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op quark observation

* Observed by both CDF and DO at " 17 events L
1995 %
“ Top quark observation is the main goal E :
of Tevatron (LHC is Higgs) %
« Use ~20 top candidate events g2
Fermilab director

Fitted Mass  (GeVic?)
5 1 | | !

19 events opF

L —_
|

=
|

Events/ 10 GeVic?)

—_—
|

0 | N LY
80 120 160 200 240
Reconstructed Mass  [(GeVic?)

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University 2



Fermilab/Tevatron
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End of

evatron and CDF
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End of Tevatron and CDF

« We should analyze full data

Luminosity (pb )
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op quark

* Needed in theory as isospin
partner of b-quark

* Properties well defined by
standard model

* Mass (unknown) — SM parameter

GeV
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10—10
10-11

 As heavy as atom of gold

 Large mass defines its unique
properties
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The Top quark

1995 : Discovered 1995 by CDF and DO 8

s ~20 events g
Now : S
Tevatron : Have an order of 1,000 events %
LHC : Have an order of 10,000 events E

17 events

D&

Fitted Mass  (GeVic?)

Standard Model !
. . . 19 events cDF
¢ Single or pair production
*» Electric charge : +2/3 e
“ Width : 1.4 GeV
*» 100% decay Wb
% Life time : 0.5 e?* sec
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The Top quark

1995 : Discovered 1995 by CDF and DO

s ~20 events

Now :
Tevatron : Have an order of 1,000 events
LHC : Have an order of 10,000 events

mreco
CDF Run Il Preliminary (5.6 fb'1)
250 —e— Data
Standard Model 200 [T evoctopas = 1725 G

¢ Single or pair production
*» Electric charge : +2/3 e
“ Width : 1.4 GeV

< 100% decay Wb >0
% Life time : 0.5 e?* sec

. bkgd

Entries/(10.0 GeV/c?)

o2

250 300 §50
M., (GeVicT)
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The Top quark
1995 : Discovered 1995 by CDF and DO

s ~20 events

Now :
Tevatron : Have an order of 1,000 events  Dominant process
LHC : Have an order of 10,000 events ~7.4 pb

Standard Model

¢ Single or pair production J
% Electric charge : +2/3 e ~3 pb
% Width : 1.4 GeV t

*» 100% decay Wb
*» Life time : 0.5 e24 sec
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The Top quark
1995 : Discovered 1995 by CDF and DO

s ~20 events

Now :
Tevatron : Have an order of 1,000 events
LHC : Have an order of 10,000 events

I+

Standard Model + 4

¢ Single or pair production t W V, q

¢ Electric charge : +2/3 e

s Width : 1.4 GeV

% 100% decay Wb b

« Life time : 0.5 e** sec » Very short lifetime < hadronization time

« Unique to study bare quark
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Production and decay

’“‘3 ~70%  * Lepton+Jets

= < One W decay
et | 100/ +. < lepton+neutrino and the
~ _ ° Nt other decay two jets

* BR ~40 %

B o i

. _ * Dilepton

roton ] o _A.ntlprutnn

SS SNS S m® S e *» Both W decay lepton and
neutrino

* BR~10%

« ° AllJets
. \\ < Both W decay two jets
0/ % BR~50%
~ (o}
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Top quark mass measurement
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Elementary Particles and Masse

v gluons

(Mass proportional to area shown: proton mass = )
Are they the smallest things?

Why are there so many?

Where does mass come from? 15



Elementary Particles and Masse

Ve V, V. €
ve vu vt et
v gluons
Higgs
(Not Observed)

(Mass proportional to area shown:

Where does mass come om‘?
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Higgs mechanism

Nothing in the universe  Something in the universe
Higgs Particles

Mass

Electron > x - -

Z,W Boson > /Z/\ ‘
, /S/\Lf
Top Quark
M o coupling strength to Higgs
H

W o w

POUR, "VUR, VU
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M,, [GeV]

Why we measure the top quark mass?

rrrrr [ rr 1 rr 11 11T 1 T 1] 6 August 2009 My imi ='157 GeV
80.70 | experimental errors: LEP2/Tevatron (today) ] | : ]
- 68% CL ] 5. - Aaf,?d - )
i 95% CL ] vl — 0.02758A0.00035
80.60 - P 1 % i - 0.02749A0.00012
: T hgh‘\sus\{ 1 4 - % eee incl. low Q? data -
“_ 53 33 N n
80.50 B 22 13- 1
F <
80.40 :— 2 - -
80.30 1 _
SM i 2 4
MSSM 0 Excluded W/ Preliminary
T T T T T T I T
80.20 both models 30 100
| Heilnemeyer, Hollik, IStockinger, Webler, Weiglein '07
160 165 170 175 180 185 mH MGeVN
m, [GeV]

+35 2
m, =877, GeV/c
* Predict SM Higgs boson mass
 If we found Higgs boson, we can test the SM

300
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Top quark mass history

 Indirect prediction until 1995
* Very precision results are achived

1588

1930

1992

1994

1998 I o LHC best (ATLAS)
1398 #From the EW Fits

s
E 2000 Hpp colliders limit

2002 * ete- colliders limit =
2004 BCDF Runi |héi!;
"
L B
¢
i

2006

Tevatron

ED) Runi

B Runi World Average
2008
#D0 RunZ average result

2010
#CDF Run2 best measurement/average

2012

1] 50 10 150 200

Top Mass [(GeVic?)

250

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,

Korea University

19



Detection - Particle identification

chamber calorimeter calorimeter chamber

jet
= Tracking Electromagnetic Hadron Muon
jet

Antiproton n

Proton {
N _ T

e ® w® w® -,® - -

Innermost Layer... P ... Outermost Layer

* PID using signature of each
detector

i + Energy and momentum
N measurements using

' signature of calorimeter
é energy and track momentum
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Challenge of top reconstruction
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Arb units

0.06

0.04

0.02

Mass reconstruction

« Lepton+jets channel (24 different combinatoric)

i,fit i,measy 2 fit  rrmeas)2
X = i={f,4jets 5 + Lj=zy 2
Ui Uj
2 2 2 2
(Mj; — Mw ) (Mg, — My )* = (Myj; — My)* | (Mye, — My)
+ + + +
['2 2 2 2
W W t t
1-tag 2-tag
_ il a2 F
i E -
. — M__ =160 (GeV/c’) a 01— Il i
- _|J- P g I — M,, = 160 (GeV/c?)
- —— M__ =170 (GeV/c?) 0.08— —[ 2
- op - — M, = 170 (GeVic®)
i -'J- — M_ =180 (GeV/c?) 0.06— JJ-I_ )
C 'op B | — M, = 180 (GeV/c")
- 0.041
- 0.02]-
I R RS S B e M S e r
150 200 250 300 1;5{: 0—— '15'0' — '260' : 250 300

M{*°° (GeV/c")
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Measurement technique (template method)

- Identify variables X sensitive to Miop (OF JES)

. Using MC, generate signal distribution of X as a function of
Mop (O JES)

« Parametrize templates in terms of probability density function
then assign the probability for certain mass and JES

Reco. Top Mass (1-tag(T))

0.12

Fraction/(5 GeV/c?)
a o a

o

e

Event reconstruction
in the lepton+jets

Reco. W Mass (2-tag)
0.14~ CDF Run Il Preliminary 0_14L CDF Run Il Preliminary
- My, : JES:
0.12- -
[ 145 GeV/c? < F @-3 o,
|:] 165 GeV/c? % 0'1;_ D'1 Gc
mec| S 1= P(X;M,_, AJES
‘ T 3 ’ ’
\ [ 205 Gev/c? 5 qoe’ @3 o, top
'*é' i
& 0.04
e o 250 %20 40 60 80 100 120 140 160 180
mreco(GeV/c?) m”(GeV/c )
i, fit i,1meas, 2 .'."fﬁ _ Jrmeasy2
2 v, (7 _pT ) ¥ (U; i
X = i=F 4djets + j=z.y 0_2
z' i)
L My = Mw)? | (M — Mw)? | (My; - f:rn;"*m)2 (Mo, — ffm)ﬂ

~» Construct likelihood based on probabilities
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Lepton+Jets channel

5.6 fbl data — 981 Candidate events meEe

requiring 1b-tag P
Applied chi2 cut(<9) and Hy (H;>250GeV) = —
Fully three dimensional PDF using three P

observables in LJ .. - -

m'eco [Gal/e™)

% 3"d observables is reconstructed mass using

mtreco(Z)

kinematic fit with different combinatoric of jet to £oes-
parton assignment (2" best fit) Eo.osg— — M, - 162 (6o
0.041 — M, =172 (GeVic)

Matrix element technique _
% 173.0 + 1.2 GeV/c?
% Complement technique, consistent result

2
— M, =182 (GeVIc")

T S S T NN SR SR T S N S S S S N 1
'FOO 150 200 250 300 §50
mco@ (GeV/c")

172.2 £+ 0.8 (stat) = 0.8(JES) * 0.9(syst) GeV/c?
=172.2 + 1.5 GeV/c?
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Dilepton channel

5.6 fbl data — 392 Candidate events
No In situ JES calibration

Two observables

“* Reconstructed mass using neutrino
weighting algorithm (assuming neutrino eta’s
and give different weight)

“* mMT2 — interesting observables to measure
the mass of two missing particle system
(introduced for new physics particles)

Best result at CDF

Good Cross check in different channel

mtreco

— M, = 1625 (GeVic))
iop

— M, =172.5 (GeVc)
P

—— M, = 1825 (GeVic))
iop

300 50
M (GeVic")

RN BT I
50 100 150

200

—— M, = 1625 (GeVic)
lop

—— M, =1725 (GeVic)
lop

— M, = 1825 (GeVich)
P

250 300

170.3 £ 2.0 (stat) £ 3.1 (syst) GeV/c?
=170.3 + 3.7 GeVI/c?
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Missing energy(ME

Proton .. \
T —— T T _—

- - Antiproton
: g e T

jet

)+jets final state

Topology based channel —
truth are mostly lepton+jets

Very nice signal to background
ratio and very nice signal
acceptance

Signal Bkgd
Lepton+Jets | ~900 ~120
Dilepton ~170 ~90
MET+Jets ~900 ~400

CDF only use this final state in
top quark mass measurement

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI
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Missing Energy (MET)+Jets channel

« 5.7 fb'l data — 1432 Candidate events . med
requiring 1b-tag e 2
« Three observables are used e
< Reconstructed hadronic top quark mass o e
Use the largest p; of three jet | :
<% 2" reconstructed hadronic top quark mass e
QUse different combination . Mp=d®
<% Dijet mass of two untagged jets S ot T
 Important input of combination -
«* Third most important channel m: e

1 1
00 200

172.3 + 1.8 (stat) + 1.5 (JES) + 1.0 (syst) GeV/c?

=172.3 + 2.6 GeV/c?
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CDF &

CDF Top Quark Mass (*Preliminary)

L
CDF-I di-l
(Run ) 167.4+10.3+£4.9
—
CDF-Il di-I*
(4.8 pb™) 1706+ 2.2+ 3.1
—_————
CDF-1 14
(Run I) 176.1£5.1+5.3
-8~
CDF-II I+
(5.6 pb”) '17.3.0i 0.6+1.1
CDF-I all+j
(Run I) 186.0£10.0+ 5.7
——
CDF-II all-j*
(5.8 pb”') 172.5+1.4+15
_H
CDF-Il trk
(1.9 pb™") 170.7+£ 6.3+ 2.6
——
CDF-Il MET+Jets*
(5.7 pb™") 172.3£1.8+1.8
-

CDF March'11

(5.8 fb) 1727+ 0.6+0.9

(stat.) £ (syst.)
¥2/dof = 3.4/7 (85%)

evatron combination

Mass of the Top Quark

150 160 170 180 190 200
My, (GeV/c?)

CDF combination =
172.7 +/- 1.1 GeV/c?

July 2011 ( preliminary)
CDF-I dilepton ® 167.4+11.4 (+10.3+ 4.9)
D@-I dilepton ® 168.4 +12.8 (+12.3+ 3.6)
CDF-II dilepton —y 170.6+ 3.8 22431)
D@-1l dilepton N o 174.0+ 31 (18425)

CDF-I lepton+ijets

176.1+ 7.4 (£51+53)

1801+ 5.3 (£39£38)

173.0+ 1.2 £06£1.1)

1749+ 1.5 (£08+1.2)

D@-1 lepton+jets

CDF-Il lepton+jets T
D@-Il lepton+jets ol
CDF-I alljets

CDF-Il alljets * -
CDF-II track .

CDF-Il MET+Jets * -

Tevatron combination *

?86.0 +11.5 (#10.0£5.7)
1725+ 2.1 =14+ 1.5)
166.9+ 9.5 (+9.0+2.9)
1723+ 26 (£1.8+18)

173.2+ 0.9 (£06£08)
(= staf = sysi)

¥2dof = 8.3/11 (68.5%)

150 160 170

180 190 200

Migp (GeVic?)

Tevatron combination =
173.2 +/- 0.9 GeV/c?

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI

Hyun Su Lee,

Korea University
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End run game of top mass

Improvement of jet energy
resolution

* Already demonstrate jet
resolution improvement about
20% by neural network

* Itis corresponding to 20%
Improvement

Increase signal acceptance

*» Expand trigger path and lepton
categories

** Increase about 20% statistics
using same data set

Improve event reconstruction

+ Already demonstrate better
reconstruction method at
MET+Jets

+» We can have ~30% better result
in this channel

A M(total) GeV/c?

-
=

—

CDF Top Mass Uncertainty

(all channels combined)

- 1fb" 2fb" 5fb" 10 fb"
8.5fb

E v CDF Results

- N Run lla LJ goal (TDR 1996)

L A(stat) scales as 1NL, A(syst) fixed

R A(total) scales as 1AL

IRECEETEEEEEE AM/M, = 1GeV/c?
II| ] IIIIIII| ] IIIIIII|
102 10° 10

Integrated Luminosity (pb™)
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Forward backward (Charge) asymmetry

# ot =B

- A =
* ' F4+B

~

 F:# of forward events
(top in proton
direction)

B :# of backward
events (top in anti-
proton direction)

.....
i o

Proton

] Antiproton

g

jet

N

| é Hyun Su Lee,  Korea University 30



Forward backward asymmetry

It’s not about the incoming protons

It’s about the incoming quarks and their QCD charges

Color flow’s
angle of deﬂectlon

Forward:
SM Prediction

Backward: Ay ~5%

ﬁf Color flow’s ]
| angle of deflection |

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun SuLee,  Korea University
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Events

400;

300

250-
200
150"
100

50

Measurement

* Reconstruct rapidity difference between top
+» Use kinematic fitter for event reconstruction

350-

and anti-top

_ _ | 4
Ay — Yt — Yy — g (yt,lep — yt,had)
ol
y = —In(tana/2) -
Lepton + Jets
Reconstructed Top Rapldlty Difference *
—CDF”Elge'r'b"l"”aW I-‘-DataB; AR = 0,057 + 0.028 -4
i+ Bhg _ L]
Bkg ’ ::s ..... jg:; ?](;?: Dllepton 0 30 e on on 150 180
L (A= soosizoomm | 60— oo N2 COF ! Proliminary “
X 1 ) _[Lcu 51" | _pata
3 -,Ir 1 & f |
E _ Lﬁ ﬁ[i:a‘lkzerror
" ; 40 A
@z
"'I" ¢ . : '  |@wwwzizz
3 =2 1 0 1 —— 0= 5
) ) -2 -1 0 1 2
q A V= y yt A y::ab
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Arz Measurements at Tevatron

A « Measured AFB is way far

A2 N. Kidonakis,
- ~ submitted to @ ournai from standard model
= (* prefiminary) (approximately 3sigma off)

2 * We do not clearly know the
CDF LJ e ?;28;;).074 (£0.072£ 0.017) Source Of neW asymmetry

; * Possible hints of new
ohr ol ; 0.420'190.158 (£0.150 + 0.050) p hyS I CS

/ (o117 < Heavy particle (resonance) —
CDF combined* ~—@—  0.201+ 0.067 (+0.065+ 0.018) Axigluon, VA prime

/ peE e < Heavy quark

; “* Top prime
o T faann e % Mass difference of top and

anti-top
| | | | | o
?204 ?0.2 0 0.2 04 0.6 0.8
A

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University
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t and t mass difference

If CPT Is conserved, AM,,,
should be zero (SM) 160 o coF Dot (568

&~ 140— [ Background
> 1201 :fi(AM_ =0Gevic) ¢

Possible source of charge B g0 [ (aM,, =4 Govic?
asymmetry 80— -'

L A my., tagged

. | 5.6 fb!

Events/(15 GeV/c
=]

We use similar technique to
mass measurements

950 -100 -50 0 50 100 150
2
Am.. (GeVic’)

m Lepton+Jets

kinematic reconstruction

b\ @ PRL 106, 15200]:3'[(2911)8 t

 antitop i G

& ;’* AM,,, =-3.3 £ 1.4 £ 1.0
@7", % = —3.3 i 1.7 GGV/C2
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Short lifetime
Top width

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University



Why top quark width ?

 [tis intrinsic parameter of SM
** Very precise estimation using NLO calculation (~1% precision)

M\?2 M3, 2ee, (2772 S
D . W - W _ 3 _
_|_ 2 —
e lr(l m?) (I m}’)[] 3ﬂ'( 3 3)}
< 1.3 GeV at M,,, =172.5 GeV/c?

« Deviation from SM indicate new physics
% Charged Higgs decay, FCNC, and other exotic models

b e dors
t t L
H* z w

top quark decay top quark decay top quark decay
* Resolving Top quark life time

T = F Short life time (decay before hadronization)

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University

36



op quark width

Direct measurement

Reconstructed top mass

. --.T=15GeV 1 — 1o
- CDF Il (431 - 20
0.02- —_T=10.0 GeV < X
= 0.5 T
% 0.015 --11=20.0 GeV f-@ [T - -
-g - {j : I.f";f x\
0.01 o | A i
a oo (a) N L
0.005 4.3 fb‘l : {a)
= , -D'E_" o
0 lllllll I L li“l."l_ l Lot . J ..l i I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 |
150 200 250 300 350 ﬂ 2 4 E -E'- -||:|
miee(GeV/c?) r, (GeV)

Use reconstructed top

quark mass shape
PRL 105 (2010) 232003

Top < 7.4 GV @ 95% CL 0.3 < I, < 4.4 GeV @ 68% CL

First direct hint of top decay before hadronization
Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University 37




Spin Correlation

« Top quark decay before hadronization — Spin information
of top quark passed to decay products

N..+N, —N. —N
SM prediction K = m W N ) ~ 078
Nop+ N +Ny + N,

« K Is related with angles of decay products

1 d’c ~ 1-xcosé, cosé,
o dcosédcosé, 4
 where 5 Sk or u» - d
Vool (T
t Beamline / Beamline

Top Rest Frame Top Rest Frame

/ /
I' ’r
S S
’b "b
| 7 [ 7
» »
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Spin Correlation

« Top quark decay before hadronization — Spin information
of top quark passed to decay products

SM prediction K =

Npp+Nyy =Ny =N

‘T ~0.78

Npp+ Ny + Ny + Ny,

D@ Run II preliminary  Dilepton
ol ™
@z 0.25 [ v "
c - H 1
% %— L e me] e tf, Pythia SM spin corr.
% 0.2 - — T, Pythia no spin corr.
|z C
015 Spln. No Spin
- correlation..... Correlated
0.1 - = I- A
- K=1 Sl 4 K=-1
- -
0.05 — 1 i
0-_'--- | IEPURCIE S AT T T T T BT S T AN TN N A NN R A |'.|--|--|"l"|'
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
cos(8,)cos(9,)

Lepton+Jets
0.25 e
: D Unpolarized sample
L — OH basis template
0.2-
+ — SH basis template
0.15[ . ]
Spin No spin
Correlation correlatipn
0.1+ — J
0.05;
o= =B

1 1 1 1 1 1 1
-1 -08 -06 -04-02 0 02 04 06 08 1
cos(9, ) cos(6, )

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI

Hyun Su Lee,  Korea University
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True ¢

Spin Correlation

Dilepton Lepton+Jets

Beam Bs

24uIIIIIllIllIIIIIIIlIIlIIIIIlIIlIIlIIIIIl

1 Feldman-Cousins interval _____CDF Il Preliminary 220 CDF Run |l preliminary L=5.3 fb™ [ ] Opposite Spin

T [ 68% C.L. (Stat only)
05 - -2302 gt : 200 5.3fb'1 - Same Spin

. — 5% C.L. B B S NS 180
| — Best value 160 |:| Backgrounds

0 :_[Ld§=2.sfb" 2 Sfb -1 -e— Data
A j 140
L K: 0.72 +/- 0.64 +/- 0.26
- g 120

051 | Ohserved .—0309 w

-0455 0865[68/’CL)

= 0,320 é 80

1 2 -1 "o"'1"‘2'" 60
Measured « 40
a0
— +0.55 0Ce eets it L T
K 0.32 -0.78 1 -08 -06 -04 -02 0 02 04 ?:gsmuéanqﬂd}

K=0.72 * 0.62 * 0.26
Need much more statistics Kqn =0.78

PRDS83 (2011) 031104
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Lots of top quark studies at CDF

CDF Run Il Preliminary CDFRunll, L _=6fb’
r L - _ T T T T T 400 - -
60— —8- DATA -1 [Eti>Wbzg E® _ Midpoint R=1.0, p*' > 400 GeV/e .
a (Entrie - D@, 4.1 fb,..... ﬁ ti—ZaZa B(t—Zq)= - CDF Run 2 (4.6 fb™) 350 | I} T —lo.025
50 Clte=1 - n_>1 e g1 Preliminary -
I B Dibosc 41 ¢ ~ Dili prefimin < t-wq >djets | o fger o ooz
3 anlk * 1= vs. vs. N;j o e
e a0 BEz+LE | Cwz T T reco jet L 250 £
2 b B Fakes [ e Wz '2 0.1} 8 200 .0.015 2
£ 30 H - Other Backgrounds ¥ range of S!_ %
I.E C 2 expected 95% CL o oot =
20— upper limits £ ’
C . 0.01F theoretical prediction
we T P Bonciani et al. 0.005
E |_¢ 0 E 200 250 300 350 400 450 £ e
e e — : L
%1 08 06 04 02 0.-02 04 06 0 100 200 300 400 G t' mass (GeV/c?) 50 100 150 200 20 300 350 400 ©
cos 9 migy’ (Ge v m*"' [GeV/c?]
Median expected exclusi B F M 2
GDF Run Il Preliminary L=4.8fb"' Hole Jusi ; I est | it t? 5:55 x et
1 c W
= \ . Exclusion from data 2 CDF Run II (Preliminary) E Tagged Anti-Tagged Control
CE. — Median 120 :Lé O9E fat. Luminosity 955 pb™ E (13 Events) (53 Events) R
= S o 0B [ ured Value = 0.073] | ® Daa(1.9m") CDF TI Preliminary
|57 _| g / = Sys+Stat: 0.07 5, Fit Uncertainty
o " D 95% 100 / Fos S [ 7+ Jets (HF & LE)
& /\ 05 Limit at 95% CL: < 0.38 20l B Standard Model 1
§ _____ Theory 80 ‘::-‘-h*‘ ot W Diboson (WZ, Z7)
SO NN T Ny M .
-e- Observed \\ 0.3 i °
60 . Feldman Cousins Combined 0 . ala
‘\ \ 02 S o 0 2 4 6 0 2 4 &6 s
“ 0.1 — oo \/XT
“-‘ 0 0.8 1 1.2 4 Median expected exclusion
| | A Fitted GG Fraction CDF Run Il Preliminary L=4.8fb™ +/- 16 expected exclusions
300 350 400 20 ) —— Exclusion from data
Quark mass [GeV/c] \ =
g = 120 -
00 310 320 330 340 350 360 370 380 390 400 CDF Run Il Preliminary (2.7 fb") 9:
m - [GeV a2 13 | e 100 p
N >3  CDFlPreliminary 46 fi" Single Top Quark Cross Section August 2 1 — XM p-value B| — SM p-value E /
5 ."' data (7348 evts) ] u.:_: e /"'-._
2 i T ---- XM (Stat. Only) ----SM (Stat. Only) ——
H I top CDF Leplontjets 3.20" | 2 2l 2.1?i8_'§ 107" 3 Y @ y 80 b
2 H w+ets ! E g \
@ aco CDF MET+ets 24M" | 50 35 7 1 60 —-
+ + : +0.8 1
D@  Leplon+ ' 3.94 55 102 o
! e E 40
Tevatron Combination ! 276 5 b \ \
M E.W. Haris et al., PRD 6 ; .10 — T 20
N. Kidonakis, PRO 74, 1 Mg =170 -4 -2 0 2 4 \
N [ [P R Normalized Asymmetry 9
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What we know about top quark from CDF

Veb = 091 £ 0.11 {exp) £ 0.07 (theory) e Lots Of tOp quark
M= 1728 + 0.9, + 0.8, GeVic: e P properties have

BR(t—Zq) < 3.7% at 95% CL

e been studied

e < 7.5 GeV at 95% CL
* However, lots of
measurements are

limited by statistics
of top quark
“* Will use full data

set
* Need better
machine
“Large
=007~ sy Hadron
Ol»=|6102, % 050 Db =¢,“°’=0.|910.075;::'10.02m Colllder
Din Correlat-uons K =:0.6 + 0.5 £ 0.2.,.
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CERN/LHC

Hyun Su Lee,



LHC

3.5TeV proton——= =0 3.5TeV proton

LHC

« World best energy (7 TeV) proton-proton collider
(designed to be 14 TeV)

« CMS is the one of two general purpose detector

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University
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6 (nb)

LHC is the top factory

10
10
10
10°
10
10
10
10°
10
10

10°

10”

10°

10

10

10°

1o

1o

GH{ETJ"-“ > s /4)

6 e (M,, = 150 GeV)

S (M, = 500 GeV)
III

Tewvatron

-l
g

A

32
107 cm

events/sec oy L

Total inelastic cross section
(background) are similar

About 100 times larger
top production

0.1

Vs (TeV)

1

— About 100 times larger
Higgs production

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI

Hyun Su Lee,  Korea University
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LHC & CMS operation

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 27 21:48 UTC)
T T

I
— Delivered 5.64 fb™' | :

L fb!

Already accumulate more
than 5 fb! (2 times less
than Tevatron)

Next year ~20 fb-1

CMS already have ~10x
more top events than CDF

Lots of top properties can

reach sensitive reason

“* Even precision measurement
of the properties are possible

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI
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=780 0.0 utd o Cell
« Already very small stat. uncertainty but, need better

Nr. of events / 10 GeV

Events /10 GeV

Top mass and mass diff. at LHC

450
400
350
300
280
200
150
100

| i "‘\’FJ
ATLAS Preliminary
0.70 fiy*

pobeqensageepule a Rt
350 400
mix [GeV]

CMS Preliminary, L = 36 pb™

80

60

Number of Events / 20 GeV

20

mg

understanding of detector

CMS Preliminary, 1.09 fb” at\'s = 7 TeV T4

S A ANA A aa ne s o A ] R

I~ : | IR 2y SET
350F | @ Single-Top
300F ——— -
250 O nHets
150[ R U S S S
1002_ o t : _i
s S B

% 900 200 300 400 500 600 700 800 900 1000

Fitted Top Mass (GeV)

Nr. of events / 10 GeV

100 200 300

—— Data

M

B wolv
Single-Top

B 2T
Qcb

W + jets channel

e
500 600
Fitted Top Mass [GeV]

=173.1 4+ 2.1728 GeV

CMS Preliminary, 1.09 b atNs =7 TeV  [mmg |
T T T T T T T Wy
350 ' i Single-Top
3003_ _____ L fDatia _
250~ e ];i'+jéts =
150 S -
1003 e . t _E
50 o
05700 200 300 400 500 600 700 800 900 1000

Fitted Top Mass (GeV)

—Top Amy;=-1.20+1.21 + 0.47 GeV, Already world best sy
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Prospect of Top physics at LHC

Already have ~10 times more ttbar events than Tevatron

Precision measurement need better understanding of
systematics

Statistical uncertainty dominant analysis is already
surpass Tevatron measurement
“* Mass difference

In the near future, lots of properties are well understood
with LHC data

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University
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Conclusion

Understanding of top quark are very important and very
active field

Tevatron have made very important understanding of top

guark
* Will have final measurement using full data (~2 times more data)

LHC will bring new era of top quark understanding

Stay tune

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University
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Backup
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W Helicity

 The SM top decays via EW interaction

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

state particles
Spin=1

* V-A coupling predict
% f, = 0.7 (longitudinal polarization)
* f, = 0 (right handed polarization) b
< f = 0.3 (left handed polarization) Spin=1/2

« Measuring the fraction of longitudinally polarized W

l,q

bosons ) i 0er — s
©| 506
+» Reconstructed cos6* o
\ e* 0.4
h & s > ool

W+

cos 0

La Thuile 2011, Hyunsu Lee,  The University of Chicago
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W Helicity

R R N T i e &
01 08 06 04 -02 0 .02 04 06 08 1

cOs

f+ :'0.12+O'12_0_11 f+(SM) =0
fo= 0.787020 ., | f(SM)=0.7

Lepton+Jets
f, =-0.15 = 0.13
f,= 0.88 £ 0.09/2-.7 fb"

PRL 105 (2010) 042002

DlleptoncoF Run Il Preliminary (4.8 fb™) Lept0n+ J ets & Dilepton

: 8tb " (Entrios : 236 = 120F

- 4 5 120 | :

: ey 21000 bobt 4.3 fb
S a0 [1Z+HF = - = |
‘; ; =IEa+k:: I.|=J 80:_
£ 60
£ - 1
- 20t 40—

| _1 ----------------

f, =0.02 £ 0.05
f,=0.67 £ 0.10

Consistent with SM @

98% level
arXiv:1011.6549
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Analysis method

« Same template with top quark mass measurement but
different signal samples (varying top width)

%‘“ N
= A
S 20 A
= | A A
& I N
% 151 AL
— B A A
o n A
0 - A
= 10 A
« B A
- “'
A
54
A
GF | 1 | 1 | 1 | 1 | I | 1 | | | 1 1 | 1 | 1
0 5 10 15 20
rieut (GeV)

top

Probability

0.025

0.02

.. T=15GeV

__T,=10.0 GeV

e [1=20.0 GeV

noosl g

IIIII.I e S N |
200 250 300

mieo(GeV/c)

150

 RMS of reconstructed top mass is measure of top width

350
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Update of top width measurement (4.3 fb1)

* Insitu JES calibration using W;

0.04=
\'\ -—-= .'jiJES: _2.0 G'C
o
"f 15 N
0.03- \ — Aps=0.00,
/ PR
/ I T
2 S\
E \1I ll".l l",.. """ AJES: 20 G’C
@© 0.021 A
_D 1 \.II. _.I
O
b Y i
& \'\I
0.01- \ \\\ (b)
,’rf h \
s T - T
Eas T,
[)"' ] | ] ] | ! ] ] | ! ] ] —
60 a0 21(]0 120
mﬂ(GeWC )

« 2D fit was done

Systematic Meas. mean top

Effects width shift(GeV)
Jet Resolution 1.1
Residual JES 0.3
Generator 0.4
PDF 0.3
B Jet Energy 0.2
LJ Background 0.1
gg Fraction 0.3
IFSR 0.2
Lepton Energy 0.2
Color Reconnection 0.9
Multi. Had. Int. 0.3
Total Systematic 1.6

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI

Hyun Su Lee,

Korea University



Top quark width measurement with 4.3 fb-1

'ﬁJ ES

N — 1o I — data fit
-1 ——-
CDF Il (43 ') 2 o ol - A¥3(T}) at 95% CL
[ — (8]
- I - - Ax3(r,) at 68% CL
. R} CDF Il (4315
Il.-"'-r.--- “\::l -e‘:j 5_ L
| \H— B S -. : |
_ I (b)
et (a) e,
s o
R S S— 510 0 5 T
L (GeV) [ (GeV)

0.3GeV<TI,,.<4.4GeV@ 68% CL

Mop < 7.6 GEV @ 95% CL
First set of low bound limit (68% CL)
Phys. Rev. Lett. 105, 232003 (2010)
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L\'LJ ES

Top quark width measurement with 4.3 fb-1

-0.5.

B —1c
CDF Il (43 ) —-20
U -3 a
05— .
-\ L
s (a)
T |
0 2 4 6 8 10
[ (GeV)
0.3 GeV < T,

10

—— data fit
________ - AyE(r,) at 95% CL
- Ax3(r,) at 68% CL

CDF Il (430 )

______________________

<44 GeV@ 68% CL

Hadronization time scale ~0.2 GeV

At 68% CL, this result support that top quark

decay before hadronization

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI

Hyun Su Lee,  Korea University
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Why mass difference?

Our top mass precision allow to test mass difference between
top quark and anti top quark

New observed asymmetry between top and anti-top may be
explained by mass difference

This is testing CPT theorem
% Well tested in meson, baryon, and boson
% Not very well in quark and high mass particles
% Do 1tb* measurement using ME technique (Updated with 3.6 tb™)
AM = 3.8 £ 3.7 GeV/c?

We modified usual kinematic fitter to allow mass difference
in the lepton+jets channel
<+ Two observables (best, 274 best)
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Event Reconstruction

« We modified nominal kinematic fitter to get mass
difference

(pg:fii: B j}g:-rneas)g ([Tjit _ [;,T;T?JEGS)Q
Zi-:f,éljets O_ig L Ej:fﬂ:y ﬁf
(_f\lrjj — ;'?Ur[;{f)Q n (furf_'u — ﬂfﬂf)g
[Ty Ty
(Mp;; — (172.5 + dMyeeo/2))? N (Mg, — (172.5 — dMyeeo/2))?
I2 'y
'i?anED — _QEE‘,ptDﬂ ::’(: (JP‘[TEED

« This variable is corresponding to top quark mass minus
anti-top quark mass in reconstruction level
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Fraction/(10 GeV/c?)

Shape of reconstructed mass diff.

0.15
...... AM, =-10 (GeV/c’) 0.1 rereee A M, = -10 (GeVIC)
— AM, = 0(GeVic’) N:J —— AM, = 0(GeVic))
L R 1 e A Mtop =10 (GeV/Cz) E ------ AM,, = 10 (GeV/Cz)
=
<005
0.05 S
(5]
o
LL
| | |
90 -100 0 100 200 g ' ' '
2 -200 -100 0 100 200
A My, (GeVic) Am2._ (GeVic?
« We use the lowest and 2" [owest variables to measure
the mass differences
% ~10% improvement by using 2"d observable
Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University 60



residual (GeWcZ)

Method checks

, Residuals i Pull widths
: ¢ [ ndf 1116710 || £ 2/ ndf 15.67/ 10
150 Prob 0.3453 -'g 1.25F Prob 0.1095
- p0 -0.05801 + 0.09662 = 1 25_ p0 1.04 + 0.006702
1 = F
- [ 2115
- [ ] o
0-5¢ : + ] 11F .
- o - 1 T
S R SR S L Y S G S S S
SN l l F * 1 | e
-0.5}- ! l ) 1 ! o ¢
P 0.95F
: 0.9
.50 :
- 0.85)-
-2_I | . L L . | . . L . | L I L L | L I . L II E| | 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 II
10 -5 0 5 10 , 0.8 10 -5 0 5 10
A My, (GeVie') AM,_(GeVic?)

« We assumed the averaged top quark mass as 172.5GeV/c?
* Working properly — NO Bias
* We Increase uncertainties by 4% based on pull widths
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Data fit and results

160 ® CDF Data (56 7)) .

n“‘141]—. Background
5

2 L0 GeVic )
2 120 [0t (4 Gevic? )
© 1001

-100 0 , 100
A Mo, (GeVicT)

« ~ 2sigma deviation from standard model
Phys. Rev. Lett. 106, 152001 (2011)

-3.3 + 1.4 (stat) £ 1.0 (syst) GeV/c? }
=-3.3 £ 1.7 GeV/c?
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Higgs production associated with
ttbar
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ttH production at Tevatron and LHC

10°E TeVII |
o [fb]
qq — WH
e Tevatron
107k E
bb — H g
10 & qq—ZH
oo qq — ttH
i TeV4LHC Higgs working group
1 I N T O | | 1 1 11 | | N N R T | I N I N A | P
100 120 140 160 180

200

m,, |GeV]

02 a(pp— H+X) [pb] _
vs =14 Te¥ ]
o (pb) ~_ 2z H@®NLO) o
" — =7 NLO/NNLO
| -.-"--..____-_..--
0" qq—Hgg """ == ]

oafgq — fH (NLD)

00 400

* Very small cross section at Tevatron
 However it may be discovery channel at LHC
 Interesting to study yugawa coupling between top and

Higgs boson

00 600
M, [GeV]

700 B00 900 1000

« New physics can enhance ttH production about 2 order

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI

Hyun Su Lee,

Korea University
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ttH search @ no lepton channel (5.7 fb1)

« Complementary analysis with
lepton channel

|t include not only missing
energy+jets final state but also
all jets final state

* Results are compatible with
lepton channels

e Limit: 22.9(Exp)/31.4(0Obs) x
asm for Mu=120 GeV/c?

Limit: 12.7(Exp)/27.4(0Obs) x

osm for Mu=120 GeV/c?
Lepton channel @ 7.5 fb™!

First search of this final state
+»» Publication is in preparation

All jets signal region (3-tag) CDF Note 10582

= 22 COF Run Il Preliminary (5.7 {6
= —=— [ata
ﬁ 20

|:| iH (M =120 GeVic)

E 18
S C L
non-tf BKGD

Limits tor ttH in missing E;+Jets and All Jets

14U CDF Run Il Preliminary (5.7 1o 7
1200 — Observed

—-= Expacted
100— - =1c

[J=2

="}
=
T

Cross-section Upper Limit 95% C.L/o g,
= [=1)
= =
TT I TTT | TT

=]
=]

N T T [T T T N T T [T T N T B A I |
100 110 120 130 140 150
Higgs Mass iGeV/ich
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CDF combination of Higgs boson limit

CDF Run Il Preliminary, L < 8.2 fb'  CDFNote 10609

R R
= LEP Exclusion: | CDF
= 10 . . . : i Exclusu)n
= . . . .
: -----+:1g Expactad ------------ -
d F T e T L E e e I
Q O O O SO SUE S
E'CE _____________________________________________________________________________________________________________________________
[p)
(o 1 T B o e B
1
;,“ """""" ""'|DF ET{E!I.TSTﬁh"";“ """"""" |quly’1T 2?11 """"
100 110 120 130 140 150 160 170 180 190 200

H(GeV/c )
e Qur result was included in this combination
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Systematics uncertainty

CDF II Preliminary 5.6 fb~1

Systematic Result (GeV /c?)
Signal Modeling 0.7
JES 0.2
PDFs 0.1
b jet energy 0.1
b/ b asymmetry 0.3
Background shape 0.2
oo fraction 0.1
Radiation 0.1
MC statistics 0.1
Lepton energy 0.1
MHI 0.4
Color Reconnection 0.2
Total systematic 1.0

* Very similar way with other top properties
* Possible b/bbar(lepton/anti-lepton) difference was added

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University
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m., at dilepton channel

0.05 —— M,, = 160 (GeV/c)
...... M,, = 170 (GeV/c")

il ....... M,,, = 180 (GeV/c’)

e
o
=

e
o
N

Fraction/(5 GeV/c?)
S

<
(=]
-

L TR R S T s :
50 100 150 200 250

My, (GeVIc )

M+, IS a quantity of missing transverse
mass in two missing particle system
“ It was introduced for the mass determination
of new physics particle
We firstly use this interesting observable
In real data

CDF data (3.4 fb')
25| « Data
> 20 Signal+Bkgd
)
o 18- B Bkgd only
Z10
c
L% 5_ " ! .|| .|| .|| .l| J .|| .ll
O 0050 9 U250 300
m,, (GeVic’)
non-tagged m o
207
Nu . Data
E 15 Signal+Bkgd
=" [ Bkgd only
&
S5
-
L
0

Phys. Rev. D 81031102 (2010)

TR T 200 250 300

my, (GeVic)
tagged mro
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displaced
tracks
Secondary
vertex

b-tagging

B hadron can be identified by long
displacement

y Lo * b tagging reduce # of jet-to-parton assign.
vorex d" * EX) lepton+jets channel
/% y < 24 (0-btags), 6(1-btags), 2(2-btags)
oot racks J% * b tagging improve signal to background
ratio significantly — 40% effi., 0.5% fake
Sample Di-lepton Lepton-jets All Hadronic
(e,u) (e,pt) NN selection
0-b-tags S/B 1:1 1:4 1:20
1-b-tags S/B 4:1 4:1 1:5
2-b-tags S/B 20:1 20:1 1:1
Events in 1 fb' 25 180 150 (2 b-tags)

(> 1 b-tag)

O)]
)




Residual on JES

, Residuals: Combined ,__Residuals: Lepton+Jets
o F 21 ndf 0.3077/4 o F 21 ndf 0.4371/4
S 150 Prob 0.9893 > 1.5F Prob 0.9793
& r p0 -0.2437 + 0.0659 o - p0 -0.2161+ 0.06493
s s
= = = -
S 0.5 S 050
g | SR T T g s AT P y
- o ? I + i Y. Y. oY ! 1* TT d ' &
E : . s ; - 4 s s - ’
-0.5(- 4 * b4 ost ¥
4 e 172.0 GeV/c? A= ¢ 1720 GeV’Cz
- Y 167.5 GeV/c? - v 167.5 GeV/c
1.5( 2 1775 GeVic? 1.5 = 177.5 GeV/c?
- : Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il 1 | 1 -2: L | L L L L | L L L L | L - - - | - - - - | -
22— 05 0 0.5 1 1 0.5 0 0.5 1

A
Ajes JES

No significant shape on residual
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Events/(10 GeV/c?)

Events/(10 GeV/c?)

70

60

50

40

30

20

10

1-tag: 706 events

o Data

Signal+Bkgd

Nt
b2y Bkgd only

250 300 350
miee° (GeV/c")

Data and Fit (LJ)

il

.

2-tag: 280 events

o Data

Signal+Bkgd

e Bkgd only

+ CDF Il Preliminary (4.8 fb'1)

CDFHH-Preliminary(4:8-fb7)
1-tag: 706 events

o Data

Signal+Bkgd

b Bkgd only

AR N R

Events/(10 GeV/c?)

30 100 110 120

m, (GeVic’)

Events/(5 GeV/c)

B s ettt LA L LELLL

250 300 350

mrece (GeV/c’)

.

CDF 1l Preliminary (4.8 fb'1)

2-tag: 280 events

o Data

Signal+Bkgd

] Bkgd only

1-tag: 706 events

e Data

Signal+Bkgd

frnsd
4 Bkad only

250 300 350

myecol2 (GeVic’)

Events/(10 GeV/c)

5

100 110 12
mjj(GeVIc)

W
A’//////J Y itnrrein ot W3
250 300 350

2-tag: 280 events

e Data

Signal+Bkgd

250

Lisq Bkgd only

CDF Il Preliminary (4.8 fb™)

mecol2) (GeVic?)
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Data and Fit (DIL)

CDF Il Preliminary (4.8 fb"'}
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Feldman-Cousins method

= -2 Log(Likelihood)

= “ordering principle “ Ay’

CDF Run i preliminary 4.3f6 n Eaﬁh MC Sample gEﬂeratES d ﬂxtz

;w/-//#ﬁ_._———% = plot Ax? vs trueTl

= Overlap with data fit

COF Run N prafiminary 4.3

Data fit

nver!ap >
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COE Run § prolminary 4.3

Intercept(s) gives
limit(s)
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Coverage with different JES

Coverage
[

AJES= 0.4
AJES= 0.2
AJES= 0.0
AJES=-02
AJES=-04

CDF Run Il preliminary 4. 3fb”

ags_ } §

—

0.9—
| | | | | | | | | | | | | | |
0 5 10 trput 15
Fiop (GEV)
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Data fit

o u 60—
3T 3 2.tag: 214 events
& 1-tag: 542 events g ol g
‘%’”— e Data i ® Daia
g )
& a0l [ ]signal+Bkgd S o [ )signal+Bkgd
oL [ Bkgd only sl B ekgd only
40 20—
20 COF Il Praliminary (4.3 i) o COF Il Preliminary (4.3 fir'")
T g 150 ~200 250 a0d 50
mieee (GeVic®) mgeee (GeVic’)
“;,m_cmaamrmnquamj g 40— .
E 1-tag: 542 events & 25 2-tag: 214 events
-1 =1} -
E’W— » Data E » Data
20—
: i @ [ signal+Bkgd
aol— DSlgnahBHgd 2l gnal+Bkg
Bkgd onl
L B Bkod only e []Bkgd only
- COF Il Preliminary (4.3 fb™')
J01—
10
ji 7 5
_.rd-.li'.r".rr.r'l:'r' M mr;;ﬂﬂffiﬁrrﬂr._.- zx.. h:‘::___.
50 a0 90 100 110 e 0] % I
m, {GEVI'GEJ' mrr {Ge'l.-’;’::z,l
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ruth mass dependence

) Residuals:A M
o F 2/ ndf 2522 /6
> {50 Prob 0.866
i : p0 0.004012 + 0.08381
= 1
< 050
of | + L e ] s ’
05 l l . |
E J
A
150
ok

|17|'0| - |17|'1| - 1T|~‘2 - |17|'3| - 17|'4 - 175‘5 |
M, (GeV/c?)
« We perform bias check with different truth top quark mass with

AM,,, = 0 GeV/c?

Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University



Events/(16 GeV/c?)

Events/(16 GeV/c?)

Otag : Data distribution

CDF Il Preliminary (5.6 fb™

CDF Il Preliminary (5.6 fb!

0-tag (-) lepton: 633 events
@ Data

Signal+Bkgd

100 150 200
A m,,, (GeVic?)

CDF Il Preliminary (5.6 fb"!

90 =
80— 0-tag (+) lepton: 645 events % 70
70— @ Data O
p = 60—
60 [ signal+Bkgd =
2 50—
50— s
>
40— w 40—
30— 30—
20— 20—
10— 10—
366150 -100 -50 0 50 100 150 200 60
Am,, (GeVic?)
CDF Il Preliminary (5.6 fb™
o~
70, , S 701
-tag (+) lepton: 645 events % 70
o
60— @ Data o 60—
501 [ signal+Bkgd ..‘:m: sol_
t
40— 3 40—
30 30—
20— 20—
10— 10—

-gOO

-gOO

0-tag (-) lepton: 633 events
@ Data

Signal+Bkgd

Bkgd only

200

100 -50 0 50 100 150 200 150 -100 -50 50 100 150
Am2_ (GeVic) Am2_ (GeVic)
Top quark physics at CDF, Nov/ 2/ 2011 @ KISTI Hyun Su Lee,  Korea University

77



Events/(16 GeV/c?)

Events/(16 GeV/c?)

1tag : Data distribution

CDF Il Preliminary (5.6 fb™ — CDF Il Preliminary (5.6 fb"
&)
50 1-tag (+) lepton: 340 events %' 70— 1-tag (-) lepton: 380 events
@ Data g 60— @ Data
40— P signal+Bkgd % 50 Signal+Bkgd
P Bkgd onl = o Bkgd onl
3| & ~ITOTY 5 4 3 Bkgd only
w
20 30
20
10—
+ 10
_goo e X" u.....‘..‘.‘.‘.‘. 50 - 200 200
A m,, (GeVic?) A m,,, (GeVic?)
CDF Il Preliminary (5.6 fb™ CDF Il Preliminary (5.6 b
45 — 50~
— L 1-tag (-) lepton: 380 events
1-tag (+) lepton: 340 events >
40— oat 8 40 @ Data
& Data -
350 _ © ) signal+Bkgd
20 [ signal+Bkgd =
P4 Bkgd only Tt 30—
25 g
w
20— 20l
15—
10— 10—
s ;
360 150 100 -50 0 50 100 150 200  -300 -150 -100 50 0 50 100 150 200

Am2_ (GeVic) Am@._ (GeVic))
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2tag . Data distribution

Events/(16 GeV/c?)

Events/(16 GeV/c))

CDF Il Preliminary (5.6 fb — CDF Il Preliminary (5.6 fb"
30— L 35
2-tag (+) lepton: 142 events % 2-tag (-) lepton: 154 events
7 )
25 @ Data o 30— ® Data
7] si - = ] si
sl Signal+Bkgd , 5 25- Signal+Bkgd
% Bkad only ' c 53] Bkgd only
/ ¢ 20
15— w
) \ 15—
10 - %
// h 10—
5l .. ) o - +
2 //// %
.-'llnz#/éz T .d:e;!:e:et(te{({&{%{{{{ﬁ{é%”‘-—- el B R R RN NN 4 08 N R __(/@(4////[11"’4__;,‘_‘__
-800 150 -100 -50 0 50 100 150 200 -800 -150 -100 -50 0 50 100 150 200
A m,,, (GeVic?) Am,, (GeVic?)
CDF Il Preliminary (5.6 fb"! CDF Il Preliminary (5.6 b
20 o ,
= 18- 2-tag (-) lepton: 154 events
18 2-tag (+) lepton: 142 event %
O 16— @ Data
16 ® Data ot —s
14| [/ Signal+Bkgd T 14 ) signal+Bikgd
2 12 : 5 Bkgd only
12 s ' j
@
10 u>J 10—
8 8-
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4 4
2 \ 2|~ %
” o 17 LN )')A'I'-._ . o= ///dz
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pT balances and assigning systematics

Tag b using soft muon Tag anti- b
btag
- 140 btag
140~ — paa * B
B No hepg info 120 N
120:_ —o— Opposite charge H E
100__ —e&— Correct charge 100_
80:— 80:
so:_ 60[
a0l 40t
20 ¢ 20
[ + B
0_ 8 i ....I......Qgpwuu” Qi L
-1 -0.8 -0.6 04 02 0 02 04 06 0.8 1 -1 08 06 04 02 0 02 04 06 0.8 1

pT balance(tag b with soft muon) pT balance(tag anti-b with soft muon)

Good agreement between data and MC
Averaged deviation = -0.44 +-0.40%
If we consider anti-tagged(~20%) events, we can
assign 0.73% deviation as systematic
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B-tagging check for each flavor
« Use dijet sample from low pt muon triggered data and

MC (We require exactly two tight jet in offline)

Tagged jet : SECVTEX tag + soft muon tag

=

Away jet : jet PT>20GeV

« Depending on charge of soft muon, we can have b or
anti b enriched samples
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pT distribution of away |jets

_ all jet (b enriched) _ all jet (b enriched)
30007 — Data 30007 — Data
C r NO b quark
o e
2000~ * .|, —+ Correct b-flavor 2000/ —— Correct b-flavor
1500%— 1500%—
1000 1000,
500 500
%020 60 80 100 120 140 760 %30 60 80 100 120 ~740 760
all jet P; (GeV/c) all jet (b) P; (GeV/c)
e b: 18% e Antib:17%
« Antib: 5% e b: 5%
e LF: 7% e LF: 77%
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350"

300"

pT distribution of away b-jets( btagging)

b tagged jet (b enriched)

—— Data

NO b quark

400
350

b tagged jet (b enriched)

—— Data

NO b quark

2505 —e— QOpposite b-flavor 300;_ —s— Opposite b-flavor
—e— Correct b-flavor 250 —e— Correct b-flavor
200— C
200
150—-¢ 150?
- K
100— C
00t 100;— v
50~ 50—
Y020 60 80 100 120 140 160 gz" 2080 TIRE VTR
. 0 40 60 80 100 120 140 160
+ b:  63(+3)% + Antib: 61(+-3)%
« Antib:20(+-2)% * b: 20(+-2)%
e LF: 17(+-2)% e LF:  19(+-2)%
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B tagging efficiency comparison for two samples

b tagging efficiency of b (b) enriched dijet sample

5. 0.2
(&

—e— b enriched sample

—s— b enriched sample

|
|

| | | | | | | | | | | | | | | | | | | | | | | | | | | | |
40 60 80 100 120 140 160
jet P, (GeVic)
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Zoomed plot

b tagging efficiency of b (b) enriched dijet sample

>
(&)
E + —=— b enriched sample
E 0.1
Q :f:
E‘J —— b enriched sample
= 0.09— e
S
i
0.08-
0.07-
I | |
50 100 150

jet P; (GeV/c)
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More pure samples

Tagged jet : SECVTEX tag + soft muon tag

Away jet : jet PT>20GeV+soft muon tag

R 0.5:b tagging efficiency of SLT b tagged sample « ~60% of correct b
'E 0.45;_ —=— b enriched sample events WIthOUt b_
£ 04— -
© 0.35- o tagging but low
% 0.32_ ) l - —— b enriched sample StatIStICS
So.25: ——
0.22—
0.15- « Generally good in
0.1
0.05- agreement
0=-20~"20 60 80 100 120 140 160
jet P, (GeV/c)
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M+, in dilepton channel (3.4 fb1)

\/mb!p final siate

~{ \/

aoauu-ullnn. ‘lnnll mEmune

determination of new physics
particle pair productions

« We use it as 2"d observable and
Improve ~15% statistical

uncertainty / \

* M, was introduced for mass

Invisible
£0.08F Tagged DIL final state
2 0.07; — M, =160 (GeV/c’)
. : My, = min[max(mqy,),Myy,))]
0.05 : —_— Mwp =170 (GeV/c) . .
0.04§ - 180 (ceVE) qr+pr=missing py
222 « We use m, first time in data
0.015 (34 fbl)
| T T «* Phys.Rev.D 81 (2010) 031102

mT2 (GeV/c?)
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Top quark Production and decay

« Event topology then depends
& on W decays
+——  « Hadronic (quarks)
« Leptonic (electron or
muon + neutrino)
All Jets channle (44%)
6jets
Lepton+Jets channel(30%)
4 quarks, 1 charged lepton
+ undetected neutrino

5'-3 - Tops always decay via t->Wb
jet

B o i

Proton .
el ® w® -® -® -® -

Dilepton(5%)
«Both W decay to leptons
et Signature = 2b quarks, 2
*- \\ charge lepton+2
undetected
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op quark study (Production)

Production Cross Section
Production Mechanism

yr Forward-Backward
Antiproton AS ymme tl"y

g T .
— Resonance Production
Spin Correlation

B o i

Proton ]
el ® w® -® -® -® -
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Top quark study (Decay)

Charged Higgs ?

— Antiproton Branching fraction of b
b - _ -

Proton .
il ® aw® -A® - -® -
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Top quark study (Search)

PN,

Forth generation ?
SUSY particle ?

._ - Antiproton

Proton —
il ® ol ® P AP " -
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op quark study (Properties)

PN,

Mass

- Antiproton Charge

Proton —
ll® al® w® P a® .

é,,, R o Hyun Su Lee,  Korea University 94



op quark study

PN,

Same mass?

Proton —
ll® al® w® P a® .
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Where we stand (CDF) now

Exclude q = -4/3 at 95%CL

Vib = 091 £ 0.11 (exp) £ 0.07 (theory)

95% CL uppar limit on BR: 90 < H™ < 150 GeV
BR(t—Zq) < 3.7% at 95% CL

« Today’s topic
(my analysis)

Fo=062%0.11 & F.=-004 % 005

—p

A":*,.l:’ = O|9 t 0.07g.::|( i 0.02"\".
Mz’ < 805 GeV at 95% CL _

Spin Correlations K = 0.6 £ 0.5, £ 0.2,

Ous| = 1.6 £ 0.250¢ £ 0.544 pb

o= 2.76 £ 0.53pb
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Where we stand (CDF) now

Vib = 091 £ 011 (exp) £ 0.07 (theory)

95% CL uppar limit on BR; 90 < H™ < 150 GeV

. O .. - -
ZSIQma deviation Iy IR 2D e 20 0y Se¥ie BR(t—~Zq) < 3.7% at 95% CL

Exclude q = -4/3 at 95%CL

95% CL upper limit on BR: |15 < Myop = 185 GeV

Fourth generation top IS

Fyz = 0.07 *015 447 (stat+sys)
F/B asymmetry

Ous| = 1.6 £ 0.2500¢ £ 0.544

Mz < 805 GeV at 95% CL
0= 2.76 + 0.53pb et ———

Spin Correlations K = 0.6 + 0.5, £ 0.2.,.
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op quark

S

Periodic Table of the Particles

-
o
|

-
o O

S il k.
-oo R T
|

=0o

: @ 4 matter: fermions forces: bosons

mass, GeV
. \—.
e &S =)
w N B
| |
CF -2

10° |-
10-10_ Vi
10-11 d Ve

5 orders of magnitude!
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