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Outline

« Motivation

* Introduction to top production and decay

 Measurements of Top quark pair production cross section
— Assume SM production and decay

« Studies of Top quark pair production mechanisms
— |s the SM correct?

» Studies of Top quark production properties
— Top Charge
» Conclusions and Outlook

Note: Top mass and decay properties and Single top
production included in talks by J. Wagner and S.
Jabeen, respectively.
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Why study the Top Quark?

Predicted by the SM and Discovered in B
1995 by CDF and DY Sl e | Sheiipine | Tribinsie
- m~170 GeV vs m,~5 GeV o “ 0
Top-Higgs Yukawa coupling A, ~ 1 S UARK
 may help identify the mechanism of . (&)
EWSB and mass generation. a5 15
* may serve as a window to new physics o 9
that might couple preferentially to top. ’ >
Until now, we knew very little about top : s
« Indirect constraints from low energy I
data, or statistically limited direct ol
measurements from the Tevatron S ) -
* Plenty of room for new Physics “;fr;’ L ) 5;ders of
« Even if we find no surprises, precision = o magnitude
top measurements will allow for |
stringent tests of the SM. 1 []
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Tevatron

e — s, B

P

—— 5
Main Injector
&8 Recycler

The Fermilab Tevatron

Highest-energy accelerator
currently in operation

— Only place where Top quarks
can be produced

Data delivered >2fb-"
— expect 4fb-! by end of 2007

Total Luminosity (fb-1)

- — iy = 9
] Design /-
7
6 -
Run | Run lla Run lIb 5 1
4 Base
Bunches in Turn 6x6 36 x 36 36 x36 . | //
Peak L (cm2s™) 1.6 x10%0 9 %1031 3 x1032 1 /
0 : ‘ ‘ ‘ ‘
[ Ldt (pb~'/week) 3 17 50 10/1/03  9/30/04 9/30/05  9/30/06 9/30/07  9/29/08 9/29/09
Bunch crossing (ns) 3500 396 396
Interactions/ crossing 25 23 8 ReSU ItS based on ~ 1 fb_1
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— Precise measurements

Understanding the Top quark

Tevatron Run |

— Dataset: 100pb"

— top mass and x-sec
statistics-limited

Tevatron Run IlA

— Dataset: 1000pb-"

— top mass and x-sec
systematics-limited

of top properties
possible for the first
time
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* |s the Top really
the Standard
Model Top?

Top Mass

Top Width

PfadUCf/bﬂ Top 5,0//7
cross-section

Top Charge
Resonant
production p
Production
kinematics
Top Spin _
Polarization

P

Rare/non SM Decays / W-
Branching Ratios
[Vyp!
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W helicity

Anomalous
Couplings

CP violation




Top Quark Production at the Tevatron

Top quarks are mainly produced in
pairs, via the strong interaction

0,=6.8+0.6 pb (Kidonakis, Vogt)
0,=6.7+0.7-0.9 pb (Cacciari et al.)

(Calculated for top mass = 175 GeV)

Recent evidence for EW Single Top

production observed at DJ

— Experimentally challenging due to
large W+jets background in lower jet
multiplicities than pair production

DJ result accepted by PRL
c=48+13pb
Significance = 3.5 0

see talk by Shabnam Jabeen
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s-channel

t-channel

o=0.88+0.11 pb

o =1.98 + 0.25 pb

Associated production tW too
small at the Tevatron
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Top Quark Decay it decay modes

m, > m,, + m, =

dominant 2-body decay t >Wb
Assuming unitarity of 3-generation . . all hadronic
CKM matrix = B(t—>Wb) ~ 100%

I'SM~ 1.4 GeV atm, =175 GeV
— Top decays before top-flavored B — _
hadrons or ti-quarkonium bound ’

states can form M .

— Top spin and kinematics is —T T —
transferred to the final state = =

jet jet

_ b-jet
g |
e,u jet jet
Dilepton Lepton+jets All-hadronic
(BR~5%, low bckg) (BR~30%, moderate bckg) (BR~46%, huge bckg)
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Top Quark Pair Production Cross Section

Test of pQCD at high Q? * New results available for:
Sensitive to new physics - Expect — Dilepton (ee, ey, pp) DD
higher x-sec if resonant or non-SM « Opposite sign leptons
production occurs « 21 jetforep
— Measure in different channels « 22 jets for ee and up
— Measure with different — Lepton + track CDF
techniques - Increase acceptance by
* b-tagging method assumes requiring 1 lepton + 1
Br(t—Wb)=1 isolated track (opposite
- Kinematic fit methods are charge)
free of this assumption o 22 jets
_ N — Lepton + jets D@
Provides sample composition for . 1 isolated lepton (e or p)

other top properties measurements . b-tagged, 23 jets

* Kinematic, 24 jets

— All channels require
significant Missing E;

Gives input for searches for which
top events are a dominant
background.
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Cross Section Results (1)
Dileptons Lepton + Track

Events Predicted vs. Number of Jets

o P -1
=60~ DO preliminary, 1.05 fb CDF Il Preliminary 1.1 fb
g " ® Data = Diboson
E - Mz (7pb) &= + Drell-Yan
o | [zn = + fakes
5 40 [ Diboson +1tt (6 =6.7 pb)
0 B Fake 16 uncertainty
e | —e— Data
-
=
20

0
0 1 2 3_ 0 1 >2 N
Number of jets

o= 6.8%12_, , (stat) 09 - (syst) £ 0.4 (lumi) pb ox= 9.0 £ 1.3(stat) * 0.5(sys) * 0.5(lumi) pb

dc/c =22% (excluding luminosity) dc/c = 15% (excluding luminosity)
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Cross Section Results (2)
(1) I+jets with b-tagging

DO Runll Preliminary

L=900pb""

— DATA
B T - I+jets (8.3)pb
I T — 11 (8.3)pb
I single top

N wee
B Wob
. wijj
Bz
Multi-jet

1Jet 2Jets 3Jets =4Jets
1 OOE)Q) Runll Preliminary

- L=900pb'1
80
60
40
20->2 b-t

0 1Jet 2Jets 3Jets =4.Jets
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(2) I+jets kinematic

D@ Runll Preliminary 913 pb'1

KS =0.990 = DATA352

270 [t 124

[

2 6 B Waets 168
Il Vuttijet 62

& 8
e

11

01 02 03 04

05 0.6

07 08 09 1
Likelihood Discriminant

(1) o = 8.3 *06_ (stat)*0-9, ,(syst) £ 0.5 (lumi) pb

(2) oy = 6.3%09  ; (stat) £ 0.7 (syst) * 0.4 (lumi) pb

(3) Published result 425 pb-1 PRD D 74, 112004
oy = 6.6 £ 0.9 (stat+syst) £ 0.4 (lumi) pb

dc/c = (1): 15%; (2)19%; (3) 14%
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Cross Section Summary

CDF Run Il Preliminary

D Run Il Preliminary

I II:ErI;ciari Iat Ll. .IIHLP Inauln:l:ml |:|uu-|u | I.ﬂ.slsulmn r:1t=|1?|5 'Lﬂrl:"' | ‘ combined (topological) 7.4 *1-2+14 ob
Kidonakis,Vogt PRD €8 114014 (2003)  CDF Preliminary L=230 pb™ \ 1.2 14
e ——— dilepton (topological) +1.2 +0.9
LapioasTrack % 9.0:1.3:0.5:0.5 1=1000 pb” %-H °8 41 05 PO
,MA ltrack/emu combined § g g t1-9+1.1 pb
'Dilaptun / ‘ =370 po™ —&—H 1.7 1.4
(L=750pb") % 3.3t1 5+1.0+0.5 tau+jets § 5.{ +43+07 ob
s ——% a =350 pir} & ﬁ 1 © 35 07
Lepton+Jets: Kinematic n . 190 +
LaptonsJets ¥ 60:06:09:03 & | aljerstvencuten) | % a5 120414 oy
/7 : N
e R % 8.2+0.6+0.9:0.5 el 66755 Pb
% & I+jets (NN tag) g 3 *06+09 ob
Lﬂptﬂl'l-l-JE'l‘S Soft Muan% 7 i; giu 5 1 =910 pb-f 05 1.0
(L=760pb ) I+jets (topological) 6.3 *0.9 +0.7 pb
' L=910 pb™ "~ .08 07
MET+Jets: Vertex Tag é 1+1.2 +1410.4 . ac ] :
s é e T S i oo cep s e g, |
,ﬁll.rl;;jgzglcj Vertex Ta % 8 3+1 D +3 g+0 5 '2 O 2 4 6 B 10(' ;12 :S ( 12)
| o(pp — tt) (p
ﬂ ':‘f";g'[;';gtg'd 5“'“*’? 7.3iﬂ.5iﬂ.ﬁi0.4N Experimental results reaching
{sfflif}t [sysh) + (lumi . .. 0
e el theoretical precision of ~12%
0 2 4 6 8 10 12 14
. . ~ o i -1
Fall 2006 combination Expect ~10% with 2fb
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Top Quark Pair Production Mechanism (1)

 NLO Theoretical predictions
have large uncertainties:
— qq annihilation: 0.8510.5
— gluon fusion: 0.15%£0.5

 Top quark decays before
hadronization
— Different production
processes retain their

kinematic characteristics in
the final state

Method 1:

Build a NN using 2 production and 6

decay variables & generate
templates for qq, gg and W+jets

Simulate Top samples with different

fractions of gg & fit samples to the
templates.

Output of fit is mapped to the
known gg content of the samples.

D1S2007

True GG Fraction

CDF Run II (Preli
L

uminosity 695pb:

Measured Value = -0.275
Limit at 68% CL: <0.23
Limit at 95% CL: < 0.51

Feldman Cousins

[~) 68% C.L.
- 95% C.L.
—— Best Value

04 02 0 02

o(gg — tt)

<0.51

o(pp — tt)
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1 12 14
Fitter C,

Red line is NN fit obtained from data

95% C.L.



Top Quark Pair Production

Method 2:

« Multiplicity of low p; tracks correlated
with number of gluons

— Calibrate average number of tracks in
collider data with gluon content in
sample as predicted by MC

— Obtain track multiplicity templates
from data

 W+0jets (no-gluon)
 dijet events (gluon-rich)

— Measure the gluon-rich fraction of
tagged W+4 jets events by fitting the
track multiplicity to the templates.

— Extract the gluon-rich fraction of tt
events using the known fractions of
top and W+jets events in the sample.

Number of events

(99 > %) _ 4 1+ 0.16(stat) + 0.07(syst)

o(pp — tt)
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Mechanism (2)

<N,,> of the sample

15

[ —— W0 jer
- ndf
L —— WL jer
14__ — W2 et
[ —— Dijer 80-100 GeV
13 —®— Diecr00a20Gev
il Dijer 120-140 GeV
12[- o
11 L —
CDF Run Il Preliminary
—h— 4
10— .- IL dt =1 b
97| | | | | | | I T | | L1 11 | | |
(v] 0.5 1 1.5

<N > of the sample

22

20}
181
16f
14f
12f

10[

0N & O O
FTT T[T 7771

I:I Tagged W+4 jet data

Neo-gluen + gluon-rich

No-gluon contribution

CDF Run Il Preliminary
_r Ldt=1fb"

Giluon-rich contribution

T I I I H A I M I
10 15 20 25 30 35 40 145

Number of low p tracks
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Search for tt Resonances

\Total Invariant Mass of the tt System |

« Top pairs could be produced by
the decay of a heavy particle
into a tt pair: X—tt

« Study invariant mass spectrum
of the |+jets b-tagged data
sample and compare with SM
predictions

— Spectrum is consistent with
the SM expectations and
ShOWS no evidence for 300 400 500 600 700 800 900 1000 1100 1200

agn M-[Gew'cﬁ
additional resonant t
production mechanisms

CDF Run Il Preliminary, L=955 |:nb'1
—s=— Data
{ SM tt
i non-top Background

10

Number of Events

« Model resonant tt production by S W - emces i ot 10 |
a narrow heavy neutra| boson ________________________________________________________ : :b;t:':er:'f:t:'si“;%“' ________

Upper Limitono,, . [pb]

— Set model-dependent limits
on resonant production

 Topcolor leptophobic Z’
excluded with
M(Z’) < 725 GeV

© a N W & 0 O N ® W

500 600 700 800 900
Mass of Z'-Like Resonance [Gev/c”]
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Top Quark Charge (1)

» Fundamental property of particle
— has not been determined yet

* One possible scenario
D. Chang et al, Phys Rev D59, 091503 (1999):

— The discovered top quark is an
exotic quark of charge - 4e/3

b (-1/3)

-+

— The top quark with charge 2e/3, ey Y e
mass 270GeV not observed yet 70 .. Top Quark
— Model accounts for precision Z = b
data (including R, and A.g)
Jet Charge Calibration
Analysis technique: s EE R
W charge from charge of lepton a - |
Associate lepton with b-jet using y T
constrained kinematic fit for I+jets AV S e e v =
double tagged & M2(Ib) for dilepton b
tagged events ]
b charge obtained from momentum- Select b dijet events e
weighted sum of charged tracks Muon gives “true” charge
associated to b-jet, calibrated on data Measure charge in away-jet
~ 60% correct assignment
Cecilia Gerber (UIC) 15
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Number of events

Top Quark Charge (2)

30— CDF Run Il preliminary L+J, L=E§5pb" . bk
s [ et
o -

25 =
I ctosan

== B riseg
20— [ srgeton

£] 25 0 15 B
W charge * bJet Charge

PRL 98, 041801 (2007)

14- - b

1o DQ, 370pb1. _ P?taz(,;
A —|q| = <€

L [ lq| = 4e/3

0 0.5 1 1.5 2
Top quark charge [e]

CDF:
Use Hypothesis testing with Null Hypothesis “SM is
correct” & define a-priori probability of incorrectly
rejecting SM to 0.01
If measured p-value is <0.01, exclude SM at 99% C.L.
If exotic model (XM) is true, 81% of all p-values are
below 0.01. Measured p-value 0.35 (>0.01) =
XM excluded at 81% C.L.
D@:
Likelihood ratio test
Measured p-value = 0.078 (probability of
obtaining measured value if the sample has
100% XM tops is 7.8%) = XM excluded up to max
92.2% C.L.

- C.L. Not directly comparable -
CDF: Measured p-value using D@’s method is

0.002 = XM excluded at max 99.8% C.L.

Bayes Factor (odds of SM vs XM) = 8.54 (CDF), 4.3(D0)

“Strong” “Positive”

Both CDF & D@ Data strongly favor the SM over XM

D1S2007
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Conclusions and Outlook

Entering a new era of precision » Series of new top properties

top properties measurements

— Cross section measurements
soon to reach precision of

theoretical predictions

measurements becoming

— Production mechanisms
— Top charge

— Comparisons across channels
and methods interesting

Expect results based
on 2fb-1 by Summer

Expect to have
collected 4fb-"
by the end of 2007.

Weekly Integrated Luminosity (pb"}

D1S2007
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2500
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0.00

available with larger samples

STILL NO SIGN OF NEW PHYSICS

Collider Run Il Integrated Luminosity

<+— Datasetpresented —

5 20 35 50 B5 B0 95 110 125 140 155 170 185 200 215 230 245 260 275 290 305
Week #
(Week 1 starts 03/05/01)

|-Weekrylntegrated Luminosity —e— Run Intagrated I_ummosin,f|
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