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Electroweak Physics Overview

Results of EW Physics from CDF Run |l

e Cross section measurements
W—=tlv ({l=e,pu,)
Z0 s tti—  (U=e,p)

e Forward-Backward asymmetry: Agp

e IV pair production
WHW~— — (vly

e Standard Model consistency checks
oW —=m)/o(W —ev)
= extract g,/ g.
R=c(W—w)/c(Z°—=0t4") ({=e,p)
= extract ['(W)

Expected Yeilds for 2fb~!

Sample Run | | Run lla

W — v 77k | 2300k

70— 00~ 10k 202k

WV (W= lu, V=W,~,2) 90| 1800
ZVA(Z =0, V=W, ~,Z) 30 500
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ow - Br(W — ev,) (Run II)

>

Event selection ~

1 electron :

» Isolated ’
> f-lig)f1 pr
» Central

E.>25GeV
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o Preliminary

L=72pb™

* Data
38628 W - e v Candidates

— Signal MC + Bkgs

= Signal MC
= QCD Bkg (from Data)

" 0 Mar 2002 -
Jan 2003

oy 7 VP PR JRTRR TN RPN PR
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Transverse Mass

Candidates

%3OOE;CDFRunH
D) - Preliminary ¢ Data > 38628
212500"’ L=72pb" §f 1 38628 W —. e v Candidates . .
g I o 2000 P I —Si-gnal MC + Bkgs LumanSIty
220007 = Signal MC —1
z = QCD Bkg (from Data) > ~ 72 pb
1500; Backgrounds
1000} > ~ 64%
ol QCD 3.4%
: h W —=1m 2.0%
; 2 -
40 60 80 100 1'\2/|0T (Ge\llé;o Z —ee 0.9%

o - Br(W = ev) = 2.64 £ 0.01 4, % 0.094y5; & 0.16},, nb

0

Preliminary

2.69 £0.10nb (NNLO at /5 =1.96 TeV)
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ow - Br(W — pv,) (Run )

Candidates
: » 21599
Event selection Luminosit
» 1 isolated high p; Y
» ~72pb
central u
B.G.(~11%)
> £ >20GeV
> 70.veto Z— up 5.3%
. W — v 3.2%
» Cosmic veto e
cosimic 1.3%
QCD 1.0%
| CIDF Runl I Preliminary, I72pb .
N§2200  oara Entries 21590 |
B2000{ O Sum Fﬂ
5 W - pv MC n
21800 Z - puMC ,+ n
= ] w-1tvMC :
21600] [J ocD
1400! Cosmic
1200] n
1000
800)
600] II N
400 N
200 o e !
,.,A i _'!‘3;.4-_, .
% 20 40 60 80 100 120
M;, GeV/c

- Br(W — pv) = 2.64 4 0.024 £ 0.12,y6 % 0.161,1, nb

Preliminary
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o-Br(W — ;) (Run Il

Candidates
Event selection » 2345
» 1 isolated Luminosity
(cal+track) high Er > ~72pb~1
central 7 B.G.(~ 26%)
> £ >25GeV QCD 15%
» ¢ removal W—ev 4%
W — uv 4%
CDF Run Il Preliminary, [L=72pb™"
1400__ W - 1 v :number of tracks, associated with the T cJandidate
i 2345 events
1200:— +
1000:— ;\[/)vati TV
- W - uv
800 \é\/:TeTV
¢ mm QCD
eoo:—
400:— .
zoof—

C 7 8 9 10
number of tracks

- Br(W =) =2.62 + 00740 & 0.215yg; £ 0.16 1, nb

Preliminary
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oz Br(Z°—ete™) (Run )

Event selection
(> 2 isolated high pr central e’s

1830 candidates in ~ 72pb~1

Backgrounds ~ 0.5% (8.7 & 4.7stat £ 2.45yt)

2
N
gl
o

200

Evts/ GeV/c

Opposite Sign (1830)

e Z - ee DATA
o Z - ee MC

150

100

CDF Run Il Preliminary

1
L dt=72.0pb
Vo p

40 60 80 100 120 140 160 180 200
M. (GeV/c")

50

o7-Br(Z° — ete™) =267 £ 65pap £ 155yst = 161um P
1} Preliminary
250.2pb (NNLO at /s =1.96 TeV)
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oz -Br(Z°— ptp™) (Run )

> Event selection
(1 1 isolated high pr central
[1 A second isolated high p; track:
Frv <2GeV & Egap < 6GeV
[0 Cosmic veto
> 1632 candidates in ~ 72pb~!
> Backgrounds ~ 0.8%

CDF Run Il Preliminary, 72pb ™

220 Entries 1631 |

200
|:| Z > U MC
180

160;

Events per 1GeVic®

140;

120;

100;

80

60

40

20

Y SR, ._‘:I g 'I'. a S

G - T e ——T T T T T B T -
70 75 80 85 90 95 100 105 110 115

M., GeVic®

07-Br(Z° — putp™) =246 £ 65pap £ 1255t £ 151,m Pb

Preliminary
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Standard Model consistency checks

Lepton universality e, 1, and = have the same couplings

o(W —=m)/c(W —=ev)=0.99 £ 0.0454at = 0.07yst
= g7/ ge=0.99 £ 0.02at £ 0.45yst CDF Run Il reliminary

()
_ow-Br(wow) ow I(wow) I(z)
Re= e  Brlzon) o, W) Tzoa

electron channel:
Re —=9.881+0.24444 0-47syst CDF Run Il Preliminary

= F(W) =2.29+ O-OGStat + O.lOSySt [GQV]

1 channel:
R,u = 10.69 £ 0.274 ¢ 0-33syst CDF Run Il Preliminary

= F(W) =2.11=+ O-O5stat + O-O7syst [GQV]

PDG: I'(W) =2.118 + 0.042[GeV]
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Summary of I'(WW) measurement

2006
2004 ‘
| |—’—|
B CDF Run Il Preliminary
2002-World 4. B
Average J'L dt = 72.0 pb
2000 ——
1998/
m |
O i
> 1996
- ——
1994_—
1992 .
= @
1990
1988_I|||||||||I|||I|I|I
18 1.9 2 2122 23 24 25 26 2.7 2.8
r(W)
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Arp with 70 — ete™ (Run ”)

do(qq@— Z/~v—ete™)

_ 2
y —; = A(1 + cos*0) + B cos 6

Forward-Backward asymmetry Arp
A _NF_NB_O-COSQ>O_O-COSH<O_3B
FB — — — 5 1
NF"_ NB Ocosd>0 T Ocosh <0 8A

<E 1 CDF Run Il Preliminary
0.8 J'L:72pb'1
0.6 . ‘!7
0.4f 1 _H_
0.2
3 Moot
02T e e
'0-4; Statistical
-0.6= L] Total =
40 60 100 200 300 600

Mee (GeV)

Relative strengths of V,A = Extract sin*0y
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W*W ~ pair production

dilepton channel: WTW~ — (viv

CDF Run |
Nops=5 Npe=1.240.3 fﬁdt:106pb_1
oww = 10.2729(stat) & 1.6(syst) pb

CDF Run Il
Event selection
o Two high pr isolated . or e with opposite charge
o B,.>25GeV, Ap(F,,0]7)>20°
o Z veto
o Jet veto to reject tt
CDF Run Il Preliminary
Source ee L1 el 0l
BG 0.29+0.13 | 0.47+0.19 [ 0.77+0.60 | 1.53 4 0.64
WW — fvfy | 0.55+0.13 | 0.66 +0.15 | 1.58 +0.36 | 2.79 £+ 0.62

Nobserve 1 0 1 2
[ Ldt=r~T72pb!
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A WTW~ — evur candidate
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Top Physics Overview

» Partner of b-quark in SU(2) doublet of weak
Isospin in the third generation.

ufcft,
dfs Jb

» Mass: M;~175GeV/c?
Width: I'; >~ 1.42 GeV

» Top quark decays before hadronization.
» Yukawa coupling v224 ~ 1
= Special role in electroweak symmetry

breaking?

» Experimentlly established by CDF and Do
in 1995

CDF : F. Abe et al. Phys. Rev. Lett. 74 (1995) 2626
DO : S. Abachi et al. Phys. Rev. Lett. 74 (1995) 2632
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Top Quark Production at Tevatron

o(tt)~5pb at /s =1.8TeV
~7pb at /s =1.96TeV

qg annihiration
~90%(Runl)  ~85%(Run Il)

gluon fusion
~10%(Runl)  ~15%(Run II)

g t
QW'%—’[

>§< T
g o Gvo——1t
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o(single—t) ~2.4pb at /s =1.8 TeV
~3pb  at/5=1.96TeV

s-channel W*| ~ 32%(Run I)
q

>¥<

' b

t-channel| ~62%(Runl)

Ol

b . t q

W-gluon fusion

Dominant contributions:
s-channel and WW-gluon fusion

Yuji Takeuchi, YITP Workshop(Physics at the High Energy Frontier), Mar. 18, 2003, Page-15



3 classes of signal in ¢t production

Top quark goes W+b at a rate of ~100%:
Br(t—W*h)~1

Decay channels of ¢t pair

/

9 qq'

(Ty ch
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Topics on Top Physics at Tevatron

Production cross section
tt Spin correlations
Production kinematics
tt mass

p
. e

Top mass —
Branching ratios ‘ b
W helicity
FCNC decay \\
t_H'b _ M
H V

Single top production
Polarized top

Results from Run lla !!

o7 In dilepton channel
o7 In £+ jets channel
Top mass measurement in £+ jets channel
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tt production cross section

Test of perturbative QCD predictions.

Counting experiment: [0 = oD
Etot f dt L
Run |
Top Cross Sections
P CDF 7.6%%°pb HAD
—o— 5158 pb SVX
Py 9245 pb SLT
P 84452 pb DIL
_o— 6.55/ pb  Combined
B Theory (4.7 - 5.5)
------------------------ o0 least DI
_ol 4.1%! pb L+J (topo)
° 8.3 pb L+J (U-tag)
P 7155 pb HAD
e 5957 pb Combined

2 4 6 8 1I0 1I2 1I4 16
o(Pp- tt) [pb]
o =6.5"11pb at /s=18TeV (CDF Run I)

In good agreement with predictions.
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tt production cross section (Run Il)
o7 In dilepton channel

I R —

a N S—

A dilepton candidate

Run 156484 Event 3099305
ET<€) = 34 GeV

ET<,LL) =36 GeV

Er(jets) =57,28 GeV
E,=55GeV

M, =47 GeV

HT = 227 GeV
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Event selection

» 2 isolated high pr Can5d|dates
central /’s L>minosit

» Veto Z, cosimics : o {)_1

> 2 Jets » 0.30+=0.12

» Hp>200GeV

CDF Run Il Preliminary - Agpvs B, Nj61522, After all cuts
3.5
- MC tt
3 ® Data ee
- B Data pp
=250 * Data ep
2, B
5 2F
a B
prel B
o L
<150
T xd *
g— -
1— - *
o5 M @
- m
[ %% a3} _L“*.‘_‘_x_x_‘_x_‘_t“\\lww
O St LY €. A Pl 'S sk - S 1
(0] 20 40 60 80 100 120 140
7, (GeV)

Ot — 13.2 4 5-9stat + 1-5syst pb
II Preliminary
6.7079- 21 pb (NLO at /5 = 1.96 TeV)
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o, In £ + jets channel

Event selection

» 1 isolated Candidates
high pr central ¢ > 15
» Veto Z, cosimics Luminosity .
> £ >20GeV > ~57.5pb
» Niis >3 B.G
jets = » 3.84+0.5

NSethX—tag P 1

CDF Il preliminary

— | ' ! —
40 L Background 7

- ‘ 7~ Background errors -
Background +tt ]

*g 30 RRRRIREIEIEs \\\\ Bkgnd + tt errors _:
= - .
° k ® Data(575pb™) 7
5 25 E
S F .
o - N ]
g 20 Nl =
o - ]
9 15— B
2 5
Z 10 :_ \%\ § ]
5 =

0 = | I ' 1 -

i
1 2 3 >4
Number of jets in W+jets

04 = 9.3 £ 1.95tat £ 0.84yst P
1[ Preliminary

6.7075-2L pb (NLO at /5 = 1.96 TeV)

Yuji Takeuchi, YITP Workshop(Physics at the High Energy Frontier), Mar. 18, 2003, Page-21



Top quark mass

Run |

Tevatron Top Quark Mass Measurements

168.4 + 12.8 Dilepton

1/73.3+ 7.8
1721+ 7.1

1674 + 114
1759+ 7.1
186.0 + 11.5
176.0 £ 6.5

1743+ 5.1
GeV /c?

150 160 170 180 190 200

2
M. (GeV /c%)

The combind result of CDF in Run | is:

|+jets

Combined

Dilepton
|+jets
All-hadronic

Combined

Tevatron
combined

M,=176.0%6.5GeV/c2 (Run )
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What is the top quark mass for?

e Important parameter for predictions of SM via
radiative corrections.

e Measurements of My and m, constrain M ;.
OMyw = f(mi,log My

t H
W woow NW

—_— = - —-_—— = - T I e
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<>
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> . e T TR e s
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SRR IIIIIRLLE RS
ST t0% fetotatatetesetetetetetetetet s satevrd
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SOGONS RRSESGEREEIK
K IR
RSN
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St L <0

X
>
55
XK

KRS
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::o,o,o o
oo

&
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0,938

o
S

KRR

2
0
X

R
KRR

<
<
A5
38

Do %
RS R KRR
RIS
g atatetetet-t

80.3
L 'L\
80.2 - eq\o

L B LEP1,SLD,vN data
80.1 QQ?

b MW-MtOp c?ntours: 68% CL

130 140 150 160 170 180 190 200
M (GVI)  (Run |
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Top mass measurement in CDF Run |l

Use pre-SecVix-tagged ¢ + 4jets sample

How do we extract m; in a { + jets event?

— Use 2C constrained 2 fitting with
My, =M =My, Mpp= My, =M,; (4 constraint)

— But we don’t know which jet is which.
24 combinations:
12 permutations for the jet assignment
each permutation has 2 solutions for neutrino p%

— Choose the best one with lowest x?

CDF Il Preliminary (72 pb '1)
M op =171.2 £ 13.4 + 9.9 GeV/c®

:D Data (33 events) 0.9F
N 0.8F
ED Background 07
:I:I Bckg+Signal - 0-6\
i =

) = 0.5
D Events with tag (8) E

=
o

0 160 165 170 175 180 185 190
2
Top Mass (GeV/c")

Events/(15 GeV/c?)
R N W b Ul'l O ~N 0O O

100 150 200 250 300 350
Reconstructed Mass (GeV/c )

Miop=171.24+13.4+9.9 GeV /c? CDF Run Il Preliminary

O
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W helicity in top decays (Run )

In SM(V-A), top quark decays only to longitudinally
polarized or left-handed W.

2
Br(t — bWion 1 0.70
hW:OOI'—l ( 1Og):— ) = =2
Br(t — b Wiett) 2\ mw 0.30

Lepton Pr distributions in t — bfv distinguish the
three helicity states of V.

|
b t W%D 9')rt(‘/vvleft)l oC — (1 — COS@Z )
O I (Wiong)|? o 2(sind))?
/ m(Wright) ’2 Z(l + COS@7)2

Fit for Fraction of Wwithh =0 (F )
(CDF Preliminary)

Lepton P as a Function of W Helicity * £ Lepton + Jet Channel
- 0 ¢ Data
F HERWIG ttbar production w/ o 3 L _
ofF o = r — BestFit
S| forced W helicities 3 F
(] _ g ©ohy=-1
O 2 1
ST T ol
) - w o E S -~ Background
E ---------- hW:O P i S e
CI>J - 14 [-Dilepton Channel
i: * -
E Combined Result
g0 F,=0.91 +0.37 +0.13
4 o
% F (Background gaussian constrained,
§ h,, = +1 component fixed to 0)
w O B B >
O 20 40 60 80 100 120 140 160 180 200 0 0:‘ ‘ ‘20;‘;\‘*‘(42‘:"‘;* D ve—

80 100 120 140 160 180 200
Lepton P . (GeV/c) Lepton P, (GeVic)

CDF Run | Results SM
Flong=0.91 £0.37(stat) £ 0.12(syst) <= ~0.7
Fright =0.11 £ 0.15(stat) £ 0.06(syst) 0
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Single top search (Run |)

Direct measurement of |V;3,| of EW vertex t-W-b.
Two dominant production processes at Tevatron.

e W-gluon fusion:
Hard b-jet, W decay, (soft b-jet), light g jet

e s-channel W*:
2 hard b-jets, W decay

Event signiture: W decay + n jets( one or two b-tagged)

— After all event selections, look at
=|Es|+|Er(0)|+ > |Er(all jets)]

— Unbinned maximum likelihood fit to H, distribu-
tion.

H; for Events in W+1,2,3 Jet Bins (CDF Run 1 Data)

Entries 65
Mean 182.9

-o-

=
N
T

Monte Carlo predictions

=
N
T

__ QCD background
ttbar background
____ single top signal

Events/(20 GeV/c?)

=
o
T

o:umM \K

0 50 100 150 200 250 300 350 400 450 500
H; (GeV/c)

o(Wg -+ W*) <14pb (Runl)
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Other results on top physics (Run )

: : __ Br(t—Whb)
e Branching ratio R = B oW
R=0.94%g31  |Vi| =0.972015

(assuming 3 generations)

e Search for FCNC top quark decays.
strongly GIM suppressed in the SM:

— pp—tt+ X witht—W+bandt —a/c+ v
Br(t—u/c+ ) < 3.2% (95%CL)

— pp—tt+ X witht—W+bandt —a/c+ Z°
Br(t— u/c+ Z2°) < 33% (95%CL)
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Run |l Prospects

Run lla luminosity goal is 2 fb~!. This means at
least 20x higher statistics.

Top quark mass

= 0M; : 6.5 GeV/c*(Run 1) = 2—3 GeV/c*(Run lla)

= Constraint for higgs mass: oM}/ M, ~ 40%

NA
o 806
>
8 805 |- AP
N
2 >
= 80.4 6220
803 | >
i %
80.2 | L
§ aé’@e
80.1 | ™
i B\
I\/1W—Mtop ccl)ntours: 6|8% CL
........ [ L L | | | | | |

130 140 150 160 170 180 190 200
2
M iop (GeV/c")
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tt spin correlations

~ 90% of tt pairs produced at Tevatron come from ¢g
annihilation.

o Only like-spin combinations in tt, if we take an
optimal spin quantization basis.

1
. -
T “Off-diagonal basis"

Top quark decays before losing the spin information at
production.

o Top spin can be measured by lepton flight direction in
top the rest frame.

Herwig ver6.5 generator level
Off-diagonal basis

w/ Spin correlation w/o Spin correlation

o Experimental proof of the top life time shorter than the
spin-flip time

Run lla will provide up a good opportunity for observing
the tt spin correlations.
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Top quark yields summary

Runl | Runlla | Run llb
CM Energy (TeV) 1.8 1.96 1.96
Integrated Luminosity (fb—1) 0.11 2.0 15.0

Production
o7 (pb) 5.0 7.0 7.0
Tsingle t (PD) 2.5 3.4 3.4
Number of ¢¢ produced 500 14000 105000
Number of single ¢ produced 250 7000 | 52500
Yields

dilepton channel 4 150 1100
N(tt =0+ >37)(>1 b-tag) 25 1400| 10000
N(tt =0+ >475)(2 b-tag) 5 600 4500
N (single t) (W + 25 w/ 1 b-tag) 3 140 1000
Expected uncertainties of measurements

Run| | Runlla | Run llb
Mass my 6.6 GeV [2-3 GeV |1-2 GeV
Cross section O 25% 10% 9%

- Fo 0.4 0.09 0.04
Whelicity F. 0.15 | 0.03 | 0.01
R= 3w 30% | 45% | 0.8%
Tsingle—t -- 20% 8%
| V| from single-t -- 12% 5%
B(t—~q) | <0.03 ? ?

FCNG decay Bgt = %q)) <03 | <002 | 2
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Summary

Run lla is at the process of reestablishing mea-
surements of basic physics

W/Z Cross Sections and Ratios

tt Cross Section

Top quark mass

We are ready for the next step
W mass
Top quark properties

By this summer we hope to have
Run | physics with higher statics

Goal for Run lla is

Run Il is promised to be prolific of top quarks,
and will give us much information about top
quark before LHC.
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