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Top quark

o

Periodic Table of the Particles
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5 orders of magnitude!
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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

iey - Tops always decay via t->Wb
jet

Proton ]
el ® w® -® -® - -

Dilepton(5%)
«Both W decay to leptons
Jot «Signature = 2b quarks, 2
\\ charge lepton+2
undetected

é . Hyunsu Lee, The University of Chicago



Top quark study (Production)

Proton

el ® w® -® -® - -

| _Antiproturl
g @- g -

jet

Production Cross Section
Production Mechanism

Forward—Backward
Asymmetry

Resonance Production
Spin Correlation
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Top quark study (Decay)

e

: Charged Higgs ?
< amipoton | Branching fraction of b

Proton

il ® l® P a® A .,

é . Hyunsu Lee, The University of Chicago



Top quark study (Search)

e

Proton —
il ® l® P a® A .,

._ - Antiproton

Forth generation ?
SUSY particle ?
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Top quark study (Properties)

e

Mass

- Antiproton Chal" ge

Proton —
Sl a® ™ P ™ .
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Top quark study

e

Same mass?

Proton —
Sl a® ™ P ™ .

é . Hyunsu Lee, The University of Chicago



Where we stand (CDF) now

« Today’s topic

(my anaIySIS) = -4_."3# at 9 % CL

B5% CL uppar limit an BR: 115 < My

Me = 335 GeV at 95% CL

YWib =091 £ 011 (exp) £ 007 (theory)

85% CL upper limit on BR: 90 < H™ < 150 GeV
BR{t—~Zq) = 3.7% at 95% CL
Fo=062%011 & F-=-0.04 % 005

< |85 GeV

s = 0.07 015 447 (stat+sys)
=75 + 0.48pb
.'1.”":] = E' |9 i 1}.{}?5:.1:. i D.Dl;..u,

ﬂ[r-i-':Iﬁ:tﬂI _.1[1055.--1

O.= 276 1 0.53pb Spin Correlations K = 0.6 £ 0.5 + 0.2,

Mz < B0S5 GeV at 95% CL

Top quark measurement , July 1, 2010
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Where we stand (CDF) now

« ~2sigma deviation

Mass difference :
Exclude g = -4/3 at 95%CL

B5% CL uppar lmit an BR: 115 < My

Fourth generation top

F/B asymmetry

Wib = 0.%1 £ 011 (exp) £ 007 {theory)

95% CL upper limit on BR: 90 < H™ < 150 GeV
BR{t—Zq) < 3.7% at 95% CL
Fo=062%2011 & F.-=-004%0.05

< |85 GeV

07 (stat+sys)

Mz < 805 G

0= 2.76 + 0.53pb Spin Correlations K = 0.6 £ 0.5 + 0.2,

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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* Top physics is very rich and give
interesting

* More statistics are crucial part of many
analyses

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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Tevatron and CDF |l detector

»
T —— [ee— I;{

s, SN

_éouﬁte : . T
pSOHICE 77" Main Injector
3 & Recycler

==

o
e —— *.l I Z

Tevatron is p pbar collider with
sqgrt(s)=1.96TeV

Now 2"d highest energy in the world

The highest energy of pbar

SVX

EM cal

Muon

COT

Had cal

Top quark measurement , July 1, 2010
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Tevatron Luminosity

Integrated luminosity >7fb-"
Luminosity is still accelerating

Now ~ 2fb-/year so, 10~12 fb-" by end of 2011
Possible 3 more year extention is under reviewing ~20 fb-’
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Top quark Mass measurement

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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Why we measure top quark mass

H X ??
W:I: Wj: W+ W+ W+ W+
b N L L BN BN B
. |_ experimental errors: LEP2/Tevatron (today) ]
« SM Higgs Mass was 07O oL '
constrained by M,,, and M, woeof 95 el
through loop correction of W !
Mass E 80.50:
=
=
80.40;

* Precision top quark mass |
measurement 8030
“* Predict SM Higgs mass

both models

. . 80.20 il
0:0 CO n Stra I ntS fo r p h yS | CS beyo n d 0 IHeilneme).u'er. Holllik. IStockinger. V\Ifeb|er. :Neilglelin '(I)?'
standard model 160 165 170 175 180 185
m, [GeV]

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 16



Golden (Lepton+jets) channel

# jet ° 4 hlgh pT J ets
.~ s Two of them is b
~ N quarks (1>= b tag)
Light jets is coming
from W boson

@-u-w-u- ° One hlgh pT
| 1At A
1IEpron
« One neutrino

Large missing
transverse energy

Proton '

T —— P - -

jet

Hyunsu Lee, The University of Chicago 17



Arb units

0.06

0.04

0.02

Mass reconstruction

« Lepton+jets channel (24 different combinatoric)

(pé:fz't B p%,ﬂmeas)g

fit 2
( UJ _ U';_’HE(LS )

2-tag

— M__ =160 (GeV/c?)
op

—— M__ =170 (GeV/c))
op

— M__ =180 (GeV/c?)
op

2 f— -
X = Zz':f,éljets 5 + Zj:x,y
0y
2
(Mj; — My )™ = (Mg, — My) i

+ 2 + 2 + 2

I I I

W %% t

1-tag
— m =
- ﬂ'_._ € I
- — M, =160 (GeV/ic?) o 0.1-
Sy g1
- { — M__ =170 (GeVic") 0.08
i -'J— — M, =180 (GeV/c) 0-06:_ I JI

i 0.041
- 0.02(-
Col . T I

150 200 250 300 5(C 0 N RN N -
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, The University of Chicago
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History : Template method (original but still useful)

Construct probability density

*MC datasets
s ttbar: set of Mtop points

TG Event reconstruction

functions for mjc° for all MC mass
points and backgrciund

Pick a variable highly
correlated to true M
mtreco

top*

Event reconstruction

!

data_4_107

data_4_107
E

1639

(all plots form MC)

.......

zéo 240
m,reco

Compare m,ec©
distribution from data to
each of the PDF'’s, fit for
background fraction

F \ [ s
0.018] : .
F — .
0.0161 160.0 .
L —165.0 4
0.014F —1700 .
: 00 ]
0.012F - ]
o.o1f ? 7ﬂ
0.008F .
0.006 U [
0.0047 -rVr
0.002
T m 300
m;
_ Top mass = 167.84 +/- 5.45 0.03 6.49 0 1 .
s Fit-In(L) to a
parabola to
. _, extract
" measurement
w e and statistical
150 160 170 180 inpl%l:nass B e rro r

Top quark measurement , July 1, 2010
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Jet energy scale

JES uncertainty made bound of
top mass resolution

Reco. W Mass (2-tag)
k\/Pb 0.14— CDF Run Il Preliminary
125 JES:
___.%_ - 0. E [l-3 o,
{ > 0 H-1o.
_J o 16
oo 1\ .
b ;). — % - W3 cc
q ‘% 0.0 ' :
Vo7 foos
) 0.02

q] 20 40 60 80 100 120140 160180

In situ JES calibration =~ "<

Measured JES uncertainty
s Lepton+jets : 1.0 GeV/c?
event Dilepton : 2.9 GeV/c?

Top quark measurement , July 1, 2010 (CDF 4.8 b, template method) 20




2D(1DX1D) method (340 pb-' in L+Jet channel )

« We build probability for top quark mass using reconstructed top
mass and Jet energy scale using dijet mass

Reco. Top Mass (1-tag(T)) Reco. W Mass (2-tag)
014- CDF Run Il Preliminary 0.14— CDF Run Il Preliminary

- M,,: - JES:
0.12- 0.12-

[] 145 Gevic?
[] 165 Gevic?
[]185 Gev/c?
[ 205 Gev/c®

-3 o,
[-10.
O1c.
B3 o,

=
ki
I
=
T

=
o
o
T I—I
2
o
o
l—l

Fraction/(5 GeV/c?)
o
o
®
Fraction/(5 GeVlcz)
=
®

o
o
B

III
A
o
5

=
o
N

T
o
o
N

L

——

o- 160 180

e oo Doy e %20 40 60 80 100 120 140
ﬂeco(GeV/cz) m”(GeWcz)

P(m™,m;; M, AJES) = P(M™; Mwp, AJES) x P(m;; AJES)
« We use arbitarary function to build probability density function
 We assume no correlation between reconstructed top mass and
dijet mass

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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pdf

»

Kernel Density Estimation

l'eCC)>
m

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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pdf

»

Kernel Density Estimation

................ ;......... qeje .....'.l....;......... oepoecoeccsce
h h h
] ] ]
H H H
H H H .
mtreCO

Top quark measurement , July 1, 2010
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pdf

»

Kernel Density Estimation

—
m

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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Kernel Density Estimation

»

1D signal probablity (M,,,= 170GeV/c?)

pdf

0.0251 o

SENA

n / ‘1‘
u.mf ; i
EI.EIEIE: / 1%
- N
U;(z' L ‘;‘T—ET"T'“T“--,—-_._ , L .
150 200 iﬁﬂmt recé’"{’GeV /C!‘»gs

mtreco

* No need to assume form of the shape

« Naturally extendible to more than 1 dimensions (correlations
treated intrinsically)

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago



Kernel Density Estimation

2D signal probablity (M,,,= 170GeV/c?)

]

w, (GeV/c?)

myeco (GeVlcz)

m

* Expand to 2D
“*We can correctly account the correlation between

two observables

Hyunsu Lee, The University of Chicago

Top quark measurement , July 1, 2010
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M,,, measurement using 1.9 fb-! data

leptan + joto, 1-tag Signal probabiliy (M, = 172.0 GoV/o) loppton + [ote, 2-tag Bignal probability (M, = 172.0GeV/o?) lepton + jets, 1-tag Background probability . lepton + jets, 2-tag Background probability .
- q e o o q . E
2 110 J 2 120 = 110 £ 120 5
4 | - s ]
] . E ]
%100—: %”0_5 : §=1on—j
E s E 100 E 3
3 90
] a0 3
80 —; E 80
= L 7
i , ] 0.0002 ]
60 _: e 60 _: 0 _:
50 | 50 3 ] E
e e "izDOIG ?:'02] e e e 2“2“1(5;4'02 %0 135 140 760 " 180 " 200 * 230 " 240 " 50 S 37140 " 160 " 160 " 200 " 230 " 240
mee (GeV/c mi ic) my=ee (Ge/c’) mi=e ( GeV/c?)

P(mtI‘ECO’ m . M

jj? " top?

AJES) Fully 2D with Kernal Density Estimation

We apply same technique both lepton+jets and dilepton

We have first simultaneous measurement using
lepton+jets and dilepton channel in 1.9 fb-'

PRD 79 112007 (2009)

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 27



3D template. Why not?

P(m™,my, AJES)
 Three dimensional KDE

“* We use three observables to build probability density function
 We have ~10% improvement in statistical uncertainty by

using third observable

% 24 minimum chi2 mass in kinematic fit from different combinatoric
* |t can be easily extended as multi-variable technique

% Possible direction(?)

+ Limitation in the MC statistics — not enough with linear increasing
Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 28
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Method checks (after correction)

Residuals: Combined

2
e 1’ I ndf 15.84714
> 15— Prob 0.3231
& f po -0.005792 + 0.03495
s F
=]
S o050
3 C I
= ob bt ‘It"'} ¢ é - r‘ %
E + T T +Y ?
o5 ¢
-
1.5F
_2:\ Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il
160 165 170 175 180
M, (GeVic?)
i3 Pull widths: Combined
£ °F 21 ndf 1714
s 1250 Prob 0.6862
= 12 po 1.002 + 0.008176
1450
115
1.05F * l ‘ +
) + {-
0.95- %
0.9
0.85—
:\ L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L
08160 165 170 175 180
M,,, (GeVic?)

Residuals: Lepton+Jets

5 ¥ Z1ndf 14.16 1 14
S 15 Prob 0.4382
& po -0.003708 + 0.03542
s
3 £
S 05
3 C -
= 0 iatt o i
E ’p'j Y»
o5 ¢ f
A4
1.5
_2:\ Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il
160 165 170 175 180
M, (GeVic’)
.5 Pull widths: Lepton+Jets
£ °F 21 ndf 13.06/ 14
s 1.25- Prob 0.5214
= 42 po 1.001+ 0.007963
= 1.2
%1.45:
1.1 + :
1.05- % o % T
1E l ; T i = L
R _+_+
0.95- + li %+
0.9
0.85-
:\ L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L
08160 165 170 175 180
M, (GeVic?)

Residuals: Dilepton

< 7 21 ndf 13.721 14
S 15° Prob 0.4711
o r po -0.0393 + 0.06451
s
3 C
1% . 1 o
£ 0; J I I T* % N
0.5 LTt t f# + +
A=
15—
_2:\ Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il
160 165 170 175 180
M, (GeVic’)
i3 Pull widths: Dilepton
£ °F 21 ndf 11.76 /14
s 1250 Prob 0.6258
= 12 po 0.9954 + 0.006265
= 1.2
145
11
1055 | } }
1= J ! + T% o o %
0.95" ﬂ? Te )
0.95
0.85—
:\ L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L L L
08160 165 170 175 180
M, (GeVic?)

Statistical uncertainty was scaled by 4.1% and 4.8% for LJ and Combined respectively

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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Systematic uncertainties

CDF II Preliminary 4.8 fb~!

Systematic LJ DIL  Combination

Residual JES 0.6 2.9 0.6
Generator: 0.6 0.6 0.6
PDF's 0.1 0.3 0.1

b jet energy 0.3 0.3 0.3
Background shape 0.1 0.3 0.1
oo fraction 0.1 0.3 <0.1
Radiation 0.1 0.3 0.1

MC statistics 0.1 0.3 0.1
Lepton energy  <0.1 0.3 <0.1
MHI 0.1 0.2 0.1

Color Reconnection 0.2 0.6 0.2
Total systematic 0.9 3.1 0.9

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 30



Results (4.8 fb)

Combined measurement

o
)

.....
M,
1y,

AJES (o-c)

L:A‘Ic;g(LL)‘ =$o‘.5‘ | - 140
120
100
80
60
40
20

0.8 :qDF "l F.,r.e]!"l‘ma.ry |4'p |fb| 1| 1 | |

‘p_llllllllIII|III|III|III|III|II

3

CDF Run Il Preliminary (4.8 fo™)

p-value = 0.29

169 170 171

174 175 176 8
M, (GeVic’)

1III1.1II

T R R bt
1.2 1.3 14 1.5 1.6 ;.7
Symmetrized Error (GeV/c")

Combined fit: 171.9 + 1.5 GeV/c?

LJ only fit 172.0

Dilepton fit

1.5 GeV/c?

170.6 + 3.8 GeV/c?

< 0.9% Precision

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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Top quark width measurement

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 32



Why we measure top quark width

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

’. ” -

.-W‘.- 2 ."ll-":llr_-' ._[I' s -
[, = 1‘“(| — “‘) (1 +2 “)[1 — ( — =
: F m? m? Im\ 3 2

1.4 GeV at M,,, = 172.5 GeV/c?

top

[
1
LA
S
I
Y

top quark decay

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

b c dors
t t ¢
- H* z w

top quark decay top quark decay top quark decay

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 33



Analysis method

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

SN -
8 sof , 4 T - T=15GeV
EH B A A [
(CRES AA 0.02- —_I'=10.0 GeV
e A t
w f AA = 0015 - T=20.0 GeV
| F B
w [ A S 0
= 100 A S
B A A 001
[ A i (a)
L A .
5 A poos|
A -
ﬂ||||||||||||||||||||| E""I""l-"-".' g e 4
0 5 10 15 20 150 200 20 300 350
Lop  (GeV) miee(GeV/c’)

 RMS of reconstructed top mass is measure of top width

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 34



First direct bound of top quark width (1 fb-1)

Confidence Band with Systematics

— III|III|III|III|III|III|III|III

% 100 ’_95% Confidence Level i
S 7L M =175GeVic®
~ gol
60 Data 1 Tp <13.1GeV
[ 1 0
ok 1 at95% CL
20 -
- CDF Run Il Preliminary (1 fb'1) .
Oi#%éﬁﬁ| I EE I BT B R B R |_

20 0 20 40 60 80 f,100 120

|
rtop (GGV) J Lee, The University of Chicago 35




First direct bound of top quark width (1 fb-1)

Confidence Band with Systematics

— III|III|III|III|III|III|III|III

% 100  95% Confidence Level i
S M =175 Gevrc? Ftop <13.1 GeV
28 [
~ 80 at 95% CL
60| S()m‘c(‘} | AT (GeV)
| *Jet Energy Scale (I''"™ = 30 GeV) 3.2
*Jet Resolution (I'}""" = 15 GeV) 2.1
40: Parton Distribution Functions 1.4
| *FSR 0.9
20! *ISR 0.7
| Generator 0.7
| Background shape 0.5
O MC acceptance 0.5
MC statistics 0.4




Update of top width measurement (4.3 fb-1)

 In situ JES calibration using Wijj

Probability

0.04

o
o
@

o
(=]
r

o
==
—
T T

\‘l\ -—= .ﬂiJES: _2.0 GC

R Ajs=2.00,

60 80 100 120

mH(GeWcz)

o 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 measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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Azz

15

10

Results

~ 0
m B - =
- o - CDF Run Il Preliminary 4.3 fb” + -log(L)=05
__ : % -log(L)=2.0
B 0.5
__ CDF Run Il preliminary 4. b’ :
— — data fit w/o systematics 0 B
B —=— data fitw systematics L
~ AxZvs [ pen W/ SYsStematics n
— x  AyivsT, ., w/ systematics i
L -0.5—
: x K K A & A A ow koK A & B | | | | | |
NS TN N NN N TN N YT N T TN A TN SO M 0 2 4 6 8 10
5 10 15 20 25 Input
r,,/GeV Tiop (G8V)

04<T,,<4.4GeV@ 638% CL

Mop < 7.4 GeV @ 95% CL
First set of low bound limit (68% CL)

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 38
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Intro.

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

This is testing CPT violation
% Well tested in meson, baryon, and boson
% Not very well in quark and high mass particles

% Do 1tb* measurement using ME technique
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)

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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Event Reconstruction

« We modified nominal kinematic fitter to get mass
difference

(pg:fit B jjé:-rneas)g ([*jfit - L,T;j?lﬂﬂﬂ)ﬁ
Ei:i,zljets gig T Ej:ﬂ::y "Tf
(Mj; — Mw)* | (Mg — Mw)?
[Ty iy
(Mpy;; — (1725 + df\[rem/fz))Z N (Mpp, — (172.5 — df\[,,.wm/Q))?
I2 I'?
&?TE-I‘EED — _Qzﬂptﬂﬂ >< dﬂ[ﬁ-“EEﬂ

« This variable is corresponding to top quark mass minus
anti-top quark mass in reconstruction level

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 41



Shape of reconstructed mass diff.

) 2-tag negative lepton 2-tag positive lepton
£ o1 2 0IF
g - — A M =-10 (Gevic?) 5 | —am, =-10(Gevic?) _
g oo % 0.08 -
< 0'08__ — AM_=0(GeVic) < T — AM, = 0(GeVic") [ 7

0.06— — AM_ =10 (GeVIc") 0.06:— — AM_ =10 (GeVic’) N |

0.04 |4 0.04 a

0.02- _ 0.02

_!-E:-{F&||| N ol T T [T N T T S B
-%0 -100 -50 0 50 100 150 -QSO -100 -50 0 50 100 150

Am,,, (GeVic?) A Myeeq (GeVIC?)

« We divide sample with lepton charge due to different
response of hadronic top and leptonic top
¢ Different resolution of jets, lepton, and MET

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago 42



residual (GeWcz)

Method checks

) Residuals i Pull widths
: 2 1 ndf 11.16/10 || £ F 2 1 ndf 15.67/10
150 Prob 0.3453 | 1250 Prob 0.1095
: p0 -005801+0.09662 || = 4 ,F PO 1.04 + 0.006702
1 3 %
: I 24.15F
- ® o
0-5¢ | + ] 115 .
. e - 1 I
i ar e S IRL (Y SPG SR
-] | ‘ = b I
-0.5 l l ) 1 ! o
a4 095
: 0.9
151 :
: 0.85F-
20 L. L o S ——l S | C | Ll
-10 - 0 > 10 9830 5 0 5 10
A My, (GeVier) 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

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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Systematics

CDF 1I 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 measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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Data fit and results

CDF Il Preliminary 5.6 fb"

24
22 160=
20 ;_ 140; CDF Run Il Preliminary (5.6 fb'1)
18- 120
_ 161 100F- P value=6%
< 145 80
E 12 60
a 105 a0t
3;— 20i
6 0 pli S O B i . V: I ¥V PR MR
= 12 14 16 1.8 2 22 24 26 238
4 = Symmetrized Error (Gercz)
2
0-_|' 1 1 | 1 1 1 1 1 1 1 | | 1 |
-15 -10 ] 0 ]

AM (GeVic?)

« ~ 2sigma deviation from standard model

-3.3 + 1.4 (stat) £ 1.0 (syst) GeV/c?
=-3.3 + 1.7 GeV/c?

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago

45



Data and expectation comparison

A m,.., tagged

CDF Run Il Preliminary (5.6 fh'1}

—e— [Data

. sigr A Mmp = 0.0 GeV/g
. bkgd

Sig :0 GeV/c?

Fa

100
A My, (GeV/CT)

150 -?50

A m.., tagged

CDF Run Il Prellminary (5.6 fh'1}

—e— [Data

+ . sig: A M - 4.0 GeV/f?
. bkgd

Sig :-4 GeV/c?

150
A My, (GeVieT)

« Comparison was done by adding four sub-categories

Top quark measurement , July 1, 2010

Hyunsu Lee, The University of Chicago
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Conclusion
 Top quark mass 172.0 + 1.5 GeV/c?

* Top quark width <7.4 GeV @ 95% CL
04<Tl,,<44GeV@ 68% CL

top

* AM,,, -3.3 £ 1.7 GeV/c?

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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Backup
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Residual on JES

, Residuals: Combined , Residuals: Lepton+Jets
o T 21 ndf 0.3077/4 e F 1 ndf 0.4371/4
S 150 Prob 0.9893 > 150 Prob 0.9793
e F po -0.2437 + 0.0659 o F po -0.2161 0.06493
= 1 = 1=
3 - S -
2 0.5 3 0.5- .
e Y Y £ of q ! Y.y Y
= ot ? I * ? : ? o v 5 + . ¢T+
- - ﬁ! T* C + + ,ﬁ ®
ost ¥ l ¢ * ? 0.5]- #
4 e 172.0 GeV/c> b ® 172.0 GeV/cz
- v 167.5 GeV/c? - v 167.5 GeVic
1.5/ 5 177 5 GeV/c? 1.5F m 177.5 GeV/c?
: _“:i AN ST ST N N [N TN SN SN M AT ST SN N TN NN SN S SO S N
_2 I-|1I Il Il I-Ol.sl Il Il Iol Il Il Il I0.|5I Il Il Il 4 Il ‘ -1 -0.5 0 0.5 1

A
Ajes JES

No significant shape on residual
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Data and Fit (LJ)
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300 1350 % 110 120 ) ‘PO 250 300 %50
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o . P 45
. L CDF Il Preliminary (4.8 fb™) L
ol é 2-tag: 280 events 2 50l 2 40— 2-tag: 280 events
%. o Dala 2 2-tag: 280 events g a5l o Dala
— 7 - % 40l e Data ha
% Signal+Bkgd 'E 40 - & 30—
— e g Signal+Bkgd H
/ 7 Bkgd only @ 30/ -' gnaere g 25-
| 224 Bkgd only w0l +
| , 20 . 15— 4, _
+ CDF Il Preliminary (4.8 fb™) 10 h 10—/ '7/ +
7 // _ °% ////
i /%zn:/n:m., .////4/’/////‘]111”‘“ o B e / " pex = G otz et D ,!//é'lm'z‘-‘ylllll’i"'..,,,, b
00 150 200 250 300 §50 %0 60 70 80 90 100 110 120 ) ‘POO 150 200 250 300 350
miece (GeV/c”) m, (GeVic’) mieco(d (GeVie’)
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Feldman-Cousins method

CDF Run Il prefiminary 4.3f67

uver!np >

E‘ s
- COF Run N prefiminary 4.316"
%— =
Data fit
b [] -
ol e . 1 1
@ ¥ i@ (L]

Top quark measurement , July 1, 2010

FL

10

* “ordering principle © Ax?

L

i COF Run N profiminary 4.3t
— Intercept(s) gives

[ limit(s)

I

Hyunsu Lee, The University of Chicago

= -2 Log{Likelihood)

= Each MC sample generates a Ay’

;\J\/—’/#ﬂ_____-—? = plot Ay % vs trueT

= Qverlap with data fit




Coverage with different JES

- AJES= 04 CDF Run Il preliminary 4. 3fb”
s AJES= 02
e AJES= 00
v AJES=-02

v AJES=-04

S

Coverage
[ 2

e —

0.9—

0 5 10 imput 12
rIPt (GeV)
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Data fit

E?Eﬁ'—
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Truth mass dependence

) Residuals:A M
o F 2/ ndf 2522 /6
> 150 Prob 0.866
& p0 0.004012 + 0.08381
= 1
< o5}
of | ¢ ’
T
-0.5 J
_1;_
15}
T T R T R T BT 7 ST
Mbp{GeWcE}
« We perform bias check with different truth top quark mass with
AM,,, = 0 GeV/c?
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1tag : Data distribution

Events/(16 GeV/c?)

Events/(16 GeV/c?)
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Events/(16 GeV/c))

Events/(16 GeV/c?)

2tag : Data distribution

CDF Il Preliminary (5.6 fb"
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pT balances and assigning systematics

Tag b using soft muon
btag

1400 __ o *

No hepg info

1201
1001

%**5’ ﬁ%
*%

1 -08 -06 o4‘b2 0 02 04 hé 0.8 1
pT balance(tag b with soft muon)

Tag anti- b
btag

140
120
100
sof
ool
of

20

-"|I I:ﬁ.ﬁl-ll‘).é 04 02 0 02 04 | Ub 08 1
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

Top quark measurement , July 1, 2010
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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

N

Away jet : jet PT>20GeV

* Depending on charge of soft muon, we can have b or
anti b enriched samples

Top quark measurement , July 1, 2010 Hyunsu Lee, The University of Chicago
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pT distribution of away jets

_ all jet (b enriched) _ all jet (b enriched)
30007 et 3000 — Data
2500; NO b quark 2500 ;1 ) NO b q.uark
S —— Opposite b-flavor o —s— Opposite b-flavor
2000 ° .|, —e— Correct b-flavor 20001 —e— Correct b-flavor
1500%— 1500%—
1000;— 1ooo§—
500/ 500%—
%20 60 80 100 120 140 160 002060 80 100 120 40760
all jet Py (GeV/c) all jet (b) P; (GeV/c)
* b: 18% « Antib:17%
« Antib: 5%  b: 5%
e LF: 77% ¢ LF: (7%
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pT distribution of away b-jets( btagging)

b tagged jet (b enriched)
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B tagging efficiency comparison for two samples

b tagging efficiency of b (b) enriched dijet sample

0.2

0.18
2 0.16
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}
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| {
|

(=]

ro'
D_

40 60

80

A IR R R B
100 120 140 160
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Zoomed plot

b tagging efficiency of b (b) enriched dijet sample
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tagging efficiency

More pure samples

Tagged jet : SECVTEX tag + soft muon tag

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

0.5:b tagging efficiency of SLT b tagged sample e« ~B60% of correct b
045 . events without b-
0.4:_ enricned sampie .
0350 o tagging but low
0.32_ y l - —— b enriched sample StatIStICS
0.255- ——

0.2

0155 * Generally good in
0.1

0,05 agreement

07"26~"20 60 80 100 120 140 160

jet P, (GeV/c)
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m+, in dilepton channel (3.4 fb-)

m+, was introduced for mass | |
. . . | Visthle final sitate
determination of new physics ‘ p -
particle pair productions b y
We use it as 2" observable and _":} e
improve ~15% statistical f\ |
uncertainty qf |\_
g
Tnvisible
0 Tagged DIL ﬁ?:a!f .IS‘I;{;E
-‘é‘0.0S—
20.07— 2
:: — M, =160 (GeVic")
0.06 0 o mT2 = min[maX(mT(l), mT(Z))]
0.05F T Moy =170 (GeVie
0.04 Gr+pr=missing py

_ 2
hop = 180 (GeV/c")

o » We use my, first time in data
o'.01 (34 fb'1)
50100 150 . 200 0 300 % Phys.Rev.D 81 (2010) 031102

mT2 (GeV/cZ)
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