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Jets and

o jet reconstruction and calibration

e jets - key ingredients of many Standard Model measurements and New Physics
searches,

o jet energy scale uncertainty - main contribution to the systematic uncertainty
of many physics results,

@ jet substructure and jet tagging
e identification of hadronically decaying boosted objects,
e quark- and gluon-initiated jet discrimination,

@ missing transverse energy (Ess)
e important signature for many physics processes.
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Jet reconstruction and calibration steps

finding and calibration of topological calorimeter clusters (topo-clusters),
jet clustering of topo-clusters,

correction for pile-up,

calibration of the jet pseudorapidity and energy - Jet Energy Scale (JES),
residual calibration using in situ measurements.
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Step 1: Topo-clusters

@ group of calorimeter cells topologically connected,

@ topo-cluster finding:
e optimized to noise and pile-up suppression
e procedure:

seeds - cells with E > 4o00ige,
neighbors - all cells with E > 20,,5isc neighboring seed or other neighbors,
perimeter cells - all cells with £ > 0 on the perimeter of the group of seed and

neighbors,
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Step 1: Topo-cluster calibration

Two options:

@ electromagnetic scale (EM topo-clusters)

all topo-clusters calibrated to the response for electrons,
zero topo-cluster mass,

@ local calibration weighting (LCW topo-clusters):

each topo-cluster classified as electromagnetic or hadronic deposit (depending
on its energy density and depth),

a weighting scheme corrects for the different e/ response in the calorimeters,
out-of-cluster correction,

dead material correction,

zero topo-cluster mass.
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Step 2: Jet clustering

using anti-k; (R = 0.4 or R = 0.6) jet clustering algorithm,

output: EM or LCW jets,

(]

@ input: EM or LCW topo-clusters,

o

o further pile-up correction and calibration necessary.
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Step 3: Pile-up correction
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Step 4: Jet calibration

@ jet pseudorapidity calibration - addition of a correction factor obtained
from MC.

@ jet energy calibration - multiplication by a correction factor obtained
from MC:

correction factor = inverse of average energy response:
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Step 5: Residual in situ calibration

@ applied to Data only,

@ jet pr correction: multiplication by the response ratio of the MC to the Data:
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Jet energy scale uncertainty

@ several components: X
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Jet energy resolution

@ measured with the dijet balance and bisector in situ techniques,

@ improved jet energy resolution for LCW calibrated topo-clusters wrt. EM
calibrated topo-clusters.
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Suppression of pile-up jets

@ Jet Vertex Fraction (JVF)
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Jet Substructure and Jet Tagging
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Jet Substructure Techniques

o identification of hadronically decaying boosted objects (W, Z, H, top),

@ using jet algorithms with large distance parameter (anti-k; with R = 1.0 and
C/A with R =1.2),

@ better energy and mass resolution with jet grooming techniques - selective
removal of soft radiation, e.g. trimming.
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Jet Substructure Techniques

@ many jet substructure techniques and variables tested and validated:

o identification of boosted W bosons: momentum balance /7, mass drop pi2,
Q-jets, splitting scale \/d12, ...

o identification of boosted top quarks: shower deconstruction (SD),
HEPTopTagger (HTT), subjettiness 7s2,. ..
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Discrimination between quark- and gluon-initiated jets

@ useful for identification of hadronic decays of W and Z bosons,

o likelihood based discriminant using two variables constructed from associated
tracks (number of charged tracks, n,k, and jet width),

o light-quark tagging efficiency of ~ 50% with gluon mistag rate of ~ 25%
e Data/MC disagreement is observed.
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Missing Transverse Energy
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. :
Missing transverse energy L7

@ event quantity based on momentum conservation in the transverse plane:

Eg[r‘liss — \/(EgliSS)Q + (E;/niss)2 (6)

miss __ jets e ¥ T 1 Soft Term
a(y) = (Ea:<;u) tEey) T Eoy t Ea) T Fu + Eay) ) (7)

° ije(tys) B E;’(y), E7, and Eg(y) - sum of z(y)-component of the
momentum of all jets, electrons, photons, taus and muons, respectively,
e using anti-k; R = 0.4 jets calibrated with LCW+JES scheme with
pr > 20 GeV,
o all objects are corrected for pile-up and calibrated,
e suppression of pile-up jets: rejecting jets with JVF =0, pr < 50 GeV and
In| < 2.4,

o Soft Term EZ0% 7™ - sum of z(y)-component of the momentum of all
topo-clusters and tracks not associated to above physics objects - avoiding
double counting.
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pile-up correction
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EMiss | Data/MC agreement

@ good Data/MC agreement before and after STVF pile-up correction,
@ worse Data/MC agreement after EJAF pile-up correction.
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%5 linearity

@ positive bias for low true EZiss,
o larger negative bias for true EisS > 40 GeV corrected with STVF method.
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o jet reconstruction and calibration

o calorimeter-based topological clustering,

o powerful pile-up subtraction methods,

e in-situ techniques for Jet Energy Scale uncertainty up to 1.5 TeV,
testbeam-based beyond,

o high precision on Jet Energy Scale,

e good data/MC agreement,

@ jet substructure and jet tagging

o wealth of substructure techniques for identification of boosted hadronically
decaying top quarks, Higgs, W and Z bosons,
e quark/gluon jet discrimination,
@ missing transverse energy
o exploiting object-based E&5
e many techniques for Soft Term pile-up correction investigated,
o use of tracks for the Soft Term so far provides optimal performance.
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Pile-up

@ additional proton-proton (pp) interactions in bunch crossings:
e in-time pile-up - pp interactions in the same bunch crossing, characterized by
number of primary vertices, Npy,
e out-of-time pile-up - pp interactions in preceding bunch crossings,
characterized by mean number of interactions, (,
@ one of the main challenges for jets due to additional energy deposits in
calorimeters causing:
o jet energy offset and worse resolution,
o additional (fake) jets.

180 T T T T T T
ATLAS Online Luminosity
160

m \/5=8TeV.ﬂ.dt=20.8fb“,<,4>=207
14 ED Vs=7TeV,fLdt=521", <= 9.1
120

10
80,
60,
40
20,

(==}

o
T[T T[T [ T TT T T[T T 17|

Recorded Luminosity [pb™/0.1]

1 L L L 1 h
5 10 15 20 25 30 35 40

Mean Number of Interactions per Crossing

) SN S NS P PR SR SR R A

OO

5

P. Berta (Charles University in Prague) ATLAS Jet and Missing ET 3T Jul 2014 27 /23



Pile-up

@ out-of-time pile-up due to long charge collection and the specific choice of
signal shaping in the Liquid Argon calorimeters (600 ns wrt. 50 ns bunch

spacing)
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Topo-clusters

@ noise

Onoise — \/(Uﬁloei(;teronic)Q -+ (O’Ei)licsgup)Q (9)
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Pile-up Correction

@ jet area, A, computation:

o ghosts (infinitesimally soft particles
uniformly distributed in the y — ¢ space)
added to the event

o ghosts are clustered into the jets - area
4-vector can be obtained:

Z Ppj

j€Eghosts

1
Ay = —5 10
a3 l/p% ( )
vpd. - transverse momentum density of the
ghosts
o jet area = transverse component of A,,.
@ pile-up pr density, p, estimation:
pjet.
i (11)
Je

p = median;

median over k; R = 0.4 jets.
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Jet origin correction

@ correction to the calorimeter jet direction

@ makes the jet pointing back to the primary event vertex instead of the
nominal center of the ATLAS detector.
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Jet Vertex Tagger

o Jet Vertex Tagger - multivariate .
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Ty ot B}
e corrJVF i 10
10°
' ; 1
Z p? ack i 104
1€PVO0 -
corrJVF = T 05 10
P rack m 108
track k m¢gPVo0
Z br + k-nPU % 05 w0
kePVO track ’ cormIVF
(12)
k - scaling factor (k = 0.01) pile-up jets
PU :
Thrack ~ number Of plle_up traCks o ATLAS Simulation Preliminary :
o Ryr oS R0 10*
> p%f ack i Lo o o
1€PVO0 10°
Ryt = 7pjet (13) 1 o
T
05 10°
10°
% 05 i w

corrJVF

hard-scatter jets
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Residual in situ calibration: Z+jet method

@ using events with one Z boson and one jet = momentum balance in the
transverse plane between the two objects,

o reference: Z boson decaying Z — e"e™,

@ probes the jet response at low pr (low background),
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Jet Substructure Techniques

trimming:
i g jet : .

Initial jet .p‘z./p]; < feut Trimmed jet
~ R R R R R ~ R R AR RN EARE
e 2407§|IIE€CSWJE‘5WNNR:10 Jrozarwt G=rrev] & 2407'3‘1(\-&6(:5\/\/,‘3(5':1\1“ oo JLasarmiE=TT
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W boson tagging

o splitting scale: g L I
g 0.9F atas simuiation Prefiminary Ogem=68%

£ {s=8 Tev |

Vdiz = min(pry,pr2) - ARy2, & 08 s E

(14) O 0_7;— 350 < ;"™ < 500 GeV/ -

X E M Window 3

where pr1 and prs in the last g 06p Graamng:Tgorg I
clustering step of the k; algorithm Oy 05— oo £ E
and AR5 is their distance. R A, E
035 oimesecnmen T E

@ momentum balance: L E
0.25 &, e i

{C/AR=08 + CiA pruned [P -

SUr = / 0.1 = E

Yr = d12/17l (15) E ”\7WC/\AR:]2\‘BDRS\ Lviileen b e d

0.10.2030405060.70.809 1
(OGroom x DTaQ)

W Jets

© mass-drop combined effect of jet grooming and

max (my,ms) W-tagging: the various combinations

fz = ———— (16) have similar performance
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Top quark tagging

@ shower deconstructions
e input are subjets reconstructed with the C/A algorithm with R = 0.2 from the
constituents of large-R jet,
o all possible shower histories are created for background and signal hypothesis,
e calculates the probability that a given shower history was realized in a given jet,
o likelihood ratio between probabilities given the signal and background
hypothesis is the discriminating variable,

@ subjettiness
1 . .
TN = % Zka . mln(éle,(;ng, ,(SRNk) , with dop = Zka'R (17)
Yk k

where R is the jet radius parameter in the jet algorithm, pry is the pr of
constituent k and JR;j is the distance from a subjet i to constituent k.

@ subjettiness ratio
Tij = Ti/T; (18)
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ET*, linearity, sample comparison
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