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Introduction
☺ Not observed yet, can add a new 
piece of knowledge in the top 
physics sector

/ Large background: QCD, EWK+HF 
� taus are reconstructed as jet-like
objects: more challenging signature
compared to e/µ.

�Will use MET rather than 
lepton ID: Extra Acceptance           
from “dirty” e/µ+jets events 

Need optimized kinematical + topology selection.

Need b-jet identification to increase S/N ratio.

b-jet identification rates are different on ttbar and background processes: can 
distinguish the two components:

B-tag rate parametrizations Tagging matrix
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Datasets & Method
Datasets and trigger:
TOP_MULTI_JET dataset up to Aug 2004: 311 pb-1.

L1: ≥1 cal. tower with ET≥10 GeV; 

L2: ≥4 cal. clusters with ET ≥ 15 GeV, ΣET ≥ 125 GeV;

L3: ≥4 jets, R=0.4, ET ≥10 GeV

MC : (167 fb-1), Pythia ttbar, Mtop = 178 GeV

High missing Et 
Selection?

τ+jets analysis
ttbar→blν bbarjj

All Had analysis
ttbar→bjj bbarjj

See Andrea’s talk

Method-I approach
+

ad hoc Kinematical selection

ttbar cross section measurements in multi-jet final states

noyes

Method 1: positive tagging matrix 
approach to predict  the  absolute 
amount of background 

Kinematical Selection + ≥ 1 SECVTX 
positive tag

Offline version: 5.3.3_nt5

Jet Corrs: jetCorr04b

Good Run List: v7.0 (1,1,4,1)
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Method-I Background Prediction
b-jet identification rates are different on ttbar and background 

processes: can distinguish the two components:

Look at the B-tag rates directly from TOP_MULTI_JET data
Use 3 (ET

L5 > 15 GeV, |η|<2.0) jet events: Ftop = 2x10-5

Take the vars by which the tag-rate mainly depends
Construct the positive tagging matrix 

jet ET

jet NTRK

Met *cos ∆φ(met,jet)

Asymmetric 
distribution:      
due to different 
concurring 
processes,  
HF+jets
EW+jets

Allow to track 
sample 
composition 
changes with 
MET

3-d (ET, NTRK, MetPRJ) Positive Tagging Matrix constructed on 3 (ET
L5>15GeV, 

|η|<2.0) jet data events. Use it to extrapolate the tag rate to higher jet multiplicities
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Mtx Check #1:

The agreement 
between observed and 
matrix-predicted 
positive tagged jet is 
good for all jet 
multiplicities

Extrapolate the tag rate from 
3 jet to higher jet multiplicity
events, before kinematical 
selection.
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Kinematical Selection

Start by selecting  ≥4 jets (matrix is computed with =3 jet events) 

Scan different sets of requirements (metsig, A, min∆φ)

Calculate the amount of expected bkg tags for a given cut set

Instead of Nobs
tag use Ntag

mc + Ntag
exp

Clean up selection:
Tight leptons (e/µ) veto (no overlap w/ other L+J top analyses)
Trigger requirement simulation (for MC events)
Vertex requirements:

|Zvert| < 60 cm
|Zvert

jet – Zpvert| < 5 cm
Nvertices(Q>12) ≥1

Choose the set of cuts that 
minimizes the expected (stat. only) relative error on xsec

Optimize the kinematical selection in order to minimize the relative 
statistical error on xsec using both the expected amount of tags for 
inclusive ttbar and background (from matrix)

L
NN

ave
tagkin

tagtag
obs

ttbar ⋅⋅

−
=

εε
σ exp

Optimization procedure:
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Kinematical Selection – cont’d

Extra acceptance come from e/µ + 
jets ttbar events failing the tight 
lepton identification requirements

N jets(ET≥15 GeV; |η|<2.0) ≥ 4

min ∆φ(met,jet) ≥ 0.4 rad
00.4/ ≥∑ TT EE
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The matrix performs well in the control samples, the discrepancies in terms of 
the ratio obs/exp tags being limited at 10 %.

More on Matrix checks:
Once we have an optimized kin selection:
The tagging matrix background 
predictions can be checked in control 
samples obtained from multi-jet data 
itself:

data before kinematical selection

data: met sig < 3 and min∆φ > 0.3 

data: met sig > 3 and min∆φ < 0.3
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Kin sel + ≥1 tag Sample:

matrix-based background 
prediction is corrected with 
an iterative procedure to 
account for the ttbar
presence in the pre-tag 
sample.

N jets(ET
L5 ≥15; |η|<2.0) ≥ 3

min ∆φ(met,jet) ≥ 0.4 rad
00.4/ ≥∑ TT EE

The excess is well consistent w.r.t. 
MC+BKG expectations in all jet bins!

Once we feel confident about 
our matrix parametrization we 
can look at its prediction in the 
data sample after kinematical 
selection and compare it with 
SecVtX tagged data.
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We can cross-check the excess we attribute to ttbar production by 
looking to kinematical variables.

In particular we can use 
the positive tagging matrix to 
extract background shapes.

Used binned likelihood fits:

and checked the fitting procedure by pseudoexps.

( )

( ) ibib

Nbins

i
i

SfBfFwhere

FFNL

−+=

−⋅⋅−= ∑
=

1:

log2
1

Checking Ftop using 2-c fits

Then fit data distribution 
after kin sel + ≥1 tag to the sum of:

Inclusive ttbar template
Matrix extracted bkg template

And extract the relative fractions of 
signal and background in the data
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We also fitted, Set3, HT, jet ET and jet ∆φ with MET distributions:

After kin sel + ≥1 tag data: 50% top + 50% background

Note that some of the 
determinations are 
correlated with each 
other (HT, Sumet, 
Sumet3, met)

From data fits:
we found a ttbar fraction consistent with that calculated by the counting method. 

Ftop ~ 
50%
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Systematic Uncertainties:
Almost done with systematic uncertainties determination,        
only ISR / FSR to be computed (waiting for prescriptions).

Total 
Systematic 
uncertainty:  
24 %
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Cross Section:

The cross section is measured by means 
of a likelihood function maximization:

σttbar = 5.8 ± 1.1 (stat)          (syst) pb

= 5.8         pb.

+1.7
- 1.0

+2.0
- 1.5
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We wanted to isolate the ttbar tau+jets signal from multijet triggered data in 
the sample after kin sel + ≥ 1 SecVtX tag.
We set up a Method-I analysis constructing a positive tagging matrix able 
to predict the amount of background tags in a given data sample with an 
uncertainty of 10%
We optimized the kinematical selection using the matrix predicted 
background information by minimizing the expected statistical uncertainty 
in a xsec measurement.
By using tag counting and kinematical distribution fits, 50% of the final 
sample was attributed to inclusive ttbar production 
The total systematic uncertainty was estimate to be 24%, and was found to 
be mainly driven by trigger simulation related systematic.
With all these ingredients we measured a cross section of:

Conclusions:

σttbar = 5.8 ± 1.1 (stat)          (syst) pb

= 5.8         pb.

+1.7
- 1.0

+2.0
- 1.5

We believe to have this results 
blessed by this summer
A Full Status report is already 
scheduled for June 17th at L+J 
meeting.
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Backup Slides
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Kin sel + ≥ 1 tag Sample: 
Let us see in deeper details which ttbar decay channel mainly contributes
to the signal we expect:

N jets(ET
L5 ≥15; |η|<2.0) ≥ 3

min ∆φ(met,jet) ≥ 0.4 rad
00.4/ ≥∑ TT EE

We computed the Monte Carlo positive 
tags expectations for each decay channel 
as a function of the event  jet multiplicity
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Checking the fit procedure..

Fig refers 
to the 
Sumet fits P.E.

Fit technique does not 
show particular bias

Pseudo experiments:
Use the fitted bkg fraction to generate pseudoexp w/ same stats as 
data w/ the original shapes for signal and bkg.

Fit them with the 
same fitting 
procedure…

…and iterate 
1K times

Fbkg input = 46%
Fbkg = 45.6 ± 0.4
σ(Fbkg) = 11.6 ± 0.3 Fbkg input = 46%

Fbkg err= 11.91 ± 0.04
σ(Fbkg err) = 1.18 ± 0.03

Fbkg input = 46%
Pull mean = -0.034 ± 0.033
Pull sigma= 0.94 ± 0.03
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Hints on bkg sample composition
We can do more: we have the background 
shapes extracted from the tagging matrix 
information, we can fit them to the sum of 
two Alpgen Monte Carlo templates for the 
processes we expect to populate our 
signal region.

Wbb+2P

bb+4P

Fbkg ~ 
42%

From bkg
fits:
we found a bb 
fraction: 

After kin sel + ≥1 tag data: 50% top + ~21% bb + ~ 29% Wbb
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A bit more on systematics: Trigger

CDF-7473

Need to evaluate related 
systematic:

comparing trigger turn-
on curve (as a function 
of some offline variable) 
as returned by the 
simulation and as 
measured from Tower 10 
data (same L1 as TOP_MULTI_JET). 

The mismatch between 
turn-on curve allows to 
quantify the systematic 
effect.

Trigger efficiency on signal events 
is determined using TRIGSIM++. 

raw Et
4th raw Et

4th

Note: the 4th offline jet 
is matched with the 4th

L2 cluster within R=0.4 
in order to preserve 
energy hierarchy
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Tagging matrix 
based
kinematical 
distribution
compared to data 
ones before 
kinematical
selection



Barcelona, June 1st 2005, CDF-Collaboration Meeting                                           Giorgio Cortiana

Tagging matrix 
based
kinematical 
distribution
compared to data 
ones before 
kinematical
selection
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