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Top Quark Physics

» Top quark first observation at
Tevatron in 1995

» Existence Required by the SM:
Spin 1/2 fermion, charge +2/3,
weak-isospin partner of the b quark

» Mass: top is ~40x heavier than the bottom quark:
only SM fermion with mass at the EW scale
Large contribution in virtual fermionic loops

Quarks

« Top decays before hadronization: ['~1.4 GeV >>A,
Provide an unique opportunity to study a "bare” quark
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Is it the SM top?
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Tevatron Performance

Budget approval pending for FY11 running ey _~12 fb™?

A
10 12 fb! delivered ~doubles the current dataset
— and results in analyses with about 10 fb P
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Top Quark Production at Tevatron

Top Quark Production
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Top Quark Production at Tevatron

Top quarks are rare!

Small cross section:

only 1 top pair in 10
billion inelastic collisions
— for an integrated
luminosity of ~1 fb™
around 7000 top pairs and
3500 single tops are
expected

Other processes appear as
background...

...makes Single top
especially difficult
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0,.. is an inclusive quantity that allows: 3 /
* test the SM : compare the experimental ? !
measurement with the QCD NLO prediction T

« measuring o _is first thing you have to do

before studying other top properties
« study clean top samples

Proton —»

Is also a probe to new physics T ‘; N2
(Massive gluons, 7', ...): e b

Antiproton
g

« anomalous ttbar production rate
e compare cross-sections in different top decay
channels

jet

Allows careful evaluation of background for Higgs ﬁ
and new phenomena searches L 8
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Event counting or Number of expected
fit of discriminating background events
variable shape Using Monte Carlo or data

S /!

p _ N observed N background
tthar ( ) .
S ttbar mtop L
Signal selection efficiency Recorded luminosity
using ttbar Monte Carlo samples Channel dependent

Pythia or Alpgen
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Top Pair Production Signatures

Dilepton (e or u) 5%

Lepton (e or p) +jets 30% All hadronic 44%

low rate, low background
(mainly Drell-Yan)
High purity

higher rate, manageable large rate, large
background (mainly W+jets) background (mainly QCD)

Golden Channel

Lowest purity

(mainly Multijets, W+jets)
Challenging purity

Hadronic Taus (tau+lepton, tau+jets) (14%):
small rate and large background

MET+jets (“hybrid channel”):

Focus on MET from v, catches what other
channels miss (bkg mainly QCD, EWK+HF)
Large acceptance to taus in the final state
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Dilepton channel

Selection: Pretag Top Candidates With Njet= 1
2 OS isolated leptons (e, p) with ET = 20 GeV 1801
_ _ : CDF Il Preliminary 4.5 fb " ;
jets with [n| < 2.5 and ET = 15 GeV, 160F | )
at least one jet with ET = 30 GeV . —@— data ]
140: | Entries 314 |;
Drell Yan veto 1o0k & DATA ]
i []o:= 7.4 pb|;
MET = 25 GeV _ | tt _
100f —e— [_]Fakes -
Background Modeling: ; ! B 2z -
. 80r Wz ]
Drell Yan, diboson — use Monte Carlo : :
Fakes, QCD — use data with same charge 60} I ww :
leptons : LIDY—vv |
Electron Muon Events With Njet < 1 401 Epy—rr |4
250F CDF Il Preliminary 4.5 fo™' 1 ook ]
: data .
L Entries - FEPEN PR O PR I P e ..__._._|_._._._._|_._._._._|_._._

=% = '.'DAT;::347 0 5 6 7 8 9
_ [J0g=7-4pb jet multiplicity

1501 [l Fakes T

— Very clean ttbar sample!

1001

movs e | CDF dilepton (4.5 fb'):
| ol G, =6.56 + 0.65 (stat) + 0.41 (syst)
0 "--_ 120 140 160 180 200 £0.38 (lum]) pb Ac/c =13%

RIS dilepton invariant mass, GeV/c” G.Compostella 9
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b-jets identification

For the other channels, ttbar signature is not as clean as in the dilepton, need
additional tools to identify top pairs decay products — b-tagging

SecVix Tag Efficiency for Top b-Jets

= 0.7
2 C Tight SecVix
Jet § 0-65_ Loose SecVix
T 05F
Displaced tracks g F
3 04f
0.3
Decay lifetime Z 02
_ Lxy /%econdg‘ry vertex " £ Top MC scaled to match data
b 01 F Only b-jets with In|<1
Primary vertex // / S AN PPN AR EFEPRFIN EFRPRFIN APV SRR S
\ / 20 40 60 80 100 120 140 160 180
? / jet E; (GeV)
do v o 0061 >ecVix Mistag Rates
Prompt tracks © - Tight SecVix
2 005 Loose SecVix
A
Eoosk
X 0.03F
SECondary VerTeX tagging:
search a displaced secondary vertex among high impact 00er
parameter tracks using an iterative fit. 0.01 — -/ Only fets with !
C |- 11 1 11 | | 11 | | 11 | | 11 | | 11 | | | -
Efficiency is tuned on data: 2 4 e 80 100 10 10 160 180
. . jet E- (GeV
> is around 50% for ttbar central b-jets et By (Ge)
> mistag rate kept under 2% for tight SecVtX
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Lepton + jets channel with b-tag

Selection:

1 isolated lepton (e, p) with ET>20 GeV
>3 jets with |n|<2.0, ET>20 GeV
MET>25 GeV

>1 SecVtx b-tagged jet

H. > 250 GeV (Sum of the transverse
energy of jets, lepton, and MET)

g 150 = E
w . @ Data
E Bor
E + [ single Top
- Bwinr
100 = © Mistags
B B von-w
Pz+ijets

Di-boson

60

0 100 200 300 400 500 600 700 800 900 1000
Ht (GeV)
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Events

600

400

200 f

8001

CDF Run Il Preliminary L = 4.3 fb’!

Control
Regions . Il ata

W op

B single Top
' Bwnr
Bw+LrF
.Non-w

P z+jets

Di-boson

1 Jet 2 Jets 3 Jets 4 Jets >5 Jets

CDF lepton+jets b-tag (4.3 fb'):
o. =7.22 +0.35 (stat) £ 0.56 (syst)

ttbar

+ 0.44 (lumi) 7G/0 = 10.3%
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Lepton + jets channel with b-tag

Largest Systematics:
6% luminosity uncertainty
5% uncertainty in correction to b-tagging modeling in MC

4% uncertainty in correction to W+HF MC

CDF lepton+jets b-tag (4.3 fb-lx
6. =7. 5 (stat) (w

+ 0.44 (lumi)
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Lepton + jets channel with NN

— no b-tag, same selection with no H_ cut

Try a different, topological, approach using Neural Networks:
Rely on identifying top events through kinematics as opposed to b-jet identification

Kinematic Variables:

» Total Sum Transverse Energy

» Aplanarity

* Sum Pz / Sum Et of Jets

» Sum Jet Et Excluding Two Highest
* Minimum Di-Jet Mass

* Minimum Angle Between Two Jets

CDF Il Preliminary 4.6 fb™

« Maximum Angle of a Jet >
0

B top

B acp
-

01 02 03 04

B data (7348 evts)

B w+jets

-+

05 06 07 08 09 1
NN output

train NN to distinguish signal from background and fit templates to data

CDF lepton+jets NN (4.6 fb"):
o

ttb

. =7.71£0.37 (stat) + 0.36 (syst) + 0.45 (lumi) pb
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Ac/oc = 8.8%

Largest systematics:
6% Luminosity
3% Jet Energy Scale
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Luminosity Uncertainty

Optimizing the analysis: Lepton-Lepton Invariant Mass
L L UL RN R '

. . [TTT |I | | T |IIII|IIII_l_
reducing the largest systematics 10000 COF Run I Prliminary, 43"
) 14000 —
- 0, well known theoretically - .
: 120000 =
« 7 well modeled in MC O -
 Z small background §10000— E
* Luminosity uncertainty can be cancelled < soo0- =
out in ratio if we use the same triggers and § g0 -
data periods woor .
4000 =
2000 =
me&asure:. et oo ]
R=o0¢o measured / o measured ratio 70 75 80 85 90 95 100 105 110 115
ttbar Z->1l M, (GeV/c)
0, measured in OS dileptons with
Geto, =Ro,  (th) 66 GeV > m, > 116 GeV

lepton+jets with b-tag and Z ratio (4.3 fb'):
o.. =17.32+0.36 (stat) + 0.59 (syst) + 0.14 (Z theory) Ao/o = 9.6%

ttbar

lepton+jets with NN and Z ratio (4.6 fb™"):
o. =7.82+0.38 (stat) + 0.37 (syst) + 0.15 (Z theory) Aoc/oc =7.0%

ttbar
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All hadronic channel

Selection: <
 Veto leptons and require low MET S o1
* Require 6 <= Njets <= 8 in the signal region £ o012 .
* Use a NN (jet invariant masses, sphericity, B 0.1)-
aplanarity, ...) to separate S/N 08 ¥ i.E
« Jet shapes variables allow to separate quark 0.06|
jets from gluon jets, big impact in the NN 0.08f A
« >1 SecVtx b-tagged jets 002

93 : : 6 o8 r—ﬁ-‘f 1.2
Technique: Nout
* Parameterize background b-tags from 4 Jet | & F 1 tag cvents
data, QCD dominated, using b-tag rates = 3001 4 Dt
« Use a kinematic fitter to reconstruct M, for | @ [ er | ata _
each event % 290 H t Fitted tt
» From MC get M, " distribution for different | € ;- ! Fitted Bkg
values of the input top mass (templates) o + A/NGOt < 26.7 /38
* By fitting data to templates of 150 t i * o
Signal+Background get the number of ttbar - I I Prob =0.916
events and measure cross section 100/ 4

S t
CDF all hadronic (2.9 fb"'): so-# tt )
o, =7.21+0.50 (stat) = 1.10 (syst) ot . e

+ 0.42 (lumi) pb AG/G = 17.7% o R eevie
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MET+Jets channel

CDF Run Il Preliminary L=2.2fb™ v¥ndf = 95.28/54
Analysis focuses on MET & 250F
. - L - Obs. + Tags, N. Jets>3
%4 from neutrino rather = r .
. ~ V* 1] Matrix Predicted Bkg
Weo v.7 <= than on lepton 3 00l IR oo e i
. . . . o L rror on Matrix Predic g
~L__J identification, requires & T S5 monsve o 5950
. . . B nciusive top (Xsec=r. p
b large Jet multiplicity, at & ,r :
least one btagged jet S :
Selection hae
» Require significant MET, MET, > 3 GeV'"? B
50—
» Veto well reconstructed leptons -
« Require 4 or more jets - |
2

0.2 0.4 0.6 0.8 1 1.2
Neural Network Output

« Use a NN to discriminate S/N 3
» Paremeterize background b-tags from 3 Jet
data, QCD dominated

(=]

| CDF Run Il Preliminary L=2.2fb™

- Obs. + Tags, NN output=>0.8

» Perform counting experiment on b-tags for S 250l Matrix Predicted Bkg
. ] - B
events with NNout>0.8 5
"_‘ - - Error on Matrix Predicted Bkg
+ 200— SRR
Large acceptance to tau+jets events! - 3 Inclusive top (xsec=7.99 pb)
Orthogonal and complementary results with 150 S
respect to other channels ook :
CDF MET+jets (2.2 fb™): " Sesaaaaae :
O, = 7-99 £0.55 (stat) + 0.76 (syst) - i
ar m PP !
+ 0.46 (lumi) pb Ao/o = 13% o3 3 5 6 7 8 9
— . p G 0 B 0 Number of Jets
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Overview and combination

Good agreement:
« among different channels
» with theoretical prediction

Dllepton
(L=4.31b)

Lepton+Jets (ANN) o
(L=4.6 ")

Lepton+Jets (SVX)  mommmititst s mmmm
(L=4.3 ")

All-hadronic i mm—
(L=2.9 )

CDF combined
v2DOF= 0.60

Ao/o = 6.5%

[N Cacciari et al., arXiv:0804.2800 (2008)
7z Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer arXiv:0906.5273 (2009)

7.27+0.71:0.4610.42
(stat) (syst) (lumi)

7.63+0.37+0.35+0.15

7.14:0.3510.58+0.14 | |Q,-

L

0,

7.214:0.50+1.10+0.42 :
2-

7.50+0.31:0.34+0.15 :
m=172.5 GeVic? L

o CDF Run Il Preliminary 4.6 fb™

Moch & Uwer, arXiv:0807.2794 (2008)
-------------- Cacciari et al., arXiv:0804.2800 (2008)

--------------------------- Kidonakis & Vogt, arXiv:0805.3844 (2008) | &

4 5 6 1 _8
o(pp — tt) (pb)

*(not yet updated with the latest results)
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One more thing: ttbar+jet cross section

 Important test of perturbative QCD, NLO effects

 at the LHC ttbar will be produced with additional jets
— background for many new physics signals

 use b-tagged events in the lepton+jets channel

 data-driven background

« 2D likelihood to simultaneously measure ttbar+jet and ttbar without jet cross sections

Events

1000—

500

1 Jet 2 Jets 3 Jets

CDF Run Il Preliminary L = 4.1 fb™!

. Data

B i + 0j (5.5ph)
Wi+ (1.6pb)
B Single Top

s W +HF

[ Mistags

[l Non-w
PBz+jets

- Di-boson

4 Jets >5 Jets

CDF result (4.1 fb"):

ttbar+jet

o =1.6 + 0.2 (stat) + 0.5 (syst) pb
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- 35
|3+= r CDF Run |l Preliminary L = 4.1 fb”
© C
SE M 68% CL
- M 95% CL
25
2|
1.53—
it
0.5
O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
4 45 5 55 6 65 7 175 8
th+0j
Theory:
— +0.16
Gttbar+jet 179 -0.31 pb
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Conclusions

* Reviewed CDF measurements of the top pair production cross section in
different channels

» Experimental uncertainties in the various channels are comparable to

the theoretical
» Uncertainty of the CDF combination is even better than the theoretical

 Cross sections are consistent with SM, but still plenty of room for new
physics!
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Dilepton channel with b-tag

Pretag Top Candidates With Njet > 2

120 -
' CDF Il Preliminary 4.5 fb™

1001 l data )

: | i Entries 215 |-

Can apply b-tagging to the a0k —— - DATA ]
dilepton channel b | | []o.=7.4pb :
I __IFakes .

In addition to standard 60 B zz )
dilepton selection, require at B wz :
least one SecVtX tag in the [ B ww .
event and perform a —T— LIDY— vt |
counting experiment to get : Ay
the cross section 20F )
.. 1 .E. ) e——, ), ) 1

0 1 2 3 4 5

number of loose secVix tags

CDF dilepton with b-tag (4.5 fb"):
O... =7-27 +£0.71 (stat) + 0.46 (syst)

+ 0.42 (lumi) pb Ao/o = 13%

G.Compostella
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Nt 23

CDF Il Preliminary 4.6 fb™

DIS 2010,Florenc

Nipiﬁ >3
=
2 C B data (7138 evts) £
= L Il W+jets
s00l @ aco Z 3000
- 2500
600—
- 2000
400 1500
L 1000
200
L 500
UD 150 200 250 300 350 400 450 500
ht
N, >3  CDFllPreliminary 46 "
=
— — = —
2 600 B data (7348 evts) £ 900 =
: L g 800
=* 500 = = 700 i_
4001 =
300 =3
200 =
100 =

N data (7348 evts)
B top

Il W+jets

I acp

0.45
aplanarity

0.

Lepton+Jets NN variables

CDF Il Preliminary 4.6 fb™

N >3

CDF Il Preliminary 4.6 fb™' N, =3

N, / bin

300

200

100

CDF Il Preliminary 4.6 fb™

I bin

B data (7288 evts)
I top
l W+jets
Il acD

a
H

eves

100 120 140

minDijetMass

N >3 CDF Il Preliminary 4.6 fb™
jats_—

W data (7344 evis)
Bl top

Il W+jets

Il aco

8 00
sumEtJet

CDF Il Preliminary 4.6 fb™

Niplg =23

B data (7348 evis)
B top

R W+jets

B aco

0.5 2.5

minDijetSep

B data (7342 evts)
I top

H W+jets

I aco

25
sumPzSumEt

3
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Jet Shapes in the all hadronic analysis
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Average ¢ moment

FIG. 1: Geometric average of the 1 scaled moments ((M,),
upper plot) and of the ¢ scaled moments ({(Mj), lower
plot) for QCD multijet (solid histogram) and simulated t¢
(dashed histogram) events with 6 < Njes < 8.
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Multipurpose collider detector
Large international collaboration,
600+ members

* Silicon tracking

 Large radius drift chamber (r=1.4m)
* 1.4 T solenoid

* Projective calorimetry (|n| < 3.5) _ /=2
* Muon chambers (|n| < 1.0) [ siicon Vertex [\ [ V) 3 [iion

Chambers

e Silicon Vertex Trigger
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Tevatron

The Tevatron Collider

» Circumference 6.8 km

» ppbar collisions at 1.96 TeV
1.96 TeV « Run | (1987-1995)

' * Run Il (since 2001)
 Surpassed design luminosity

T -]
sl

Peak Luminosity

4.00E+32 4008432
350432 1| . 32 -2 -1 ’ 350E+32
~4-103? cmsec >4
A 7

3.00E+32 A AT 300E+32
@
\ ; 8
el ’ 2 250E+32 R 2505432
[ ] ] g é
Main Injector | e
£ 2 00E+32 I L ZDUE+32N
| " E
3 A 3
& RECYCIEF S 150E+32 L 1506:32 2
o Ak ]
Ak 6"_

- A
~ e 1.00E+32 1 1008432
R K
5.00E+31 e 5.00E+31
A
-‘—M 5
0.00E+00 4 e — 0.00E+00

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

il il el ol il ml el wellh el ol il . el il el el ol il el el el ol ol el el el el well well ol . i il

| 4 Peak Luminasity #Peak Lum 20x Average |

_—
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