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Introduction

) ) - L
» 2011 has been a fantastic year in a 7 ATLAS Online Luminosity  \5=7 Tev
terms of LHC and ATLAS 2 si [ LHC Delivered
performance. g - [ ATLAS Recorded
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double again in 2012. a £ E
> Increasing pile-up presents many of = e
performance challenges. 01/03 01/05 01/07 31/08 01/11

Day in 2011

1. Jet reconstruction performance

2. ET'® reconstruction performance

3. Tau reconstruction and identification performance
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Jet Reconstruction Basics

ATLAS uses the anti-k; algorithm with a distance parameter of R = 0.4 and R = 0.6.

Calorimeter jets

algorithm operates on calorimeter towers or topological clusters “topo-clusters”:
> towers: 000

static An X A¢p = 0.1 x 0.1 grid elements built from cells. 00200
02220

> topo-clusters: 0 2. 1
Start with cell with S/N > 4. Include neighbours . AR
iteratively with S/N > 2 and include neighbours beyond that. T T T

> Use tracks (pr > 0.5 GeV, || < 2.5, 6 pixel hits, |do| < 1.5 mm,
|20 sin(@)| < 1.5mm) originating from the primary hard-scattering vertex.

> Jets must contain at least two tracks and have pr > 3 GeV.
> Calorimeter jets are then matched to track jets.

> Provides robustness against pile-up.
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The Anti-k; Jet-Clustering Algorithm: Collinear and infrared safe

Matteo Cacciari et al JHEP04(2008)063

1. Define distances between entities d;; and between an entity and the beam d;p:

1 ket
A 2 A 2
dig = min(kfﬂ k?jp)%; dip = kfip; p=40 Cambridge/Aachen
—1 anti-k:

2. Compute all {d;, diz} using proto-jets and clusters and let d = min(dy;, d;p)

> if d = djj, combine jet i and jet j
> if d = d;p, define jet as a final jet

3. Continue until all jets are final

Soft-resilient jet boundaries — easier comparison with theory.
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Jet Calibration

ATLAS calorimeters are non-compensating — derive correction factors from Monte
Carlo simulation, in-situ techniques (photon/Z+jets, single particle E/p)

Correction factors are {pr ,n}-dependent

o T e e e e e < — R R —
L} 1|~ ATLAS Preliminary - 2 2’_ « ATLAS Preliminary e 03<[n<08_]
; [ Barel BamelEndcap  jpg HEC-FGal  poy 1 o . 4 21<hi<28 4
& 0.9 Transition Transition | 5 r v 36<h <44 ]
= O F N ] S qg- . n
© asasan [ 4 LT XYV Al B %] L i
g S S S REWON = w [ . ]
s r of ©% 4 ,9%0dcog, | ] L * ]
£ il 0| 3 2 1.6 —
8 oo - e . .
g o7 a a o0 = g Foa . ]
o £ a 1 ] 8 . . 4
TR ) o 1 02 0 .. h
] g ; ﬂ:u 1 SLov, . A N R . .. |
£ 0.6°%° 3] r T, Aa, * ]
0.5 ° - L Tveytay cee, A
r * E=30GeV o E=400GeV 1 1.2 v Aaa, *eea,
C o E=60GeV a4 E=2000GeV] L ]
0.4 Anti-k, R = 0.6, EM+JES = [ Anti-k R = 0.6, EM+JES ]
= 1 | 1 | | | 1 | e 1 1 |
0 05 1 15 2 25 3 35 4 45 20 30 102 2102 10° 2x10°
jet
Jetin, | P [GeV]

ATLAS-CONF-2011-032

Edmund Noel Dawe (ATLAS) Jets, Transverse Missing Energy and Tau Reconstruction in ATLAS 5,35



Energy Scale Uncertainty

ATLAS-CONF-2011-032
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Uncertainties range from 2.5% for central jets up to 12% for forward jets
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Inclusive Jets

Edmund Noel

ATLAS-CONF-2011-047
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Inclusive Jets Data / NLO QCD

ATLAS-CONF-2011-047
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Good agreement within experimental uncertainties in 2010 data
Systematics should decrease in 2011 data with processes like gamma-jet
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\ ngh mass central
/ event from 2011 AT LA S

)i EXPERIMENT

Highest-mass central dijet event collected during 2011, where the two leading jets have
an invariant mass of 4.0 TeV. The two leading jets have (pr ,7) of (1.8 TeV, 0.3) and
(1.8 TeV, -0.5), respectively. EF'%° =100 GeV.
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E'sS Basics: Simple concept but complex treatment

The ET'™° reconstruction includes contributions from energy deposits in the
calorimeters and muons reconstructed in the muon spectrometer:

miss Emiss,calo + Emiss,,u

miss,calo __ miss, e miss,y miss,T miss,jets
By T By T T By T Byt By
miss,softjets miss,calo, miss,CellOut
+E) +(Eay )+ By

each term is calculated from the calibrated cell energies in the corresponding objects:

term term
Nten Nean
_ . iss.t . .
prissterm _ E E; sin 0; cos ¢; B = E E; sin 0; sin ¢;
i=1 =1

EXss s then:

E¥iss _ \/(Egﬂss)g + (Eéniss)27 ¢miss _ arctan(E?iss, E:ll‘;niSS)
Low pr particles missed by the calorimeter are recovered by also including low

pr tracks. Muons reconstructed from the inner detector are used to recover muons in
regions not covered by the muon spectrometer

Edmund Noel Dawe (ATLAS) Jets, Transverse Missing Energy and Tau Reconstruction in ATLAS 10/35



E'* Performance: Di-jets

CERN-PH-EP-2011-114
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EX5S as measured in the data sample of di-jet events.
Monte Carlo simulation expectation normalized to data.
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ET™ Performance

CERN-PH-EP-2011-114
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topoclusters in electrons (top left), jets with pr > 20 GeV (top right), jets with
pr < 20 GeV (bottom left), from outside reco objects (bottom right) for data.

Edmund Noel Dawe (ATLAS) Jets, Transverse Missing Energy and Tau Reconstruction in ATLAS 12/35



ET"™° Performance: ) Er

CERN-PH-EP-2011-114
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> Er in PYTHIAG6 minbias (left) and di-jets (right) events.
Some difference between data and MC dependent on soft-physics models.
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ET'"™ Performance: response in Z — [l events

Using Z — 1l event topology, define the axis in the transverse plane (Z direction):

ot 0 ot o
Az=( pr + pr )/lpPr + pPr |
ERsS projected on this axis is sensitive to detector resolution and biases.

CERN-PH-EP-2011-114
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Mean value of EX5. Az as a function of pZ requiring either zero jets with pr > 20 GeV
or at least 1 jet with pp > 20 GeV in the event for Z — ee (left) and Z — pp (right).

Small negative bias in both channels reproduced by MC simulation.
pr of lepton system overestimated or hadronic recoil is underestimated.
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Tau Basics

L 7’V (25.5 %)
rrtav, (9.0 %)

— w2, (9.2 %) v, (10.9 %)
7 Characteristics — o)

> m, = 1.8 GeV ev,v W (IEE%)

> Lifetime: ¢ = 87um v A i

» 65% of taus decay hadronically "‘.//——-/E—' "k

» Hadronic decays are mostly collimated /n' ’ n;[‘ % s
collections of neutral and 1 or 3 T \V/, ’ K

charged pions (“prongs”). There are
also rare modes involving kaons.

TAUV JET
Experimentally, taus are characterized by:
> the low number of tracks (prongs),
> a leading track and a displaced secondary vertex
> narrow jet with a relatively large EM component (1-prong) from 7% — 4+,
Requires good performance from the ATLAS calorimeters and tracking systems

ATLAS only attempts to reconstruct taus which decay hadronically.
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Tau Reconstruction

» Tau candidates are seeded by calorimeter anti-k: R = 0.4 jets of topoclusters

» For each candidate, tracks within AR < 0.2 around the axis of the jet seed (the
“core region”) are associated to the candidate if they have pr > 1 GeV and if they
pass quality criteria:

> at least 2 pixel hits
> sum of pixel hits and SCT hits is at least 7

> |do| < 1.0 mm and |z sin(8)| < 1.5 mm

» particular mix of pions g ool I v ing event
P . . P . m&-'_ [ ATLAS Preliminary N SQS?;LV,'Qif:ﬁQE 1
> calibrated independently of the jet 'ﬁ‘e_ko.oe} 1 prong: n|< 1.3 ¢ Detector material |
energy scale. T oal ~Nondosre
0.04— " |
Lo F [ Total sys. ]
» A {pr ,n}-dependent correction is F e
applied on top of the energy of the 002 e E
L = — ]
topoclusters. oF e -
» Tau candidates are still easily faked by -0.02f- T —+— ]
QCD processes and electrons. S ‘ ‘ ‘ ‘ e

. g e . . . 0045 20 30 40 50 60 70
> identification is required to reject pe" [GeV]

the vast background. ATLAS-CONF-2011-077
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Tau ldentification
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Tau ldentification Performance

ATLAS-CONF-2011-152
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Performance of the tau identification techniques on 1-prong (left) and 3-prong
candidates using a di-jet selection in data and simulated Z — 77 and W — Tv events.
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Tau ldentification: Z — 771

ATLAS-CONF-2011-152
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The invariant mass of the visible decay products from a Z — 77 selection
before (left) and after (right) tau identification:
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Identification Efficiency in Data: W — 7+ v

ATLAS-CONF-2011-152
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Track multiplicity distributions before tau identification (left)
and after a tight boosted decision tree identification (right).

Number of real taus in data is estimated by fitting to these track distributions.
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Identification Efficiency in Data: W — 7+ v

ATLAS-CONF-2011-152

E1BGO|\||\\\V\\||||||\\[|\\r[||l; |.;N}1400 1

«©Q * Data2011 (1.37 f5") ] =] ® Data 2011 (1.37 fb)

% 1600 o (Wov) 1 % = (W tv) ]

k=) = g (W ev) 1 i< = g (W—ev)

L%’ 1400 =3 Jet background 1 L;;j 1000F 4. =3 Jet background
1200 ’

ATLAS Preliminary ATLAS Preliminary .

1000
800
600
400
200

Before tau ID Beforetau D

-

I I IR TS A AT Y

v b b b by b Iy
-020 -15 -10 -5 0 5 10 15 00 0.10.20.30.4050.60.70.809 1
Likelihood BDT score

Likelihood (left) and boosted decision trees (right)
Using the track distribution fits we can determine
the efficiency after a given cut on identification scores.
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Tau Identification: ¢t — p+ 7

ATLAS-CONF-2010-119
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0S-SS boosted decision tree output for 1-prong tau candidates after a tt — 47
selection. Normlizations are derived from a fit to the data and are shown as blue
(signal), red (background), and black (total).
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Run Number: 182424, Event Number: 2582762 ~
% I
Date: 2011-05-21 20:51:17 CEST Q A LA
\\? ?

A EXPERIMENT

tt — 7 + p candidate.
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» Jet reconstruction:

> uncertainty on energy scale 2.5% for central jets up to 12% for forward jets.

> inclusive jet cross-sections have been measured up to pr of 1.5TeV and || of 4.4
with excellent agreement between data and Monte Carlo simulation

» E7T"*°reconstruction:

> Monte Carlo simulation agrees well with data
> The E%issprojected along the Z direction shows some bias
> Improvements are needed in the calibration of low-p7 objects
> Tau reconstruction and identification in ATLAS has been performing well:
» Efficiencies and mis-identification have been measured in data

> Many physics results involving taus have been released by ATLAS. These include SM
measurements and searches for new physics.

> Much effort will be devoted to further improvements and making tau candidates more
robust against pile-up in the near future

Stay tuned for exciting ATLAS results to come from 2011’s 5 fb~!!
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Backup
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The ATLAS Detector

44m

25m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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The ATLAS Calorimeters
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The Anti-k; Jet-Clustering Algorithm
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Collinear/Infrared Safety

Collinear Safe Infrared Safe

Jet algorithm output is stable against the

Jet algorithm output is the same if energy
addition of soft particles

of a particle is split between two collinear
particles
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Resolution

CERN-PH-EP-2011-114
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Fig. 15. E;“iss and E“?"isg resolution as a function of the total fransverse energy in the event calculated by summing the pt of muons and the
total transverse energy in the calorimeter in data at \/s = 7 TeV (left) and MC (right). The resolution of the two ET'* components is fitted with
a function ¢ = k- /ZE7 and the fitted values of the parameter k, expressed in GeV/2, are reported in the figure.
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Tau ldentification Efficiency in Data

ATLAS-CONF-2011-152

1D method Tau ID efficiency  Jet mis-ID probability ~MC correction factor
CUT Loose 0.87 £ 0.02 £ 0.02 0.221 £ 0.008 0.98 £0.03 £ 0.02
CUT Medium  0.79 + 0.02 £ 0.03 0.081 £ 0.007 1.10 £ 0.03 £ 0.04
CUT Tight 0.65 £ 0.02 £ 0.03 0.025 £ 0.006 1.21 £ 0.02 £ 0.06
LLH Loose 0.70 £ 0.02 £ 0.02 0.085 +0.008 0.92 £0.03 £0.03
LLH Medium  0.46 £ 0.02 £ 0.03 0.046 + 0.006 0.85 £0.03 £ 0.06
LLH Tight 027 £0.01 +0.02 0.021 + 0.004 0.87 £0.02 £ 0.05
BDT Loose 0.81 £0.02 £0.03 0.085 £ 0.008 0.99 £0.03 £ 0.03
BDT Medium  0.63 £ 0.02 £ 0.03 0.029 + 0.006 1.06 £ 0.02 £ 0.05
BDT Tight 042 £0.01 £0.03 0.012 £ 0.004 1.02 £ 0.02 £ 0.07

Table 7: Tau ID efficiency, QCD jet mis-identification probability and MC correction factor (12) for the
Tau ID measured from data using the 7~ — 7v tag and probe method. For the ID efficiency and
the correction factor, the statistical uncertainty is given first and the systematic uncertainty is
given second. For the jet mis-identification probability, the statistical uncertainty is given.
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Tau ldentification: Z7 — 7+ 71

p, (1) = 18 GeV [26ev

p¥s(th) = 26 GeV
myis (K,Th) = 47 GeV
m, (p,ET™) = 8 GeV
ET* =7 GeV

CATLAS
LA EXPERIMENT

Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST

A =
Candidate in 7 TeV Collisions ', ©

&
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Tau ldentification: W — 7 + v

p,(t) = 29 GeV
mss = 39 GeV
L Ap(rEm™)= 3.1

1A EXPERIMENT

Run 155697, Event 6769403
Time 2010-05-24, 17:38 CEST

W-1tv candidate in
7 TeV collisions
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Tau Identification: ¢t — p+ 7
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Figure 7: Number of jets distributions for OS-SS events after the b—tagging selection. The solid circles
indicate data and the histograms indicate the expected signal and backgrounds from MC. The normal-
ization of the expected signal and the backgrounds are based on the fit result. The fraction of each
background is estimated from MC. (a) BDT; < 0.7, (b) BDT; > 0.7.
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Tau Identification: ¢t — p+ 7
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Figure 7: Number of jets distributions for OS-SS events after the b—tagging selection. The solid circles
indicate data and the histograms indicate the expected signal and backgrounds from MC. The normal-
ization of the expected signal and the backgrounds are based on the fit result. The fraction of each
background is estimated from MC. (a) BDT; < 0.7, (b) BDT; > 0.7.
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