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Why we study Top properties?

Top quark lifetime is short
*» Decaying before hadronizing
 Studying bare quark

Fundamental question
“* Why top quark is so heavy? Is it related with EWSB?
“ Is it SM top or mimic with non-SM top like particles?

“ Is it decaying to non-SM particles or non-allowed final states from
SM?

However it's still little known particle

Top quark is an ideal place to study new physics
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Study of top properties at CDF

95% CL upper limit on BR:90<H*<150GeV

BR(t—>Zq) < 3.7%0 at 95%0 CL

W helicity : F,=0.62+0.11 & F,=-0.044+0.05
M,=172.6+0.9_..+1.2. . GeV/c? Sy o :
< 13.1 GeV at 95% CL

Exclude g = -4/3 at 8720CL
M.” <311 GeV at 95%06 CL

F,,=0.07%9-15 = _(stat+sys

A '2P=0.1940.07,..+0.02

M_.>805 GeV at 95%0 CL



Study of top properties at CDF

b
Costas’s talk tomorrow BR(t—Zd) < 3.7% at 95% CL

W helicity : F,;=0.62+0.11 & F,=-0.04%0.05

< 13.1 GeV at 959 CL

Exclude g = -4/3 at 87%CL Alexei’s talk today

David’s talk tomorrow

q

Tom’s talk tomorrow

(stat+sys)
' Glenn and Monica’s talk

4 M_.>805 GeV at 95%0 CL




Production
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Top production mechanism in lepton+jet (1 fb1)

Produced in pairs via the strong interactions
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Number of events

Top production mechanism in lepton+jet (1 fb1)

’s Data fit (# of track) Data fit (Neural net)
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Top production mechanism in dilepton channel (2 fb1)

 Azimutal angle between charged lepton can be used as
discriminant

CDF Run Il Preliminary (2fb) CDF Il Preliminary 2 fb”

7 - 1
E 35 —e— data .g
Q —qq + g9+ BG e
> ——gg + BG 1 g
) 30 |~ background m =
j (#2]
BB [ e (@))
j Q
| -
15 |
10 F
5 g
S e mEm @ mm s =2 4 0 1 2 3 4
0 0.5 1 1.5 2 25 3 i ) )

Ao [rad] Measured gg fraction
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do/dmy,,, in lepton+jet channel (2.7 fb1)

e do/dmy, ., IS sensitive to a broad class of models

 In situ JES calibration significantly reduce dominant JES
systematics

CDF 1l Preliminary

—— SM Expectation

- SM Uncertainties

o CDFII Data,j L=27fb"

=
o

tt

do/dM _[fb/GeV/c?]

=
Q
N

| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
200 400 600 800 1000 1200 1400
Unfolded M_ [GeV/c?]

o

* No evidence of inconsistency with SM
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M, resonance in all hadronic channel (2.8 fb1)

e Various BSM theories predict resonance ttbar production
from massive Z like boson

CDF Run Il preliminary, L=2.8fb"

= 4

CDF Run Il preliminary, L=2.8fb" 'g_ . —=— Expected limit at 5% C.L.
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5 L - QCD |= 3.5 __, ............................................. Expected Iimitatgs% C.L.ih
a - : : : = -
2 i ; B swmi cT C Expected limit at 95% C.L.+20|
Saoo— Mo S ...| —— CDF data, Nev=2086 X 3
s B : : : g —=e— Observed limit at 95% C.L.
: ' i 3
o 332 -5 B R R S Leptophobic z, ry=t . Mz.
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|\.-| ..................... 1.5: ...............................................................
05: ...................................................

lllgnnlll{nnn _ illljllllillllilllt |
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M,  [GeV/c’]

e Consistent with SM prediction
o Seta95% CL limit of Z' = 805 GeV
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Top like particle
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Stop search (2.7 fb1)

o Similar signature with a top dilepton event

~_|_ ~

’f'tT —> bb;(1 7

— bbee7° 70wy

~0~0

e Dilepton branching ratio is determined by SUSY parameters
like tan g, and mass of SUSY particles

N
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CDF Run I F'rellmlnary (2.7 tb™)
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Reconstructed Stop Mass (GeV/c?) m(t,) GeV/c®
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Properties
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Top quark width (1 fb1)

Reconstructed to i
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Top charge (1.5 fb1)

Is it +2/3e as SM predicts?

Exotic model predict -4/3e of
top charge

<t ->W-b (SM W+ b)
Measurement

“* Measuring W charge

% Assigning b quark to W

s Determining the flavor of b (is it a
b or anti-b?)

Reject XM with 87%CL

f+ (signal fraction of SM)>0.4
(95%CL)

¢ center=0.87

f+ Generated

CDF Run Il preliminary, L=1.5 fb™

anf—
- —+— XM like
50_— ‘
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o |
e :
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CDF Run Il preliminary L=1.5 fb™
T ;l T T T T T T
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95% C.L.

90% C.L.

68.28% C.L.
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P R PRI IR B
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Decay
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W Hilicity (1.9 fb-1)

« The SM top decays via EW interaction

“* Top decays as a bare quark = spin information transferred to final
state particles

l,q
Spin=1
. . - w’ _
* V-A coupling predict spin=liz v,d
< f, = 0.7 (longitudinal) - ,‘\V A‘
% f, = 0 (right handed) T )
Spin=1/2

% f.= 0.3 (left handed)

 Measuring the fraction of longitudinally polarized W

bosons Q, ‘@ 0.8 [ — left handed
» Reconstructed cos6* %§ s :H
6 *
b D ...:\. ..... >
W~
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W-Helicity (1.9 fb1)

Template fit simultaneously f, and T,
[ CDF Run Il Preliminary | Entries 430
e background
80 :_ == +right-handed
70 - = = +left-handed
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60— + data1.9fb"
N s f.=-0.031t0.0710.03
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t E —
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Matrlx element based technlque
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25}
20}
o
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(f . §08+0 07
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f, (Corrected)

CDF Run II Prellmmary (1. 9 fb1)

Ll L L L Ll

I'II|1Ill-I=

CDF Preliminary (JLdt = 1.9 fb'l)
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l—.—.—.—l
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n—.—- .
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=
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W-Helicity Fraction from Top Decay
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Branching ratio

Charged Higgs Search (2.2 fb1)

M,.=120 GeV

H*" decays to
w

—C3

—th

— W*h"
WHAC

sssus BR(t— H'b)

2 . | 1:].-[-.51'-2-':‘ _— 1}.-]-
=) .2

e Search for H*—cs from t— H*b

“* In the low tan(, this process is
enhanced

« Event Reconstruction using
Kinematic fit

UE, fit _ le-’E.mens:IZ
2

i, meas )

.2_|_ Z LD

orpr
i=ldjets =,y UE

(M, — My )? ” (Mpte — M)? (M — Me)?
+ 7 3 + 7
Fw Ft Fx

% Here H* replaced W* from standard
model top kinematics

¢+ Reconstructed dijet mass
distribution can be useful to extract

............ / charged Higgs
| | | L1 1 | 1 1 1
10 tan(p)
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Nevent/[6 GeV/c?]
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Charged Higgs Search (2.2 fb1)

Data fit with MH120 template[CDF Runll Preliminary]

IL=2.2:|: 0.1 b
NHiggs= 4.05+ 123 -11.94

K-S test= 0.236

NW = 182.27+ 1348 -13.21
NBKG= 1375+ T7.19 -T.11
¥2 = 0.762853801

Ow

(CJHiggs

@eke

* DATA

-
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M(di-jet) [GeV/c?]

@ 0-Tr
o B :
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B 0.5, L 10 BXPECIET
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‘E: |
DA i
.nT.
=y
0

CDF Runll Frellmmary [2.2fb° ‘]

o

110 120 130 140 150 160
MHA)GeVie']

90 100

Template fit to the dijet invariant mass in Lepton+Jets channel
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Generic Charged boson Search

Data fit with MH120 template[CDF Runll Preliminary] CDF Run || Prellmmary [2 2fb 1]
40— b =
g- E K-S test= 0.236 IL=2.2:|:I}.1 " T US_— IIIIIIIIIIIIII + Obsewed@es o C.L.
@ - MNHiggs= 4.05+ 123 -11.94 N L
E 35 NW = 18227+ 1348 -1321 = = —— SMexpected @ 85% C.L.
2 r NBKG = 13.75+ 7.19 -7.11 = B o o
= 303_ y2 = 0.762853801 E o I:l 68% of SM @ 95% C.L.
SF 3 041 [ ]9s%otsm@esscL.
2 I Dw = [ : : :
< 25— [ Higgs = 5 : - :
B Bska T 0.3
C * DATA B
20— I B
- 2 [
15— 0.2
10— i
- 0.1
5 -
: \ # ™ I ™1 I o T T e D B L i 1 L 1 i ] | i 1 1 | i [ 1 1 :I [ 1 1
030 40 60 80 100 120 140 160 48 60 80 100 120 140 160
M(di-jet) [GeV/c?] M(H ) [GeVic]

It can be interpreted as generic charged boson search extending below W boson mass
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Ol

Search for the Top FCNC Decay t — Zq (1.9 fb?)

« Top FCNC is extremely small in SM ~ O(1014)
« Beyond SM : up to O(104)
* Any signal = new physics

W_
y a "
9
0
0 ] t >
Z
DPF 2009 @ WSU Hyun Su Lee,
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xmass reconstruction

9 (mW l'econ_mW)2

Ow

2
MW b recon — My
Crwh

2
M¢Zc recon — My
O:Zc
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Search for the Top FCNC Decay t — Zq (1.9 fb?)

« Data fit for signal (tagged and anti-tagged) events region

e Background constraints in the control region
% (Z+jets dominant region)

Bnt Fit to Mass xz
'E Tagged | Anti-Tagged
(il {13 Events) {&3 Evenia)

401 ° Data(1.8f 'y | CDF Il Preliminary |
O FONG tt (3.7%) [Ldt=19Mm"
Fit Uncertainty
L] Z+ Jets (HF & LF)
g | B Standard Mode! it |
Bl Diboson (W2, Z2)

00246024802488

B(t—Zq) < 3.7% (95% C.L.)
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Conclusion & Outlook

e CDF are studying the top quark in various angle

e So far top quark seems to be standard model top quark

o Still a lot of measurement are limited by statistics
“* Much larger sample can give more interest
“* We already have more than 6 fb!
% End of 2011 ~ 10 fb*
“ LHC will be top factory — can be apply same technique
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