-2 GeV
ttbar cross section 7.1+£0.6+0.8 pb 9% 5% (lumi)
Fo(W) 0.74  on + 0.04 + 0.01
F.(W) 0.04 = 0.12 +0.01 +0.003
Vi, >0.8 @95% C.L. 8% 5% (from t)
Single Top <5.0(4.4)pb @95% C.L. Evidence 5%

(Best Measurement)
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Conclusive Remarks

The Electroweak and Top Physics programs of
Run Il are well on track

Benchmark analyses are not all of the program

Expect the unexpected when analyzing for the
first time >fb-1 of data at the energy frontier
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Additional Information
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Lepton Universality

From the measurements of W—ev and W— v cross sections obtain the

> g /g
U o*BRW —uv) IT'(W—=uv) &, v
o-BRW —ev) T(W —ev) g '
UA1 1991 . 1.01£0.12
Many systematic uncertainties cancel | . e . | 02+ 0.06
out: |
| CDF 1992 —H— 0.97+0.07
72 pb! i
Su _ 0.998 + 0.012 P DO 1999 — 0.98:+ 0.031
8. | i
LEP 2001 | . 1.026+ 0.014
In the same way from W—ev and ;
. PDG 2002 (wio LEP) . 0.988+ 0.025
W—=Tv cross sections: 73 pp- |
F* CDFII Prefiminary 2003 —#— 0.99+ 0.04
g B B
— = 0.99 + 0.0zsmt =+ O'O4syst 0.7 1 13

8e
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Indirect W width measurements

Convert measured value of R

into a measurement of the W width W width measurements
- —) IStall‘lda;'d Modlel Predlictit;n
R opp—=W) I'(Z) T(W — lvl) —e— World Average

opp—=2) TZ 1) TV

Many systematic uncertainties

CDF Il (u) 200 pb-!
—e— CDF Il (e +u) 72pb

bt | DO la-b (e)
cancel out (e.g. luminosity): A CDF Ia ()
Channel | (W) [MeV] [Ldt(pb) | L - UA2(e)
e+ 2079+41 72 | . UA 1 (e +u)
!J' 2056144 194 | I2 | 2|.1 | 2!2 | 2!3 | 2I.4
PDG 2118+41 Cow), Gev
SM Pred| 2092+3
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Wy production

Y !
q w W
, ISR
q v 7
ErY spectrum
=~ FT ||D|| ]
—— « Data
& |a) 3
~102- vy 8-
E - B I l?\:
E v+jet
I - v
Ii i =*= llY g'
5 10- Wy 2
g R
E | [
S I i
=
3 R as
. |I_||I|_I|:
0 10 20 30 40 50 60
E} (GeV)

Theory: 0°.BR (W—1iv) =19.3 £ 1.4 pb

o+ BR (W—fv) = 18.1 + 3.1 pb

PhysRevLett 94, 211801

. w ~150 pb-! ErY spectrum
- 10 E
é.u - —&— Data (e + p channels) %
® B [ ] SMMC + Backgrounds g
'E 0 [ ] Sum of Backgrounds ?
Ll - =
i 4 ul
1 = . - g
= )
- jEt 1=
il th{
10-2 | | | | 1 | | | | | | | | | | | | | | | 1 | | | | | | |
0 20 40 60 80 100 120 140
E! (GeV)

Theory: 0°BR (W—{fv) =16.0 £ 0.4 pb
0°BR (W—lv) =

14.8 £ 1.6(stat) £ 1.0(syst) £ 1.0(lumi) pb
PhysRev D71, 091108
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Zy production

200 pb-! ErY spectrum w ~300 pb-! ErY spectrum

~ | AREERER | ] O:Q - DO o lly
8 b) « Data > : » 1071 “ qch
~ |+|"Y O 4 g - 4 | |E= SM Iy MC + QCD
g = fTeiet &1 3 10F
§ 10 S ]
".: SIS 44
(o] = B
E T - 107} =i
E L Ny :
=3 o =
< —|_|_.— 102} F
..u.l....l....l....I....I....I...._ 10—3 o L WTH
0 10 20 30 40 50 60 0 100 200 300
E} (GeV) M, (GeVic?)
(Baur and Berger) (Baur and Berger)
0=4.6+0.6 pb 0=4.2 +0.4 (stat +syst) £ 0.3 (lumi) pb

PhysRevLett 94, 211801 PhysRevLett 95, 051802
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WW production (dilepton)

q W G ——r——— AW
Z Y Missing Er spectrum
a W a AT i CDF hep-ex/0501050
10/ | |ww+Bkgnd
~10% ~90% sane
Two triple gauge couplings . T * Data
present § I L =184 pb”
Large statistics at LEP2 (but lower 3 o
en. scales) g
w 4 —.—
L 1
First Run 2 results: I
Dileptons+large MET T
[ %—CF
o(pp — WW)NLO =12.4+0.8pb TR r.-:uE {;ajl\;) 40

200 pb-! IG(WW) 13.8%72 (stat)!y 5 (syst) = 09(luml)|PhysRevLett 94, 041803

200 pb! | G(WW ) = 14.6*35 (star)* 'S (syst) = 0.9(lumi)|PhysRevLett 94, 151801
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/\W/ZZ production

WZ, ZZ important step towards Higgs searches [ T NN

WZ unavailable at e*e- colliders => unique meas. of WWZ

& 200 pb! Search for ZW and ZZ combined W7
final states: Zz— ilil, ZZ— ilvv and ZW— lily g() — ’

observe 3 events with
background expectation of 1.0 £ 0.2 events
and signal expectation of 2.3 £ 0.3 events

o(pp—=ZZ/ZW + X)) =5.0x0.4pb

NLO

| 6(pp—ZZ/ZW+X)<15.2 pb at 95% C.L. | Phys.Rev.D71:091105,2005

DES 300 pb-

Search for WZ (trilepton) leptons pr>15 GeV, missing E>20 GeV,
lepton pair mass consistent with Z mass

observe: 3 events with 0.71 + 0.08 background events

and 2.04 signal expectation (3.7£0.1 pb)

| 6(pp—ZW)<13.3 pb at 95% C.L. hep-ex/0504019, submitted to PRL
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Top pair Event Topology

« Energetic, central, and spherical
* Missing transverse energy (E;)

from neutrino in lepton+jets and
dilepton modes

* High transverse energy, E; jets

 Two b-jets

* Possible additional jets from gluon
radiation (ISR, FSR)

General characteristics of the background:
— No neutrinos or less ¢
— No b-jets
— Leptons could be fakes (less isolated)
— Less central



All jets+MET
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Expect excess in 24 jets

Special multijet trigger:

ckground uncertainty (stat + syst)

Background

Background + top (t+jets) (o=6.1 pb}

Background + Inc top {#=6.1 pb}

* 4 high E; jets (215 GeV)
- large total E; (>125 GeV)
« optimized for hadronic top events

1. Estimate background tags expected
from data with no top contribution
2. Require high Et spherical events,

vertex tagging
AND large MET

3. Cross section from event counting

3jets 4jets 5Sjets 6jets Tjets Sjets

=6.1=1.2(stat) =, *09 HODER _03
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Lepton+jets, semileptonic

1 lepton + 23 jets Backgrounds: |
+missing E; + large total ’Sfjé)rq'_r;a”t W+jets and all jets

energy
+ at least one SLT tagged jet.
Smaller but important sample

CDF Il Preliminary
O Wbb,Wcce,Wce,Fake

O non-W

[ Drell-Yan

O WW, WZ, ZZ, Z—tt

3 Single top

£ Total Bckg+ 1o

— Background+tt

] Background+tt £ 16
« Data (194+ 11 pb )

tt scaled to 5,=6.7 pb

Require H;>200 GeV for > 3 jets

10

Number of tagged events

Number of jets in W+jets
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Dilepton

2 lepton + 22 jets + missing E- 370 pb-! Jet multiplicity spectrum
: o [
sample is small but very clean g0t ..
for top signal (S:B~3:1) o w Preliminary
LW 60
“— T ® Data (370 pb")
Backgrounds: o r _
e Z—tr, WW pooF
- o [ Fake leptons
» Fake isolated leptons E40F T WwWwz
« Fake missing E+ > *
300 Zly
Counting experiment: oof
O = Nobs - kag 105
Etoth dt ot ‘I} ‘II é
Jet multiplicity
N, =28

o, =8.6x7 (stat) =, (sys) pb = 0.6(lumi)

tthar

kag = 6-81%5
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W charge asymmetry

Production asymmetry in ppbar->WX is sensitive to U/D

do(Wt)/dy — do(W™)/dy
do(Wt)/dy + do(W—)/dy

Alyw) = 170 pb-! Asymmetry vs Iyl

i
E CDF-II, 170 pb'
04E725 < E < 35GeV

e
n
ZRTRA

025 ; Er range 1

Measured: e asymmetry:
convolution of W production
asymmetry + V-A decay

_do(et)/dn — do(e™)/dn
A = G5 e) Jdn + do(e=) Jdn

F — CTEQ6.1M
E --- MRST02
= MLORESBOS {F. Landry, etal. Phys.RevD87.073016,2003)

Corrected Asymmetry

charge ID at high |n] is crucial
misID probability ~4% at |n| ~ 2

Corrected Asymmetry

Bin data in Et (2 bins) to increase °F —CTEQGM Er range 2
itivi “E .- MRST02
SenSItIVIty -g: ; NLO RESBOS (F. Landry, et al. Phys RevDE7.073016,2003)
'0'505‘"'015""1'""1.'5""2"
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Measurement of |V,

Under the assumption of unitarity and three generations of quarks,
0.9989<|V,,|<0.9993 at 90% C.L.

_ B(t — Wb) 12 |2

|V, ~0.998
Bit—=Wq) |V, +|V, [ +|V, [

Can measure the branching ratio by counting the rate of b-tags in ftbar events

. €1 160pb!  Lepton-+iets and dilepton w 230 pb'  Lepton+jets
. —~2
= F —~F L2 °F 10.19
E [ o R =1.03",,;(stat + syst)
~ 6L
T 09 S2F R>0.64@95%CL
a 0—5% 75 2 25R ?\ ish S05
2~ CDF I - |
- m 10
o . — X [
0.5 1 1.5 R o
o sf 95% C.L.
R =1.12",7; (stat + syst) | 68% C.L.

R>0.61@95%CL % 0204 0608 'i"iié'i.'é'i'.e'ifa”éz
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W Mass Systematic Uncertainties

Systematic [MeV]

Electrons (Run 1b)

Muons (Run 1b)

Common (Run 1b)

Lepton Energy Scale 70 (80) 30 (87) 25
and Resolution
Recoil Scale 50 (37) 50 (35) 50
and Resolution
Backgrounds 20 (5) 20 (25)
Production and 30 {(30) 30 (30) 25 {16)
Decay Model
Statistics 45 (65) 50 (100}
Total 105 (110) 85 (140) 60 {(16)
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Jets Systematic Uncertainties

Fractional Systematic Uncertainty vs P
calorimeter jet

0.15 S L L L L L L L L B B B R
—ﬁ' Systematic uncertainties in 0.2<n<0.6. Cone 0.4 —
: ——— Fun |l :
0.1 —
0.05 DL T i
0l _|
| 0.05— —
| L _
) - ]
‘l 0.1 ]
(N - i
N Central n regior
| I 015 S o b v b
al 20 40 060 80 100 120 140 160 180 200
ol Corrected jet P; (GeV)
W

0| —> il —
P Q\ underlying gy

event
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Event Likelihood Technique

Calculate the probability per each  § 1|
— 08|
event .
Examples: D@ ME, CDF DLM analyses -
— using maximal event information, e.g. 0-22
takes into account event-by-event 0 L e ~
resolution effects 165 170 175 180 185 190 195

Top quark mass (GeV/ c?)

W(y,x) is the probability that a parton
level set of variables y will be measured

as a set of variables x
dno is the differential cross section: LO Matrix element

| |
P(x;M,,) = é [do(y;M,,) dg,dg, £(q) f (@) W (x,y)
r

f(q) is the probability distribution than a parton will have a momentum q

Sum over all 12 permutations of jets and neutrino solutions
Background process ME are sometimes explicitly included in the likelihood

Top mass: maximize IT; P | (M’rop)



