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Inputs to jet reconstruction
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Jets are reconstructed using the anti-k; algorithm
with distance parameter R=0.6
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Jet internal structure
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EM+JES: energy scale correction, described in page 6

Measurements of jet shapes and properties are used to test how well
the simulation models physics and detector effects

Jet fragmentation, detector response to low energy particles, inputs
to jet reconstruction, soft underlying event, pile-up

Calorimeter and track measurements are independent and can be
used to disentangle physics and detector effects

Jets are observed to be broader in data than in the simulation
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Jet energy calibration

Correct jet energy for calorimeter non-compensation, % 1_42_:' HIAntiKT, Il:{=0.éjeltsl h _
energy looses in dead material, shower leakage, pile-up 8 e 03<hl<0.8 .
Jets are calibrated using Monte Carlo particle-level (truth) % 1'355_ A . . 21<hi<28 ]
jets as reference g e : E
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— Add jet-by-jet information about the longitudinal and Q—': 02— ' ATLAS Preliminary
transverse properties of the jet ¢ 0.18[" T
* Global cell weighting (GCW): 0-16:5"‘::? GS Calibration
— Use cell weights based on cell energy density to 0.14f ==, +  GCW Calibration

compensate for the different calorimeter response
to hadronic (low E-density) and electromagnetic
depositions
* Local cluster weighting (LCWV):
— Use properties of topological clusters to calibrate
them individually

— Cluster calibration derived from Monte Carlo
simulations of single charged and neutral pions
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Jet calibration schemes
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* Mean ratio of calibrated over un-calibrated jet energies as
a function of calibrated jet p+:

— Same average corrections for all three calibration schemes

— Agreement between the correction factors applied to data
and Monte Carlo is better than 2%

— Similar agreement in the whole rapidity range



Jet energy scale uncertainty

JES uncertainty evaluated by
comparing Monte Carlo
simulations using various
detector configurations and
hadronic shower and physics
models:

Dominant sources of
uncertainty are due to:

dead material (5%)

noise description (3%)

hadronic shower model (5%)
LAr/Tile absolute EM scale (3%)
N inter-calibration (3%)
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* Jet energy scale uncertainty smaller than 7% for jets with

p>100GeV

* Expect reduction of the systematic uncertainty in the near future
by propagating single particle response measurements in data to

jets



Jet energy resolution
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* Jet energy resolution measured in-situ using di-jet balance and
bisector techniques.

* The Monte Carlo simulation describes the jet energy resolution
measured from data within 14% for jets with p; between 20 and
80 GeV and |y|<2.8



Missing transverse energy

* Missing ET reconstructed from cells belonging to topological
clusters and from reconstructed muons:
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* Missing ET calibration:

— Cell energy density or local cluster weighting to correct for non-
compensation and energy losses in inactive material
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— Refined calibration based on energy corrections of physics objects
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Events/ 1 GeV

Events/ 1GeV

Missing ET performance
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Missing ET in W—|V events
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L1 efficiency

Tau performance and trigger

Hadronic taus are reconstructed using a - T B I
. . . - S 220 ATLAS Preliminary Integrated Luminosity 15.6 nb
combination of calorimeter and tracking S 500 8 Dala2010 (Vs = 7 Te )
(%2} H
information: 5 180 EPythia 2>
. . % 160 AR<04 -EM
* match narrow calorimeter clusters with small 5 140 po_ Zi EpTAR:
EM = —
number of tracks £ 120 y ARi<04 pEM
: . : . 5 100 :
[
* shower shape information and isolation S g | p>15GeV
variables Z 60 i '
Validate the inputs to tau identification and trigger ;g
using QCD di-jet data 0
0 35
1 _I T T T T T T T I T T T T | T T T A| T T T Al T T T T T |=| T REM
—— b h b ~aw
— - (n :llllllllIlllll'lllllIIIIIIIIIIIII.Ill.lllllllllll[’
- == - L gooE- ATLAS Preliminary Integrated Luminosity 15.6 nb''
i SR - SRR ™
0.8~ —— — g 800k B Pythia Z->tt
B ] 8 700F
__ _— © 6003— AR<0.2
0.6 e Data 2010 s = 7 TeV) 3 -
i —— ] 500
- &+ Minimum Bias MC . 5 =
- 4 Z  400F
0.4/ . — = -
- ATLAS Preliminary 300E- iy -
- | 200;— —@— I
— L = 4 nb — Oml 1 l 1111 I 11 11 ] 11 el Ll
i [ 1 1 1 1 ] o 1 2 3 4 5 6 7 8 9
%10 20 30 40 50 60 70 Track Multiplicity

Uncalibrated E; of offline tau candidate [GeV]



W—-TV Candidate
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Summary

* ATLAS has developed several jet, tau, and missing ET
reconstruction and calibration schemes, with different

levels of complexity and sensitivity to systematic
effects:

— Inputs to jet, tau, and missing ET reconstruction and
calibration are well described by the simulation within 10%

* Slightly higher soft activity is found around jets in the data

— The first ATLAS jet energy scale has been determined with
an uncertainty smaller than 7% for jets with p:>100GeV

— The Monte Carlo simulation describes the jet energy
resolution within 14% for jets with 20GeV< p;< 80GeV

— Expect improvements in jet and missing ET performance
from the use of the more complex ATLAS calibration
schemes, tracks, and single particle response
measurements to set the jet energy scale
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The ATLAS calorimeter system
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Sampling EM calorimeter: Sampling Hadronic calorimeter:
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Jet data quality

* Minimum number of cells containing 90% of the
energy (nyy) of the jet must be larger than 5 for
jets which deposit more than 80% of their energy
in the HEC (f,~>0.8)

* Cell signal quality factor, representing the fraction
of cells with poor signal quality defined by the
pulse shape must be smaller than 0.8 for jest
which deposit at least 95% of their energy in the
EM calorimeter

* Energy-squared-weighted cell time of At<50ns
with respect to the triggered event



Average number of matched tracks
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Jet internal structure (Il)

T T T T
ATLAS Preliminary
anti-k, R=0.6 cluster jets
ly <19, p‘:“’k >0.5 GeV
—&— MC QCD diets

—+4— Data2010\s =7 TeV

30

40 50 60 70 80

100

Jet p$M+~’ES [GeV]

Entries / 0.1

* Slightly more low p+
the simulation (PYTHIA LO MC + PS)

* Charged particle fraction (f,,,) well described by the simulation.
Small discrepancies (<4%) for low p+ jets in the forward region

* Good Monte Carlo description of the longitudinal profile. Small
discrepancies in the gap scintillators and end-cap pre-sampler
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Jet reconstruction efficiency
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* Tag and probe method



Jet energy resolution (di-jet balance)
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Jet energy resolution (bisector)

The imbalance transverse momentum p; = p; + p;
is projected along an orthogonal coordinate
system in the transverse plane:

* n-axis is chosen in the direction that
bisects the two leading jets
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Jet energy scale uncertainty
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Uncertainties due to detector description, experimental conditions and JES calibration:

* Material budget and distorted geometry

* Topological cluster noise thresholds:

|0% noise threshold uncertainty from the stability of the noise spread in dedicated

noise runs and the comparison of the noise distribution in data and MC
* Shifted beam spot
* Hadronic shower model

* Test beam single pion response measurements lie within QGSP and FTFP_BERT
models (QGSP_BERT nominal hadronic shower model)
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et eta inter-calibration

1 1 - ! ! ! ! | I | | | | I I I I | I I I I | I I I I | I I -
1.08F Anti-kR=0.6, JES Calibration =~ Monte Carlo QCD jets 3
1.06F-50 <p_® <110 GeV Data 2010 =
Q1.041 o :
@ 1.02F ATLAS Preliminary :
g * ' -
® 0.98 + =
'c% 0.96F o -
©094F —e— Data 2010 \V5=7 TeV E
0.92E —=— Dijet MC E
0.9 T T N W (T TN T AN S T T T NN SO S TN NN SN SO N M N N
(@2 T 1 LN ..U LU LS. .. L L L L LN
) — —
B | . =
B 0,98 Frmm
096 _I '''' PR T T S N S O I S T l-
0 0.5 1 1.5 2 2.5
Jet |

Relative jet response as a function of jet eta
Set additional JES uncertainty for the endcap region:
— 2.4% difference between data and Monte Carlo response
— 2% difference from one of the relative energy scale in the data



Single particle response
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Local cluster weighting calibration

LCW calibration scheme allows to improve the jet energy resolution by calibrating
clusters individually prior to jet reconstruction

e Discriminant to classify clusters as EM/HAD (cluster n, depth, cell E-density)

* Hadronic response (cell E-density and cluster energy)

* Out-of-cluster (cluster depth and energy around the cluster)
* Dead material (fractional energy deposited in each calorimeter layer and

2% agreement between data and Monte Carlo simulation for the ratio of calibrated
cluster energy over the un-calibrated cluster energy after each calibration step. Very
good agreement between data and simulation for all inputs to LCWV.
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Global cell energy-density weighting

EMB2 TileBari
& frrrprrrrprrrryrrrrprrrrprrrrrg o FrrrprrTT UL DL BLELELELE DL I A Frrrrrrrrprrrrr e e T e e T
£ 10°F ATLAS Preliminary 3 £ ol ATLAS Preliminary ] 33 | ATLAS Preliminary |
T 7:_ anti-k, R=0.6 clustar jets j 'T>1 ; ant-k, R=0.6 cluster jets LI\J 2.5+ —<— Data 2010 \/s=7 TeV I
é‘106?_ _+_ Data 2010 \E=7 TeV ? 5105 E_ —+— Data 2010 \E=7 TaV _: % : ::eMC QCD di-jets
510 I:lvvcococl-',ets 3 ’2‘ ? |:|Mcocoax1ecs 3 % : P >20 GeV
w10°F w ol v 2F -
2 F 3104? 3 i #5#&3 #M% |
>10%F z f i Satea® 1
< E < L & & J
10°¢ 10°¢ 3 I =
[ EMB2 TileBar2 1o e
10%E L o 1.04
E 102§ g 1.020—0-0-_,_‘__._0-.-.,... MR g
o stibetnndinbinbd o b bsbedend]  Bood- o
S R e 2 R R
e s s e 2 g s t
8: L1l I L1 [[[||||[[[I|I||lll||||||ll 82] |]| L1l I 11 III IIIIIIII |||| . .
4 35 3 25 2 5 6 55 5 45 4 35 e |ess cells with high energy
Iogm[IEIN/(MeV/mm3)] Iogm[IEIN/(MeV/mm3)] density in data than predicted
. . by the simulation in the EM
* Apply cell weights according to calorimeter
’ .
cell’s energy den5|ty. * Good agreement between data
Compensate for: and simulation for the cell

. energy density in the hadronic
* Lower calorimeter response to calorimeter

hadrons * Jet energy scale correction in

) i data and simulation agrees
* Energy losses in dead material within 2%



Track-based jet corrections
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Pile-up jet offset
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Measure the mean tower
energy as a function of eta and
number of primary vertices

Estimate the additional tower
energy as a function of the
number of interactions by
subtracting the average tower
energy for events with
Np,=|from the average tower
energy for events with N
interactions

Estimate the average number
of towers in jets as a function
of eta

<Npile-up> = <Np,-1> +
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