TOP QUARK PAIR CROSS
SECTION MEASUREMENTS
AT THE TEVATRON

Flera Rizatdinova (Oklahoma State University)
for the DO and CDF Collaborations



Qutline

Motivation

Top quark pair production cross section in lepton + jets channel
Using kinematical information of events
Using b-jet identification algorithms
Top quark pair production cross section in dilepton channel
Top quark pair production cross section in all jets channel
Combined ttbar cross sections

Conclusions

Flera Rizatdinova 22nd Recontres de Blois July 17, 2010



Motivation for accurate measurements
of ttbar production cross section

o1 Top quark, the heaviest known quark, was discovered
in 1995 at the Tevatron by CDF and DO experiments

1 Test of perturbative QCD at high Q?

11 Sensitive to new physics

Measure in different channels

® Non-SM top decays (t—>H™ or stop) modify contributions to
different channels

m di-lepton/I+jets ratio probes non-W top decays
Measure with different techniques
® b-tagging method
m Kinematic fit methods
1 Gives input for searches for which top quark pair
production is a dominant background.
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Top quark production and decay

11 Top quark pair production via strong
inferaction. For m=172.5 GeYV,

o, = 7.4672% pb (S.Moch and P.Uwer)
=7.2773% pb (N.Kidonakisand R.Vogt)
o, =7.14"° pb (Cacciari et al.)

-1 Assuming unitarity of 3-generation CKM
matrix = B(t—Wb) ~ 100%

71 Distinguish top quark pair events by the
consequent decays of the W bosons:

0 Both W—fv - dilepton channels

0 One W— fv and other W—qq' —
lepton+ijets channels

0 Both W —qq’ — all jets events

Theoretlcal —~9%
G_tt
tt decay modes

all hadronic

tau + jets

gt ' H+




ttbar cross section in lepton + jets

channel
1 Cross section: @— @ Number of background events
— in selected sample
Number of observed events in I dﬂ_
selected sample Integrated luminosity

Ttbar selection
efficiency

1 Two methods, kinematic and using b-tagging, to separate
signal (ttbar) from backgrounds
1 Backgrounds:
W +jets production (data driven estimation)
QCD multijet production (data driven estimation)
Single top production (estimated using theoretical cross section)

Small physics backgrounds like VV production, Z+jets,...
(estimated using theoretical cross sections)
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Kinematic methods for ttbar cross
section measurements

_ 6
- Event selection at DO: 71 Event selection at CDF:
One high p; (>20 GeV) e or One high p; (>20 GeV) e or
Large missing E; (>20 GeV) Large missing E; (>35 GeV)
At least two high p; jets (>20GeV) o At least three high p; jets (>20GeV)
Leading jet p; >40 GeV Leading jet p; >35 GeV

11 Use difference in kinematics of signal events (ttbar) and major
background (W+jets)

Use variables that provide the maximal separation between signal
and background and are well described by Monte Carlo simulation

DO uses Boosted Decision Trees (BDT) technique to distinguish
between signal and background

CDF uses Artificial Neural Network for the same purpose
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DO results obtained with kinematic fit

1 Used 7 variables as input for BDT

71 Performed analysis in three jet

multiplicity bins, 2 jets, 3 jets and >4 jets

0 Data set 4.3 fb~!; used 6, = 7.7 pb to
draw the expected signal

o1 Largest sources of the final uncertainly

Source | +Ao.pb | A pb_

Statistical +0.13
Electron ID +0.18
Signal modeling +0.14
Luminosity +0.50

—0.12
—-0.16
—0.13
—0.43

10001

D@ preliminary, L=4.3 fb"'

Nevenls

8001 —=— data
I top pair
B other
[ Wijets
B multijets

600|—
400

200

D imi L=4.3 fb'
data @ Preliminary, 3fb

I top pair
B other
[ W+jets
B multijets

o, =7.70707 (stat. + syst. + lumi) pb

0.5 0.6 0.7 0.8 0.8 1

Discriminant Output



CDF results with ANN

Used NN technique with 7 variables.

To reduce the luminosity error,

replace it with variation of o5

o . meas
using relation: Oy

meas
Oy

theor
O

I bin
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Nipfﬁ =3

CDF Il Preliminary 4.6 fb™
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Nipf: 23

W data (7138 evts)
il top
Bl W+jets
I aco
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ht

GDF Il Preliminary 4.6 fb™

Leading sources of syst. uncertainties .

Jet ET scale +2.93 —2.9
Wtijets Q? scale +1.33 —1.33
Signal modeling +2.50 —2.50
Z theory +1.99 -1.99

:
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400~
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B w+jets

B oco

4

-+

01 02 03 04 05 06 07 08 08

1
NN output

o, = 7.63+0.37(stat.) £ 0.35(syst.) £ 0.15(theor.) pb; 22 =7%




B-tagging for ttbar cross section

measurements

Dominant backgrounds have small b-jet
fractions

Requirement of b-jets presence
significantly improves signal-to-
background ratio

Assume that Br(t—>bW) =1

Both experiments employ NN b-tagging
algorithms, incorporating information
from track impact parameters, a possible
secondary vertex, semileptonic decays
and others.

Typical efficiency per b-jet is 50-60% at
1% mistag rate

ay Ii time
Deca¥ ™ Lxy

Jet
Displaced tracks

_@Fsecondary verteX

7
7

primary vertex .~

prompt tracks

~N o
e O O

b-jet Efficiency (%)
o

W A O O
(=]

N
o

=)

do

Ko
.
o
.
o
o
-
-

—— P> 30 GeV, n| < 1.1

b P> 15 GeV, | < 2.5
IIIJ | [l 1 | II\II

10

1 10
Fake Rate (%)



Heavy flavor background

W+heavy flavor jets (W+bb, W+cc) production becomes most
important BG

Normalize ALPGEN W +jets to data before tagging
Determine heavy flavor fraction in ALPGEN W+ijets

. nEvents —e— (data
Measure correction factor K to 240 _ | — Light Flavor
. 220F- CDF Run It Preliminary L = 2.7 fb —— Bottom
heavy flavor fraction: F +? — Charm
data fit data Alpgen m%—
NW+HF - Nwﬂ-ets K- fW+HF 160" +
K factors o
120
100 +
80
KCDF — ]o5 i Oo3 60?—% +
E_ ] ] ] ' A B L

ﬂ 1 | I | —— 1 1 1 j— 1 1 1 1
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
KIT Flavor Separator
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ttbar cross section measurement in |+jets channel

using b-tagging

o1 DO: Split sample into O-tags, 1-tag and 2 or more tags

1 CDF: additional selection cut on H;>230 GeV

n Il Preliminary L = 4.3 fb™

1400

1200[

= D@ Preliminary, 4.3 fb' 800~
B
B other

Events

Nu_gnber of events
(=]
[=]
o

T Wijets
I Multijet

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets

1 >2

CDF
O

=7.937% (stat. + syst.+lumi) pb
=7.32+0.36(stat.) = 0.59(syst.)+ 0.14(Z theor.) pb




ttbar+1 jets cross section measurement

Events

7 Important test of pQCD

1 Substantial BG for new physics ..l

searches at the LHC

1 Measured by CDF using b- soof

tagging method

1 Performed simultaneous fit of
ttbar+0 jets and ttbar+1 jet
cross sections

o = 1.6+0.2(stat.) £ 0.5(5yst.) pb

theOI’ 1 79+8 » pb

tt +1j

S. Dittmaier, P.Uwer, and S.Weinzierl,
arXiv:0810.0452v2 [hep-ph]
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CDF Run Il Preliminary L = 4.1 fb”

HData

Il i + 0j (5.5pb)
Mt +j (1.6pb)
[ single Top

> Bw+HF

I mistags

I Non-w
BWz+jets

Di-boson

2 Jets 3 Jets 4 Jets =5 Jets

CDF Run Il Preliminary L = 4.1 fb™

W 68% CL
W95% CL

- 0., =5.5+0.4(stat.)£0.7(syst.) pb
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ttbar cross section in dilepton channels (1)

. "D limi []Z bckg: 42.1
=1 DO selection of events 11 S et
[] Fake bekg: 14.0f
I B i 265.0

* Data: 331

Two opposite charge leptons with p; >15 GeV

Number of events

Missing E; >20 GeV in ee, uy; no MET cut in et
At least two high p; jets (>20GeV) 100,
el channel: HT>110 GeV; ee and ppu channels:

use BDT to discriminate signal from BG _
Number of jets
1 Backgrounds:
ee B B
Physics: Z/y* — 74~ Z -t 85733 | 1aTET 21Tl
Dibosons 21108 | 65ty |33ty

Instrumental: fake electrons (which are |Instrumental background| 017537 | 10.7735 | 32707
tt— 45 (o = 7.45 pb) | 369735 (1434 + 14.3 (45,1133

GCTUGIIY ieTS), fake isolated muons Total expected events 476+ 6.2] 1726715 [T3a75
(which are not isolated) Data 5 204 72

o =8.4%0.5(stat.) 22 (syst.) 27 (lumi.) ph
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ttbar cross section in dilepton channels (2)

CDF Run Il Preliminary (5.1 fb™)
T E

-1 CDF selection: O S———— :
w0t Cwarany
O At least two jets with pT>15 GeV o0] = wwzzz
- B Fake ...
O Missing ET >25 GeV (>50 GeV if angle 8
between lepton and MET directions is small) 9«

o Two opposite charged leptons
n HT > 200 Gev Djet 1jet >2jet HT>200+0S
0 At least 1 jets is identified as a b-jet

CDF Run Il Preliminary (4.8 b™)
T I B

11 Results: 25° ' By
o™ =7.4+0.6(stat) £0.6(syst) £ 0.5(Iumi.) pb g= -
o2 =7.3+0.7(stat.) +0.5(syst.)+ 0.4(lumi)) pb | =

N . . 1jet >2jet
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ttbar cross section measurement in all

jets channel

derived from a top quark mass measurement with in situ
measurement of the (JES) using 2-D Template Method (TMT2D)

10

[
[
CDF Run Il Preliminary {2.9 b
< 80 rec
3 i =2 tags events m,
E m: —— Data
A i -
E i - Fitted
W sl " Fitted Bkg
a0 y2Ndof =202 /22

Prob = D568

100

120 200 220 300

mie {GeV)

Split sample into 1-tag and 2-tags events samples

CDF: The measurement is performed using the signal yields

CDF preliminary, L. = 2.9 fh— !

Symbol| 1tag |> 2 tags
Top mass (GeV/c?) Mo 1748 £ 241
JES displacement AJES | —-0.3% ﬂ.d?fg'g:
Observed candidates | nobs 3452 441
Expected background | ng, .oy | 2785 £ 83 (201 = 29
Fitted background Ty pizy | 2802 £ 70 (220 = 21
Signal from fit Mg pipy | B43 = 80 (216 £+ 25

o, =7.2+0.5(dtat.) +1.1(syst.) = 0.4(lumi.) pb

July 17,2010




CDF and DO combined results on ttbar cross

section measurements
-

Results of several analyses performed on 2.9-4.6 fb™!

1 1 ] ] I 1 ] I 1 ] ] | ] ] ] 1 I ] 1 ] ] 1 ] I ] 1 ] 1 s . <
[T Cacciari et al., arXiv:0804.2800 (2008) DG Run Il = preliminary July 2010
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009) I+jets (topological)* we exiepa 7.25 +0.33 +0.5140.49 11
\ o P 3 2033-039-043P

Dilepton p 7.27+0.71:0.46:0.42 : i
(L=4.31") : (stat) (syst) (lumi) g He— 7935305 05 eb

7 ;

i:f I+jets, dilepton, t+lepton (PrD) +0.46 +0.66 +0.54
Leptoﬂ"'Fj'EtS (ANN) :E 7.63+0.37+0.35:0.15 1.0 - 7.84 7545 054046 PP
(=46 * - e 823 30 0

i .
Lepton+Jets (SVX) = 7.14:0.35:0.58:0.14 et 50 1j3 123 w3 pb
1=4.3 fb i :
( 3ib J E taé?r:]e_?ton (b-tagged)* 7.32 t::g: :1 gg <045 pb
All-hadronic - 7.21:0.50+1.10:0.42 tautjets (b1agged) 54 43 07 1 op
(L=2.91) ’ gl 4337 wsp

ié aI:j:l: ‘(b-tasged,PRD} - 6.9 i:g :1:: 04 pb

o 0" '
CDF combined i 7.50+0.31:0.34:0.15 (sta) (syst) (tum)
+DOF= 0.60 ; m=172.5 GeVic? mey=175:Gey I M. Cacciari oRRIEP 0509, 127 (2005)

i . N. Kidonakis R.Voat, PRD 78, 074005 (2008)
HETE TN i1 T T Ll §. Moch and P, Uwer, PRD 78, 034003 (2008)

! - ] -1 | -1 I l - l - I
4 5 6 9 10 1 0 2 4 6 8 10 12
o (pp — ti + X) [pb]
Oy _

o = 7.5+0.31(stat.) + 0.34 (syst.) + 0.15(lumi.) pb




Conclusions

Updated ttbar production cross section measurements
from DO and CDF are in agreement with the SM.

Tevatron experiments have measured the ttbar
production cross section with an accuracy of 6.5%
which exceeds the theoretical uncertainty.

Presented results are based on the ~4.6 fb™! of
data; have ~8 fb~! on tape
Expect results with higher precision, probing further the

SM

CDF and DO are working on the combination of
Tevatron results on ttbar production cross section

measurement
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Background slides

ttbar x-section calculations
Data/MC agreement for variables used in NN, BDT

Systematic errors
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Ttbar x-section calculation in BDT analysis
I T

0 DO kinematic Fit: Perform a maximum likelihood fit to the BDT
discriminants distributions to get a number of ttbar pairs in the
sample L(Nt“,NtW,NtMC,NtQCD)zTH p(ni",yi) p(NI"_t,NI_t)

(here p is Poisson pdf for n observed events in i-th bin of the
discriminant, m is expected n of events in this bin, and NV,

NMC(diboson, single top, Z+jets), NP are numbers of corresponding
types of events.

o The negative of the log-likelihood function is minimized
- Iog I—(Nttf’ NtW’ NtMC’ NtQCD) = Z(_ r]io Iogui TH )_ Nlo—t Iog Nl—t T I\Il—t
o The extraction of is perforlmed using nuisance parameter

method

m  Each individual source of systematic uncertainty is allowed to float

X i rm=172.
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Data/MC agreement in CDF ANN

analysis

M awarts | bin

-1 CDF variables used in ANN analysis
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Data/MC agreement in DO BDT analysis
N

1 DO variables used in BDT analysis

1000 300

@ 2 300 2
s | D@ preliminary, L=4.3 fb" g | D@ preliminary, L=4.3 fb"' g 30 D@ preliminary, L=4.3 fb"
@ D I [
z 800| —= data = 2501 z 300|
i I top pair 200 250
600| I other - F
- [ Wijets 150] 2001
400 I multijets - ol
I 100 .
B I 100}
200/ 50 &
- - 50|
K I ORI iR 250 S A 100 200 300 400 500 600 700 800 900 1000
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@ 200~ P 2 .. 4 o -
?) 180" D@ preliminary, L=4.3 fb’ S 300| D@ preliminary, L=4.3 fb E 160 - DO preliminary, L=4.3 fb"
= 160| z" z'” 140 ?
140{ 120
120 100
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80
80| -
= 60|
B 40—

20
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vl ..
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CDF b-tag analysis: data/MC comparison

-1 CDF analysis with secvtx tagger

1 Shown are distributions of some variables in 4-jet multiplicity bin

Events

180

Events

Run Il Preliminary L= 4.3 fb”

-# Data

[l Top (7.1 pb)

. Single Top

B w+HF
Mistags

. Non-W

=& Data
Il Top (7.1 pb)
M single Top
B w+Hr

- Mistags

. Nen-W

MET (GeV)

Events

Events

250

Run Il Preliminary L = 4.3 fo”

=# Data
Il Top (7.1 pb)
M single Top
Bwshr

- Mistags
. Non-W
Wz+jets

Di-boson

0 4
Lead .lat Et iGaV)

:muf—
250}
2005—
150f-

100}

‘CDF Run |l Preliminary L =4.3 L

=i Data
[l Top (7.1 pb)
. Single Top
B w+HF

7 Mistags
Il non-w
Wz+ijets

- Di-boson

uly 1

201
Leptoh Pt (GeV)



Systematic errors on kinematic ttbar

cross section measurements
N

1 ANN (CDF analysis) -1 BDT (DO analysis)

CDF 11 Preliminary

Top Cross section Summary of nuisance parameter likelthood with systematics on cross section
. : : Source Offset +0 —T

Effect hift hift trised —
S taf.l‘; R “ei 22’ p‘f’ 435-;; Sym’ffgﬁr =e Statistical only 705 032 032
Statistical 7 P _0'32 _'_0'32 0'32 Event preselection +0.02 +0.13 0.12
et B Scal 2'90 2'93 2'91 Muon identification -0.03 +0.07 -0.05
,‘; e czes 1 _1'33 +1'33 1'33 Electron identification and smearing +0.21 +0.18 016

tiets Q Scale - +1. : Luminosity reweightin +0.00 +0.02 +0.00
Z+jets QF Scal 0.27 +0.27 0.27 R
TIels cale e : : pr(Z) reweighting +0.01 +0.02 +0.00
it IFSR -0.42 +0.42 0.42 signal modeling -0.14 +0.14 2013
QCD shapfe -0.48 +0.48 0.48 Color reconnection -0.01 +0.05 0.04
QCD fraction -0.81 +0.81 0.81 ISR /FSR variation -0.00 +0.00 +0.00
ﬂ!i generator -2.50 +2.50 2.50 EM triggers _0.00 +0.00 40,00
tt gen. branching ratio -0.21 +0.95 0.58 Muon triggers -0.12 +0.12 011
tt PDF -0.79 +1.10 0.94 Jet energy scale +0.21 +0.00 +0.00
tf Colour Reconnection -0.16 +0.16 0.16 Vertex confirmation -0.20 +0.07 0,04
Other EWK -1.00 +1.00 1.00 b-Jet energy scale -0.00 +0.03 -0.01
MC statistics -0.14 +0.14 0.14 Jet energy resclution +0.60 +0.07 -0.06
CEM ID SF -0.48 +0.46 0.47 Jet recomstruction and identification -0.08 +0.08 20,07
CMUP ID SF -0.03 +0.03 0.03 b fragmentation -0.03 +0.08 0,07
CEM trigger efficiency -0.25 +0.25 0.25 Matrix method egop and esig -0.07 +0.00 +0.00
CMUP trigger efficiency -0.39 +0.39 0.39 Monte Carlo background x-section +0.01 +0.00 -0.01
Zute SF -0.00 +0.00 0.00 Monte Carlo signal & bkg branching ratio +0.00 +0.07 -0.05
nJet (NLO) 0.02 +0.02 0.02 Monte Carlo bkg scale factors +0.05 +0.03 -0.01
CEM energy Scale 0,08 +0.08 0.08 . Monte (IJarlo stta.tistics +0.00 +0.04 0,02
CMUP energy Scale 0.02 4+0.02 0.02 W fractions matching + higher order effects +0.08 +0.04 -0.04
Z Background -0.04 +0.04 0.04 PDF +0.01 +0.09 0.07
Track ID 0.61 +0.60 0.60 Luminosity +0.30 +0.50 0.43
Luminosity 0.39 40.00 0.19 Event statistics for matrix method -0.00 +0.01 +0.00
Total svstematic _4-51 +4-67 4'57 Total systematics (quad sum of the above) +0.82 +0.62 +0.53
Total uilcert.a.int.y Tatio —6.60 +6.75 6.66 Total error (nuisance parameter fit) 7.70 +0.79 A0.70
Z theory -1.99 +1.99 1.99

Total uncertainty -6.89 | +hlera|Rizagdgovda] 22nd Recontres de Blois  July 17, 2010




Systematics on b-tagging analysis

-1 CDF analysis

1 DO Analysis

Summary of nuisance parameter likelthood with systematics on cross section

Systematic Ac/o %
Jet Energy Scale 4.0
Tagging Model 4.5
Mistag Model 1.1
W-+HF Correction 4.0
Luminosity 0.3
QCD Fraction 0.2
MC Generator 2.7
W Branching Ratio 0.6
ISR/FSR 0.7
Trigger EFF/ID 0.6
Track ID 0.6
PDF 1.4
7 Background 0.1
NJet SF 0.0
Q? 0.3
Color Recon 0.4
Total 8.05

CDF Run II Preliminary £ = 4.3 fp—1IFle

Source O ffset +a —

Statistical only +7.83 +0.28 -0.28

Event preselection -0.00 +0.14 -013

Muon identification -0.06 +0.07 -0.07
Electron identification and smearing +0.24 +0.18 -0aT
Luminosity reweighting -0.00 +0.02 +0.00
pr{Z) reweighting -0.00 +0.00 -0.00

signal modeling +0.11 +0.16 -0.15

Color reconnection -0.01 +0.07 -0.06
ISR/FSR variation -0.00 +0.00 -0.03

EM triggers +0.03 +0.06 -0.06

Muon triggers -0.20 +0.13 -0.12

Jet energy scale +0.08 +0.12 -0z

Vertex confirmation +0.07 +0.22 -0.21

b-Jet energy scale +0.00 +0.04 -0.04

Jet energy resolution -0.01 +0.02 -0.02

Jet reconstruction and identification +0.04 +0.12 -0.11
Taggability m data -0.01 +0.10 -0.09

b-tag TRF -0.21 +0.33 -0.32
c-tag TRF +0.00 +0.00 +0.00

light tag TRF -0.01 +0.10 -011

b fragmentation +0.00 +0.02 -0.02

Matrix method egop and €,y +0.01 +0.04 -0.04
Maonte Carlo background x-section -0.00 +0.02 -0.02
Monte Carlo signal & bkg branching ratio -0.00 +0.07 -0.07
Monte Carlo bkg scale factors -0.00 +0.04 -0.04
Monte Carlo statistics -0.01 +0.12 -0.12

FDF -0.00 +0.19 017

Luminosity -0.02 +0.53 -0.46

vent statistics for matrix method -0.00 +0.06 -0.06
Potal St S quad sum of B Ybove) -0.04 +0.84 +0.77
Total erroR éuomntre pdenBloit) 7.93 +1.04 -0.91




Systematics on dilepton analyses

]
-1 CDF - DO

Pretag analysis

ee, W lew, Wolpp, % | EER
. = (Bun IIb) |(Run IT)
| Source | Systematic Error (%) ] Signal modeling 49| 48 4.8 =Y i
7
&Eg’%iiiamr Ig MC background normalisation 5.8 23] 111 T3 oo
ISR/FSR 1.3 Instrumental background 04| 2.3 L7 1.6 14
PDF's 0.6 Electron 1D 2.0 3.0 1’;:29 fg:g
Color Heu:-:u_nnectmn 1.2 Mron 1D 7 10 Iz I8
Jet corrections 3.3 _ : :
Jet 1D} and resclution 6.5 a2 133 tea 1o
| Total 1R Jet energy acale 6.9 409 7.6 2 s
Trigger 0.6 5.5 7.4 i i
Others 3.8 25] a4 Tor e
B_-l-qg qnqusis Total: +15.6(+11.1] 58 iR Tas
| Source | Systematic Error (%) |
Lepton 1D 2.2
MC Generator 1.9
ISR/FSR 1.3
FDF's 0.6
Color Heconnection 1.2
Jet corrections 3.3
h-taggin 4.1
e Flera Rizatdinova 22nd Recontres de Blois

| Total 6.3
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