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Outline

> Introduction

> Exploring top properties
e Top quark production
o Top quark mass
o Other top properties

» Forward backward asymmetry, tWb coupling,
spin correlation

o Search for beyond the Standard Model (SM)
physics

» Summary and prospects

July 29, 2009 M. Datta, FNAL



Top Quark Physics

> Existence required by the SM
e Spin 1/2 fermion, charge +2/3, weak-
1sospin partner of the bottom quark
» Discovered 1n 1995 at Tevatron
» Mass surprisingly large = ~40x
heavier than the bottom quark
e Only SM fermion with mass at the EW
scale

» Top decays before hadronization:
['~1.4 GeV >>AQCD

o Provide an unique opportunity to study
a "bare" quark

» Currently only produced at Tevatron
July 29, 2009 M. Datta, FNAL
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Why Study Top Properties?

Try to address some of the questions:

» Why i1s top so heavy ?

> Is top related to the EWSB mechanism?
Seesaw theory of EWSB ((PRD 59, 075003 (1999); PRD 65, 055006 (2002)))

> Is it the SM top?

» Search for beyond SM physics: Does top decay into new
particles? Couple via new interactions?

Decay
Pair production EW-single top * W helicity
* Cross section .  Anomalous couplings
e tt resonance search * Cross section » Charged Higgs
* Forward-backward « Anomalous Characteristics
asymmetry _ coupling « Mass
* Production mechanism it _ti h
« W’ search. ... * Life-time, Charge,

« Spin-correlations, FCNC, .
Spin....
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Tevatron Run 11
Proton-antiproton collider (2001-2011)

Vs = 1.96 TeV
Gy =~6.7 pb at m,,, =175 GeV/c?
Cingle top — ~2-9 Pb at m,, =175 GeV/c?

Experiments: CDF, D@
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Accelerators

P —— .

s
L]

Large Hadron Collider (LHC)
Proton-proton collider (2009-)

Vs = 10-14 TeV
Oy  —~833 pbatm,, =175 GeV/c?
Oingle top—~315 pb at m,, =175 GeV/c?

Experiments: ATLAS, CMS
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Tevatron Run II Performance

Integrated Luminosity 6596.31 (1 /pb)

6,500 -
6,000 -
5,500
- 5,000
© 4,500
4,000
3,500 -
3,000 -
2,500

fE 2006

1,500 -
1,000 - 200 /

500 4
'l 2002 2003

delivered lumi (pb™!) / exp

2007

2002 2.;..;.3 S e TS e e T
Doubled data set each year for e ot e tmnesy
four years .
Peak Luminosity record 3.18-10°2 3=
cmsec e
Total integrated luminosity
delivered ~6.7 tb-! :::“

~6 tb-! recorded per experiment
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The CDF and DO Detectors
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+ Silicon tracking + Silicon tracking

Large radius drift chamber (r=1.4m) + Outer fiber tracker (r=0.5m)
1.4 T solenoid « 2.0 T solenoid
Projective calorimetry (|n| < 3.5) « Hermetic calorimetry (|n| <4)
Muon chambers (|n| < 1.0) »  Muon chambers (|n| < 2.0)
Particle identification « New trigger and more silicon in
Silicon Vertex Trigger Summer 2006 (Run2b)

All crucial for top physics!
July 29, 2009 M. Datta, FNAL



Top Quark Production

> At hadron colliders

o Predominantly pair produced via strong
interaction

o Electro-weak single top production

. 9 t g 98 t / : .t/ "' ;)/%l
.ﬁ hg (), ;: {; U/ /\_/\j“‘;{\/\, . ¢ channel @S
q T /e T\ § *\ b )Haf__.
s channel ftss i
Tevatron ~85% ~15% ”

Tevatron: o._.nunnel
G‘t-channeI=2°O pb

(for m,,,=175 GeV/c?)

=0.9 pb,
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Top Quark Production (Cont’)

proton - (anti)proton cross sections

> One top pair per 10
billion inelastic
collisions at Tevatron
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Top Quark Decay

» In the SM: Br(t >Wb) ~ 100% / La
» Decay channels classified by W :,rj_f’ e
decays W .

» Top pair decay channels (I=e, 1)

» Dilepton: 1 110b

>Lepton+j ets: | qubb Top Pair Decay Channels

» All-hadronic: qqqgbb g |2le

» Single top decay channels é ; %

> s-channel: th—Whb—! 1bb 2 515

» t-channel: tq(b) »Wbq(b) > e | | e tauties
1voq(b) o .l T

(overwhelming background prevents using Q] o o] _ )
hadronic W decays for single top) & (e H|T] v ©s

July 29, 2009 M. Datta, FNAL 10



Experimental Challenges
b-tagging Jet Energy Scale

HAD |

EM Calorimeter jet

Particle jet

» And more: background and WQ P
signal modeling, background ) :

estimation, etc.

July 29, 2009 M. Datta, FNAL 11



Signal-to-Background Ratio (S/B)

> b-tagging provides significant background suppression
» Dilepton: Manageable S/B even without b-tagging
> Leptontlets: Good S/B after b-tagging

o Remaining dominant background from W+jets

» All-hadronic: Huge QCD background
e S/B~1/1000 at trigger level

o Needs additional effort for background suppression

- Neural network (NN) based event selection has been used

S/B at | Dilepton | Lepton+Jets | All-hadronic
Tevatron (24 jets) | (After NN
Selection)
0 b-tag 1:1 ~1:4 ~1:20
1 b-tag 4:1 1:5
2 b-tags | 20:1 20:1 1:2
July 29, 2009 M. Datta, FNAL

Most top
properties
analyses use
relatively clean
event sample

12



@ Top Physics at Tevatron w

Robust program of top quark measurements

> Many measurements in all the different
channels — consistency

» Different methods of extraction with different
sensitivity — confidence

» Combine all channels and all methods —
precision

July 29, 2009 M. Datta, FNAL 13



Top Quark Production

Top pair production cross section

Single top production cross section



Top Pair Production Cross-Section

» Tests QCD in very high Q? regime.

» Compare measured cross sections among various ttbar final
states

B Anomalies 1n the tt rate would indicate the presence of
non-QCD production channels: for example resonant

state X— tt

» Provides important sample composition for all other top

property measurements.

July 29, 2009 M. Datta, FNAL 15



‘ ttbar Cross Section : Lepton+Jets

>]1 bta : :

@ — g C l S anal C:::g:“ggbi = CDF Il Preliminary 2.8 m! Huu.-: >3 Pre_tag
S 500 onfro ~ .E - B data (5388 evis)

* | _region M&\\\ a

400K, A\
300 '
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1 Jet 2 Jets 3 Jets 4 Jets =5 Jets 05

NM output

Measure using b-tagged (=1 b-tags) and pre-tag (=0
b-tags) events

c(b-tagged)=7.2+0.4(stat)£0.5(syst)=0.4(lumi) pb

o, (pre-tag) = 7.1+0.4(stat)£0.4(syst)=0.4(lumi) pb
Ac/c =~10 %. Dominated by uncertainty on luminosity

July 29, 2009 M. Datta, FNAL 16



‘ o/ O,

» Reduce luminosity systematic by - oontsponmarn s
normalizing with respect to Z cross ::23} COF Run  Prliminary 7 1™
section oo

9 5000~
theor G t 240005—
'[ RUZ—)My o R — 1 330002—
O 2000 _
Z 1000?— | | )
;riog;y 251 3 + 5 O pb "0 75 80 BSMH (Egewzf) 100 105 110 115

o (pre-tag) =7.0 1) (stat)?); (syst) = 0.4 (lumi) pb
= 253.3+1.0(stat) " (syst)’yy (lumi) pb

%— 36.5 17 (stat)’) ;) (syst)

o (pre-tag) =6.9 £ 0.4 (stat) = 0.4(syst) £ 0.1 (theory) pb, Aoc;/o; =~ 8%
o (b—tagged) = 7.0 £ 0.4(stat) £ 0.6(syst) = 0.1(theory)

July 29, 2009 M. Datta, FNAL 17



@ All-Hadronic Channels

Measurement performed using the signal yields derived
from a previous top quark mass measurement

CDF Run Il Preliminary (2.9 by CDF Run Il Preliminary (2.9 ibh)
&0
A 1tag events m"™ = F 22 tags eventsm'
(3 200 1 (3 [ 1
% —— Data % sl —— Data
§ 2300 M Fittea 1 s | M Fittea 1
w Fitted Bkg W sl Fitted Bkg
200 |
¥2/Ndof = 27.6 / 38 30 [ ¥2/Ndof =202 /22
150 -
Prob = D.895 [ Prob = D562
100f i ar
mal- h';{» 10
B .
¥ T4
-+
u [ | 1 1 | +ﬁ-7*’*—‘1—.—-«- I M 1 | | | 1 | | |
200 250 300 100 130 200 250 300
m; {GeV) m;* {GeV)

o, = 7.2 £ 0.5(stat) £ 1.4(syst) =+ 0.4 (lumi) pb
for M, =172.5 GeV/c?

top

July 29, 2009 M. Datta, FNAL 18


http://www-cdf.fnal.gov/physics/new/top/2009/xsection/AH_P19_public/Mtop_FittedHistoVsData_1tagevent_P17.eps
http://www-cdf.fnal.gov/physics/new/top/2009/xsection/AH_P19_public/Mtop_FittedHistoVsData_2Mtagevent_P17.eps

ttbar Cross Section Results

T T T[T T[T T T[T T T[T T T[T T [TrTT D Rn"*= limi Mav 2009
[ICacciari et al., arXiv:0804.2800 (2008) @ Ru prefiminary y
I Kidonakis & Vogt, arXiv:0805.3844 (2008)
i (stat)+(syst)t(lumi) 1.0 fo! 450
EIJE 8 1") 6.7+0.8+:0.4+0.4 I-l(-)j:i;sbjb-tagged & topological, PRL) - 7.42 2055 2045 0.45 pb
| I+jets (neural network b-tagged, PRL) @ 8.20 *0:52 *0.77+0.53 5,
ANN 6.8+0.4+0.6+0.4 1.0 b 80 0erde
(L=2.8 fb"") | d:!ﬁ?:fn (topological, PLB) H—e—H 6.98 111210784064 o,
SVvX 7.2+0.410.5:0.4 I+track (b-tagged)” —e—EH 50 16 709 .03 pb
(L:2.7ﬂ3_1) 1.0 fo! -14 -08
® tau+|c:pton (b-tagged)* L o 7.32 j:g: jsg £045 pb
SLT muony 8.7+1.1+0.6+0.5 221
(L=2.0fb) tautjets (o-taggedy ) 54 "3 *07 .05 pb
0.4 o’
o .
SLT electrs 7.8+2.4+1.4+0.5 liets (oagsed PROI - H—e—FH 45 20714 05 pb
(L:1'7 fb ) (stat) (syst) (lumi)
T ) B M. Cacciari efal., JHEP 0809, 127 (2008)
(EEEFC?JT d il y ’i i 7-0iq|-35ig-3:£9-4 m‘°PCT1£§§:; N. Kidonakis find R| Vogt, PRD 78, 074005 (2008)
% ; m= eVl/c S. Moch and P. Uwer, PRD 78, 034003 (2008)
Lo e Lo b bvr o be o Lo o b o e | L
4 5 6 7 8 9 10 1 0 2 4 6 8 10 12

o(pp — tt) (pb)

o (pp — tt + X) [pb]
 Consistent among channels, methods and experiments
* Limited by systematic uncertainties

 Uncertainties comparable to the theoretical uncertainty
July 29, 2009

M. Datta, FNAL
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http://www-cdf.fnal.gov/physics/new/top/2008/xsection/ttbar_combined_3invfb/2008_ttbarxs_mu.gif

‘ ttbar + jet Cross Section

P 20 GeV P> 20 GeW
p t P t
. 0] | |
p t B t

> Test of pQCD

> Use events 1n leptontjets channel with >1 b tag and >3 jets
» Break up ttbar sample into 2 samples 0j and +j

» Simultaneously measure cross sections for both samples

g CDF Run Il Preliminary L= 4.1 fb"
o
—_ S = .Data
O-tt+j 1.6 :l: O.Qstat :l: O.5syst pb w R
= i+ (1.6pD)
1000(— I single Top
> W +HF
t{zeory —1 79+O.16 i — el
tt+j o ' _0.31 .Nan-—w
Dittmaier, Uwer, and Weinzierl  hep-ph/0810.0452v2 i .‘; e
500

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets

July 29, 2009 M. Datta, FNAL 20



Physics of EW Single Top Production

> The SM predictions (PrRD70, 114012

: q t >/
(2004)) // w2
VAVAVATAY &

® Og_channel =0.88 £ 0.11 pb / W ’~:.»_’: u : =]
— q‘ b as
® Gt-channel _198 i 0.25 pb v :6 . B
form, = 175 GeV/c? _ / ’
( top ) s-channel t-channel
> Direct measurement of V ;
Willenbrock, Rev. Mod. PhyS 72, F1148) Standard Model
5.5 e
2 o [ W Top-Flavor
cSsingle top |th| 5 | (my = 1 TeV)
» Produced ~100% polarized top, 3 .- o
can be used to test the V-A &, X o X dnraniy
structure of the top EW 2 25 | . H
Interaction. (G. Mahlon, hep-ph/9811219) cE (My; =250 GeV)
. . 5 b E
> Sensitive to beyond SM physics 25 | N
o t-channel: 4% family, FCNC 2 | |
° S—Channel: W’, H_'_ 3 Tait,YuanPRD63,[]14[]1B(2{Jl]1]‘
I N Y S Y T A Y T L1 | L1 L1
0 0.5 | l.5 5 3

July 29, 2009 M. Datta, FNAL Oj-channel (pb) 21



Experimental Challenge

m ImMinan
Jet 1{b) T
» vV
% H neutrino
A L -1
# proton beamn 500u i CoF F?un ! Pre“m'mary’ L=3-2flb Al detect
J [ =f-_::annr:| T
4000 | e 1
-'dc_; / -\:'+h‘:;tom :
et 2 (B.a) (113000 7 el
% 7 :zDFD ta
4= Bys Unced
. . 22000 | Z
> Experimental signatures: 8
1000 |

e One high P isolated e or p
o Large missing transverse energy
e 22jets (21 b-tag)

> Suffers from large amount of W+jets backgrounds

o

W+1jet W+2jets W+3jets W+4jets

July 29, 2009 M. Datta, FNAL 22


http://www-cdf.fnal.gov/physics/new/top/2009/singletop/ME/njets_gr1tag.eps

Dg 2.3 fb™ _ Dg 2.3 fb™ DQ 2.3fb™
=000 all channels | %’BOOI all channels 3 [ allchannels
S o >
10— g t ¢
& § |
@500 400"
T 3
2 2 r
= 5200
% 100 150 - 200 0100 200 300 400 500 %" 05 0
Missing E_[GeV] H,(jets,l,v) [GeV] Cos{LightOuark Jet, Lepton)b,aggemﬂp
D@ 2.3 fb™ ] D@ 2.3 fb™ DG 2.3 fb"
E t all channels %'000:_ all channels < all channels
>800- 8
[ 2
600 5 |
| 500 -
400 s
[ 2
200 .
% 1 02 03 04 fo 200 250 2 2

Jet2 n Width

meid [GeV] Q(lepton) x (light-quark jet)

> No single variable provide significant signal-
background separation

» Perform multivariate analysis = take
advantage of small signal background
separation 1n many variables

July 29, 2009 M. Datta, FNAL

Extracting Single Top Signal D2
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N Wejets
| Other
B
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o
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0.4 0.6
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http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/BNNcomb_gt0_MET.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/BNNcomb_gt0_HT.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/BNNcomb_gt0_cos.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/Color_key_simplified.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/BNNcomb_gt0_jetwidth.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/BNNcomb_gt0_mtopsig.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/BNNcomb_gt0_qtimeseta.png
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/Discriminant_BDT_talks.png

Single Top Measuremets

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

S-Channeal
Likelihood Function
(3.2 )

Meural Mepwork
(3.21)

1.5+ g:g

Matrix Element
(3.21)

Likelihood Function
(3.21M)

Boosted E}?ecistnn Tree
(321 ')

—i—
Combination (Lepton+.Jets)
(3.21)

MET+Jets,
(2.115")

0
0
0
0
0
0.
0.
0.
0.
z
2
0
0

e po| 0D BN Ln pu o

Combinatipn (All Channels)
(3.2)

HLG: 2 Sullivan, Phys. Rev. D70,113072 (2004]

5 0 5
Single Top Production Cross Section (pb)

HWNLG: M Kidonakis, Phys. Rev.0D74,114012 (2006)

July 29, 2009

DG 2.3 fb™" March 2009

- 0.95
Decision Trees 3.74 *50 pb

+1.18

Bayesian NNs e— 4.70 5g3 pb

Matrix Elemt:ants 4.30 1955 pb

BLUE Combination 4.16 +0.84 pb

BNN Combination 3.94 +0.88 pb
|

N Kidona}(is, PRD 74, 14012 (2006) my,, =170 GeV

0 | 5 — 1.0|
o (pp — th+X, tqb+X) [pb]

M. Datta, FNAL 24


http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/dzero_singletop_xsec_summary_march09.png
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Observation of Single Top Production

CDF Run Il Preliminary, L = 3.2 fb

o E

£10° |
g | p-value = 3.1 %407
=107 F .
¢ | significance/~S.0
Y108 |
§%  s+B/ 68%
@, 5 | i i
104; 7

10° | /

10? . ,H/

10 k

-300 -200 -100 0 100
Test Statistic [-2In(Q)]

No. of 2.3 fb™' pseudo-datasets

D@ Combination

67.8M pseudo-datasets (background-only)
17 above measured cross section

107
106

10° -
p-value = 2.5x10

104
: Observed significance
10 =5.03¢
102
10
1 1 1 ‘ 1 1 | 1
0 1 2 3 4 5 6

tb+tgb Cross Section [pb]

» CDF and DO both report >5c observation Mar-2009

> Vg measurement

e CDF:|V,|=0.91=%0.11 (exp.) £ 0.07 (theory), |V, | > 0.71 at

95% CL

e DO: [V, fL|=1.07+0.12, [V, > 0.78 at 95% CL

July 29, 2009

M. Datta, FNAL
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Top Mass



Why measure the Top Quark Mass?

> Related to standard model
observables and parameters

through loop diagrams o
» Consistency checks of SM { —LEP2 and Tevatron (prel.)
parameters 80.5 -~ LEP1 and SLD
68% CL
t ¥: =
W W W W @
vav Yalal ’ \ 0 9 80.4
=
AM,, oc M, AM,, <InM, . e
> Precision measurements of the | oo
M,,, (and My,) allow prediction 150 175 200
of the My, m, [GeV]

> Constraint on Higgs mass can
point to physics beyond the
standard model

July 29, 2009 M. Datta, FNAL 27


http://www-cdf.fnal.gov/physics/new/top//2009/mass/tevcombination_march/w09_mt_mw_contours.eps

Jet Energy Scale Uncertainty

0.1"" LA L L L L L L L LD L L L LB B B R N R "@
: Quadratic sum of all contributions

w

L

=

c

g 0.08 § Absolute jet energy scale N
s o NIM A,

£ 006 uoktone 566, 375

-'E:"",: Relative - 0.2<[n|<0.6 (2006)

5 0.04 ) Underlying Event |

0

50 100 150 200 250 300 350 400 450 500
pT" (GeV/c)
> Uncertainty on JES = About 3% systematic uncertainty on

Top mass measurement when convoluted with ttbar p;

spectrum
July 29, 2009 M. Datta, FNAL
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IN-situ Measurement of JES

> Additionally, we use W—jj mass resonance (M;;) to measure the
jet energy scale (JES) uncertainty

Constrain the
Invariant mass
of the non-b-
tagged jets to
be 80.4 GeV/c?

q t e I'

g
Jaaoaos

-

| Measurement of JES scales directly with statistics! '

July 29, 2009 M. Datta, FNAL 29



@® Top Mass : LeptontJets Channelw

» Use event-by-event likelihood based on leading order ttbar
differential cross section.

« Most precise top mass measurements from single channels

D@ Run lIb Preliminary, L=2.6 fb CDF Run ll Preliminary 3.2 ﬂ;;'1
o — 14
Y .06 lepton+jets with prior b
C w 12
C w
1.051 g 1
1.085 : : 0.8

—A(lnL)=-05
— A(ln L) =-2.0

1.03F \ 0.6
F ' 0.4
1.02 \
C _ 0.2
1.01 InL=0.5 0

1= ~_AInL=2.0 0.2

0.99" 4 —A(InL)=-45
T S R TR nfi"}ée'\}f“ B A TR T T T T '1'.Ir;'1 t (EZW<15§
m,,, with 3.6 fb-! D0 data: m,,, with 3.2 fb-! CDF data:
173.7 £ 1.3 (stat+JES) £ 1.4 (syst) 172.1 £ 1.2 (stat+JES) £ 1.1 (syst)
GeV/c? GeV/c?

July 29, 2009 M. Datta, FNAL 30



Mass of the Top Quark (*Preliminary)
o
CDF-I di-l 167.4+10.3+4.9
o

DO-1 di-l 168.4+12.3+ 3.6
. ) —_——

CDF-I1 di-l 171.2+27+29
. _ —

DO-11 di-l 1747+29+24
CDF-l 14 176.1£ 5.1+ 5.3
DO-I 1+j 180.1£ 3.9+ 3.6
. ) .

CDF-Il I+ 172.1£0.9+£1.3
. _ -

DO-11 1+ 173.7£ 0.8+ 1.6

o

CDF-I all- 186.0£10.0+ 5.7
. _ ——

CDF-Il all-j 1748+1.7+19
. -_—

CDF-II trk 175.3+£6.2+ 3.0
Tevatron March'09 173.1+ 0.6+ 1.1

hep-ex/0903.2503 (stat) + (syst.

| | | | y?/dof = 6.3/10.0 (?lg%)
|

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

July 29, 2009

Top Mass : Combination

>

Combine Run I measurements with
most recent Run II measurements

Take into account the statistical and
systematic uncertainties and their
correlations (NIM A270 (1988) 110, NIM
A500 (2003) 391)

Combined top mass
173.1£1.3 GeV/c?

x2/ndof 6.3/10 = 79% prob

o Good agreement among all input
measurements

Top mass known with relative
precision of 0.75%

M. Datta, FNAL 31



©

Uncertainties on Measured Top Mass

Source

jet energy scale:

» t-tbar modeling;:
background:

lepton energy scale:
miscellaneous:
Systematic:
Statistical:

AM, (GeV/c?)

0.73
0.71
0.26
0.11
0.18
1.07
0.65

A My(total) GeV/c?

—
TTT

—
o
TT7T

CDF Top Mass Uncertainty

v

¥

(all channels combined)

1fb" 2fb" 4" 8fb!

LR R R

¥

CDF Results ¥ AMM < 1%

Run lla LJ goal (TDR 1996)

Scale A(stat) /NL, Fix A(syst)

(assumes no improvements)
Scale A(total) NL
(improvements required)

1 Lol 1 1 Ll

10° 10*
Integrated Luminosity (pb'1)

» Uncertainty dominated by sources which should continue scale

with the statistics of the sample

» With full Run II data set could reach a total uncertainty of

AM~1 GeV/c?

July 29, 2009

M. Datta, FNAL




Direct Measurement of the Mass = | @
Difference Between Top and Anti-top

% (a) e+jets . D@, 1 fb™” % (b) p.+]etS - D@, 1fb1
S180p Lok O, 175} =
E“175 : Eﬁﬂ'o -

170 \ N0 1es |- 468

1555— 160

165 170 175 180 165 170 175 180
m, [GeV] m, [GeV]

» Test of CPT invariance

> Use leptontJets events and matrix element method

> My, — Miep = 3.843.7 GeV/e?

» Relative mass difference (2.2+2.2)%

» The first measurement of a mass difference of bare quarks.
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Other Top Properties



Forward Backward Asymmetry

> Asymmetry caused by interference

of M|

state

E amplitudes for same final

> The SM prediction:

o In

ttbar frame: A2 = (.05 £

0.015 (QCD at NLO)
» Can be significantly enhanced in different BSM
models:

o /’-like states with parity violating coupling (PLB 387, 113
(1996)), theories with chiral color (PLB 190, 157 (1987),
PLB 200, 211(1988))

July 29, 2009 M. Datta, FNAL
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@ Forward Backward Asymmetry DO
(Aq) In Top Pair Production

> A measured 1n the ttbar rest frame

Reconstructed Top Rapidity

Att— . N (AY > O)_ N (AY < O) ‘g o A,ST;::I=n.nsa*r}.r13fs ' '_+_ +Da':'t:a cccccc
fo — B T ——— T
N (AY > O)+ N (AY < O) 160_ ’;;j“:;f,;,%?:.o'om <I=f=_ _I:I B';gay oooooo
AY = _Qf '(Yt,leptonic _Yt,hadronic) Iﬁﬂ_ o= E
» CDF apply unfolding to go from o
reconstructed to parton level o

Ay = 0.193 £ 0.065 (stat)  0.024 (syst)

SM Prediction: Ay =0.05 £0.015

> D@: no unfolding and acceptance Foal

correction: Ag = (12£8+ 1) % (PRL100, 397 ™o
142002 (2008)) Lo

e Set limits on Z* production 03

D@, 0.9 b’
excluded region

T[T

400 500 600 700 800 900 1000
Z’ mass [GeV]
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@ A, Dependence on the Invariant

> Scan for Ay above
and below 8 different -

M, thresholds

> Sensitive to new
physics effect

Mass of ttbar

M, Invariant Mass for Tagged Events

e
-y
[=3 £
=]
T[T T T[T T [ T[T TTT]

CDF Il Preliminary

—— FW Data L=3.2fb"
— BW Data L=3.2fb"

w&
af

350 400 450

Below

PR
oe Parton Level A, below M, Edge
r CDF Il Preliminary L=3.2 fb™
050 —F— Ao,
. C = T " stattsyst
R N TP Integral A_ =19.3%
5w 0.4— with flat mass dependence
< NLO Model
- 03 :
3 -
°
E 0'2—_ . LTTRY 11l [TTITERTNY .
e [ o wed
8 — "'. L1
0.1
DE" ..............................................................................
_u: R TR R R R
3100 400 500 600 700 800 900 1000
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M,, edge (GeV/c?)
M. Datta, FNAL

0.2

0.15H

Aﬁf, above M, Edge I

| Pythia plus 1% Z' 900 GeV

True A_, above M, edge

Reco A_; above M, edge *
4  Unfolded A_, above M edge

SE0.1—
i A
K 0.05 &
i
= 1 £ 3 1
B — L
7 0'0900 4I:I|{l SCIIIJ 600 700 Bllllﬂ 911"0 1000
Reconstructed M. (GeV) W, edge (GeV)
PR
Parton Level A_; Above M, Edge
0.8
0| A
0.4
:Ej m : Y auuLERLL SRl RELLE shbdbld (TR Y]
E C
‘s u.:-. ......................................... ‘; ................................
ol L
& “0-2[] CDF Il Preliminary L=3.2 fb"
o [ =t AppI0,,
-0'4: = 7 Tatatésyst 1
IR Integral A__=19.3%
0.6n with flat mass dependence
H NLO Model | |
00 400 600 700 800 900 12000
M, edge (GeV/c?)
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>

tbW coupling

of
==« longitudinal

l,q #
Spin=1 / 2%
w’ ol
Spin=1/2 =
pi LN v, q
\ - /"\V'A
b
Spin=1/2

The SM top decays via EW interaction: Br(t—>bW)~100%

o Top decays as a bare quark = spin info transferred to final states
V-A coupling in the SM =

o longitudinal fraction f, ~70%

o left-handed fraction f ~30%

o right-handed fraction f, ~0%
The SM prediction modified in various new physics models

Can use cosO* to measure f, f,, f
o c0sO* : Angle between lepton and b in W rest frame.

July 29, 2009 M. Datta, FNAL
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Entries/0.1

Entries/0.1

Entries/0.2

b *

W-boson Helicity Fractions

D@ Run Il preliminary

% Loonscharnal - p0ua iz » Measure f, and f, simultaneously =
S model independent

» DO Lepontjet and Dilepton 2.7 fb!
o= £ =0.49%0.11(stat)+0.09 (syst)

100:_ Lepton+jets channel —e— D@ data, 1.21b" (b)
- i nd

f, =0.11£0.06 (stat) £ 0.05 (syst)

% ; :
O o » CDF LeptontlJets 2 fb!
60¢
502_ Dilepton channZ:a o fe;:::;:r: fio* (c)
a0F B i —
- f, =0.62£0.10 (stat) = 0.05 (syst)

f, =-0.04+0.04 (stat) £ 0.03 (syst)

Consistent with the Standard Model
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Generic Wtb Coupling
» Constrain form factors for anomalous tWb coupling

o Combine information from single top production and W helicity
measurement from ttbar decay
_ &
Lth —

LAl L 'R uv R
J_Wuby (fFP+ £ Py )t - \/_ —=>—9 W, bo (fP+fP)
2 2M,,
fh fr=ff=1f%=0
Standard Model , I,y =1"=1, =
&= %[ DO Preliminary 0.9-2.7 fb" %= % D@ Preliminary 0.9-2.7 b &=~ %[ D@ Preliminary 0.9-2.7 fb"
C ® Measured Peak L ® Measured Peak - [ ® Measured Peak
1.5- [Jes% C.L. 1.5- [Jes% C.L. 1.5- [Jes% c.L
i Moo C.L. i Moo C.L. i Moo C.L.
Blose: c.L o5 c.L Bloss c.L
a4 T 4
It n s
t8 <0.72
2 2
for[f,"[ =1 |, <0.19@95% CL
£8 <020
July 29, 2009

M. Datta, FNAL

Consistent with Standard Model
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ttbar Spin Correlations

----------- Off Diagonal Basis
1 d*o 1 + & cosf cosb_

odcosf,dcosf_ 4

> Use off-diagonal basis : tan & =sqrt(1-p?) tan 0*. In ttbar frame: = top velocity
and 6*= top flight direction w.r.t. proton direction.

» Templates: angular distribution of ( cos 0., cos 0 ) and (cos0,, cos 0,,,)

> CDF Results
-0.455<k<0.865 (68%
C.L.) or

K= 0.320+O'545_0_775

for M,= 175 GeV/c?

» The SM predicts k

~0.8.
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Observed (cost,, cosb.)

Ldt=28f"

Events
Events




b *

ttbar Spin Correlations (Cont’)

» DO measures decay products (17,1") angular correlation

coefficient C
1 do 1

— — —(1 — C'cos By cos B
o dcosBidcosbs 4( cos By cos )

> el (92): angle between the . D@ Run II preliminary (4 fb™)

2 70

flight direction of 17 (I) and "¢ == swwincon
direction of flight of one of - Wy
the colliding hadrons in the

~ —— Diboson
50— Multijets

ttbar rest frame ::
» DO result: M:

10F

C = —0.17% %5 (stat + syst)

coefficient| LO |NLO

C 0.9280.777
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Search for Beyond the
Standard Model Physics



> Search for resonant
ttbar production from
the decays of massive
Z-like bosons

o Topcolor (PRD49, 4454,

1994) , KK gluon

excitation in RS model

(hep-ph/0701166))
> Set upper limits on

Leptophobic Z’ boson

with mass M.

> LeptontJets channel:
M,. > 820 GeV/c? at
95% CL

» All-hadronic channel:
M,. > 805 GeV/c? at
95% CL

July 29, 2009

6, B(X-tt) [pb]
2

D@, L=3.6 fb" —=Data
Prelim. []z (850 GeV)

L I;
2120 || Wijets
oo Bon
(+3jets

0 800 1000 1200
My [GeV]

% 80 D@, L=3.6fb" -=Data
in + Prelim. [[1Z (650 GeV)
% 00 i i
o [ Wijets
u’.l 80 Other MC
60 18 ] Mul-tuet
. §,  (+>4)ets

800 1000 1200
M, [GeV]

R Expelclad fimit 95% CL B

Expected limit 68% CL ]
% » Observed Xcross—sectior—[
i+ Topeolor Z' (CTEQSL1) ]
D@ Runll, L=3.6fb"
Preliminary -

I

=

I I e [ e isent |
§b0 400 500 600 700 800 900 1000 11
M, [GeV]

IVl. Ddlld, FINAL

Resonant ttbar Production

CDF Run Il preliminary, L=2.8b"

8 acD

events/20GeV/c?

10

ql
!‘!_

Bl swv

—— CDF data, Nev=2086
11
11

A
/\

700 8O0 900 1000
M, [GeVic?]

CDF Run Il preliminary, L=2.8fb"

IS
T T

—=— Expected limit at 95% C.L.

o
o
TT [ TT

Oxo; BR(X"— tt) [pb]
n

pected limit at 95% C.L.+1o

Expected limit at 95% C.L. +2q|

3

\ —=&— Observed limit at 95% C.L.

Leptophabic Z', [;.=1.2% M,

7IIII\IIIIiI\\Iilllli\IIIiIIIIE\IIIEII\IlIIII\I
450 500 550 600 650 700 750 800 850 900

M,, [GeV/c’]

44



‘ More Top Physics Results From
Tevatron

Apologies for my many omissions.
For a full listing of results go to:
http://www-

cdf.fnal gov/physics/new/top/top.html

http://www-
d0.fnal.gov/Run2Physics/WW W/results/top.htm
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Summary and Outlook

» Top quark properties are currently being studied at Tevatron

¢ ttbar cross-section and top mass measurements

* Most measurements are systematically limited
e Mass measured to 0.8% precision

¢ First observation of single top

¢ Study other properties of top quark, search for new physics

¢ Almost all the measurements are limited by statistics at present
¢ Increasing data from Tevatron will further help reveal the true
nature of top quark = Expect ~10 fb-! by 2011

» LHC will open up a new era of Top physics =Top factory
¢ Understanding of systematic uncertainties would become crucial
 Top is a standard candle, tool for calibrating JES, b-tagging

> Tevatron's top physics program and understanding of
systematic effects will continue to play a significant
role for years to come
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