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Why We Like Top Quark

* We do not expect the formation of top hadrons 1/ = .‘h L
therefore, top quark decays before hadronization D
1 1 | Ao ~50%  D(z) (¢
= —— — 4 % ]_O_25 COK [_Tll(‘(‘l'TE']illT'\—’v Ao @ D(z) @ f(q°)
Ftot 1.60 I'sB
_ 1 or Pap-l _ o« 24 hh = —7;— v
Fajp AKXA ~ 5 I'»B 3.3 x 10 CeK Ao ~ 10% ,

Uncertainty ~ Ao
*Top quark decays through ONE decay channel
t — bW, BR(t — other) < O(1077)

«The total and differential rates are calculated with O(10%) accuracy

*Top quark is unigue and powerful instrument to study SM physics and search for
manifestation of New Physics beyond SM



" Study of Top Quark

total production cross section (¢t pair and single top)
differential distributions, like M (tt), pr, ..., spin correlations
my, Diot(t — X)), Vi

the top production and decays due to new physics

gtt, Wb vertexes, rare top decays

¢ New Physics (beyond SM) can manifest itself by different ways

anomalous gtt couplings

anomalous Wtb couplings

Flavor Changing Neutral Current (FCNC)
new bosons (H=, W', Wgr, Z', nr, pr, ...)

extra dimensions, ...
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\Production Processes

gg — tt

¢ it production (QCD) l %ﬁ: W
q 4 q q q L
W+ ;
e single top production (electro-weak) bzs QEEJ qf>mm<b

t-channel s-channel

4q t
t 1 -channel
b
b W

o tthb
o ttH tiW* tiZ
¢ t-quark production due to new interactions




" Tevatron Cross Sections
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Analysi§ Methods

Counting events

lates/Likelihood

Matrix Element o
Form per-event Evaluate the probability of Use probability into one
probability using matrix each event for signal and - likelihood (discriminant

elements background hypotheses type or as a function of a
parameter)

Neural Networks, Boosted Decision Trees I,K;L

Find good discriminating
variables (well modeled
in MC)

Input variables from MC to

‘ Use output as a
train a multivariate package discriminant, likelihood fit

between data and MC
7




‘Top Palr Productlon (QCD)
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Top Pair Analysis Channels

Top Pair Branching Fractions _
= Dileptons

alliets™44% o gmall rate, small
backgrounds

2 Main background: Drell-Yan

t+jets 15%

" Lepton + Jets

r A% 2 Good rate and manageable
v 2 backgrounds
"-1\’\ ‘\?5?,!% u+jets 15% ) :
Wiire  “A% J Main background: W+jets
¢ e+jets 15% ) . :
"dileptons" “lepton+jets” = All-hadronic (alljets)
Q2 Large rate, large background
2 Main background: multijets
Decay lifeme/ //%!econqiry vertex
e Y |dentification of b-quarks through secondary vertex

P IS a critical point to reduce backgrounds
9



tt: Cross section measurements

Recent D0 and CDF analysis in different channels
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tt: Cross section measurements

DO Run ll +- preliminary March 2010 CDF
T II\I|I\I\‘I\\I‘II\I|\I\\|\II\|\I\I
o [ Cacciari et al., arXiv:0804.2800 (2008)
'?‘;t;;d"e"t"”’ +lepton (°Ro) o 7.84 10451060 102 pb Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)
jets (b1agged & topological, PRL) H®H 7.42 053 £0.46 £0.45 pb : e
09" Dl_leptor_|1 o 7.271(()8.5)&%48?;:2&%2“
|':j§t;_fneural network b-tagged, PRL) - 8.20 jggé rgg; iggg pb (L—43 fb ) iii ¥
; i
d;'?'f:fm (topological)* Hi@+ 823 105210804085 I(.Legtg?b-l_-;)]ets (ANN) :;: ! 1.63+0.37+0.35+0.15
=4, i
rrrack (ososedr A 5.0 11809 .05 pb Eii
]
tautlepton (b-tagged)’ H3420 | Lepton+Jets (SVX) i» i 7.1410.3510.58+0.14
el g9 F— 7.327 0, " 05 2045 pb (=43 fb_1) iii
e {84 597 s pb All-had 7.240.5041.10:0.42
) C -hadronic  =——ei i — 7 2+0,50+1.10+0.
alljets (o-tagged, PRD) L o 6.9 13 *14 .04 b (=29 fb'f) iii
10fp" 1.3 -14 m
(stat) (syst) (lumi) . iii
- 175 ey M M. Cacoariefal, JHEP 0809, 127 (2008) CDF combined ; iii b 7.50+0.31+0.34+0.15
Miop = ¢ N. Kidonakis Bnd R| Vogt, PRD 78, 074005 (2008) 2 = i = 2
CTEQGEM. 5 Moch and P, Uwér, PRD 78, 034003 (2008) 11DOF=0.60 iii m=172.5 GeVic
Lo Lo 1 e |0 ]| o v b b b b by
0 2 4 6_ 8 10 12 4 5 6 Z ] 8 9 10 1
o (pp—> tf + X) [pb] o(pp - tt) (pb)

Tevatron combination is in progress



tt: Top Mass Measurement

Mass of the Top Quark

D0 matrix element analysis in |+jets channel
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T T
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[~ 1 T ]
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I——— ) e—
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‘Top Mass — Indirect Constraints

80.60 I I | I | I I ] I | I I I I I I I 1 [ I I I | I
-  experimental errors: LEP2/T
= Measuring the W boson mass _ experimental errors evatron (tOda%mSUs\(
and top quark mass precisely _ %A
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allows for prediction of the mass
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t V4

@
o
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o

Ar « log my

Ar o m2
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SM 48009000088
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both models Eiii ] -
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tt: Direct measurements

D0 900 pb® R = 0.97733; R>0.79 @95%CL

R B(t— Wb) _ | Vo |?
Bi—Wq) [V, P+1V,P+1V.P CDF162pb*R = 1.12702)(stat) 017 (syst)
R > 0.61 @95%CL
ME, MZ .. 2a5,27% 5
Do=TP1 - 024 2- W) - 25(5- — 7)) M =15GeV
t 't s Ml )

CDF 4.3 fb™ Direct Fit [, <7.5 GeV; T, >8.7x10%*s @ 95% CL; I'_ = 1.9*"° | .GeV

D0 2.3 fb™ Indirect Fit ', = 2.1 +0.6 GeV; T, <5x10*°s @ 95% CL
Fr =

D(t — Wh),,,

B{t — Wb)

o(t—channel)

DO 1 fb™* direct top antitop mass difference: m_-m = 3.8 +3.7 GeV

top antitop

Top charge:
CDF 2.7 fb* measurement excludes top charge -4/3 with 95% CL
DO 370 pb™* measurement excludes top charge -4/3 with 92% CL
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tt: Spin Correlations (dilepton channel)

anti-lepton vV
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Forward-Backward Asymmetry

. i Due to interference terms |4 | (e
( N-(y) = N (=) ) SM predicts at NLO >-§'< at |t
o oo | (MAY e less at NLO+NLL): |4 ¢ | lg —2~Ferl— 7
F-B ' ppbar — +
App, = D p ’/' Ag, 0.05 = 0.015
DO results
AFBppbar: 012 1008 (St-ﬂt] iOO’I (5};51:) 09 ﬂ:zr_d|
A% = 0.08 £0.04 (stat) +0.01 (syst) 4.3 fb* _ ]
CDF results: ——— T ?
Argreeer = 0.193 £ 0.065 (stat) £ 0.024 (syst) 3.2 ¢5"
AFRppbar = 017 + 007 (Stat) + 004 (Syst) 'I 9 ﬂ::r:|
AFBttbar: 024 iOAI?J (Et-ﬂt) i004 (syﬁt) 'Ig ﬂ::r_a|
AP = 0.15+£0.05 (stat) +0.024 (syst) 5.3 fb™
A" = 0.158 £0.072 (stat) +0.017 (syst) 5.3 fb*

16



tt: Resonant Top Pair production

1.2
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. 04 7
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0.2 } + —
- - - C 11 II"II L1111 IIII|IIII|IIII‘|-_I--I‘-II IIII:
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Resonance in CDF %255_ | \ —— Ohservedlimit‘atgﬁ%C.L. E ;
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20 1 L
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tt: 4th generatlon t' search

103f CDF Run2 (4.6 fb") 1
i Preliminary { Observed

> 2 t't"
0] 0%y ot
w [ W+jets, EW
N 4o1f m QcDp
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g L
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(L] 1
= L -
£ +

-20

— M| . . .
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Exclude M, <335 GeV @95% CL

DO 4.3 fb*
Exclude M, < 296 GeV @95% CL

events
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o(pp—tt) (pb)

0,01F theoretical prediction

CDF Run 2 (4.6 fb)

Preliminary
t'—=Wgq, = 4 jets
Hr vs. Migco VS. Njet

range of
expected 95% CL
upper limits

Bonciani et al.
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Branching ratio

tt: MSSM Charge H* in decays of t

M,=120 GeV t — H' b search CDF Run Il Preliminary
- Excluded 95 %CL = 175 GeVic ? Ldt=192pb -
L b 160 - = I o I\:\ 160
F H* decays to I 7 SM Expected \\QR\Y\YNE
. . 7 Pe NN
r - 140 - ] SM 1 o Expected N - N 140
r - { e R v ER [ Excluded CDF Run li N z2 Y
- W t ©120- =237 =2 120
i _x;ﬂo . H = _' § E [[] Excluded LEP § ‘é ﬁ 3§§
= — =
: =108 Nt
[ ., 5 3 EI 80 s i ] 80
S o /
| L L R S A | L L -
; 10 m 60 60
1] 107 10
] D@, L=1.01b" M <M tan(f)
03 1 H t Mg,5,=1000 GeVic 2, p=-500GeVic %, A =A,=2000GeVic %, A .=500GeVic *
87 B(H -t v)=1 M;=0.498'M 5, M ;=M;=M =M =Mp=Mg=M =Msysy
1 —=— Expected 95% CL limit DO and CDF
+ . - +
067 —e— Observed 95% CL limit Have excluded Br(t-H’b) and M, in different decay channels of H
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0.4-] @ 0-7¢ : : . . AQ o :
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T o6f ®-95%Cldaa % —— Expected 95% CL limit
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1 o o 1o expected
0 i . . L x 0.5 PR
80 100 120 1d0 w 2 ¢ [ 20 expecte
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‘Top Single Production (EWK)

q-'
: g t 2 -
q ] - / / t-channel (Q.W < 0)
. W s-channel (Q3, > 0)
p 1 : 2 A2
t L« g ; , . associated tW (Q7 = M)
b /

b
t-channel s-channel Wt associated production
tft_ gs [pb] o [pb] T+W [pb]
Run I t,t U.Tﬁ—l__g'lég 1.46—|__g'ig — Sullivan
Run II t,t  0.8870 7 1.987 020 - Sullivan
1.96 T3B 0.98 £0.04 2.16+£0.12 0.26+0.06 Kidonakis
t 6.567 007 1559712 - Sullivan
LHC t 4091023 90.71%; -
14 TsB t 7.210¢ 146 + 5 41 + 4 Kidonakis
t 4.0 £ 0.2 89 +4 41 +4
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Single Top t(t) issues

Independent electroweak channel of top quarks with
Wtb vertex in production, not only in the decay of top

Direct measurement of th CKM element

Unigque spin correlations
Significant background for the Higgs search
Wide spectrum of «New Physics» to test

XS is about 40% of tt rate but the background is

significantly larger, therefore sophisticated analysis
techniques have been developed

Observed in 2009, 14 years after top quark discovery
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t(t): DO Analysis, Selection

Yield [events / 10 GeV]

Event Yields

in 2.3 fb~1 of DG Data

e,M, 2,3,4-jets, 1,2-tags combined
tb + tgb 223 + 30
WHjets 2,647 241
Z+jets, dibosons 340 = 61
tf pairs 1,142 + 168
Multijets 300 + 52
Total prediction 4,652 + 352
Data 4,519

W+Jets Cross-Check Sample

400- D@ 2.3 fb™
H; <175 GeV +
300~ 1 b-tag
2 jets
200
100
0]

50

Data ¢
tb+tgb IR
Wbb IR
Wcec
Wjj+ Wcj R
Non-W Il
Multijets IR

0 100
W Boson Transverse Mass [GeV]

150

Yield [events / 5 GeV]

Yield [events / 10 GeV]

40

20

80

60

40

20

% 50

DG 2.3 fb™

0 L
b-tagged
all channels

Data ¢
tb+tqgb
Wbb
Wecc
Wjj+ Wej

0_

OO 50

100
W Boson Transverse Mass [GeV]

tt-Pairs Cross-Check Sample

DG 2.3 fb™ Data ¢
th+tgb I

Hy> 300 GeV Non-t Il
1,2 b-tags ottty
4 jets tt > (+jets I
Multijets Il

;

100
W Boson Transverse Mass [GeV]

Z+jets
Dibosons
tt > U
tt — (+jets
Multijets

150

150

22



Event Yield

t(t): DO High Level Analysis

Three parallel analysis methods: BNN, BDT, ME

Event Yield

Analyse the shapes of discriminants to get final results

500

400

300

200

100

¢ Data |
W b +tgb DG 2.3fb
Il wbb

M wce

M wjj+Wej 150
M Z+jets
|y}
M (i (+jets 100
Bl Multijets

50

85

0.2 0.4 0.6 0.8 1
Boosted Decision Trees Output

Event Yield

500
¢ Data -
= i D@ 2.3fb
Wbb
400 M Wee
B Wjj+Wej 150
B Z+jets
| Wi
300 | tt':))£+jets 100
L Il Multijets
200 %0
100
0

0 0.2 0.4 0.6 0.8 1
Bayesian Neural Networks Output

w
o
o

200

100

Event Yield

100

50

¢ Data 1
M tb+tqb Dg 2-3 fb
Il wbb

W wee

W+ Wej

B Z+jets

Y H, <175 GeV
Wl i/ +ets

Il Multijets

0.2 04 0.6 0.8 1
Matrix Elements Output

DG 2.3 fb”

H,> 175 GeV

0.2 0.4 0.6 0.8 1
Matrix Elements Output
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t(t): DO Combination of BNN,BDT,ME

High Signal Region — Q xn

w
o

High Signal Region — m,,

DT 2.3 fb™'

March 2009
Decision Treles 3.74 18;38 pb
Bayesian Nl\lls —e— 4.70 13;2,3 pb
Matrix Elements 430 *932 pb
BLUE Comblination 4.16 +0.84 pb
BNN Combirilation 3.94 +0.88 pb

l
mmmm N. Kidonakis, PRD 74,

14012 (2006)

Migp = 170 GeV
|

0 5

10

G (pp — tb+X, tgb+X) [pb]

3 [ - Y -1
2 DG 2.3 b ? DO 2.3fb
3 O
a I o 30
c Ranked 0 Ranked
Q 20 combination s Combination
W, | Output>0.92 é 20 Output > 0.92
2 w,
()
s 10 T 10
2
s
04 0 0 2 y 100 200 300
Q(lepton) x n(light-quark jet) Top Quark Mass [GeV]

B tb+tgb
I wijets
I Other =g 9=
- tt g_ - '1
B Multiets ' 0.2 DORunlil 48 fb

"Z; 0.183— oMmeasured_ 3_4+_11?-.g pb

8016 95% C.L. Upper Limit=7.3 pb

§0.14§— GPPected_ 37+ 22 pb Dg T+ jets

§ 0.12F 95% C.L. Upper Limit=8.5 pb

10 12 14
Signal Cross Section [pb]

Single Top Quark Cross Section

December 2009

D@ c/u+jets 23
4.8 fb’

D@ Combination

I N. Kidonakis, PRD 74, 114012 (2006)
1

Bl B.\W. Harris et al., PRD 66, 054024 (2002)

3.94 *y'gg pb
34 %3 pb

3.84 1022 pb

Miop =170 GeV

0

2

G (pp — th+X, tqb+X) [pb]
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t(t): CDF Analysis, Selection

-1 -0 5 0

0.5 1

KIT Flavor Sep. Output

200 250
M (Ivb) [GeVIc?]

1 -1 CDF Run I Prellmlnar , L=3.2 fb™
3.2 2117, s000 pls2w!
Process ¢ + Et + jets  Hr + jets S 4500 - [ t-channel —
. — , , — > 1 1 W-+light
s-channel signal (7.3 £ 11.2  29.6 = 3.7 w 4000 - waﬁh?{m -
Ee] F +Dotiom
t-channel signal 113.8 £ 16.9 345 £+ 6.1 %3500 L Haoy
W+ HF 1551.0 + 472.3 304.4 + 1155 23000 - M oiboson ]
- o . . o 2500 + CDFData
tt 686.1 £ 99.4 184.5 £+ 30.2 2000 | ——— i
Z+jets 52.1 £ 8.0  128.6 £ 53.7 1500 L b
Diboson 118.4 = 12.2 421 £ 6.7 1000 & e ]
QCD-+mistags  777.9 + 103.7 679.4 + 27.9 500 h
et 233765 - 5049 1404 = 17°
Total prediction 3376.5 + 504.9 1404 + 172 0 Waljet  Ws2jets Wa3jets Wadjets
Observed 3315 1411
TLC 2Jets 1Tag CDF Il Preliminary 3.2 fb’ TLC 2Jets 1Tag CDF |l Preliminary 3.2 fb”' o a
L W single top 4 W single top " TLC gJets 1Tag CDF Il Preliminary 3.2 fb
5 Mt ~ £ i Ot £ [ Etsflngle top
I.|>J i Ewlém\mcc : u:: 400|:— Ewgb#ﬁcc % g ZUOI:—IZIEbEWcE
o 200- M wqq o | mwg (54 R 4t
» i [ Diboson < 3001 [ Diboson - ° 150 EDiboson
=) - Ség%tﬁ i) - SE:J:‘E}S g -g - [ Z+jets
- i - .E = = | @QcD
5 100_ data E 200? « data _{_ g E 100[_ « data
O [ 8] - 20 B
: 100§ S 50f

ok

-2 0 2
Q (lep) + 7 (jet)



Events

Events

t(t): CDF High Level Analysi

Six parallel analysis with NN, BDT, ME, LF in I+jets (5) and MET+jets (1)

MET+jets (MJ) adds about 30% of the sighal acceptance
Analyse shapes of discriminants to achieve final results

1000

500

200F

100}

@
F 20 +
10
0 0.7 0.8 0.9 1
|
+
-
| | ‘-o‘_!'
0.2 0.4 0.6 0.8 1

LF Discriminant

BDT Discriminant

L2 600}
c

400

200 I"+

0

(b)

[ | ﬂm:
g
Oh—-— e

+

0.2

0.4

0.6 0.8 1
ME Discriminant
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Events

30

20

10

0.6
LFS Discriminant

0.8 1

] 0
= 300}

Eve

200}

100

é 200 0
150 . #:iii*
100} ﬁ %
50} #2- -
Ty B,

S

CDFRunll,L=32fb"

B Single Top
W-+HF

I
QCD+Mistag

I Other

—— Data

MJ Discriminant



Events

‘t(f): CDF Combination of Six Analysis

LF, ME, NN, BDT, LFS discriminants are combined with Super Discriminant (SD)
SD is neural network trained with neuro-evolution (about 13% improvement)
Final results achieved by fit over two orthogonal discriminants SD and MJ

0.4

06 08 1
Super Discriminant

Posterior Probability Density

CDF Run Il Preliminary, L= 3.2 o’

GSingla Top

25300

CDF Preliminary Single Top Summary
For M, = 175 GeVi/c?

S-Channel
Likelihood Function 1 0.9
(3.2 ‘ 1.5% 0.8

0 2 4 8 8

Single Top Cross Section [pb]

10

Neural Nefwork
(3.2fb)

Matrix Element
(3.2f)

Likelihood]Function
(3.21)

Boosted Qecision Tree
(3.21)

Combinatipn (Lepton+Jets)
(3.21)

MET+Jets,
(2.1fb)

Combinatipn (All Channels)
(3.21)
| | |

S

5 0 5
ingle Top Production Cross Section (pb)
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t(t): Tevatron Combination (DO&CDF)

DO e+ combination (2.3 fb™) ® 3.94 ") pb
DO t+jets (4.8 fb™) & 3.40*72° pb
DO e+u+t combination ® 3.84 % 22 pb
CDF combination (3.2 fb™")—g@— 2.30 "3 pb
CDF+D0 combination —@— 2.76 "0>2 pb
Theoretical SM prediction at top quark mass 170 GeV

0 1 2 3 4 5 6
o(pp— tb+X, tqb+X) [pb]
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t-channel cross section [pb]

t(t): t- and s-channels of single top production

q q £
q b
¢ t

v b

w+ -

q' b

g b
DQ 2.3 fb" 5 SD + MJ Combination
. — L B I B L B BN B B
- e CDF Data
DQ@’s measurement @ =3 4.5 E [ 68.3% CL E
> 68% CL S ar [ 95.5% GL E
90% cL 1l E 25 - [] 99.7% CL .
4 oswcL Wl | @ TV I SM(NLO) :
sM ¥ 8§ 3 B SM(NNNLO) -
%) C ]
Ztu FCNC — C 7
3 g, =004g, ¥ g 25 :
V.|=02 & E 2 b .
Top fl Q - ;
2R mo1Tev & | < 15[ =
B Top pion = C

N m, = 250 GeV 1 ¢ B
- 0.5 | 3
0_\|||‘||||||||||||||||\\|||\\ 0:-|-|||-||-||-|-| ||||-|||-|||-|-|:
0 1 2 3 4 5 0 05 1 15 2 25 3 35 4 45 5
s-channel cross section [pb] s-channel Cross Section o_ [pb]
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‘t(f): Direct measurement of V.,

d’ d Vud Vus Vub
S |= Ve S VCKM = Vcd Vcs Vcb
b b Lth Vi vtb
[ Tolatd
Iy = \/—.{ fi['PLﬂLff%PR]_MW(Pt b)), [szL+f2RPR]
> 3 .
E _ Tevatron Preliminary, August 2009
€ | Forog™ =3.14pb
flL — 1. f2L — flR — fQR — 0 Q2 5[ [PRD66 054024, 2002]
| 8 [ Iv =091+0.08
S
X ) , % 2 95% C.L. limit: 0.79
|th| > |th| + |Vts| E : For Gtheory 3.46 pb
1.5 [PRD74 114012, 2006]
N = -+
Measurement does not assume - L‘;%J coﬁsﬁ;:-‘?ﬂ
3 generations or unitarity 1 cT S
0.5
- i |
% 02 04 06 08 1




o (pp— W) x B(W’ — tb) [pb]

t(t): W' search

Vi |
L :ﬁ%gn’.]‘f‘yﬁ[ﬁﬁi(l + '}/S) +ﬁf}(l o TS)]WL,]‘; +H.c

| CDOFRunll: 1.9 fb" |

CDFRunll: 1.9fb" |

160 Expected Limit 1'2,
s [ 1 + 10 Expected Limit B
] 4: —e— Observed Limit 1;
B e Theory: W'— v Allowed -
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t 1.2 ¥ T i
N 0.8
- Iz b -
w T \ & |
V\/\/X = 048] . S06C el
2 %% s | '
& T e
2 0.6 '
o

L“‘-‘

B ‘\'*\1__.,1—_;_—_,,,_. 0.2

T
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---------- Obs Limit: W' — Iv Forbidden

T
=]
»
Il\llllF\
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N | I I [ | L1 11 | I | I | L1 .|-Q\:- | N I | | 1 L1 | | I | ‘ I I | | L1 L L ‘ | N I | | L L
00 400 500 600 700 800 900 Y0 200 500 00 700 800 900
W’ Mass (GeV/c’) W’ Mass (GeV?)
DO 0.9 fb? | —®— Observed limit DO 0.9 fb! —&— Observed limit 1.5 40O 0.9 ib™!

3] (@) —--a--- Expected limit
i SM+W’ NLO (M, < M)

W
1

(b) ---m--- Expected limit
= W NLO (M > M,,)
i W’ NLO (M, < M,,)

no W/W’ interference

(c)

with W/W’ interference

()]
1

—¥— Observed limit (M > M)
—i— Observed limit (M < M)

—r
1
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o (pp— W) x B(W’ — tb) [pb]

no W/W’ interference

0
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\t(t) Charged Higgs Search

>---< =l (5

DO limits @900 pb™
For Type |, II, Ill 2HDM

Charged Higgs Branching Fractions

1
L .::.‘ +

N
<,
I

)i (557

-

Q
o
I

“““““““““““““““““““““““““““““““““

© HDECAY $.200 AT
[ MHY)=200Gevs %

Branching Fraction (2HDM II)
T
d
2

Excluded region 2HDM Type |
Region where analysis is not
valid (I',, > 50 GeV)

M,,, [GeV]

My+ (GeV) tanJ <0.1 tan3 = 1
180 0 (11.
200 | 5.9 (9.6) 6.3 (9.9)
220 |[29(42)] 3.0 (44)
240 |[23(31)] 24(3.3)
260 |[3.0(28)] 3.0(2.9)
280 |[40(26)] 4.2(27)
300 |[45(24)] 4.7 (24)

tanb’ =) tan;‘j’ > 10 185

180

30 (4 ”) D@ 0.9 b’

O P SR S S A A RS A A R
26 (13‘”’) 10 20 30 40 50 60 70
3.0 (3.0) tan &
15 (29)

19 (25)
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t(t): Anomalous Wtb couplings

E:-j%%”%ﬁﬁ%+ﬁ@ﬁmﬂf sm: fE =1, ff =ff=ff=0
g —iot g, Vi P =(1-1;)/2

— b f3Pr + [2Pp)tW "~ + h.c.
a3 w2 > Pr)tW, Pr = (1+75)/2
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— ® Measured Peak - [ ® Measured Peak - [ ® Measured Peak
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tt: W helicity in top decays

CDF Preliminary (JLdt= 1.9 fb'l)
Assumes mg= 175 GeV/c2

Matrix Element:

IWLLLLLIRLTAR NIRRTy iy

LR L T

+

(fix £+ =0.0)

£,=0.64 =0.08 +0.07

munnnm o

Cos 0% Unfolding:

—— ®
£.=0.15+0.10+0.04

£,=0.38 =0.21+0.07

£.=0.01£0.05 £0.03 (fix £0=0.7)

(fix £+ =0.0)

f,=0.66 =0.10 £0.06

munnnn o

Cos 6* Template:

£,=-0.03 £0.07 £0.03 t,=0.65 =0.19 +0.03

& (fix f0=0.7)
£, =-0.04 £0.04 £0.03

f.

(fix £+=0.0) £ =0.59 +0.11+0.04
[ ; L1 | | I | I | | ] é ] | [
0 0.2 0.4 0.6 0.8

ey L S, U

3 1%
O O O
=4t ol
W b b
}\.W:'l }‘WZO }"W:+I
F o~ 2JMF§-' ~030 FONL=O.70 F =0

-T2 Ayl ~ 2 172
m. +2M,, m, +2M,

Reconstruct helicity angle of

. . (*
lepton in top quark pair event &
h e @rrrrienans >
H_OLZE DO Run Il Preliminary /W+
1? L=22-2.7fb"
o8 x\fo=0.4910.106(stat)i0.085(sys)
06 f =0.110x0.059(stat)+0.052(sys)
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tt and t(t): Anomalous Wtb

Constraint from W-helicity f, f_ (tt)
2 o

2
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R
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el Do Preliminary 2.2-2.7 fb &

D@ Preliminary 2.2-2.7 fb™

|f
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4
g tf

Combined constraints from W-helicity and single top measurements
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CDF single top polarization search

(R: V+A, L: V-A)

l+ T I I T T I T
W+@<: 004 g — s-ch(RRLL)
t L. Y s — s-ch(SM) ]
! . o | i
\ : -
0T [
R R :
q’ b Dzs :
vz B
nois [
CDF Run Il Preliminary, L=3.2 fb™ 0.0 b
= i TS |
= [ 95% CL _
- 5 B U fGAGI 0 02 04 05 05
201 m 68% CL
E -
D -

« CDF II Data

L1 PN T T S S NN S T TR T N T T
2 3 4 5

Os+t(RRLL) (pb)
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FCNC Search

Flavor Changing Neutral Currents (FCNC) ¢t — qg, t — qv, t — qZ

SM two-Higgs SUSY
B(t — cg) 5-10 1 10°° 10~ 3
B(t—e¢y) 5.1077 107¢ 10~
- . . B(t —cz) ~107" 107° 10~ %
t d,s. b c, u

FCNC processes lead to additional contribution to tt and t(t) or exotic final states

i q o t BT
‘ ‘ u(c) % t1+Z >¢v«v<
i_: ¢ - ! TOo0000

qgq — tc gg — tc

<,
&
<
&
a“’
<
>
< ,
>
L <

cq — tq cg — tg
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t(t): FCNC Search in Single Top

3 A? : A9 i -1
Ftug — v Ay Gﬁﬁrgg”cg ot St GO b DO NN analysis @2.3 fb

A 2 A 2

q
° qq — tu, uwg — tg, gg — tu

Kgt, /A < 0.013 TeV'
Kge. /A < 0.057 TeV™
o(u(c)+g —1t) < 1.8 @95% CL B(t—>g.) < 20x10"
B(t—gc) < 39x107°
o(gtr) < 0.20 pb

CDF NN search @2.2 fb*

Converted to coupling limits:

Fiug/A < 0.018 TeV~! assuming k., = 0 o(gtc) < 0.27 pb
_q . at 95% CL
[ CODF's95% GL limit D& 2.3 fb™

Or Branching limits: 3 22 e 68% CL °

90% CL [l

95% cL Il

B(t—u+g)<39x10"4
B(t —c+g) <57x107"3

sm

preliminarny

(]'(gtlu/A)2 [1 04 TEV_Z]

CDF's
S5% CL limit

40 60
[10~ TeV?] 38




tt: FCNC in the decay of top

1.9 fb* CDF Search for t-Zq (g=u C) Best Fit to Mass >
In top pair production: z '”'d' N'Tb'T'd 'C'j'
tt-WbZq and tt-ZqZq 5 13 g%?s} O.?’i-j ﬁ»ﬁﬁ‘j}c (13:5) E‘ggm)
] 40} @ Daa(19 fb!) CDF Run II
Construct permutation mass: O FONC (i (3.7%) [Ldr=19 b
_ . 2 0, o 2 Fit Uncertainty
= (mw,rec mw) N (773-t—»1be,rec mt) 0 7.+ Jets (HF & LF)
oW Tt—Wbh >0 | B Standard Model it |
2 B Diboson (WZ, ZZ)
Mit—Zq rec — mt)
Ot—Zq
The result of the fit: J;E'j,_,_ﬁ,,_
B(tﬁzq)<37%at95%CL ()246 0 2 4 6 0 2 4 6 8§
Significantly improves the previous best limit from L3 (LEP 1l) 13.7% A

1.9 fb* CDF Indirect Search for invisible top decays

Upper Limit (%)

(170 GeV)

Decay Ryx/ww (%) Upper Limit (%) Upper Limit (%)
(175 GeV) (172.5 GeV)

B(t — Ze) 32 13 15

B(t — gc) 27 12 14

B(t — ~e) 18 1 12

B(t — invisible) 0 9 10

18

17

15
12

39




Search for ttH channel in DO 1fb™

ttH — ttbb

SM

=== Expected limit 95% CL/Theory

s
o
w

wemp=aa Observed limit 95% CL/Theory

meas’ Oun B(H — bb)

Gy "B(H — bb)
2
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl
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o
(4]

D@ Run Il Preliminary (1fb”

S—

rrr [ rrrr[rrrr [T
—a— Expected limit 95% CL
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= === m=M,/2=500 GeV

wmn- Standard Model

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII[
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0.1 .
-------------------- ~—— :
1 1 L8 L l i 4 ' ] l L ] ] | I ] ] |-|-1-|--|-|--|-Fq-:l l-
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Conclusion

Tevatron demonstrates a good agreement with SM In
top sector. There are no any evidence of deviation
from SM In top physics.

Tevatron is still the main place for top physics, many
analysis are published and we expect more with the
nearest future expected statistic of 10 fb™

Detalls are available in the dedicated DO and CDF
publications (>150) and in the following links:

http://www-d0.fnal.gov/Run2Physics/top/top_public_web pages/top public.html
http://www-cdf.fnal.gov/physics/new/top/public_mass.html
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