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Why

Top quark

2 The newestand heariestquark (sofar)

[S

ecialrolein EW symmetrybreaking(largemass,Yukawa coupling 1)

{ Sensitie to NewPhysics(NP) (massnearthe EW scale)

2 The only quarkwithout resonah gé states(yet): ¢, = 10 2%

2 The last quarkin the last generation?

What

do we nd?

2 Dowe nd top?
2 Dowe nd the SMtop?
2 Dowe nd nothingbut the SMtop?
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Why

Top physics
2 Hugestatistics(Run Il = 30-50£ Runl)

2 Canisolatepuretop samples
2 We understandhe SM - crucialfor searbesfor physicsbeyondthe SM

Method 2: Double Loose Tag
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Where:
2 Bﬁa Collisions
27 s5=1.96 Te/
2 Lpeak = 3.2£10%2cmi 2si
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Where: CDF

Tracking Electromagnetic  Hadron hueon
chamber caloritneter  calorimeter charmber

: B T4 m=—=c ¢
‘-Q'*» AL ; e
; '\.__."-_.'\ - =
2 W — =" '!'.I
'n\ N o i "1
\
K

Silicon " u%/%

T rac ke I T rac ke I Innerrost Layer. .. . }- . Cuterrnost Layer

Detectorsandiderti ed objects:

2 Trakkers:e, 1, bj jets, °

2 Calorimetersg, 1, jets, &, °

2 Muon Detectors?, bj jets (soft1 %)
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Metho ds

Background Estimates
2 MC
{ WW, WZ, ZZ, SingleTop, Z+Jets
2 Data-Driven
{ QCD (Non-W)
a Study &1 in low-&1 region(in jets or \antileptons" sample)
a Calorimetendsolationvs &
a Trad Isolation

{ W+ Heary Flavour
a Sinultaneoud-it of W+1 jet ewerts, usesecondaryertexmassjirack
parameter®tc
{ MisTags
a Mistag Matrix measuredrom inclusiwe jets sample
a Detectorresolutione®ect3 negatie tags
aHF ) positivetags
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2 Searb for FCNC
) + . 4djets
2 InvisibleTop Decys
) &+, 2btags
2 Searh for t°
) &+, 4jets

2 tt Di®eretial Cross-Sectiod¥=dMtt

) &+, 4jets
2 ChargedHiggs
) &+, 4jets
2 Searh for StopQuarks
) &+ 2Dbj jets
2 *° g b Searb andtt®

) °&;band° &bt |

2]ets

Physics

tt decay modes

2
r—
lm -
5 all hadronic
-
©
e

tau + jets

et ut L gt ud I cs
+
w
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Physics

P Search for the FCNC (t! Zq)

v2 (Pre-Tag)
80 -

2 FCNCin the SMO(10 %) | CDF 11 Preliminary [L di=19fb! | ® Data

Entries

(no treelewel diagrams) D FCNC tt 1

_ _ 60 '_ 1 Z+Jets _'

2 FCNCin the NP O(10 4 I [ Z cttlets

the searb proposedby H.FHitzst (1989) i Eé\'zbgkts :

40 Bl Diboson —

i KS Prob: 0.073

I ¥2 Prob: 0.630 ]

20 F l
%0 6 8 10

A /X2

i - MassAZ
2 Signature:

ZO ' T (\ +traCk) + 4jetS AZ = (mWJFiZVT;\:/;PDG)Z_F (mt! 3\2\:!b;\|r;ct:)i mt)2+ (mt! ;f?;rze:i mt)z
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Physics

P Search for the FCNC (t! Zq)

Best Fit to Mass y2
@ G BN B B B R BN LR NN NLRLELEN NLR A LR AL N
g Tagged ' Anti-Tagged [ Control
LE (13 Events) ] (53 Events) [ .(]36 Events)
401 @ Daa 9 | CDF 11 Preliminary |
O FCNCtt(3.7%) | [Ldr=19fb!
Fit Uncertainty

O Z+ Jets (HF & LF) |
B Standard Model tt
20} . +
B Diboson (WZ, 27) |

FCNC Feldman-Cousins Band (95% C.L.)

= L L
1 N B Best Fit: N
Ej . t 0150 Bt—2zq) =—0.0149
0 & f
o 2 4 6 0 2 4 6 S ok b
=
95% C.L. Limit: -
0.05C B(t—zq) < 3.7% 7]

2 World's BestLimit

FCNC decas: o = Traioni
the obsered 95%C.L. upper limit is 0.2 0 0.2
Measured B(r—Zq)

Br(t! Zq)= 3:7%.
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P Invisible Top Decays

2 Indirectsearhb
2 First Limit onB(t! invisible)
2"+ & +jets(2bj tags)

Method 2: Double Loose Tag

. @ IDulu z 1.9 ﬂ;") =
CJsmii (8.8 pby—]
3 wob
) wWee/we
Jz+r
DSiugle TOP (S)
-Single Top (1) =
/|ww -
Owz
zz
Non-W
B Mistags

— 77—
/50 CDFII Preliminary [L dr =19 fb~!

Entries

100

50

0 M - 1

Number of Jets

Physics

FC Bands fort —yc Brjt— Whi=100% PE=

T s} | " ]
L} | s :
ok . ® ‘m’f' '

i zuamf- -

= . - ": . 1

1o 200 gl S0 - 100 200 ] 040
Mumber of Events Mumber of Events

Brit — v c) Expected Limit

aisf .

nask 4

T T R v T I
Brit —qc)

CDF Run II Preliminary 1.9 fb~*

Decay Fwetww (To)  Upper Limit (%)

(175 GeV)
B(r — Zc) 32 13
Bt — gc) 23 12
B(t — 7c) 18 11
% (t — invisible) 0 9
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Physics

P Search for t° Phys. Rev. Lett. 100,1618032008)
Models
2 Little Higgs) heary \top"

2 Newheavy quarks:(q°! Wh)

2 EWK precisiordata: ARz » 2:9%away 309 SE2ch for t (28 1b1) CDF Run 2 Preliminary
|+ "" . T Y g Y | r
b ,. 7 _
E A
antiproton SR
q PSR I observed
3 o k [
3 . WeIf
The Searh - ¢ QCD |
2101 WH suppressefl t°! Wq R
300 400 500

2 Vi Ya Vi, BR(t?! Wh) ¥4 100%
2"+ & + jets

Mreco (GeV)

-12-
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Physics

P Search for t° Phys. Rev. Lett. 100,1618032008)
Models

2 Little Higgs) heary \top" CDF Run 2 (2.8 fb™')
2 Newheavy quarks:(q°!  Wh) g .l ';re'\;v";i"frz ote ]
~ C g y = l 3
2 EWK precisiordata: A2, » 2.9%awvay & | H vs Mreco
I .,T,_
o
v B
0.1F
b [
5
theoretical prediction
antiproton q Bonciani et al.
. 200 300 400 500
The Searh t' mass (GeV/cZ)
2t°1 WHsuppressejl t°! Wq The purplecune is a theoreticaB4pp !  t%9.
2 Vigy ¥a Vi, BR(t?! WD) ¥4 100% Thebluebandrepresets § 13.expectationlimit
2"+ @& +jets (light blue: § 23)

13-
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Physics
P tt Di®erential Cross-Section d¥&EdMtt

2"+ &+ 4jets
2 In-situ calibrationof the jet energyscaleg(JES)
2 unfoldingtednique
Hocker and Kartvelistvili, http://arxiv.org/abs/hep-ph/9509307

CDF |l Preliminary CDF Il Preliminary CDF Il Preliminary
140 4 200
e CDFI Data,J.L=2.7fb 180 & | e CDFIl Data,o.» 27" Unfolded
1207 | :] Fitted Signal+Background 160 —; » 10? £ l:l i
1004 U1 [] Fitted Background 140+ D tt o CDFIlData, ()-» 2.7 fb"
i 7
80 ] 120 g /A SM Backgrounds
100 +—
AJES = 1.3+/-0.5 -
60 1 ) J / 80+ 10 &
40 60+
40+
20 o
0 ) 20 — o [ ‘
= Z . z —— S 0 ‘ ‘ ; 1 1 1 nnflnnolloonollonollonnllonolans
40 60 80 100 120 140 0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
M, [GeV/c?] ) M, [GeVic?] \ Unfolded M, [GeVi/c?]
CDF Il Preliminary

—— SM Expectation

(o] .
5 - SM Uncertainties
O

10 == Y
E o CDF Il Data, (J-» 2.7 fo™

tt

ds/dM [fb/GeV/c?]
I

10t E

b by e ey by
0 200 400 600 800 1000 1200 1400
Unfolded M, [GeV/c?]
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CDF Il Preliminary

10° | \\\\‘ smi
L % . :
% RS Graviton k/M,,=0.10
I:’ RS Graviton k/M,,=0.20
10 =

0 200 400 600 800 1000 1200 1400

Unfolded M, [GeV/c?]

)

—
@)

Physics

Pt Di®eren tial Cross-Section d¥EdMtt
2 A limit on gravitonsin the RSmaodel
2 Excludek=M p| > 0.16at the 95%CL

CDF Il Preliminary

1-
0.8
0.6
0.4

0.2—_

m, = 600 GeV/c’

CDF Il Data, (). » 2.7 fb™
........ Expected CL

[ 1s Uncertainty
[ ] 2s Uncertainty

— Observed CL

0

0.04 0.06 008 0.1 012 014 016 018 02

kIM,,
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Physics

P

Di-jet mass in top decays [CDF Runll Preliminary]

8

% 40F
2 MSSMChargedHiggs E " IL=2-2 fbo”
2 AssumeB(H™ ! c%) =1, = T  — Data
B(t! H*G+B(t! W'bh=1 £ 30 J W' in
s B R o
2 atlowtan( ) H+ ! ¢% dominates Z 250 __ | non-tf bkg
. . B | == Br(t> H'b) = 0.1
2" + @& + at least4jets s i (EHER)
M,.=120 GeV -
=] 1__ o
_::;0.8; I-Fd:vcaysto 15;
§0.6:— :fz 10—
E. — W*h° B
0_4_ W*A 5:_ +
TN e BR(t—> H'b) B
.2 -
’ i L i e i B A U T A 0 o
T e — % 20 40 60 80 100 120 140 160 180
1 10 ) M(dijet) [GeV/c?]
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P

Search for Charged Higgs

2 MSSMChargedHiggs

2 AssumeB(H™ ! c¢§) = 1,
B(t! H*bh+B(! W*h=1

2 atlowtan( ) H+ ! c¢& dominates
"+ & + at least4jets

M,,.=120 GeV

H* decays to
w

—CS

—1tb

— W+h0
WA

Branching ratio

----- BR(t— H'b)

B(t® H* b)withall H* ® ¢S

0.5

0.4

Physics

CDF Run II Prellmlnary [2 2fb '1]

B —.— Observed @ 95% C.L.
: : — SMexpected @ 95% C.L.

68% of SM @ 95% C.L.

95% of SM @ 95% C.L.

60 80 100 120 140 160
M(H *) [GeV/c?]

_17-
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Physics
P

21 bA3 | pADo
2 &1+ 2bj jets

~0 — ~0
Xi £ ¢ X1
= K= f?*j/// xr*f//
=5 1778 ~ *, - =
w L‘i'\"_ Y4 X \—X(iI be, X? BoG \—\*—E
7 7 \ ¢ N7

Reconstructed Stop Mass, B-Tagged Channel

E - IMTI=135 Gey | COFRuniiPreitinay 27> ) | dlatal e a
o 25[M.=125.8 GeV _ =
2 [ M.=58.8GeV Bl stor O1LBR=0.30) .
3 C =172.5 GeV i
& 20F Bl Tor (vm17256ey)
- - Z + Heavy Flavor ]

150 Z + Light Flavor .
103_ - Dibosons _f

r - Fakes ]

S ~

200
t Mass (GeV)

250

M(c'i) GeV/c?

M(c'i) GeV/c?

[o2] [e2] ~
o [&)] o
T

[¢)]
o1

Search For Pair Pro duction of Stop Quarks

Observed 95% CL

CDF Run Il Preliminary (2.7 fb
M(C))=125.8 GeV/c?

BR(t,® Ejb):1

BR’C:® 6fn|):1.o

T

BR(E*® &°nl)=0.50
1 1

BR(E® &°nl)=0.25
1 1

50
T T T
135 140 145 150 155 _ 160 165 170 175 180 185
M(t,) GeVic?
Observed 95% CL

E:/BRZ(Ei® €Onl)=l.0 CDF Run Il Preliminary (2.7 fb %)
85F Lot M(E;)=125.8 GeV/c’
80~ BR(t,® cb)=1
5/ BRYE®n)=0.50
70?
65;
60;
55 BR(C:® E_nl)=0.25
50;

- Y ded.b P.
A5 B R L e L RTRRRRRRR RN NN \
135 140 145 150 155 160 165 170 175 180 185

M(t,) GeVic?
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Physics

P &b Search and ¥4

L B B LI I B B UL I L B 20
18k CDF Run Il Preliminary 1.9 fo ™ 1 18
>16— ;D_ata(e+n)_ 16
N N tt C
Motiv ation V14 W 1 ol
(912_ :N?+II(-|F ; (912
. <o ake 3
2 Extension of ° & Q1o ke g | Niof
2 Signature with % Iggf‘a';? : %2
D o
o
band t, W and & o a
2 tt°: control sample for ttH I B
20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160
(LHC), Q(top) Lepton E ; (GeV) . (GeV)
L LR I I I I I I LRI I 18_'|'"|"'|"'|"'|"'|"'|"'|"'|"'
>12 >l6-
0 O
(H10 01‘21
O 3 o
o <10
L6 I20
[ [
) + 3
i o 4 +
2 ) N
Results 02040 60 80 100 120 140 160 180 02040 60 80 100120 140160 180 200

B-jet E; (GeV) Photon E ; (GeV)

CDF Run Il Preliminary , 1.9fb !

&b

e°&.b

1° &b

(e+1)° &b

Expected

1688 2:2

1117

279738

Obsered

16

12

28
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Physics

P &b Search and ¥4

CDF Run Il Preliminary , 1:9fo !
tt° tt° (e) tt°e (1) tt° (e+ 1)
Predicted 6:7§ 1:4(tot) | 44 ¢5(tot) | 1117%:(tot)

Obsered 8 8 16 — 10
JQD_ F W® In(CDF Run Il)
14 L — T T L — T T T T Frrr T rrrr[rr 1T T 7 N—r C *
' CDFRun i Plreliminalry 191 * I o I I I I I 0 10°L W ® In (Theory)
12 * Data(e+n) ] 8t ; B
Wit % 7 =
o WoHe | O - Z ® Il (Theory)
*g 8t tgfake 1 o© 5 =
o e fake g ¢) -
Qo Mictfakes | O 4 | tt (CDF Run i) tt (Theor
LIJ . MI(?E)agS % 3 10 %//////////////f'///////////////////////////////////////////////////////////
at Q > a
m -
2F 1=
oL v 1! N - , - ttg (CDF Run Il Preliminary)
0 2 4 6 8 10 900 250 300 350 400 450 500 L tf (Theor )
N J e tS HT ( G e V) l O-l §\\\\\\\\\\\\j\\\\\\\\\\\\\\\\\\\\\\\\\\\\\9\\\\\\\\\\\\\X\\\\\\\\\\\\\\\\
:\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\

2 No SMtt° )
1% (2.3/) to obsere 16ewerts

2 ¥4. = 0:15 8§ 0:08 pb.
2 g = 0:080 § 0:011 pb.

2 Sighature:
C&7+b jet+ Hy+ Njets > 2

-20-
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Summary
2 Tevatron and CDF are running very well
2 Top sample Is getting bigger
{ Can look at the rarer signatures
{ Precision top physics
2 Keep digging and pushing limits
{Br(t! Zg) < 37% @ 95% CL
{Br(t! invisible) < 9% @ 95% CL
{ Exploring fb cross-sections territory (tt°)

2 Will have » 3 times more L than presented in the
talk

2 CDF Top Physics Results:
http://www-cdf.fnal.go  v/ph ysics/new/top/top.h  tml
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