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reconstruction and identi cation

n reconstruction and identi cation in ATLAS

Reconstruction is seeded from a jet in the
calorimeter

Must be matched to tracks in the inner
detector

|denti cation
Cuts-based (3 inputs)
Maximum Likelihood (LLH) method (3 -5
Inputs)
Boosted Decision Tree (BDT) foand jet
discrimination (3 - 8 inputs)
BDT for and electron discrimination (7 -
9 inputs)
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n ldenti cation

ldenti cation performance: Signal MC

1 track
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reconstruction and identi cation

Inverse Background Efficiency
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reconstruction and identi cation

identi cation e ciency measured with data

Tighter identification working point

ATLAS Preliminary L = 34-36 pb™*
21 CUtS.  grobe 0.98 + 0.11(stat) + 0.10(sys)
' . . el
Likelihood N N
Similar selectionto(Z! ) [see pg 7] (e n Tagarrob SRR
o T
Electroweak background subtracted oot e 6% 0.92 % 0.07(stat) £ 0.05(sys)
| Cuts B Y + +
W | (W® tn Cross section) 0.96 + 0.05(stat) + 0.14(sys)
(W ! ) event selection [see pg 9] kelihood oy 1.00  0.07(stat) + 0.13(sys)
Template constructed from track Baosted decision 665> 0,89+ 0.05(sta) + 0.10(sys)
multiplicty B
Cuts 0.93 + 0.08(stat) + 0.15(sys)

(& tt Cross section)
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h | channel
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Event selection:

|solated leptons
dilepton veto
W suppression cuts

required to meet tight cut
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Standard model results V4

Z |

channel e Channel
BDT constructed to separate signal from = EXactly on&and of opposite charge
71 f tt cutusing Er + B < 150 GeV
> - I|""|""|"'D'|""|I = % (rrrrrrrryrrrprrrr T T T T T T T T T T T T T T T ]
@ [ ATLAS e Data 3 - ATLAS <Data -
O * O - * =
Lo 10° = Ns=7TeV gg*g%tllt E o 30 - N 4 Eﬁﬂﬁ(ﬁgtt ]
5 F Audi= 36 op™ OW® In - T xE Qa=36p0" Fig) 3
S 107 ‘_O -oP 5{‘{'“"““ i 2 - \s=7Tev Wo/z® Il 3
H 1 § @ Diboson L% 20;— Ot —;
10E 15F E
i 55 E
1 e L O - P T R I_+_. P .:
1050 30 40 50 60 70 80 90 100 0O 20 40 60 80 100 120 140 160 180 200
m(m ) [GeV] m(e,m [GeV]
Physics with leptons in ATLAS September 29, 2011 7117




Standard model results V4

Z |

channel e Cchannel
BDT constructed to separate signal from ~ EXxactly ongand of opposite charge
71 f tt cutusing Er + B < 150 GeV
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W !

Event selection:
Well reconstructefy
Tight cut on with 20< pr < 60 GeV
Er > 30 GeV

S = ;P=> 6

05 Er
';‘ T T T T T T T T T .I T I. T T T T .l-lJ_a;l._._L_.l_.'.l._l.:l_.I__I. _I_ _I__I__I_
o 1001 Integrated Luminosity 546 nb N P T
= Dala 2010 NS =7TeV) {371 it 4eil T
-él’_u,_ gol [ Pythia QCD Jets \« s ....'-',-.:-'-. ______

Vet
ATLAS Preliminary -i 575 Moy 20 e o
60 R i

40

20

September 29, 2011 8/17



W !

Event selection: g
Well reconstructed mr = 2EPEr(1 cos (lepEr))
Tight cut on with 20< pr < 60 GeV
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w !

W ! background estimation
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w !

W andZ measurements in ATLAS
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tt dilepton channel

tt cross section

. Single track template
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MSSMH !

MSSMH ! In tt decays
Predicted in BSM models with two (or more) Higgs doublets

tt! [H +Dbjw +b]! [ ]+b[gg)+b
Formy < m, dominant production mode: el fakerate fronZ ! eedata
b Jet  fake rate from +jet data
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MSSMH !
Exclusion limits oH
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MSSMH !

=h

MSSMA=H

the LHC
Coupling to strongly enhanced for large regions of parameter space
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MSSMA=H=h
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MSSMH !

MSSMA=H=h
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MSSMH !

Exclusion limits oH !
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Exclusion limits on both the cross section for the production of ia eggs boson as a
function of its mass and SM Higgs productiontire= nal state
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MSSMH !

Summary

Reconstruction and identi cation of hadronically derayaptons in ATLAS has been
realized

identi cation has been measured with data, and is largilgnpeg as anticipated from
MC

(Z! ) B:0.97 0.07(stat) 0.06(syst) 0.03(lumi) nb

(W ! ) B:11.1 0.3(stat) 1.7(syst) 0.4(lumi) nb

(tt) B( + dileptonic channel): 1421(stat.}3%(syst.) 5(lumi.) pb
No excess of events observed for MBSM  norH ! , exclusion limits set
Physics with leptons well on its way in ATLAS!

Current data being used to re nedenti cation
...for new measurements
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leptons

Heaviest lepton, mass 1.78 GeV Hadronically decayingeptons need

Decays both hadronically@5%) and to be distinguished from hadronic jets,
leptonically ( 35%) which are produced in processes with

. very large cross-sections
Of hadronic decays77% have one nal y larg

23% have three nal decay tends to be well collimated
1 or 2 neutrinos in decay and the invariant mass of the visible
decay products is usually smaller than
those of jets

Large electromagnetic component in
decay from °

lepton proper decay length is &i/

Decay vertices can be resolved in the
silicon tracker from the primary
Appear in nal states of SM processes, Interaction vertex
expected in nal states of Higgs decay
and BSM processes
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Input for

Transverse energy weighted
shower width in the electromagnetic (EM)
calorimeter:

P .
R<0:4 EM .
_ jofEM O 2g Eri’ R
Rem = —F Ri<0:4
i2f EM 0 2g

T;i

where runs over cells, in the rst three layers of
the EM calorimeter (pre-sampler, layer 1, and
layer 2), associated to the tau candidate.

pr weighted track width:

P o_a
) BRI<O-4 ori R
Rtrack - F R<04 )
i pT;i
wherd runs over all core and isolation tracks of
the tau candidate, withinR < 0:4.

Identi cation - de nitions

Fraction of transverse energy in th
core ( R< 0O:1) of the tau candidate:

Ri<0:1 EEM

f _ o i2fallg L

core r Ri<0:4 EEM ’
i2f allg T

where runs over all cells, associated to the te
candidate within R < 0:1(0:4) of the tau jet
seed axis, calibrated at the EM scale.

Invariant mass computed from the
constituent clusters of the seed jet, at the EM
energy scale.
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Input for

Invariant mass of the track system, where ihe
tracks used for the invariant mass calculation use
both core and isolation tracks.

i
firack = ——;
Pr
whereplf@ is the transverse momentum of the
leading core track of the tau candidate @nis
the transverse momentum of the tau candidate,

calibrated at the EM energy scale.

Identi cation - de nitions continued

Fraction of transverse energy (
the tau candidate deposited in the EM
calorimeter:

Ri<0:4 EEM
i2fEM 0 29 —Tii |
j2f allg T

fem =

wherekr i (Erj) is the transverse energy,
calibrated at the EM energy scale, deposited
celli (j), andi runs over the cells in the rst
three layers of the EM calorimeter, whilens
over the cells in all layers of the calorimeter.
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Input for identi cation and discrimination from electrons - dems

The decay length signi cance of the secondary vertex forraaKttau
candidates in the transverse plane: "
ng t

Sright — T .

ight
Ly

WhereLTight is the reconstructed signed decay length, a&%ﬁ IS its estimated uncertainty. The tracks
used for the secondary vertex t are the core tracks asgdoidiie tau candidate, but additional tracks
with pr > 6 GeV within R < 0:2 of the jet seed, and satisfyjdg < 2.0 mm, andz, sin j < 10 mm,

are also added to the vertex t, even if they fail the b-laiye, criteria, and the tighter impact paramete
criteria that are required of associated tracks to the taidedes.

The number of high threshold hits over number of low threshoidchiding outlier hits, in the
Transition Radiation Tracker (TRT) of the highmstore track associated to the tau candidate.

September 29, 2011 22 [ 17



Input for identi cation - distributions
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Input for identi cation - distributions
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Individual inputs to eachidenti cation method

ight
Rem Rirack frack fcore TEM Melusters Miracks S]_g fur

Cuts

Likelihood single-prong
Likelihood multi-prong

Jet BDT single-prong

Jet BDT multi-prong
Electron BDT single-prong
Electron BDT multi-prong

Comparison of variables used by eatibcriminant
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energy scale

calibrated using local hadronic weighting, and addio@ald based corrections

Systematic uncertainty onenergy scale in barrel region for single tratiown
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Angular cut in to removaN +jet background

5 Z! withe and channel
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Missing mass calculator
http://arxiv.org/pdf/1012.4686

Tries to solve kinematic equations in termsrmbmenta Toong decays ]
For each potential solution a reconstructed mass is create
weighted by likelihood function
Likelihood from R between visible and assumed direction
Er mis-measurement taken into account by additional g

likelihood term

Events

[ Realistic resolution, 1 event —— had-had channel
CH®t t, M,=115 GeV/c?
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0.12
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identi cation e ciency measured with data

Z!

Similar selection to(Z !
Electroweak background subtracted
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multiplicity
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Cuts
(W® tn Tag&Probe)

Likelihood
(W® tn Tag&Probe)

Boosted decision trees
(W® tn Tag&Probe)

Cuts
(W® tn Cross section)

Likelihood
(W® tn Cross section)

Boosted decision trees
(W® tn Cross section)
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(® tt Cross section)

Tighter identification working point
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Tau identification efficiency scale factor
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e
Z !

QCD background

Riso = ,'j—f; for normalization
Region B for shape of QCD

Saminder Dhaliwal (University of Toronto) Physics with leptons in ATLAS September 29, 2011 30/ 17



H ! background estimation

back d
n h DAEKIIOHT h | background

QCD: Bkg _ BKY, W, Z ., nother
ABCD method with OS/SS and Ioo::,e/tige\fifr.ets_SS OS S5 0Sss’ '0SSS
identi cation JEtS. | |
Shape taken from OS looskeLH region Construct OS/SS ratio from control regio

Normalization from ratio of SS and loose to T < 30 GeVv

SS and tight LLH region Assumption that ratio is independentngf
veri ed with MC

September 29, 2011 31/17



	Reconstruction and Identification
	 reconstruction and identification

	Standard model results
	Z
	W
	t dilepton channel

	Physics searches
	MSSM H
	MSSM H


