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Top quark physics

Top quark production

- Production mechanism
T k
op quark decay - Top pair production cross section
- W helicity (V-A) - EW production (single top, Vtb)
- Branching Ratios - Forward Backward asymmetry
- 'Ilz'gﬁ(t:o charged Higgs ﬁggﬁg:ﬁgtlons
_ - Stop production

Top quark properties

- Top quark mass Tevatron is the only place to study

- Top quark width the top quark until the advent of LHC
- Top quark charge 2




Top pair production:
outline

- Production mechanism
- Cross sections measurements
- Forward Backward asymmetry

- Resonances decaying to top

Tevatron doing well: more than 3 fb" on tape
today's results: between ~ 1 and 2 fb

for top mass and other properties: see Yen Chu Chen's talk
single top production: see Reinhard Schwienhorst's talk



SM pair production at the Tevatron
via strong interactions

NLO prediction
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Cacciari et al. JHEP 0404:068

why study top pair production ?
QCD and SM tests

deviations from SM predictions -> indication of non SM mechanisms ?
provides sample composition for other top properties measurements
cross section measurements provide another way to measure the top mass

top pair production is background for searches

top pair production measurements in different final states




Final states / channels classification
based on W decays
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Today's results :
lepton + jets and dilepton



Top pair production measurements

» Main physics backgrounds also decay channel dependent :

Lepton + jets : Dilepton :
- W+jets - Z -> dilepton
- Drell Yan
- MUIti'jEtS - Diboson

» Typical event selections include

- high Pt lepton (>15-20 GeV)
- large missing Et (> 15-20 GeV)
- high Et jets (> 15-20 GeV)

- kinematical & topological variables cuts

- b-quark jets identification (in some analyses)
displaced vertex (efficiency ~ 50 - 60 %)
soft lepton taggers

» Several techniques at work
- event counting

- shape fit



Production mechanism

Contribution of GG fusion have theoretical uncertainties
and can vary up to factor of 2 (from 10% - 20%)

CDF measurement of the relative fraction of GG fusion
(vs. QQ annihilation) combining two complementary methods
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1) using low Pt tracks
data driven method using shapes

of GG and QQ component derived
from inclusive dijets samples
shapes are then fit to data

CDF Run 11 (Preliminary) :
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w Lepton + jets cross section measurements

1) Topological informations . 9oRORuNMpreliminary
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2) Neural Network b-tagging Likelihood Discriminant

Likelihood fit to the observed number of events
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top pair production cross section summary

new L L L L L O B
DQ R " o ) DCaccia|rietal. JH pcmq:u(zcm) Assume m,=175 GeV/c’
un preliminary Winter 2008 [ Kidonakis,Vogt PRD 68 114014 (2003) | CDF Preliminary
|'|‘c'3j‘|eotib(t:-tagged and topological) 7.42 053 —0.46 ~0.45 pb ?fp?(??ﬂﬁ‘jk 8.3+1.3+0.7+0.5
I+jets (from B(t-Wb)/B(t-Wq), PRL) 818 09 _y50 pb . ®
910 pb ° el el e e AN 6.2+1.1+0.740.4
dilepton (topological) H—e—H +1.2 +0.9
1050 pb 58 0y mg O PP . ——S
Lepton+Je1s Kinematic ANN 6.0+0.6+0.9+0.3
I+track (b-tagged) 5.1 +1.6 +0.9 3 pb (L= 760;3!.') ) _______
1050 ob” H—e H } s g™ P
pb : n——-—.—-—-
tautlepton (b-tagged) L1 = +20 +14 Lepton+Jeis Vertex Tag + +
s H—e—H 83720 0spb Tt 8.2+0.5+0.810.5
tautjets (b-tagged) . ® " 5q 43 o e L
i J A ., 0%pb Lepton+Jets: Soft Muon T 1.0
. 3.5 epton+Jets: uon Tag
350 pb (1= 760 pb ) 7.811.7 in_g-_l-O.S
aIIjets (b-tagged) H o H 4.5 +2.0 +1.4 03 pb .
410 pb ! 1.9 .1 .
(stat) () (umi) pilfeunios el 6.1+1.2+)3+0.4
Cacciari et al., JHEP 0404, 068 (2004
Mup = 175 GeV Kié:j(::::i:aid Vogt, PRD 68, 11(4014)(2003) "All- hadronlc Vertex Tag 8.3+1 0 +‘2_0+0 5
TSI AN T N N NN A [TV INY W SO MANH WA (L 1020,!1)) ek v e -—15—""
0 2 4 6 8 10 12 @
— - *Comblned(’old SLT,all-had) +0.5+0.6+0.4
tt) [ob i 7.310.51+0.610.
(V] (Pp o ) [p ] (L= 760 pb ) L’TI)‘F (5y’5f)+ (!umf
coa o Lo b by
- = 0 2 4 6 8 10 12 14
Measurements consistent with each other o(pp — tf) (pb)

Measurements consistent with SM predictions

New physics would show up as inconsistencies



w Top mass measurement
from cross-section measurement

@ Motivation :
- provides a complementary measurement

- top mass definition (pole, running, ... )

- not meant to compete in precision
with more direct measurements (see Yen Chu Chen's talk)

@ Use the cross section measurement
in lepton + jets channels and dilepton channels

@ Theory from :

Kidonakis et al. PRD 68 114014

Cacciari et al. JHEP 0404:068
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Top mass from cross section measurements
lepton + jet channels (summer 2007 results)

D@ Preliminary, 0.9 b D@ Preliminary, 0.9 fb™
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Top mass from cross section measurement
dilepton channels (summer 2007 results)
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Top mass measurement
from cross section dependence

CDF Run Il Preliminary (1.2 fb™)

s Using dilepton events 2 16
o
b::

- theoretical o

measured Oy

@ Top mass info from kinematics
event kinematics solved using 12
longitudinal momentum
of the ttbar system B measured M, o dep.

8
@ The reconstructed top mass distribution 5&\\ LLLLL : A\
from data is compared to parametrisations IR

of the signal and background templates 4 ;

IIII|IIII 1 1 L1 11
50 155 160 165 170 175 180 185 190 195 200
M, (GeV/c’)

measured M, noc . dep.

—
=]
T | T T

2

@ Likelihood fit to compare
the top mass dependent number of events
w/ the expected number of events

m, = 170.7°% (stat) = 2.6 ( syst) £2.4 (theory) GeV
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Forward Backward charge asymmetry

@ asymmetry arises from interference between symmetric _
and antisymmetric contributions under the exchange /<1

@ depends on the phase space region probed (additional jet production)

- no asymmetry expected at LO
- 5-10% expected at NLO
- corrections from NNLO for ttbar production in association with a jet

Production Angle Distribution ( MC@MNLO )
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| Reconstructed Top Production Angle |

Afb results
from CDF CDF_+

[l Signal + Bkg

100:_ 1.9fb_l Il Bko

AD™ = 0.099 + 0.045

» lepton + (atleast 4) jets events

AZR'®9 _ 0.016 + 0.0048 =

(at least 1 b-tag jet) => 484 candidates
- - - 50
@ top pair reconstruction using a
kinematic fitter 40
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reconstruction and acceptance corrections
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Events/0.025

e lepton + (at least 4) jets (1 b-tag) events
e top pair reconstruction using a kinematic fitter
e sample composition and Afb from Likelihood fit to data

Accepted by PRL
Afb=1218(stat)il(syst) % (for n jets > 4)

Afb=19i9(stat)12(syst) % (for n jets = 4)
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Resonances in the
invariant mass distribution ?

@ Select: lepton + (atleast4) jets (1 and 2 b-tag) events
484 candidates events (1 b-tag sample)

@ Reconstruct invariant mass

CDF Il Prelimi
from lepton, 4 leading jets retiminary

and MET 207 . Data,IL:1.QiD_1fb'1
C It
» Perform SVD unfolding to 40 = E:::;”%’;i“rﬂr
account for acceptances . B ron-W
and resolutions ] Dlib::lls:jtn
* Sj it . e 1o
(SVD: Singular Value Decomposition 30 ‘ = ir}gts p

A. Hocker et al. ph/9509307, NIMA372-469)

» Shape sensitive to new physics 20-
‘ _ 2 b-tag sample

No deviations from SM found 1o.

]

s
consistency with SM 0- IR AR
v O 200 400 600 800 1000 1200 1400
2
M, [GeV/cT]

with p-value = 0.45




» Reconstruct tt invariant mass in > [
the lepton+jets channel using 37“:_
Matrix Element type techniques o [
(see Yen Chu Chen's talk) NGO

o r

Kondo arXiv:hep-ex/0508035 550:'
and CDF, Abulencia et al. > I
top mass measurement in lepton+jets W 40
with b-tag PRD73(2006)092002 n
30

@ after invariant mass reconstruction :
perform a Likelihood fit to extract 20
massive gluon mass, width, coupling n
10

Resonance decaying to top ?
The massive gluon approach

CDF Runll Preliminary 1.9 fb™

300

KS=42.3%

—e— Data (Nev=371)
Top

EW & Single Top
] W+Light Flavor

fitted coupling strength consistent

with SM within 1.7 sigma
in the (width/mass) range from 0.05 to 0.5 18

= TH 4

Non-W
: W+Charm
X + W+Bottom

400 500 600 700 800 900 1000
tt invariant mass [GeV/c?]



w Resonance decaying to top ?

Model independent search for a narrow resonance
(X ttbar) in the lepton+jets channel

Upper limiton o XBr(X—t71)
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s ttbar invariant mass from 2.3 DO, L=0-3 fb™" 5
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155 .

e neutrino momentum from MET 1§_ _
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St

leptophobic Z' (topcolor assisted technicolor model)

with M <690GeV and [I' =0.012M ,, excluded at 95%C.L.




Summary
(and take away message)

» measured GG fraction consistent with SM expectations

@ top cross section consistent with SM

» get top mass measurements from cross section
compare to direct measurements

*» measured asymmetries are consistent with NLO predictions

» so far no evidence of resonances decaying into top quarks

» more data and results later this year (winter and summer)
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12 nations
60 institutions
~800 physicists

20 nations
92 institutions
~700 physicists

E 'rl = 0 n = 1 ‘,"
Juon Sdintllators | P
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Muon Chambers i
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@ silicon detector
@ COT: drift chamber
@ solenoid
@ calorimeters
central, wall, plug
@ muon
scintillator + chamber

@ 8 layers silicon (SMT)

@ 16 layers scintillating fibers

@ 2T solenoid

@ calorimeter:
central+endcap

@ 1.8 toroid

@ 3 layers muon scintillators

22
+ drift tubes



w Forward backward asymmetry
and sensitivity to new physics ?

- prediction of Forward Backward asymmetry as a function of f

where f is fraction of top pair events produce via Z' resonance
of a particular mass from ensembles of simulated datasets

L ol 1“‘ 1
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— 0_8 \‘

- -
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----------
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------------
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Z mass [GeV]



