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Top Quark Overview

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

ufc it
dfs Jb

Experimentlly established by CDF and D& in
1995
CDF : F. Abe et al. Phys. Rev. Lett. 74 (1995) 2626
Do : S. Abachi et al. Phys. Rev. Lett. 74 (1995) 2632

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

Top quark decays before it’'s hadronized.

Yukawa coupling \/5% ~ 1

— Special role in electroweak symmetry
breaking?
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Top Quark Production at Tevatron

tt pair production thru. strong interaction

o(tt) ~5pb at /s =1.8TeV (Run )
~ Tpb at /s =1.96 TeV (Run II)

o qq annihilation
~90%(Run I) ~ 85%(Run II)

o gluon fusion
~ 10%(Run 1) ~ 15%(Run II)
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Single-top production via EW interaction

o(single—t) ~2.4pb at /s =1.8TeV
~3pb at+/s=1.96TeV

o s-channel W*
~ 32%(Run 1)

o t-channel
~ 62%(Run 1)

W-gluon fusion

o Dominant contributions:
s-channel and W-gluon fusion
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3 classes of signal in tt production

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

e Decay channels of tt pair
t—=WTb| b b b | b

— €+_1/ qg’ £+_1/ qq’

t—>W7b| b b b | b

— |l v qq’ |qq

o dilepton channel
o lepton+jets channel
o all hadronic channel
e Fraction of decay channels of ¢t
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Topics on Top Physics at Tevatron

!

\Xﬁ Production cross section
(_j k Production kinematics
i tt Spin correlations

tt mass

o S e

Top mass y —
Branching ratios
W helicity

t b
FCNC decay M \\
H Vv

=

t_H"b

Results from Run lla

v o Iin dilepton channel
vV o In £+ jets channel

v/ Top mass measurement in £ + jets channel
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Ot

e Test of perturbative QCD predictions.
3
— NLO(O(a?))
e Runlresults
Top Cross Sections
S — CDF 76%5°pb HAD
—— 5145 pb SVX
® 9243 pb SLT 201 —
e 84742 pb DIL 18
161
- o— 6.5%7/ pb  Combined g L\ e Berger et al.
---------------------------------------------------------------------------- sS4
IIIIIIIIIIIIIIII :"-“-"“-“"_“-"-”-"-”_““-“-"“““. Theory (47 - 55) 5 12-_ = (CAatani et al.
—e— DO |64 pb DIL 210k
—e— 41%{pb L+J (topo) & gl
—— 83332 pb  L+J (U-tag) O 6l
—e— 71532 pb HAD 4r
—o— 5947 pb  Combined 2r
1 1 1 1 1 1 1 1 , | , | , | , | , | ,
2 4 6 8 10121416 %40 150 160 170 180 190 200

o(pp- tt) [pb]

Top Quark Mass (GeV)

o =6.5"T1pb @ /s =1.8TeV (CDF Run |)

In good agreement with theory
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o7 In dilepton channel (Run Il)

e Event selection

o 2 leptons(e/w)

— isolated and high pr w/ opposite charge

— Veto Z, cosimics
o F,>25GeV

o Atleast 2 jets w/ E;r>10GeV

e A dilepton candidate (eu event)
jet1 -~

i
N

M \\\\"\ Primaly vertex
7

Run 156484 Event 3099305

ET(B) =34 GeV PT(/.L) = 36 GeV

Er(jets) =57,28 GeV
Fr=55GeV M., =47GeV  Hp=227GeV
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e Counting experiment: o;; = Nobs — B

etotfﬁdt
[ £dt : Integrated luminosity (Mar,2002-Dec,2002)
72+ 4pbt
B :BG estimate (WwW/WZ, DY, Z — 7r, fake)
0.30£0.12

N :# of observed candidates
5 (< MC sig+bg expectation 2.8 +0.3)

CDF Run Il Preliminary - A@vs &, Njelsz2, After all cuts
3.50
- MC tt
3 ® Data ee
r M Data pp
=25C * Data ep
2 L
% 2F
8 L
bl L
9 -
5 L
wof . *
g
1 ~ *
o5 W @
L m -
OLL_L_.‘_A_L‘_‘. | 208 St ST L0 DR !

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

0r=13.2 £ 5.9, + 1.5, pb
U (CDF Il preliminary)

6.7013%L pb (NLO @ /5 = 1.96 TeV)

In agreement with theory && (Run |) x 1.4
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o7 In £+]ets channel (Run Il)

e FEvent selection
o 1 lepton(e/w)

— isolated and high pp
— Veto Z, cosimics

o F,>20GeV
0 Niets > 3 (B > 15GeV)
— Atleast 1 jet w/ B-tag(SECondary VerTeX)
e A lepton+jets candidate

«— Primary vertex

Secondary vertex

jet3 / \
Run 153693 Event 799494

Pr(u)=54.4GeV Er(jets) =96.7,65.8,54.8,33.8 GeV
E.,.=40.8GeV Hyp=227GeV
L,,/o=10.8(jet1), 21.9(jet3)
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[ cadt

40
35
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15

Number of tagged events

10

o7 In lepton+jets

. Integrated luminosity (silicon required)
57.5pb~?

: BG estimate (Wbb, Wee, We, non-W, ...)

3.

8 = 0.5

: # of observed candidates
15 ( & sig+bg expectation 15.0 +2.4)

CDF Il preliminary

0205020260000 99000 06909496%%
R KKK KIEIPLARIKRK K KKK
00000000 260600006565 %%
2020202020002 %0%0 12020202020 e e

T e
0000005020202 2 5050262 % 20005 %

| I
Background

7~ Background errors

Background + tt
0 Bkgnd + tt errors
® Data(57.5pb™)

/ﬁlllII|IIII|IIII|IIII|IIII|IIII|

- MO
g I | | | i E
1 2 3 > 4
Number of jets in W+jets
< signal —

Ot — 5.3+t 1-95tat + 0-85yst pb

(CDF Il preliminary)

In agreement with theory && (Run |) x 1.4
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M‘top

e CDF Run | result
M,=176.0+6.5GeV/c?

e What is the top quark mass for?

— Important parameter for radiative corrections
in SM predictions.

— Measurements of My, and M, constrain M.
My, = F(M¢,log My)

W._ W W W
b
Constraint on Higgs mass (Tevatron Run |)
Ng 80.6 -
s |
z 80.5 - C

80.4 -

80.3 -
: v
80.2 - Q)
: 6‘?\0@
80.1 - Y\\ggg\‘\ £ LEPL,SLDWN data

M M contours 68/ CL
130 140 150 160 170 180 190 200
(GeV/c)

top
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Events/(15 Gevic’ )

Mo in £+jets channel (Run Il)

Use pre-SECVTX-tagged £ + 4jets sample.
o Similar event selection to .z, but w/o b-tagging.
o 33 candidates
How do we extract M; in a £ + 4jets event?

— Use kinematical x fitting

— over 2 constraint system:

2 unknowns: M;, p%

4 constraints: My, = MJJ/ZMV[/, Mﬁyb:Mbjj’:Mt

CDF Il Preliminary (72 pb'l)

Mop =171.2) +(13.0)% 9.9 GeV/C

| —
o
T

R N W b 01 O N 0O ©
\‘\

il

il

Data (33 events)
Background
Bckg+Signal

Events with tag (8) < 0.3

0.9-
0.8-
0.7

2 os

c YU

— 0.4}

0.2
0.1
O:\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\

160 165 170 175 180 185 190

Top Mass (GeV/c 2)

=)

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

Compare DATA to MC with M; as a parameter.

— Likelihood as a function of M,

Mo, =171.2+13.4+9.9GeV/c® (CDF Il preliminary)
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Other Topics expected in Run Il

— In SM(V-A), top quark decays only to longitu-
dinally polarized or left-handed W.
hw=0 or —1

— V+A or anomalous coupling in t—W —b7?

|
= ' oR —
) ) O

- IL Lef
on eft
t bWIong V ’ t bWIeft
Br(t—bWieng) 1/ ms \*_ 0.70 (SM)
Br(t—bWyg) 2\ mwy/ 0.30
— Run | result
CDF Run | Results SM
flong:O.91 i0-37stat:|zo-]—2$yst NO7
=
frightzo.l]. :IZO-15stat:|:O-O6syst 0
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— Direct measurement of |V,

— Run | result

Nobs SM expectation
W —g 3.0
W 1.3
65 & tt 8.4
non-top(QCD) 54
total 67 L£12

o(Wg+W*) <14 pb (CDF Run |)

— strongly GIM suppressed in SM
Br < 1071°
If observe = New physics!

— Run | results

o pp—tt+X witht—W+bandt —a/c+y
Br(t— u/c+7v) <3.2% (95%CL)

o pp—tt+Xwitht—W4+bandt—a/c+ Z°
Br(t— u/c+ Z°) < 33% (95%CL)
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— CDF Run | result
R=0.947031 = |Vi|=0.97¢13

(assuming 3 generations)

— If t¢ pairs produced via gg annihilation
100% correlation between ¢ and ¢ spins in
“Off-diagonal basis".

[ [
— i PN i 5
........ el 9 or D —
t t

— Experimental proof of 1/I'; < spin flip time

— No result from CDF Run |
Only D@ Run | result based on 6 dilepton candidates
k> —0.25 (68%CL) < xk~0.9(SM)
k. correlation parameter
0 — 0% correlated
1 — 100% correlated
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Run |l Prospects on Top Quark

Run lla luminosity goal is 2 b *.
At least 20x higher statistics.

® 5Mt
6.5GeV /c*(Run l) — 2—-3GeV/c*(2fb™1)
Constraint on higgs mass: § M,/ M, ~ 40%

o Joy

25% (CDF Run 1) — 10% (2fb~})

e Single top production cross-section
Observe 100-150 single top events (2fb™1).

s §|Vip| ~210-15%

e WV helicity in top decay
0 6Fiong - 0.4 (Runl) — 0.09 (2fb~ 1)
o 6Fsignt - 0.15(Runl) — 0.03 (2fb~ 1)
e Search for FCNC top decay
o Br(t—u/c+v)<0.032—3x10"°(2fb~ )
o Br(t—u/c+2°)<0.33 —0.02(2fb™")
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L~ m
1 LCOT dE/dx >

Bottom/Charm Quark Physics

Why B physics at Hadron Colliders?
Advantage:
o o(bb): O(10°) larger
~1lnb eTe” @ T(45)
~7nb eTe” @ Z°
~100ub pp @+/s=2TeV
o All B species: B, B®, B,, BX, A, ...

Disadvantage:

o Total inelastic cross section 10° bigger

o Multiple event

New tools for B physics in CDF |l

SVT Triggering on track impact parameters
TOF PID forn/K/p

Separate K /7 by
> 20 up to 1.6 GeV/c

‘ K-T1tfro

3.5 4 4.5 5
Momentum (GeV/c)
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B Triggers and data samples

e Di-Muon

o pk>15GeV/c(was 2.2CGeV in Runl)
= ~2x yield for J/% in Run Il

v Bi— J/Yé— [pu|[KK]
Vo N TP N — [pp][pT]

e Displaced track + lepton (£ + D)

o SVT:dy>120um W/ pr>2GeV/c
uEpr>15GeV/c
e pr>4GeV/c

V' Bs— DJv — [¢r]|lv — || K K|m|lv
V' Ny— ALy — [pKTllv
e Two-track trigger
o SVT:dy>100um W/ pr>2GeV/c
D° - KK,Km, mn
Df — ¢ — [K K|
B —snm,Kn B,—KK,Kr MA,— p7n(K)
Bs;— Dy — |¢m|m — || KK|T|T
Ap— A — [pK7|m

NN NN
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Di-Muon sample

o J/Y,¢Y(25), T, ...
o J/4 production

x10* CDF Run Il Preliminary, L=70pb ™

(o]
- + - O
§ - * Iy~ p S CDF Run Il Preliminary
v F *e 510K signal &)
S F candidates =
Te) 6? o
— : 8
q) -
o 5:* S
g | 8
5 2
© : c
5 3 g
9 a
O o
= B .
- J—_ Coee
L | I | I | I | I | |
09 3.0 31 32 33 15 20
J/p Candidate Mass, GeV/c? P(J/y), GeVic

— ~0.5M J/%— puin 70pb~!
— all pr(J/9¢) range now
— detector studies

— do(direct J/9¢)/dpr
x 50 higher than prediction (Run I)

— J /1 polarization

> 20 discrepancy between prediction and
Run | data

Yuji Takeuchi, JPS meeting, Mar. 29, 2003, Page-20



Exclusive B, B°, B, sample from di-muon

~640 in 70pb~!

o BT J/YyKT—[uulK™*
— 1st. steps towards B — J /¢y«
CDF Run Il Preliminary, L=70pb™
“ °F B* . Jp K"
% + 64030 signal
< 100~ candidates
§ 40

5.30 535
B* Candidate Mass, GeV/c >

5.40

— m(B1)=5280.6+1.7+ 1.1 MeV (Preliminary ~18pb~1)

candidates per 50 pm

[
o
N

CDF Run Il Preliminary L =70 pb*

- BT - J/YK' e data

= [ct(sig)
ct(Bkgy)

- B ct(Bkg))

Fit prob: 13%

0.3
ct, cm

— 7(B*)=1.57+0.07+ 0.02ps (CDF Il preliminary)
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o B°— J/Y K™ — [pu][Kn]
— control for B® = J /¢ Kg, Bl — J /v ¢

CDF Run Il Preliminary, L=70pb™

a
o

~220in 70pb~!

o~ —
o F B° —~ J/y K™
% B 22020 signal
= .ol candidates
Lo B
5 B
o L
» 30—
8 B
© B
i) B
T 201
c |
o B
O B

10f-

Faes
OH t t L+ | | | +
5.20 5.25 5.30 5.35 5.40

B° candidate Mass, GeV/c

2

— m(B°%)=5279.84+ 1.9+ 1.4MeV (Preliminary ~ 18 pb~1)

CDF Run Il Preliminary

L =70 pb*

E B° - J/p K™

[y
o
(3
I

candidates per 50 pm
BN
|

[
o
I

-0.1 0.0

——data

ct(Sig)

ct(Bkgy)
B ct(Bkg))
Fit prob: 19%

— 7(B°%) =1.42£0.09 4- 0.02ps (CDF Il preliminary)
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o B,—J/Yvop— |uul|KK]

— Golden sample for AI'; measurement

CDF Run Il Preliminary, L=70pb™

o F
22k B, - J/ .
% 20; 7211.1 sLiIJg;paI ~74 1n 70 pb_l
N candidates
S 161
o 14
S 12fF
S
S 8
O 5
4 >
2
; t TG

|
5.35 5.40 5.45 5.50
B, Candidate Mass, GeV/c

— m(B,) =5360.3+3.875 5 MeV (Preliminary ~ 18pb~)

CDF Run Il Preliminary L=70pb"
£ E B, -~ Jyo —edata
o .
B L [Jeu(sig)
St ct(Bkg)
w [
% i Fit prob: 97%
S
© 10
c [
(U -
(&) N

1 "
N | | |

o
=

— T(Bs) =1.26 £0.20 % 0.02ps (CDF Il preliminary)
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events/MeV

Search for the FCNC Decay D° — uu
— Strongly supressed in SM: Br~ 10714

100 F

CDF Run Il Preliminary

E I Normalization mode:

75
50 |

25 |

1371 +53 D'
in the mass search window
[Ldt=69pb™
CMU fiducial

[%WMW

185 19 1.95
M. (GeV)

events/MeV

CDF Run Il Preliminary

3 D%- \\S\%arch

'

li

-

— Br(D° — up) < 2.4 x 107°(90%CL) (coF Ii preliminary)
& best limit: Br < 4.1 x 107 %(90%CL)

Candidates per 5 MeV/c *

Ay— T /YA — [up)[pm]

CDF Run Il Preliminary, L=25pb™

= = =
N N o
T T T T[T IT T

[y
o
T ‘ TT

o N N [¢)] o]
\\\\\T\\\\\\\

A, = P A
27+7 signal
candidates

AT

N, Candidate Mass, GeV/c

2

5.8

~27 in 25pb~!
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Displaced track + lepton (£ + D)

e B samples from lepton+displaced track

— Higher statistics sample
— Lifetime measurement
o Inclusive B— ¢*DFX

CDF Run Il Preliminary Luminosity 60pb™

N -
1600

—
e
D1 400} + -
="ITB o | DX
%1200j
e
= B
(D]
>
(T

~5K D* in 60 pb~!

1000} +

000L N(D*)=5344 +111
800
600

400 etselennne s o

200}

L L l L l L
9.7 1.8 1.9 2.0
m(K 1) [GeV/c’]

o Inclusive B—¢D°X

CDF Run Il Preliminary Luminosity 60pb ™

o | | .
S0l & 1+D%x ~10K D% in 60pb~*!
?Egzoooi

EE - N(D°)=10508 +147

1500}
1000}

500 fxseee

R

0= ‘ 18 ‘ 15 ‘ 2.0
m(K 17 [GeV/c?]
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Number of Candidates / 0.01 [GeV]

Events/3 MeV

N

N

[ —

o

o B;— DJv— |¢m|lv— || K K]|7|lv

CDF Runll Preliminary 60 pb 1

50F # ~385 D,
L BS—>IvDsX+ . 1
D, ~ @@ - KK ~112 D7 in 60 pb
00 Ny, : 385 + 22
- Np, : 112 £ 19
50+
00|
50
T
L | | | | ¢

! | !
1.9 2.0 2.1 2.2

Mass(K+K'Tt)[GeV]

o Ny— ALy — [pKm|lv

CDF Il Preliminary 60 pb

200~
180

160F
14of
120F
100f
8L
60

40—

2060 Aty
~ A —pKT |
- Yield:640+60

C Yield:441+33 PID on p

~441 A.in 60pb~*

20(TTT

Eﬁ i Muhwngﬂ

pupumpmest | —DHHJ w UUJHJJU H y

0 1
2.15

2.20

2.25 2.30 2.35 2.40 2.45
pKtmtMass (GeV)
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Two-track trigger

e Charm Mesons from two-track trigger sample

o Cabibbo suppressed D° decays

V, > K* d
us % ult
"/ Vcd "/ d
DO C @ S K— DO C @ T[_
u u u u
0 0 0
D — Kr D" KK D*—7mm
N CDF Runll Preliminary L=96pb* N CDF Runll Preliminary L=96pb™ N CDF Runll Preliminary L=96pb™
g DK $ sannp S a0
®5000}NDD:5632014 %1 %
™ ™
ol 9]
o o
o o
© ©
i i

Fo
woe D - T

F Ny =2020 + 110
50—

~56K ~6K ~2K
in 9.6pb 1
Br(D° — K+K")
> —11.17+0.48 + 0.98
Br(D°— K—7) 7
0 to—
, BrD" 2 m7MT) 5304 0.90+0.16%

Br(D°— K—7)
— Results from only 9.6 pb™*
— competitive with the best measurements
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o DF—D=* mass difference
— D,/D"— ¢ — [KK]|7

— same final state, same trigger

: — B
L 350} 0" 0, m g KK only 11.6pb~!

- Unbinned likelihood fit projected

~2400 D,
~1400 D*

O’ I I
1.80 1.85 1.90 1.95 2.00 %.05
KKt mass [GeV/c ]

M (D7) — M(D?*) =99.28 4- 0.43,; & 0.27,,5; MeV
< (PDG: 99.2 4 0.5 MeV)

— Competitive with PDG average
— First CDF Il paper!!
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e B sample from 2-track trigger

o B,— DM "nt w/ Dy— ¢m— [KK|T
— Golden sample for B, oscillation

| 65+ 4pb? February 26th 2003 CDF Run 2 PRELIMINARY |

45

40

35

events (20 MeV/bin)

30

25

20

15

10

I
4

HH‘\H\‘HH‘HH‘HH‘HH‘H
—
3 —
—

D, VYield: 65+ 20 events D, Yield: 40 + 10 events
Uncorr. Mean: 5160 + 20 MeV Uncorr. Mean: 5360 + 5 MeV
Sigma: 67 + 21 MeV Sigma: 20 + 4 MeV

*
Bs—» Dg'm
Di- ¢ m

Tt . ACTT

D, D

H‘\ L iﬁ”% L

o B—>hth™

Events per 30 MeV/c?
N " » IS
o o)) o o)}
@] (@] (@] (@]

N
[o)]
(@]

200

150

100

50

4.6 4.8 5 5.2 54 5.6 5.8

Candidate Mass (GeV)

L5544 pb

m CDF Run 2 Preliminary
B B — h*h~ 7
__ +++ 301+27 signal events __
+ Mean 5.241+0.004 GeV,/c? |
- + Width 0.041+0.004 GeV/c™
i ++++ ]
I # ]

+++
i t i
¢ ®

L ¢ Y .
.-F

4—,2I 4.4 4.6 4.8 5 5.2 I5‘4-I I546I
7777 Mass (GeV,/c?)

5.8 6

~40 Bs— Dgm
~65 B, — D

in 65pb~!

[Ba(Bs) = K, mn (KK, Km)]

— sin2ain B = #wtnr—

~300 in 65pb~*!

Good S/N~1
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Summary

Top physics in Run lla is at the process of
reestablishing measurements of basic physics:

» tt Cross Section
» Top quark mass

and ready for extensions Run | top physics with
larger samples.

Displaced track trigger at CDF
» a great success!

» access to Bs—Bs oscillations via Bg
hadronic decay

Lots of Charm, Bottom, and Top at CDF in the
next years!!

Seven years after the conclusion of Run |,
CDF is back!
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