Eor Wi B . L i .I Fre
- () SIS 1 T h‘ki' e es 1 o — =

Top-Quark Measurements

at CDF with the Full Run
IT Data Sample

David Toback

Texas A&M University
For the CDF Collaboration
CIPANP, June 2012




Top Quark and the Tevatron

* Top is the heaviest known particle
- Mass ®#172.5 GeV/c?

* Fermilab Tevatron

- Sqrt(s)=1.96 TeV |
- Just completed data taking phase

- Collected 8.7 fb-! of data useful
for these analyses g —————

- Top-pair cross section 7.5 pb _
- Single top cross section #3.1 pb  ‘_‘_
- Show some of the results from the i ‘:Féizzéa:fz:‘;]i

full (or nearly full) Run IT Data S
sample

- -
3334
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Outline:
Mass, Properties and Cross Sections
+ Top Properties
- Forward-Backward Asymmetry: Ag;

Br(t—-Wb)
Br(t-Wgq) and l vtb I

- Single Top: Cross sections and |V, |
- W-Helicity in Top Decays
- Top Mass
- M;,, in Lepton+Jets
- Top-antitop Mass Difference
- M;,, in Met+Jets

» Conclusions
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset 3

- Ratio of Branching Ratios:



A FB in 1.he Born + Box Interference

Positive Contribution to Agg

Standard Model N’

+ Standard Model has no
Forward-Backward |
asymmetry for top paif | e Conmbution to A
production at LO

* NLO has interference
terms that give a small
asymmetry

- Some uncertainty

+

A =6.6%

regardi ng Theopy POWHEG: JHEP 0709, 126 (2007)
predictions 093003 (2011, JHTEP 1201, 063

= Use POWOHEG Cen-'-ral va|ue (2012); arXi1v:1201.3926[hep-ph]
and a 26% correction for

. . CDF Public Notes
EWK contributions - CDFNote 10774: Lepton+Jets

« CDFNote 10807: Differential

David 1oback, lexas A&M UniversiT
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Arp in Lepton+Jets Events

 Have measured an Ag; that is 3c from

zero and larger than SM predictions

* Arg Depends on Mass of the tt system
* Arg Depends on the top rapidity

Events /0.5

difference

CDF Run Il Preliminary L = 8.7 fb™

F —— I+Jets Data >
n A =0.16+ 0.034 M, 2 450 Gevic®

200 F ™ NLO (QCD + EW) ti + Bkg

- A =0.044
- m=m By
- A =-0.04

-3 -2 -1 0 1 2 A 3 sity - CDF Collaboration
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Asymmetry vs. M,, and |AY|

CDF Run Il Preliminary L = 8.7 fb™*

.+ With the full dataset we can & 0B~ s (11t 29) 10"
look at the differential Ag; as SRR T _
a function of M and |AY]| 0.4 o 74«/
after background subtraction '

- SM predicts both to be -2
roughly linear DI f |
- Observe a linear dependence R R R R R R

in the data M, Gevic”

CDF Run Il Preliminary L = 8.7 fb!

- Slopes are 3c from zero and £ 05F ——retspata-skg

o, = (20 £ 5.9)x 107

inconsistent with SM 0.4F — NLO(@cD+EW)

oty = 6.7 x 107

predicted slopes E | )
- p-values less than 1% from Mi
SM “F
0_15—
b

Can the numerical values of these slopes be useful

00 02 04 0608 1 12 14 16 1fTﬂj
. Y
to model builders?



Asymmetries at the Parton

Level

Can unfold data to get back to the parton
level to get to a "true” Agp

CDF Run Il Preliminary L = 8.7 b’ CDF Run Il Preliminary L = 8.7 o’
n m —
£ [ ——I+Jets Data & [ —=twetsData
< [ o, =(306+86)x10 05F o, =(15.6+5.0)x10" /
os|-  (Correlated Uncertainties) P - (Correlated Uncertainties) P

- — NLO (QCD+EW) ft — 0-5F — NLO (QCD+EW) if

I =10.3x107? N =3.3x10™
| Olpy X l / 04| g X
0.4 B

i 03| | / ‘
0.2 — 0.2
| _______.--'"'"_ L

l; | 01 3_?—34

IIIII|III|I III|IIII|III i i
l:Ill 0.2 04 06 08 1 1.2 14 16 1.8 2 Pﬁl} 400 450 500 550 600 650 700 750

Parton Level|Ay Parton Level M_ (GeV/c?)

slope Agg vs M, Apg vs Ay . . . : :
parameter o Again, linear relationships with

DATA (15.6+5.0)x10™* (30.6+8.6)x 107" S|0PeS ThGT are 3o fr'om Zero
and inconsistent with SM
SM 3.3 x 107* 103 X 1072 A pr'edic'l'ed slopes

CIP ) - . Wiirn irne ruil kurn 41 yuaiudel /




Ratio of Branching Ratios
R = Br(t-Wb) |Vip |2

Br(t-Wq)  [Via|*+|Vis|?+|Vip |2
+ SM: R =1 constrained by CKM unitarity.
R<1 could indicate new physics

+ Drop R=1 assumption and Measure R
simultaneously with the tt cross section

+ Expect 2 b's in each tt event if
BR(+>Wb)=100%

- Tagging efficiency determines number of
Lepton+Jets events with O, 1, or 2 tagged
jets in 3, 4 or 25 Jet samples

- Derive |V,,| from result (assuming a unitary
3x3 CKM matrix)

David Toback, Texas A&M University - CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset



Top Cross Section, Branching
Fraction and |V, |

. -1
3CDF Preliminary 7.5 b 4 CDF Preliminary 7.5 fb

E e c =

o 251 & 2.5¢ \

- \ / 1

- \ / -
0.5 - \ / 0.5
: | I | L 111 | l/ 1 1 1 L1 1 | A | E

0.85 0.9 0.95 1 1. TR

Tppeilpb) | 74x£1.1
R 0.01 +0.00
| Vil 0.95 £+ 0.05

David Toback, Texas A&M University - CDF Collaboration
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Single Top Quark Production

~33% : ~67 % Small
t 9q q b 1%
t
g : t
s-channel production t-channel production Associated Wt production

CDF Public Note 10793

Qiiorn

10



Data and Neural Net Analysis

* Large backgrounds in the Lepton+Jets+Met with a
b-tag
* Use Neural Nets for s and #-channel separately

and to separate the different signals from
backgrounds

W + Jets, = 1 b-Tag CDF Il Preliminary 7.5 fbo”

W + Jets, =1 b-Ta CDF Il Preliminary 7.5 fb”
S 0.15 —S_ingle Top ‘E 800 +CgDF Data =
= tt -
g Wa+HF o -
LL — W+LF Lﬁ N
-E 0.1 Z+dets 600
g — Diboson = E E"LJ ets
Lu QCD I:Iqlcgson
3
£ 0.05
E I =
o Jug =
= —
0 PR T TR N SR T T TR (N SR T T T N S P = -
-1 -0.5 0 0.5 1 | -1 -0.5 0 0.5 1
NN Discriminant M Uni NN Discriminant

CLFANF, June ¢Ul1Z 10p uark rroperties With ...c . viv vvcis e cuvaoes ‘s



Total Cross Section and |V, |

W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb!

Assuming m,,, = 172.5 Gev/c?

=
»
- 5
8 0.01
> | D Meas - +0.57
3 Os+t 3.04_¢53 pb
E Wa+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™
£ - £ 001
5 DH0 3 : IV |>0.78 (95% C.L.)
9 | > VU. % C.L.
5 2 0.008| *
8 =
o £
: © 0.006-
0 S S— O [
0 2 4 6 8 & I
Single Top Quark Cross Section o, [pb] s 0.004
E -
08- 0.002
v 2_0'meas v ) — L
‘ tb,meas| — ' | tb,SM‘ 03704 05 06 07 08 09 1

2
TSM V|




Simultaneous o, and o, Measurement

W-+Jets, NN Discriminant CDF Il Preliminary 7.5 fb™
® CDF Data

SM pr‘ediction: - 68.3% CL

[ arXiv:0909.0037vl @ 95.5% CL

' 99.7% CL

Bl SM(NNNLO)

O

N

N

-
T T

t-channel Cross Section [pb]
W

(-

0 1 2 3 4 5
s-channel Cross Section [pb!

Measured w
SM Predictio

o, = 1.8173:2 pb o, =1.05+0.07 pb
o, = 1.491037 pb o, =2.10+ 0.19 pb
o, =0.22+ 0.08 pb




W Helicity in Top Quark Decays

+ Since the top
decays as a
bare quark it's
spin
information is
transferred
into it's final
state

- Sensitive to
non-SM tWb
couplings

/l,q
Spin=1
pin=1_

>
W
ot v, Q'

#-‘?_J

~ ”

~ V-A

b
Spin=1/2

Spin=1/2
t

I
Y

W Left-Handed
fraction Fi

Iy ql= gl
gi efr o ==

{

ﬂ Suppressed by the

W, Longitudinal W, Right-Handed
fraction E@ fraction F'Fa

David Toback, Texas A&M University - CDF Collaboration

CIPANP, June 2012
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Simultaneous Measurement of
the Longitudinal and Right-

Handed Helncn‘y

Use Matrix Element Techniques
in Lepton+Jets events

Consider Cos6™ which is the
angle between the lepton in
the W rest frame and the

momentum of the W in the
top quark rest frame

— lgft-handed
=== faprgiudinol

Flghi-fricid
— e (SN

-1 -0.5 0 0.5 1

Entries/0.13

Data/Prediction

300

200

100

—

0.5

" CDF Run Il Prellmlnary (8. 71b ‘)
s data

11 (f,=0.7, 1 =0
mm EW

I Non-W
[ W+Light
[ W+Charm
] W+Bottom ™
KS 0.42

:+_ _+_—+—_+_—+—_+__+__+__+__+__+_ ........ +

-1

0 1
cosh (Leptonic W)

cos © ack, Texas A&M University - CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset 15



g o g =+ D.l T T T T T T T T T | T T
W e |C l'l'Y ' n - | Data Fit: CDF Run Il Preliminary (8.7 fb )
e Best Fit and 1o Uncertainty
Joint 16 Coverage in 2-dimensions N

Top Decays : m Standard Model Prediction

Report both the or - :
uncertainties on . . )
each value as well |
as the joint
coverage in 2-dim T

Parameter Measured Value Standard
Model Value

'—E’f’!gi'f:dig;ll fo=1(72.6 + 6.6(stat) + 6.7 (sys))%  fo=69.6%
ix f,=

Right-Handed ¢ — (2.5 1 2.4(stat) +4.0(sys))%  f+=0.1%
(fix £,=0.7) CDF Public Note 10855

0




Top Quark Mass

+ The top quark mass is a fundamental parameter
of the Standard Model

+ Affects predictions via radiative corrections

* When combined with the W mass places
important constraints on the Higgs Mass
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Top Mass: Lepton+Jets

CDF Il Preliminary
+ Data (8.7 o)
Signal+Bkgd
Bkgd only

Gogie),
8 8 &8 8

Events/
—
b=

CDF Il Preliminary
* Data (8.7 fb")
ignal+Bkgd
Bkgd only

.

CDF Il Preliminary
* Data (8.7 ")
Signal+Bkgd
Bkgd only
All

i

i

ik

150 200 25 150 200 250, 300350 70 80 90 ,100 110 120
m*< (GeV/c =< {Gewc’) m. (GeV/c’)

CIPANP, June 2012 rober

verties with the Full Run CDF Public NOTe 10761 g



Top Mass: Lepton+Jets

. . . 0_5 .LIJ"TE LLLLLLLILE] .T...L.L.]..J..[...f...f..;..1..1..]..!..]...'..1..[ ..... R N O 0 {TLL
The dominant systematic is L i —logl)=05 | 1
the Jet Energy Scale E I N e Alogl)-20 ]
: : : 0.4} 45 o
include it directly 5 Aloglh=43 T
Statistical Uncertainty now ]
. 02 A TN A —
better than systematic G _
uncertainty £0 |
CDF II Preliminary 8.7 fb™! O -
Systematic GeV/c? R ‘ |
Residual JES 0.52 " o N
(Generator 0.56 0.2 Wit : e e
Next Leading Order | 0.09 | M 5 .
PDFs 0.08 " ‘CDF Il Preliminary 8.7 fb" — ]
l.) jet (‘Il{‘l‘}_]‘:\' 0.10 -0'4 . LL_J_J I Ll L. 1 I. L L 0 ] I L a2 | I L L_JL LI L) I L2 1 _J I LA L _J1 I. LL_L L l 1
b tagging efficiency 0.03 1705 171 15 172 1725 173 , 1735 174 1745 175
Background shape 0.20 MHP{GBWE}
gg fraction 0.03
If\{lacdiﬁﬁf“‘l 88‘3 0.71 (stat) = 0.84 (syst) GeV
1C statistics 05 JEC— 0
Lepton eneray 003 1.10 GeV ( precision: 0.6%)
MHI 0.07 — )
Color Reconnection | 0.21 Most sensitive single method of
Total systematic .84 ack, Te: .
cF — ark Pro| measuring to mass



* Look for a difference AMTop

between the measured
top mass and the
antitop mass - . oot

° POWCf'fUl test Of CPT 5350/ it (0 GeV/c?)
viola_'.ion =300/ I epton-Hets = Background

All
* Use the same
procedure as in the
previous top quark mass
measurement vl/her'e we 00 S o 50 00 180
assumed M., = M sitop. Amy** (Gev/e')
but remove this T?Dp 1‘c:]uar'kh ocr;ly quark that de;:‘ays
- efore hadronizing, giving the
gei:l":l’em‘?lnt Tand allow possibility for a clean test
(o O T10Q

independently in the
CDF Public Note 10777

fltt'"g A&M University - CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset 20
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A

MTo

*

Many Jet Energy systematics uncertainties cancel
Result dominated by Statistical Uncertainty

CDF 11 Preliminary 8.7 th™!

Systematic GeV/c”
Signal Modeling 0.14
Parton Showering 0.17
Next Leading Order 0.16
Jet energy scale 0.07
Parton Distribution Functions | 0.12
b jet energy 0.U5
b/b asymmetry 0.38
Background shape 0.20
oo fraction (.05
Radiation 0.10
MC statistics 0.07
Lepton energy 0.06
MHI 0.05
Color Reconnection 0.23
Total systematie 0.50

CDF Run Il Preliminary 8.7 fb™

A0 8§ 6 4 - ugﬁﬁ |
AM,,,, (M.-M) (GeVic?)

AM;,, = —1.95 + 1.11 (stat) + 0.59 (sys) GeV/c?
= —1.95+ 1.26 GeV/c?

CIPANP, June 2012

Top Quark Properties with the Full Run IT Dataset 21



Top Mass: Met+Jets

* While many
measurements of top
pairs have come in the
lepton+Jets, dilepton,
and all-hadronic modes,
many more tt events
show up in our data

» Identify many of them
using a “catch-all”
analysis which looks for
events with Met+Jets
where one or more of
the jets is b-tagged

* Many are from lost
leptons or hadronic tau CDF Public Note 10810

decays David Toback, Texas A&M University - CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset 22

Me+jets

B mu+jets

Had.tau+jets

MLep.tau+tjets

mDIL(e/mu)

DIL(e/mu +tau)

mDIL (tau+tau)

All Had.



Top Mass: Met+Jets

* Pick up more than 1,500 top candidate events
* Fairly clean sample
- Allows for a strong mass measurement

CDF II Preliminary 8.7 fb~*

b-tagging | jet-multiplicity tt Background | Total Expected | Observed
ltag 4 jet.s 427 + 50 | 262 + 22 690+ 55 761
5 or 6 jets 801470 450429 1251 £+ 76 1341
Stag 4 jets 179423 43411 222 +26 225
5 or 6 jets 373 + 37 125423 498 + 44 550

- .y v - a» =

" W WA 'Y

Ian I F'relirlninary (8.7 1I‘b‘1}
. MET+2tag jets: 5 or 6 jets —_

“o | NE
>100] o Dee 100
3 ft ¢H
E - Background E
;_m__.— =
2 50! g 50/
S _ i)

4 >
[ (N 1]
100 200 300 400
mie® (GeV/c")

S wprwy v

200
meeo) (GeV/c”)

CDF Il Preliminary (8.7 fb™)
MET+2tag jets: 5 or 6 jets

e« Data

ZI

B Background

400

2
o
o

(8]

Events/(6 GeV/c
o
o

50

PPN apEr W WA e W §

A CDF Il Preliminary (8.7 fb”)
] MET+2tag jets: 5 or 6 jets

e Data
i

B Background

100 150
m, (GeV/cY)

200

-



Top Mass: Met+Jets

* Use many of the same techniques as the
Lepton+Jets measurement

- Systematics dominated by the jet energy scale,
overall measurement dominated by statistics

CDF 1I Preliminary 8.7 fb™* 5

Systematic (GeV/c?)

Residual JES
Generator
PDF's
b jet energy
Background
gg fraction
Radiation
Trigger simulation

Multiple Hadron Interaction

Color Reconnection
Calibration

Total Effect

M, = 173.9 &
= 173.9 +

CII.. .

T e g WIswsy vV v

1.6(stat.+JES) +

1.9 GeV/c2

O

" TNy emer w el SR W ¥

0.9(syst.) GeV/c?

I 1 t T T T T T
- s — A log(L) = 0.5
%ﬁiifp .ﬂ:ﬁ 0.6 F I v Alogll) =20
0.36 7 R = o Alogll)=45
0.16 S B A ",
0.2y : SN B
0 . ]_9 B "1," Y '4." k
O . ]_5 0 . f"';f"—;,‘ ‘-'.‘ "‘s’“ ?"jr,
0.28 0.2 g g A -
0.13 S N
0.18 04} T o e
0.28 D
0.21 061 L Cr——
0-87 : ICDIF III Prelllm!nalw ﬁ.?l fbI 1 I 1 1 'l I 1 1 'l | 1 'l L
170 172 174 176 178
M, (GeV/c))



Conclusions

* Measurements of the top quark
continue to be a priority for
the community
- Agg different than the SM

predictions in interesting ways

+ The Tevatron legacy
measurements continue to be

some of the most precise It's an exciting
results in the world time as we move
- Individual mass measurements from the data
approaching 1 GeV each taking phase to the
* Many new results including A-;, | analysis-only phase
mass and cross sections in the at the Tevatron

dilepton final state coming soon |
' ' = CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset 25



Backups

David Toback, Texas A&M University - CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset
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Abstract

The top-quark, discovered at the Tevatron almost two
decades ago, is the heaviest elementary particle known
today. Its large mass and short life time make it an
ideal ﬁr'obe for studies of the standard model and
searches for new Fhrsics. These are still intensively
pursued with the full CDF Run II data sample. We
present recent high-precision measurements of the
forward-backward asymmetry in top pair production; of
cross sections for top pair production differential in the
production angle; of the single top production cross
section in the s- and t-channel separately; of the top
mass and of the mass difference between the top and
anti-top quarks; of the top decay branching ratio into a
W boson and a bottom quark: and of the helicity states
of the W boson in top pair decays.

David Toback, Texas A&M University - CDF Collaboration

CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset
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Basic Top Stuff

Luminosity (pb™)

- delivered: ~ 12 ... .../ .. E

g olihm S 1 Results shown in the
suuu?- per expemmen‘r NN AP A . _E fO”OWing base d on
4000+ Delverec I datasets up to 8.7 fb-!
2000 E_.. ..... . Acqmred ............................... il s ._E

2000

il MFEPEE S BTN B AR AN S BT VAN I BT BT
3000 4000 5000 6000 7OOO 8000 9000

store number

QCD pair production ~15%

osm = 7.46 *048 ;7 pb / t t

(for myy,= 172.5 GeV) \ -

Lo Y
'*I

PRD 78, 034003 (2008)
David Toback, Texas A&M University - CDF Collaboration
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What are Az and AY?

In proton-antiproton collisions can
measure the forward-backward
asymmetry (Agg) in the production
angle

p(q.g)

Transform from ©, to rapidity (y)
Invariant under longitudinal boosts

Rapidity difference is a good proxy,

for production angle Ay = MAy > 0) = N(Ay < 0)

N(Ay > 0) + N(Ay < 0)

Measure Ay = y; — yz, where y = Sin( +?)




] Working our back
...~ | .| Yo Parton Level Acg

proton

antiproton

22

1
B
o
=r
3
&
=
o

- Correct for
- Finite Detector resolution

- Smearing from incorrect
reconstruction

- Selection Cuts
- Geometry

- Trigger

- Statistics

- Acceptance correction bin-by-bin
of MC truth before and after
SeleC'l‘ion B¥FEYollaboration

- Gt m—am P Uttt CpCiivies vriser e r &PET Dataset 34b




A Full Correction Matrix
Me‘l'hoci

20000
17500

@ Estimate detector response

matrix S from Monte Carlo 1.0
==
. . 3 s 115000
o Linear equation for corrected 3 112500
data X from data b: SX=b 2 o 110000
P i g 05 17500
@ Inverse problem is ill-conditioned =

. -1.0 5000
@ Can only be solved in least . 15 5500
squares sense (min ‘5)_(' — bl ) ~2:00-15-1.0-050.0 05 1.0 15 2.0
True Ay

CDF Run Il Preliminary L = 8.7 b

@ Even then, solution grossly

magnifies statistical imprecision E&H 2i+EE§5ﬁEﬂT
@ Use technique from math. .E;:: ; “Ff{“'““m—u ——
stats.: Tikhonov regularization 1'5;_ ——
(Hocker and Kartvelishvili 1995) s -
@ Expect true parton level ok ——
distribution to be smooth S '
e Many sources of systematic uncerta e Level é_;

CIPA ’0 Statistical uncertainty deTIIﬂEl-FES SySt{?m%tIC“U H_EEEEE!IEF)'( 33

S A —_— " - - v -y = --"---
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Single Top Stuff

5W+.Jets NN Discriminant CDF Il Preliminary 7.5 fb™

o) ® CDF Data

2 [ SM prediction: ggesao cL

c

XS] ﬁr'le 0909.0037v1" 95.5%CL

3 99.7% CL

n _f B SM(NNNLO)

» 3-

o 3

o I

O L

© o

C -

P [

s T
00...‘1.‘..2.“.3....4.A..5

s-channel Cross Section [pb]
* Measured cross section:

e 0,=1.81%063 . pb
6, = 1.49%047 ., pb
® SM Prediction:
e g, M=1.05+0.07 pb
e 0°M=210£0.19 pb

L GWtSM —_ 022 + 008 pb (Effect negligible)

(= ~33%)

David Toback, Texas A&M University - CDF Collaboration
Top Quark Properties with the Full Run IT Dataset

=

2

t-channel cross section [pb]

= [2] EPJ C49: 791, 2007
- [4] PRL 99: 191802, 2007

D 5.4 fb !

68% C.L.
N 90% C.L.
N 95% C.L.

Measurement

sm'
Four generations
Top-flavor "

| FCNCI[4]

[1] PRD 74: 114012, 2006 2]

[3] PRD 63: 014018, 2001

SEleRel K )

%

2 4
s-channel cross section [pb]

®* Measured cross section:

e 0,=0.98+0.63 pb
e 0,=2.90+0.59pb
* SM Prediction:
e 6°M=1.04+0.04pb
e 0,°M=2.26+0.12pb

(£ 20%)



W Helicity Backups

-|FI( ULmax)

-|FI( ULmax)

200

100

CDF Run Il Preliminary 8.7 fb) = |
W polarization at t — Wb vertex 4
Lepton+Jets Channel
Fixed f,=0.0

15

0.5} \ / - A

/
. 4
035 0.7 )I/
/

S0t

f, (Corrected)

" CDF Run Il Preliminary (8.7 b") /

W polarization att — Wb vertox/,-
Lepton+Jets Channel /
Fixed f,=0.7

CIPANP, June 2012

o1 o0z
f, (Corrected)

Entries/(9.4 GeV/c?)

Data/Prediction

400

200

CDF Run |l Preliminary (8.7 )
« data
[ttt (f,=0.7,1,=0) ]
B EW _
[ Non-W
[ 1 W+Light T
[ 1 W+Charm
[] W+Bottom
KS 0.29 ]

.

e

:

50

100 150
Di-jet Mass (GeWc‘?): Hadronic W

David Toback, Texas A&M University - CDF Collaboration

Top Quark Properties with the Full Run IT Dataset
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Top Mass Stuff

« The measurements shown today are based on:
- Template method

- Matrix Element method

. Template method:
Pick a set of variables x sensitive to m;,,

Create “templates” = distributions of x using MC:
‘top

. for signal: T = z(my,p), e.g. £ = m

« for background g"'"’:" tf m™ templates, = 2 tags events (AJES = 0.0)
- Maximise the likelihood of § ' . .- 160
x " 0.14 B M= 170
their consistence -4 | ML= 180
with the data ' s P
0.1f P(M™ | M__AJES)
- = Advantages: o.08f
« few assumptions 0.06
« fairly straight forward 0.04 (-
« combination of channels easy o902}
ol L

David Toback, Texas A&M University - CDF Collaboration
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More Top Mass Stuff

CIPANP, June 2012

- The measurements shown today are based on:
- Template method

- Matrix Element method

o Matrix Element method.:
- Calculate p.d.f. on an event-by-event basis:

Pc'vt. (_i"-.- Miop ) X fPﬂ;ig (_i"'« ?n't.up) + (1 - f_)}z)hgl‘(‘r)

- The clue:

1

Jt{( '.n']tup )

Puig (£, mygp) =

/ Wiz, y)do(y, miop)

x | M|*(y, miop)

. For each event, we calculate P, (x, my,,) based on its
consistency to come from i production, depending on M,

. Use Transfer Functions W (x,y) to map parton level quantities ¥/,
to reco level quantities .

- =2 Maximal use of stat. information on event-by-event basis!
- (Disadvantage: high computational demand)

David Toback, Texas A&M University - CDF Collaboration
Top Quark Properties with the Full Run IT Dataset
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Top Mass Stuff: Lepton+Jets

. Template method in lepton+jets final states, CDF (8.7 fb)

- Reconstruct the event kinematics by minimising:

, (pz Jit I}%-r?zea.s)g (foff o L.T;lea.t;)z
X° = 2i=t4jets 5 + iz 5
o; 07
(ﬂ.'f' : '?Uw)g (Mg, — ,ﬂ.fw)g (ﬂfbjj — m?em)) (Mpg, — m;'e(:O)Q
* I'? " [2 * ['2 " [
v H; J \ y J t t A
JES constraint MET constraint Mygp, extraction
400[ -

_ Consider jet-parton assign- a5l CDF I Preliminary
ments consistent with “©300L ok * Data(8.71b)
b-tagging . W nan ko

ey gd only
- Form templates from: %200- g
. m}°° :bestjet-parton ass’t 5150_
. .m;em‘“’: second-bestass’t ~ W00 zZEzzzzEiias
. Mij : dijet invariant mass 50— Z=el 5552____ |
: e .'l ..f i '. Bes rovry 350
CDF Conf-Note 10761 (2012) m{““ (GeV/c l!)

DAvid TobAcK, Texas A&M UMVersity - COr cornaoorarion
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset 36



R Measurements

in the SM the ratio R =

CDF 7.5 fb! (l+jets)

Ratio of branching fractions R

|2

BR(t—Wb) \

BR(t->Wq) |V | +|V[]+ |V

by CKM unitarity tobe R=1 —» R <1 couldindicate new physics

measure R simultaneously with the ttbar cross section
dropping the assumption R=1

DO 5.4 fb' (dilepton & l+jets)

o,;=74+=1.1 pb
R=0.91+0.09

V| = 0.95+0.05

0= 774" pb
R = 0.90 = 0.04

|V 4| = 0.95+0.02

stat +syst uncertainties

V| > 0.88 @99.7% CL

—
[¥s]

stat +syst uncertainties

David Toback, Texas A&M University - CDF Collaboration
CIPANP, June 2012 Top Quark Properties with the Full Run IT Dataset
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Single Top Stuff

Train the NN with 11~14 variables in four channels (2, 3 jets

with 1, 2 b-tags)

Train for s-channel in 2 jet 2 b-tags, train for t-channel in

the rest channels

Train the NN with systematic mixed samples for better
uncertainty constraint (~3% improvement expected)

Main analysis channel:
Lepton+Jets

- Only one isolated lepton

- Large missing Et from
neutrino

- At least 2 jets

- At least one of the jets
is b-tagged

David Toback, Texas A&NMultijets
Top Quark Properties with the Full Run LL Dataset 38
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° Background rejection:

* CDF:Veto QCD, Dilepton, Z and
Cosmic

e Sull large backgrounds share similar
final state after the background

t-channel rejection.
s-channel
W+jets
Z+jet, dibosons
tt
llaboration



