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@ Introduction
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Prediction from theory

Standard Model prediction depends on top mass (roughly: 3%/GeV):
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Prediction from Top++ (my = 172.5 GeV/c?, MSTW2008 PDFs)
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http://arxiv.org/pdf/1204.5201.pdf

CDF and DO detectors

Tevatron has left us one year ago with about 10 fo—' of pp data,
Vs = 1.96 TeV, per experiment:

Gooddata 8.8 —9.1fb—' 9.7 o1
Coverage (tt “fiducial’) in |ng|:

Tracking <4.0(2.0) <3.0(

Calorimetry <3.6(25) <441 (2 5

Muons <15(1.5) <2.0(
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b-tagging

A jet originating from a b quark has specific features:

Displaced
cks

@ b quarks hadronize before decaying
into a ¢ quark

@ the resulting long-lived B hadrons
decay some millimeters away

@ a displaced vertex can be inferred
from the decay tracks

@ asoft e or uis produced (~ 11%
each)

Secondary
Vertex

Primary
Vertex

@ CDF Secondary Vertex Tagger searches for two or more tracks
with large impact parameter (qj) pointing to a displaced vertex

o D@ Neural Network tagger combines the information from a
secondary vertex and two impact parameter taggers
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Identification of 7 leptons

A jet originating from a 7 lepton has specific features too:

@ displaced vertex (v cr ~ 2 cm for
E = 40 GeV — B* have ~ 3.8 cm)
@ low number of decay products:
\ into leptons : eve v, and p i, v;, =~ 18% each
“with charged meson : one (45%, usually 7+ + Nz°) or
three (15%, often 77~ 7~ 4+ Nz0)

CDF 7 — hadrons identification algorithm:
@ identify a narrow calorimeter cluster (likely, a jet) as a 7 candidate

Q collect all the tracks close to the cluster (a narrow cone) as decay
products; there must be either one or three tracks

Q collect the tracks in a (hollow) wider cone; there must be none!
Q efficiency is of the order of 40%, misidentification of 1.5%.
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Extraction of the cross section value (I)

The analyses discussed in this talk use one of the following methods to
measure the tf production cross section o

@ compare the observed number of events (Ngata) With the predicted
number of background events (Npkgr):

o Niata — kagr
T BR-A-Ldt M
L dt is the available integrated luminosity, A includes acceptance
and selection efficiency, and BR is the branching fraction;

Q if the number of predicied events Nyegq depends on o, a Poisson
likelihood can be maximized:

L (0) =P (Ndata~ Npred) (2)

where P (x, n) = e_)’:—,”x is the probability to measure x for an

observable distributed with Poisson distribution of mean p
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Extraction of the cross section value (II)

Q to fit a predicted (binned) distribution to one from data, a product
of likelihoods can be maximised:

H P (Nc(igta’ Nglr(ed) (3)

with N((,gt)a and N(fe)d observation and prediction in the same k™ bin

Q the likelihood complexity can be increased, e.g. |nclud|ng the
influence of systematic uncertainties on prediction N pred (o,{vn}):

Lo, {vn}) = HP(Nggta,Ngfgd) [T¢0.0n) (4)

where now Nérgd depends also on the amount of shift v, of each
systematic uncertainty, assumed to follow an unbiased gaussian
distribution G(0, o) (the value of the “nuisance parameters” {vy} from

maximization is irrelevant for the result)
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Top Workshop 2011

[ Cacciari et al., arXiv:0804.2800 (2008)
WZZ Kidonakis & Vogt, ar¥iv:0805.3844 (2008)
[E0 Moch & Uwer, arXiv:
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As customary, cross sections assume m; = 172.5 GeV/c?.
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Current best in a nutshell

On ¢ + jets final state (5.3fo~")  On dilepton final state (5.4 fo=1)
M1 discriminant, by number of jets @ merges 2-jet events and 1-jet

M2 events count, by number of events (ep only)

b-tags = likelihood on distribution of
M3 mix of the previous two b-tagging discriminant
— likelihood (eq. 4) © o =7.9070 %5 pb (9.4%)

© 0 =778"0%1pb (9.1%)

o T
'g a0 |@ D@ L=54 fb!
§ £00) DO, L=5.31b"" I.I>J [ ee+2jet
‘§ 500 —— 30; [ Z(+jets): 13
@ [ l WW/WZ/Z2Z: 3
2 [ Bt 46
0 o DATA:74
10%
S T e e e +
g o] o L 0
e R R o 5 10
01 02 03 04 05 05 07 08 09 b-tagging NN discriminant
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Current best in a nutshell

On ( + jets final state (4.6 fo~') On dilepton final state (5.1 fo=')

M1 likelihood on discriminant @ poissonian likelihood events
M2 events count, by number of count
b-tags @ o 740 +0.88pb (13%)
@ measuring Z + jets reduces
uncertainty from luminosity e A R

o 7.70+052pb (6.8%) i X e ranm

% 220
& 200
180)
160)
140)
120
100)

>2jet HT>200+0S

0" 900 10b0
Ht (GeV)

G. Petrillo (for CDF and DQ) TOP2012, Sep 17", 2012 11/33



O o(pp — tf) measurements
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From 7+jets final state

pp — tt — brv bgq

= special interest for non-SM t — X b
decays when X couples with mass

@ 7 decaying into hadrons
(a narrow jet!)

@ signal defined by 4 jets, momentum
imbalance plus one 7 candidate

@ at least one b-tagged jet
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The main background is from multijet (MJ)
and W(— 7v) + jets events:
@ MJ sample is defined by reversing the
isolation requirement for the 7 candidate
@ adiscriminant (NN) is developed to
separate MJ background and tt signal

Contributions are estimated by fitting the full
discriminant output distribution to data:

W + jets from samples before applying
b-tagging (function of o; plot on
top)

multijet from events with > 1b-jets (with
o = 7.4 pb; plot on bottom, note
the different color code)
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From 7+jets final state: result

CDF Run Il Preliminary, 2.2 b

po

| ot
L P2

12.29+2.688
-1.592+0.6388
0.09074 + 0.03653

6 8 10 12 14

o, (pb)
V+jets 1.9
multijet 18.2
others 04
backgrounds 20.4
tt (7.4 pb) 18.2
candidates 41

G. Petrillo (for CDF and D@)

There are 41 candidate events in the
signal region (NN > 0.85) from 2.2 fo~" of
CDF data.

The maximization of a (Poisson) likelihood
yields to:

o = 8.8 + 3.3 (stat) + 2.2 (syst+lumi) pb )

Leading systematic uncertainty:

o for background model (20%): use
background NN shapes from an
alternative MJ sample with no £7 cut

Within the same analysis, the mass of the top
quark is also measured!
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From 7+/(+jets final state

— again interesting for non-SM t — X*+b PP — 11— brv bly
decays when X couples with mass

@ one 7 decaying hadronically, plus an
electron or muon (also from 7)

@ signal defined by 2 jets, one hadronic
7 candidate and an additional lepton
(e, u), momentum imbalance

@ main backgrounds:

Z +jets (Z — 77), suppressed
with b-tagging

!+ jets (jet mistaken for 7, real
e/u), built from data
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From 7+/+]jets final state: background

Estimated S:B after:
kinematic selection 2:9
o after the b-tagging requirement, i}?biags 21
dominant background is from 7 + jets :
eVentS ﬁTm, T Missing E; of Final Selection

12

CDF Ruh Il Preliminary, 9.0 fb

@ alog-likelihood-ratio (LLR)
discriminant is designed to resolve
this background, relying on e.g. £7,
mr(¢ET) etc.

@ the requirement LLR > 0 is enforced
to reduce the background

3
T

Counts/20 GeV

@
T

160 180 21
issing Ey [GeV]
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tto1m, Log-Likelihood Fake Rejection After b-Tag

14~  CDF Run Il Preliminary, 9.0 by

Counts/bin

-
)
T

Final sample composition:

e/u+jets 4.0
Z+jets 2.6
VV+jets 0.3
ftt— 70+ X 24.3
ft>rr+ X 2.4
candidates 36

The selection of 36 events in the full 9.0 fb~' CDF data sample,
compared with an expected background of 6.9 events, yields to:

o =82 +£23(stat) T} (syst) £0.5(lumi)pb  (rel. 32%)

J
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From di-lepton final state

pp — tt — blv bly

o “di-lepton” final state can provide the
cleanest tt sample

@ signal defined by two leptons (e, ),
including intermediate 7 decays, two
jets and momentum imbalance

@ measurements from two selections:

@ large Hr and £, opposite-charged
leptons
@ in addition, at least one b-tagged jet
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From di-lepton final state: backgrounds

o the preselection requires two leptons, large £, at least 2 jets

@ the first selection requires large Hr, leptons with opposite charge

@ the last selection also requires at least one b-tagged jet

selection >2jets Hp, O.S. b-tag
VV + jets 45 28 1
W~ 6 1 -
Z—TT 40 22 6
Z —2e/2u 91 45

instrumental 261 103 11
backgrounds 443 198 17
tt (0 = 7.4 pb) 440 423 234
S:B 1:1 2.1 141
data 886 625 254
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From di-lepton final state: results (preliminary!)

From 625 candidate events in 9.1 fo—! CDF data with 198 expected
background events:

0 =7.66 +0.46 (stat) + 0.66 (syst) & 0.47 (lumi)pb  (rel: 12.2%) |

From 254 candidate events with b-tagged jets in 8.8 fo—! CDF data,
with 17 expected background events:

o =7.47 +0.50 (stat) + 0.53 (syst) +0.46 (lumi)pb  (rel: 11.5%)J

Leadlng UncertalntleS : CDFHu‘nII Prelimin‘ary(sjib") : CDFHu‘nII Prelimiwaw(&a'b“)
@ background modelling %ﬁ;g"jﬁ;’;‘;ﬂ“‘"" ]

for the first = =" ] ]
measurement : ]

@ signal modelling for the
second measurement
(esp. from b-tagging)

1jet

22jet
(H,>200 GeV + 05)
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Q Tevatron combination
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Combination of cross section measurements

A joint CDF and DY@ working group is in charge of combining top quark
measurements. This is their first Tevatron o(pp — tt) combination! J

@ a Best Linear Unbiased Estimator is used (see talk by E. Shabalina)
@ systematic distributions are assumed (symmetric) gaussian

@ requires the knowledge of the correlation of uncertainties between
measurements

= a lot of care must be taken in defining the systematic uncertainties

= uncertainties of all measurements need to be split
@ two steps:

@ combine CDF measurements into a “CDF best estimation”
@ combine it with the one already published by D&
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Cross section measurements combined: CDF

Four measurement from CDF are included in the combination:
CDF 8.8 fb~" di-lepton :
7.47 +0.50 (stat) +0.53 (syst) +0.46 (lumi)pb  (12%)
@ in this talk! (preliminary!)
CDF 4.3fb~" ¢ +jets :
7.32 +0.35 (stat) +0.59 (syst) +0.14 (£ theory) pb(8%)
@ likelihood on sample split by b-tags
@ measures o(tt)/o(2) to reduce uncertainty
CDF 4.6fb~" ¢ +jets :
7.82 +0.38 (stat) +0.37 (syst) +0.15 (£ theory) pb(9%)
o fit of the distribution of a discriminant based on 7
kinematic observables
@ measures o(tt)/o(Z) to reduce uncertainty
CDF 2.9 fb~" all hadronic :
7.2 £0.50 (stat) +1.10 (syst) 4+ 0.42 (lumi) pb (15%)
o likelihood on expected events, background from
b-tagging rate
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Cross section measurements combined: DO

Two measurement from DQ are included in the combination:

D@ 5.4 fo~! dilepton : 7.90 378 (stat+syst) pb (10%)
@ likelihood on distribution of b-1D discriminant
DD 5.3fb~" £ +jets : 7.78 +0.24 (stat) T8 (syst)pb (9%)

o likelihood on distribution of discriminant based on
topological observables

Actually, the Tevatron combination includes directly their combination:
DD 5.4 fo~! ¢ + jets,dilepton : 7.56 1083 (stat+syst) pb (8%)
@ ( + jets result simplified (2-jet events were excluded)
@ maximization of the product of likelihoods from the
two measurements

@ nuisance parameters used to estimate the
uncertainty
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D Combination result

@ 10 uncertainty categories are identified (modelling, energy scales,
luminosity...)
@ their correlation between measurement are chosen as 0% (e.g.
detector modelling, statistics), or 100% (e.g. luminosity)
= the CDF and D@ combinations have respectively 60% and 40%
weight in the (preliminary!) combined result:

7.65 4 0.20 (stat) + 0.29 (syst) + 0.22 (lumi) pb
=765 +£0.42pb (rel. 5.5%)

NNLO+NNLL prediction: 7.2413-1° (scale)*313 (PDF) pb (rel. 3.5%)
(Bérnreuther, Czakon, Mitov)
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0 Summary
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@ the first measures with the
complete Tevatron dataset
have started coming (so

Tevatron Run Il Preliminary “=preliminary
far’ by C D F) CDF dileptons *  je=@m=f=—i 7.47+0.50+0.70 pb 8.81b"
. . +0.86 pb
@ both the collaborations Will | = corawnies — Hett 7520038200050 a5
+0.55 pb
Complete the CDF SVX l+jets ———i— 7.32+0.36 £ 0.61pb 4.61b"
. +0.71 pb
mea_Sl_J rements in the CDF all-jets  b——f=—@=—f—o  7.21+0.50+1.08 pb 2.9 fb"
“traditional” channels _ e ;
CDF combined * e o 7.71+£0.31+:0.40 pb upto 8.8 fb
. . . . 0.51 pb
@ their combination will Dodiepion  b—e—1  736:085pb 54t
constitute the Iegacy D@ I+jets ——a—i 7.90+0.74 pb 5.6 fb”
mea§u rerT_]ent Of D@ combined —tod—{ 7.56 +0.20+ 0.56 pb 5.6 fb”
o (pp — tt) at +050pb
\/5 — 1 96 TeVI Tev:::::b::’c;:?:zined Y e 7.65;;3.:3 Ebo.se pb upto8.8fb”

for m, = 172.5 GeV

pp — ti cross section at\s=1.96 TeV
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Additional material

(including references)
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From 7+jets final state: systematics

CDF Run Il Preliminary, 2.2 figt

Systematic do (pb)|do/o (%)
Jet Energy Scale 0.6 6.9
IFSR 0.5 5.7
Color Reconnection| 0.4 4.6
Tagging 0.4 4.6
Mistag Matrix 0.1 1.1
QCD Fraction 1.8 20.5
K-Factor 0.1 1.1
Parton Showering 0.5 6.0
Lepton 1D 0.2 2.3
Trigger Efficiency 0.1 1.1
PDF 0.5 5.7
Luminosity 0.5 6.0
Total 2.2 25.0

Back to the resul
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From di-lepton final state: backgrounds

Background estimation has a leading role in this analysis:
o WW, WZ and ZZ (PYTHIA) rescaled to MCFM NLO predictions

@ W~ (BAUR) and Z — 77 + jets (ALPGEN) also rescaled using k
factors

@ Z — (¢ based of data with m(¢¢) € mz + 15 GeV, integrated by
simulation to extrapolate outside that m(¢¢) window

@ (for b-ID selection) Z — ¢¢ based on ALPGEN+PYTHIA simulation

@ “instrumental” background from misreconstruction of jets as
leptons estimated from data triggered by one high-E7 jet

Back to the result
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From di-lepton final state: systematics

Kinematic selection (9.1 fb—"):

Source

| Systematic Error (%)

tf signal acceptance : 4.8

Jet corrections

Lepton ID 2.2
MC Generator 1.9
ISR/FSR 1.3
PDF’s 0.6
Color Reconnection 1.2
Jet corrections 3.3
Background modeling
Lepton ID 2.2
Njet scale factor 5.1

(WW/WZ/ZZ) 17.9/15.2/12.5
(DY/Z — 77) 16.3
(DY /Z — eepy) 5
(W) 10.0
Fake rate 30
| Total ‘ 8.6

G. Petrillo (for CDF and D@)

With b-tagging (8.8 fb~"):

[ Source | Systematic Error (%) |
tt signal acceptance : 6.9
Lepton 1D 2.2
MC Generator 1.9
ISR/FSR 1.3
PDF’s 0.6
Color Reconnection 1.2
Jet corrections 3.3
b-tagging 5.0
Background modeling
Lepton ID 2.2
Njet scale factor 5.1
Jet corrections
(WW/WZ/ZEZ) 17.9/15.2/12.5
(DY/Z + LF) 5.5
(DY/Z + HF) 9.4
(W) 10.0
Fake rate 30
Mistag Matrix 9.4
Heavy Flavor SF 7.7
‘ Total 7.2

Back to the result
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