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Brief Introduction

Trigger Studies

Muon Isolation Studies

Multivariate Analysis (MVA) of Topological Variables
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. @J gg?i&ggSUST_UNNERS”AT TOp Quarks at the LHC

Top quark pairs are produced at the LHC via gluon fusion or
guark anti-quark annihilation.

g t g t g I q T
g t g & g t q t
Expected theoretical cross section at 10 TeV and at 7 TeV

At 10 TeV --401.6 pb Top Pair Branching Fractions
At 7 TeV --160.7 pb

“alljets”™ 46%

T+jets 15%

The top quark pairs then decay either
Into an all hadronic channel, a semi-

leptonic channel or a di-leptonic channel. e
e-\'

L+ets 15%

_ c+jets 15% _
"dileptons” "lepton+jets”
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. @J el  Signal and Background Features

For this study, we are interested oo w y
In the top quark pair decay into ¢ g ,
the semi-leptonic muon or 4 i 5
election + jets channel. proton % .

Q|

The physics background is largely dominated by W + jets. Itis
also important to discriminate the signal from other backgrounds
such as Z + jets, single top and diboson events

Multijet QCD Is a source of instrumental background If:

A jet Is reconstructed as an electron (e + jets channel)

A muon from semi-leptonic b decays or decay in flight appears as
Isolated.

We study various isolation requirements to suppress QCD

11/11/09 Helmholtz Meeting Stefan Guindon Georg-August-Universitat Gottingen 4



. @J e i Idea of the Analysis

Using a Likelihood method to separate signal from background

To do this, we first have to analyse the triggers to select as many
top quark signal events as possible. We are looking at triggers
for both electrons and muons and trying to maximize efficiency.

We need to define a lepton isolation requirement. Optimize
muon Isolation cuts to maximize the signal over background in
the case of QCD background.

Select discriminating variables which discriminate between the
top quark pair signal and the W + jets background.

Build a likelihood function and evaluate it for both signal and
background.

Fit templates to data and extract the signal and background
fractions In data.
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Jets:

Event Selection
Cone jetswith R=0.4

Remove jets overlapping with electrons in AR < 0.2
At least 4 jets with pT > 20 GeV, |n| < 2.5
At least 3 jets with pT > 40 GeV

Missing Transverse Energy:

Missing Energy > 20 GeV

Plus one of the following:
Muon:

Reconstructed in both the inner detector and muon system
Energy deposition in cone of 0.2 around muon < 6 GeV
Distance to closest jet > 0.3

pT >20 GeV, In| < 2.5

Electron:

Medium type reconstruction

Energy deposition in cone of 0.2 around electron < 6 GeV

Excludes ,crack” region between the central tracker and endcap system
pT > 20 GeV, |n| < 2.47
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Trigger Efficiencies

- check trigger efficiencies for relevant single lepton S muls
triggers - mu20
« 15 or 20 GeV trigger thresholds available - e15_medium
« match trigger object with reconstructed lepton in dR < 0.1 - €20_loose
o B | | 4 & B | 1 | ]
E ] — ........................................... ] 5 - _-—1++—_+ — e (e
s | {1 8 | i .
L i e e RN P I —:
0.4l ...................... —— mui5 ] 0.4 e15_medium |
i — mu20 ] B —— e20_loose ]
0.2} : ; 0.2 : | ]
R . : - £ : i
i -+ ATLAS work in progress . ¢ ATLAS work in progress -
. P - T A I L= i 0 | S At i i - ]
% 20 40 60 100 0 20 40 100

80
reconstructed muon P, [GeV]

60 80
reconstructed electron P [GeV]

« muon trigger: 83% efficiency

« electron trigger: 99% efficiency

« proposed cuts:
« 20 GeV for 15 GeV trigger threshold
« 25 GeV for 20 GeV trigger threshold
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10 TeV collisions and 200 pb-!

Signal Efficiencies
apply event selection

vary cut on lepton pt between 15 and 30 GeV
count number of signal events as function of the cut

Hazuu — I. ] . . _[ .1. |__ ﬂ 1 7 1 3
E - = c -
=3100— ~.—mul5 = @ — ei5 medium -
= —mu20 |3 23400 o ]
n.ﬂ-l.'lﬂﬂ:_ : 3 "6 l loose :
gzaun ;— —; Ezzuu ; i i
zauu;— _; - — ]
2700 4 3000 S— -]
- i = 2800 — - —
»s00l— R - E =
- i 2575 = 2835
-ATLAS work in progress —  *% ATLAS work in progress :l_l__
2300 16 18 20 22 24 I I 0 16 18 20 22 24

Iept%:ﬁn P, cut [Gea\?'] |EP1%EH P, éfﬂ [GEE\D"]
« relative difference between 15 GeV trigger & 20 GeV cut and 20 GeV trigger &

25 GeV cut:

« for muons 12%

« for electrons 11 %
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. @J e i Muon Isolation Studies

Isolating muons in the muon + jets channel is important to distinguish muons
from a top quark decay and muons from QCD jets.

We are looking to improve upon the previous isolation requirement which was
given as a calorimeter based cone isolation.

We studied the different effects of AR, track based cone isolation (pTcone),
calorimeter based cone isolation (ETcone), the combination of both, and also
scaled by the momentum of the muon.

We used the Signal over Background ratio as
measure of optimal isolation between
muons and QCD muons.

The Cone isolation algorithm measures the
energy or momentum of tracks between the
radius R_out and R _in.

For this study the signal efficiency was determined from the MC@NLO sample
containing muons which decayed semi-leptonically from the top quark (matched
to truth information) and the rejection is determined from ALPGEN QCD
Multijets with a muon filter.
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. @J e i Muon Isolation Studies

For this analysis, no event cuts were applied. It was required that muons be
reconstructed with a pT > 15 GeV and |n| < 2.5

‘ Rejection Versus Etficiency (DeltaR + ptCone30 + etCone30) | ‘ Rejection Versus Efficiency (DeltaR + ptCone30 + etCone30) |
g 1 c 1
5 ATLAS work in progress 2 F
D0 orl— S
-§-0.98 B .%o_gs —
0.96 0.96—
0.4~ 0.94—
0.92— 0.92— S
C - ATLAS work in progress
0.9 0.9
L C DR>0.3 + etCone30<2 + ptCone30<1,2,5
- DR>0.3 + ptCone30<1,2,5 D] emmmemmeeees DR>0.3 + etCone30<6 + ptCone30<1,2,5
0.88— DR>0.3 + etCone30<1,2,6 0.88— DR>0.3 + etCone30/pt<0.08 + ptCone30/pt<0.04,0.1,0.2
- DR>0.3 + etCone30<2 + ptCone30<1,2,5 [ | mmmmmmmmmeee- DR>0.3 + etCone30/pt<0.15 + ptCone30/pt<0.04,0.1,0.2
Tl Cone30<6 + piCone30<1.2.5 - DR>0.3 + etCone30/sqrt(pt)<0.5 + ptCone30/sqrt(pt)<0.2,0.4,1
0.86 ! I DR>03 + elt onecio+p I one <\’ ; I | 0.86—| ------------- DR>0.3 + etCone30/sqrt(pt)<0.8 + ptCone30/sqri(pt)<0.2,0.4,1
L L L L L L L : : L L L L L : L L L L L : L L _I 1 | 1 1 1 1 I 1 1 1 1 | L 1 1 1 I 1 1 1 1 | 1 1 1 1
0.7 0.75 0.8 0.85 0.9 0.95 1 0.7 0.75 0.8 0.85 0.9 0.95 1
efficiency efficiency

The efficiency vs. rejection was again improved significantly using the cone
algorithm scaled by the momentum of the muon.

Track isolation performs better than calorimeter isolation. The combination of
both track and calorimeter also has a better rejection than both individually.
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. @J sonmem Muon Isolation Study Results

The optimal cut was found with requiring:

AR > 0.3 + pTconel/pT < 0.04 + ETconel/pT < 0.08 (cone size 0.3)

Using this optimal selection, we then applied the event selection to the
sample and measured the S/B.

o 140
= . .
2 o |TPR>04 | |_Signal/Background | Using the event selection,
k> —DR > 0.3 —_—
§ oof =noon the S/B =6.7
= ATLAS work in progress With this optimal cut,
c P
> 80 the S/B =85
60
40 | 1 — We need to check the
20 | —— performance in data to chose
the cuts for analysis.
0 kr Cong ErCone %r Cop, kr Cong %rcone ” rCong o
' ) &ErCOnG,.? &ETCOne<::0 & r On:0.04&  Con
Pt 7 b S 0.0g

Isolation Requirements

11/11/09 Helmholtz Meeting Stefan Guindon Georg-August-Universitat Gottingen 11



G

GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

0.08

0.07

:
:

|II1'HIIIIII 1 | 1 III

IIII'H 1 IIIIII

-1
=]
e
=1
[

0.3 0.4 0.5 1 Ei
exp{-a Ap la na rltv]

normalized

ATLAS wark in proglrEss

B

11/11/09

LR 1

15- 2 5

]
dR (J1,J2)

Input Variables

normalized

normalized

normalized

0.08 = =
- —1iT
005 i o Wets ]
0.04 |~ =
o.oaf— -
pozf-
0.01f— .
: ATLAS wnrk in progrEss
] 1
nﬂ o1 0.2 0.3 D.-1- D..E o. E D.T 0. 9
r.:entrality‘
S e -
G_DE L L T T[T T TTT T S PP PPPPT PR T TRPTTPTTIPN u.E
—iT .
onsh- —W+jets =

ATLAS work in progres

% B - Y P l.u-f4}l" ‘59{‘”]

ATLAS work in p:rongEss |
=T
—Wjsts

Stefan Guindon

25 3 85 4 a3 .
dR (muon, closest jet)

» select variables with
small influence of jet
energy scale

« combine topological
variables - centrality,
aplanarity - with
kinematic properties

« currently studying

KLfitter likelihood as
additional variable (see
talk J.Erdmann)
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ATLAS wcr‘k in mress Limesar correlation coefticients in %%
AR ) ' : « use TMVA (mlmxa.murcamcgg.nﬂ) -

Toolkit for Multivariate Analyses

AR(L.j2)
centrality | | - use decorrelated likelihood,
pT{JWpT(Jl) -20 gives better separation
: : ‘4“
n(u) 60
exp(-8 x . 80 « diagonalise covariance matrix
aplanarity) - - - only valid for linear correlations
*§ = £ E o &
5% s § 3 °
« create likelihood from template E 0.07 | e S
PR . : T —Wejets
distributions (optimized smoothing E 006
and fitting within TMVA) S oos

o IPS)
[ P(xilS) + 11 P(xi|B)

« assumes uncorrelated variables
 but cannot avoid some correlation
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Extraction of the Signal Fraction

« extract fraction using maximum log-likelihood fit

« create pseudodata for testing/calibration of method

soo— ATLAS work in progress ' 1 ' '
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Likelihood Qutput
statistical uncertalnty

- method is stable for nominal distributions
« check behaviour for different input fractions

« no offset
- slope close to 1
« method works!

measured fraction[%]
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C JGEORG-AUGUST-UNIVERSITAT .
AT GOTTINGEN Conclusion

The top quark cross section in the lepton + jets channel is a very
Important measurement for early data at the LHC

We have shown the efficiency of the triggers which will be used
at ATLAS in both electron and muon channels.

We have optimized muon isolation with Monte-Carlo, arriving at a
large S / B ratio, a factor of over 15 times higher than previous
results but have to move to data driven estimation of the QCD
background.

We have done Initial studies on the Likelihood Method using a
MVA which is geared towards calibration of first LHC data.
However:

*Plan to study lower jet cuts — current high cuts degrade the
discrimination between top quark pairs and W + jets.

 Check with data that selected variables are well-modelled.
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