
Reconstruction



The process of interpreting the electronic signals produced in a 
high-energy physics (HEP) experiment's detector to determine 
what original particles passed through the detector and their 

characteristics.

>> Event reconstruction <<



¶Tracking and Vertexing
o Hit Point
o Track Finding
o Track Fitting
o Vertex Fitting

¶Particle ID
o Electron and Photon
o Muon

¶Jet Identification
o Identification of b-jets

>> Event reconstruction <<



Track Reconstruction

(Slides are reused from https://indico.tlabs.ac.za/event/112/contributions/3196/attachments/1062/1453/MM_Tracking_TIPP_2023.pdf)



Tracking Systems in 'Old Days'

At the beginning of particle physics, the techniques for observing particles
were developed together with the physical ideas about them.
Most techniques were based on optically observing their paths and
recording them by photographs.

A first tracking detector was the cloud chamber invented by Wilson in 1910:
Particles traverse supersaturated water/alcohol vapor. The e /ion pairs in
the track act as condensation nuclei.



Bubble Chambers

The bubble chamber was invented by D. Glaser in 1952 (NP 1960).
Particles traverse a superheated liquid and the deposited energy creates
W0WW;-*&]&K2./.*& -&4 +-?

Discovery of Neutral CurrentsDiscovery of the in 1964



General Requirements for a
Tracking System

Some general statements can be made on general requirements of a
tracking system:

Detect charged particles with high efficiency 

Precise measurement of particle track (direction, origin, etc) 

Momentum measurement 

Determining the sign of the charge, possibly also the charge itself 

Particle identification for example by dE/dx 

Study impact parameter, that is the distance of the track to the expected 

point of collision
Robust measurements in environments with many tracks 

Operation for a long time, in particular also able to stand a lot of radiation 

without aging
Cheap 

Experiment specific requirements will often surpass these.



Magnet Field Configurations

In HEP experiments three field configurations are used:

1) Dipole fields
(for fixed target
experiments)

2) Solenoidal fields
(for collider experiments)

3) Toroidal fields
(for muon system of
collider experiment)



Track Parameters in B-fields (I)

In magnetic fields, the particle path can be derived starting from the Lorentz
force:

Assuming a homogenous B field, which can be directed along the z axis
allows to solve for v:

with =|q|B/ m, =q/|q|, and v = v 2+v 2
B T x y

Integration gives

=> Helix trajectory
with 6 parameters x , y , v , , ,  

0 0 T B 0



Solenoidal Setup

The calculation for
dp/p is completely
analog to the sagitta
method

1) Momentum resolution improves quadratically with radius
2) Momentum resolution improves linearly with the B-field
3) Detectors with better spatial resolution helps
4) Number of track points also improves the result
5) (L\YL&#$! - *-*&G#/2&L&]&4. -&+#88#!0;/&/.&4- *0 -&2#%2&-$- %-/#!&/  !"*



Example ATLAS TrackingPerformance

The estimate of fits well with the official detector

requirement of /p = 0.05% p (GeV/c) + 1%
pT T T

The additional 1% is given because of the material budget of the inner
detectors: arXiv:1004.5293v2

PoS(ACAT)046



KF for Track Finding
1) Find a seed track: This is often a combina-

torial approach using the 2-3 outermost
layers and an inner layers of measurement.
The outside is chosen, because tracks are
separated and possible combinations are
reduced.

2) Make a track estimate: Based on the currently available track points and
their errors, a prediction is made for hits in the next detector layer.

3) Looking for hit: If hit is found, add it to track and update the track
prediction for the next layer.



Advantages of the KF

It is easy to take detector effects into
account

Energy loss 

Multiple Scattering 

Bremsstrahlung 

can be accommodated by recognizing
the effect and correcting for it in the
next step.

A filter can be built, that stores the intermediate results of the filter
] outliers such as noise or hits from close tracks can be identified and

removed afterward.
The best parameter estimate can be given at any point.

Because of the flexibility, the algorithm is widely used for tracking objects in
real time:
Radar tracking, sonar ranging, satellite orbit computation, automated driving



CMSSilicon Tracker
All-silicon design:
֙ Allows for high-ǇǊŜŎƛǎƛƻƴ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜ ǘǊŀŎƪƛƴƎ ǳǇ ǘƻ μʹμғоΤ
֙ Essential in particle identification, heavy-flavour tagging, trigger decisions,

vertex reconstruction;
֙ Largest Si tracker in the world: ~200 m2 area, ~135M electronic channels

Comprised of the Pixel (innermost parts)
֙ 4 layers in the barrel (BPix) and 3 disk (FPix) in the forward regions:
ƴ 1,856 Pixel modules.

and the Strips sub-detectors (outer parts)
֙ 10 layers in the barrel (TIB,TOB)and 12 forward disks (TID,TEC):
ƴ 15,148 Strips modules.

Micro-strip sensors
Stereo modules
(two components

with a 100 mrad
stereo angle)

Analog readout

pixel sensors
~124M channels
digital readout

TOB

TIB TID TEC

BPix FPix



Trackreconstruction in CMS

Few,but precise measurements;
Dead material inside the tracker volume
Main tracking algorithm: CombinatorialTrackFinder 
used in iterative steps:
֙ limits the number of combinatorics in pattern 
recognition
֙ tracking reach guaranteed, w/o degrading 
computing performance

Reconstruct
Clean Reconstruct



Trackreconstruction in CMS
In each iteration, tracks are reconstructed in four steps:
1. Seeding:

֙ provides track candidates, with an initial estimate of the trajectory parameters and their
uncertainties (use combination of pixel, strip or mixed hits);

2. Pattern recognition:
֙ hits compatible with the predicted track position are added (Kalman update) to the

trajectory and track parameters are updated;
3. Final fit:

֙ taking into account the B-field non uniformity and a detailed description of the material
budget;

֙ provides the best estimate of the parameters of each smooth trajectory after combining all
associated hits (outlier hits are rejected);

4. Selection:
֙ sets quality flags based on a ML-based MVAwith more than 20 inputs;
֙ aims to reject fake tracks; tracks sharing too many hits are also cleaned as duplicates;

1 3

2 4



The tracking challenge at LHC
The tracking challenge at the LHC:
֙ typically 30 charged particles within the tracking volume acceptance

per proton-proton collision
֙ and 50-60 collisions per event: O(1500) charged particles per event;

These need to be reconstructed:
֙ with very high efficiency (>90% for ~GeV pions)
֙ precise track parameters
֙ very low fake rate: O(~ few %)
֙ quickly (stringent CPU limits)

Verystrong requirements on track reconstruction algorithms
Trackreconstruction is not just about reconstructing charged particles:
֙ used in almost every element of reconstruction



Summary for Tracking

Trackingalgorithms need to provide high-quality tracks efficiently 
andwithan efficient usage of resources:
֙ high tracking and vertexing performance is a must (despite

challenging conditions at the LHC);
To provide more precise and accurate track reconstruction
sophisticated algorithms, techniques and calibrations have been
developed.



Vertex Reconstruction



Vertex Reconstruction

Particles produced in the collision decay fast, but they can fly a certain
distance before decaying:

l = c  



Vertexing
Vertexingstarts from a set of tracks.
Then proceeds into two steps:
֙ Clustering: group together close-by tracks

in cluster candidates.The algorithm used is
deterministic annealing;

֙ Fitting: fit vertex properties of those clusters
from those of the tracks.The algorithm used
isAdaptive vertex fitting algorithm;

Vertexingis based on
optimizing an energy (assignment)
function with a penalization entropy term:
֙ Starting at very high temperature (T)

all tracks are assigned to one single
cluster;

֙ As we lowerT,splitting the cluster
into severalbecomes beneficial;

֙ Iteratively update assignment
probabilities P while loweringT

ik
provides a final robust estimation of
the clusters.

Clustering

Fitting



Impact Parameter

Impact parameter d quantifies the mismatch to the
0

primary vertex (PV)
The impact parameter significance S = d /  

d0 0 d0

serves as selection criterion to distinguish tracks
from primary or secondary vertices.

The track as measured by the tracking detectors has to be extrapolated to the
vertices. This can be done with

Linear extrapolation y = a + bx (no magnetic field) 

Quadratic extrapolation y = a + bx + cx2 (good approximation for helix in B) 

Errors on the vertex position y is given
v

for linear
approx. by

or for quadratic approx. by



Example of Decay Chain

Identifying the primary vertex (PV), secondary vertex (SV) and tertiary vertex
(TV) is important to understand the decay chain of the particle and to
reconstruct its mass and life time completely.



Muon Reconstruction

(Slides are reused from https://indico.cern.ch/event/242419/contributions/520665/attachments/412163/572720/ LHCFrance_MuonReco_NVranjes.pdf)



Muon detectors

DT RPC
(Drift Tubes) (Resistive

Plate Chambers)
long drift time (380ns)ςlow rate reg.,
wire pitch 4.2cm

Fastgaseousdet. (~2ns),dedicatedfor L1
Efficiency>95%@ 1KHz

resolution(perchmber) r :˒100ҡƳΣr :̒150
ҡƳ
8 +˒4̒ layersin station (only i˒n MB4)

Lownoise(<5Hz/cm2),
meas.ʊ(strip Pitch 0.5-4cm)

CSC
(Cathode
StripChambers)
fast response,
high rate
close wire spacing (res.R75-150 ҡƳύ
strips6.7-16mm(res.ʊ150 ҡƳύ



Algorithmsin Muon Detectors

LocalReconstruction:FindTrackSegmentswhichheld informationabout positionanddirection of

muoncrossingone chamber.TrackSegmentsare formed by straightline fit usingmulti-hit measurementsin

stations.

DT: hit positionw.r.t. wire computedfrom drift time; r- (˒8meas.)andr- (̒4meas.); directionreconstructed
independentlyandcombinedinto segment

CSC:2Dpoints from wire andstripsmeasurementsin plane. Buildsegmentusinghits from up to 6 planes

RPC: secondaryimportancein track reconstruction(measure3d hit only)

Stand-AloneMuonReconstruction
Basedon the KalmanFilter Technique
Propagationwith energylosses,in non-constantmagneticfield.

Seeding ςdefinition of initial trajectory state.

Online: input (position,momentum)from L1trigger
Offline: globalanalysisof segments.Seedkinematicsis estimated by simpleparametrisationof
bendingin/between segments.

ForwardPattern Recognition(pre-filtering) goesfrom most inner to outer muonstation.Segments
compatiblewith trajectory ( 2̝ based)arecollectedconstrainingtrajectory state.

BackwardPatternRecognition: TrajectoryFitting:propagatingoutside-in update trajectorywith
individualhits from segments( 2̝ based).Optionallyupdatefit with vertexconstraint



Algorithmsin Tracker
GlobalMuon:

DefineRegion of Interest(ROI)whichdescribessupposedtrackparametersat vertex(basedon
Stand-AloneMuon reconstrucitonandassumed tolerances).

Offline: reuse tracksfrom standardtracker reconstruction
CombinatorialTrackFinder(CTF)- KalmanFilter based algorithmconsistingof globalhit based seeding,
inside-out pattern recognition,final cleaning,fitting andsmoothing(backwardfitting).) Selecttracks
compatiblewith ROI.

Online: run regionaltracker track reconstructionin ROI (find pixelhit pairsor triplets whichare
compatiblewith ROI).StandardtrackerCTF,customizedcleaning.

Match tracker tracksto Stand-AloneMuon (checktrajectory compatibilityon intermediatesurface).
Refit trackusinghits from TrackerTrackandStand-AloneMuon.

TrackerMuon
(offline only, alternativeto start with Stand-AloneMuon)

Reusetracksfrom standardtracker reconstruction
Foreachtrackcombinemuon signatures(energyin calorimeters,segmentcrossedby extrapolation,
discancefrom chamberedges)

Flagtrack asTrackerMuon if track hasMIPsignalin calorimeteror at leastone
matchedmuon segment



Alignment
Thestructure of the CMS detector is not rigid:

Å 1-3 cm deformationdue to magneticfield
Å 5-15 mm due to gravity(weight)
Å 500 ҡƳdue to changesin temperatureand humidity

Alignmentscenarios:
ωIdeal: assumesa perfectlyplaceddetector
ωStartup: our best estimateof
alignmentat dayone
ωLong-term: our expectationof
improvedknowledgewith data

Reconstructionrequiresa preciseknowledgeof  the locationof the 
detector components

(ex.In ordernot to degrade momentummeasurementsin muon 
system:200 ҡƳin the r- )˒.

CMS strategyfor alignment is basedon:

ωOpticalsystem

ωTracking(from collisions,cosmics, halo)



Electron & Photon Reconstruction

(Slides are reused from L. Finco, LPC Physics Forum 2021)



Definitionof Calorimeter

ω In particlephysics acalorimeter is a detector measuring the energycarried by
an incomingparticle

ω Instrumentedblocksof matter in which the particleinteractsand deposits

all itsenergyin the form of a cascade of particles

ω The particleenergyis measuredin
eV (MeV-GeV-TeV 106, 109, 1012 eV)

ω 1 eV = energyacquired by one

electron acceleratedby 1 V

ω The temperatureeffect of a 100
GeV particlein 1 litre of water
(at 20 ϲC)is ɲT= 3.8Ҏ10-12 K

https:// doi.org/10.1007/978-3-319-47999-6_53-
1



GeneralFeaturesof Caloremeters

ω Calorimetryis a άdestructiveέmethod
ω The energyis measuredby total absorptionof the particle

ω A calorimeterconverts the energy of an incident particleto a detectablesignal,
proportionalto the incomingenergy

ω Calorimeterscan measurethe energy of electromagneticradiation (electrons,
photons)or hadronicparticles(chargedpions, protons,neutrons)

ω The charged componentof the particles'cascade deposits energyin the active

part of the calorimeterand it isdetected in the form of chargeor light

ω This talkis mainly focused onelectromagneticcalorimeters

https:// doi.org/10.1007/978-3-319-47999-6_53-
1



Particle-Matter Interactions

ω In matter electrons and photons loose energy
interactingwith nuclei andatomicelectrons

ω Main photon interactionswith matter:
ω Photoelectriceffect
ω Compton scattering
ω Pairproduction

ω Main electroninteractions with matter:
ω Ionization
ω Bremsstrahlung
ω 2ŜǊŜƴƪƻǾradiation
ω Multiple scattering



Particle-Matter Interactions

ω In matter electrons and photons loose energy
interactingwith nuclei andatomicelectrons

ω Main photon interactionswith matter:
ω Photoelectriceffect
ω Compton scattering
ω Pairproduction

ω Main electroninteractions with matter:
ω Ionization
ω Bremsstrahlung
ω 2ŜǊŜƴƪƻǾradiation
ω Multiple scattering

Bremsstrahlung

Pair production

At collidersinterestingelectronsand

photonshaveusually E >1 GeV



Particle-Matter Interactions

ω In matter electrons and photons loose energy
interactingwith nuclei andatomicelectrons

ω Main photon interactionswith matter:
ω Photoelectriceffect
ω Compton scattering
ω Pairproduction

ω Main electroninteractions with matter:
ω Ionization
ω Bremsstrahlung
ω 2ŜǊŜƴƪƻǾradiation
ω Multiple scattering

Bremsstrahlung

Pair production

Theseprocessesarethe basisof the

electromagneticshower



ElectromagneticShower

ω Electrons and photonscreatea cascade (shower) of particles
ω Numberof particlesN
ω Is proportional to the energy of the incomingparticle
ω Increasesuntil the energyof the electroncomponentfallsbelow Ec

(criticalenergy ~5-10MeV)
ω With E< E a slowdecreasein numberof particlesoccurs aselectronsarec

stopped andphotonsabsorbed
ω Longitudinalextension of the shower is proportional to ln(E/ Ec)



ElectromagneticShower

The evolution of an electromagnetic shower through a material is dictated by:
ω Radiation length(ὢ) :
ω aŜŀƴ ŘƛǎǘŀƴŎŜ ƛƴ ǿƘƛŎƘ ŀƴ ŜƭŜŎǘǊƻƴ ǿƛƭƭ ƭƻǎŜ ŀƭƭ ōǳǘ мκŜ ƻŦ ƛǘǎ ŜƴŜǊƎȅ
ω лΦту ƻŦ ƳŜŀƴ ŦǊŜŜ ǇŀǘƘ ƻŦ ŀ ǇƘƻǘƻƴ όǇƘƻǘƻƴ ǎƘƻǿŜǊǎ ǿƛƭƭ ǎǘŀǊǘ ƭŀǘŜǊύ

ω Moliere radius (ὓ ):
ω фл҈ ƻŦ ǎƘƻǿŜǊϥǎ ŜƴŜǊƎȅ ƛǎ ŎƻƴǘŀƛƴŜŘ ǿƛǘƘƛƴ ŀ ŎȅƭƛƴŘŜǊ ƻŦ ǊŀŘƛǳǎ Ґ м aw
ω н ὓ contain 95% of its energy
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/ŀƭƻǊƛƳŜǘŜǊΩǎDesignCharacteristics

ω Sizeof the detector: the longitudinaldepth ofthe detectoris dictatedby
X andis driven by the required resolution0

ω SmallX0allows to reduce calorimetersize(compactness)

ω Cell size: typically chosen such that 70-80%of energyof a centrally
incomingparticle is depositedin the cell, while havingenergyin the
neighbouringcellslarge enoughto measurethe centreof gravity
coordinates
ω Relatedto MR

ω Granularity: sizeof detectorelements
in thetransverseandlongitudinal

direction, which determinesthe ability

to resolvetwo showersinducedby
nearby particlesasdistinct.It depends
on the shower size,distancefrom the
interactionpoint and transversesizeof
detectorelements/cells



LHC Requirementsfor Calorimeters

ω Fastresponse (25 nsor faster)and highgranularity, to reduce pile-up
inducednoise

ω Radiation-harddetectorsand electronics

ω Hermetic and cover the full azimuthal angleandrapidity range,to tag
very forward jets and wellmeasurethe missingenergy

ω Excellent electromagneticenergy
resolution
ω Todetect the two photondecay of

an intermediatemassHiggs(golden
channeltogether with HҦZZ Ҧ4l)



ECAL Energy Reconstruction

ω Energyin the ECALobserved as apulse
as the photonsfrom the shower arrive
over time
ω This pulse shape is converted to an

energy(E θ A,signal channel
amplitude)

ω In case of out-of-time pile-up events,
multiple pulses from different bunch
crossingsaregenerated
ω They lead to an apparent increased

amplitude measurement

ω The amplitudesof different pulses are
resolvedby fitting the multiple pulse
shapes simultaneously



Electronand PhotonReconstruction

ω Firststepis to constructindividualparticlesfrom the reconstructed energy
deposits (clustering)

ω The clusteringprocedure looksfor localmaxima abovea giventhreshold (1 GeV)
ω Energiesbetween overlapping adjacent clusters areshared



Clusteringof CrystalsEnergy

ω Found5 clusters in this region of the ECAL
ω Eachonerepresentsthe energy depositsof a particle (electron/photon)
ω In practicenot this clean: often clustershavea verylarge numberof crystalswith

smallenergy fraction



Superclusters

ω An electron or photon when it arrivesto ECAL,maybe accompaniedby multiple
secondaryparticlescreatedthroughinteractionswith matter on the wayto ECAL

ω Superclustering(clusteringon clusters)aimsto combinethe individual electrons
and photonsinto a single object, correspondingto the original electron/photon

ω It startsby takingthe highestenergycluster(in this case the light blueone) and
looksfor compatibleclusters



ElectronTrackReconstruction

ω Electrons leavea signal inboth tracker and calorimeter
ω Electron trackshavechangingcurvaturebecauseof radiativeenergyloss dueto

bremsstrahlung
ω A dedicated tracking algorithmknownas GSFtracking is usedto takeinto

accountthesechangesin thecurvature
ω Used to associateadditionalbremsstrahlung radiation andphoton conversion

tracksto the supercluster

Bremsstrahlung Pair production



Refined Superclusters

Recoverof a very soft bremsstrahlung
photon into the refined supercluster

ω Refined superclustersuse the information from the tracker, to beable to link
bremsstrahlungemissionsto missedECALdeposits and reject some clusterswhich

arehighlyincompatible with its matched tracks



Energy Corrections

ω Energydeposited by electronsand
photonsin theECALand collected
in superclustersissubjectto losses
ω Energylost in gaps
ω Large amount ofmaterial

upstreamof thecalorimeter
ω Calorimetermeasurements

moresensitiveto pileup than
tracking.

ω Tocalibratethe reconstructed
energy back to generatedenergya
correction procedure is needed
ω Based onsimulation
ω Usesmachine learning

techniques
ω Applied on dataand MC



ReconstructionPerformance

Electronreconstruction
efficiency is higherthan 95%
for E > 20GeV andisT

compatiblebetween data and
simulationwithin 2%



Electronand PhotonIdentification

ω Severalvariablesaredeveloped to separateelectrons/photonsfrom
background(jets,photonconversions,particlesfrom secondaryvertices)

ω They exploitthat electrons/photons aresingleobjectswhicharealmostfully

contained in the ECAL

ω Many different types:

ω Shower-shape variables

ω Trackmatchingvariables

ω ConversionIDvariables

ω Isolation variables



Electronand PhotonIdentification

ω Severalvariablesaredeveloped to separateelectrons/photonsfrom
background(jets,photonconversion, particlesfrom secondaryvertices)

ω They exploitthat electrons/photons aresingleobjectswhicharealmostfully

contained in the ECAL
Arethe energy depositsin

ω Many different types:

ω Shower-shapevariables

ω Trackmatchingvariables

ω ConversionID variables

ω Isolationvariables

the calorimeterscompatible
with comingfrom a single
electron/photon?

Doesthe ECALdeposit
havea compatibletrack?

Arethe trackscompatible with coming
from the collision point? Or do they
appear later on inthe tracker?

Is there a large amount
of other particles
nearby the
electron/photon?



ShowerShape Variables:̀i íʹ

ω ì í ís one of the most important electron/photon ID variables in CMS

ω It measuresthe spread of an electromagneticshoweralong ieta direction

ω A 5x5 arrayof crystalsis the areawhere an electron/photonis almost

fully contained



ShowerShape Variables:H/E

ω H/E is the ratio of the hadronicenergyto the electromagneticenergy

ω Excellent IDvariable usedin electronand photonidentification

ω Verywell modelledin simulation



ConversionID Variables: R9

ω 5x5matrix contains 96.5%(97.5%)of unconverted photonenergyin EB (EE)

ω R is the energysumof the 3Ҏ3 crystals centredon the mostenergetic9

crystalin the superclusterdivided bythe energyof the supercluster

ω R helps in conversionsƛŘŜƴǘƛŬŎŀǘƛƻƴandto distinguishrealphotonsfrom9

0̄



Jet Reconstruction

(Slides are resused from https:// indico.cern.ch/event/975141/)



Event Reconstruction

1. Build muon candidates (not shown), tracks, and 
calorimetry clusters

2. Link tracks and the calorimetry clusters based 
on spatial proximity

3. Identify 'charged hadron candidates' among 
the links by associating calorimetric energy to 
track momenta, when tracks are close
4. 'photon' and 'neutral hadron' candidates 
from excess energy



Particle Flow Event Reconstruction

иШÅĲĦŸŰƚƣƖƨĦƣШĦőċƖŊĲĬоŰĲƨƣƖċũШ
hadrons, ‎ȟÅȟ‘
иШŉƨũũǃШĲǂƓũŸŔƣШƣƖċĦťŔŰŊШƖĲƚŸũƨƣŔŸŰШ
and fine ECAL granularity
иШŸƓƣŔůċũШĦŸůĤŔŰċƣŔŸŰШŸŉШƣƖċĦťШċŰĬШ
calorimetry resolution



Particle Flow Event Reconstruction



Jet Clustering

Event reconstruction provides  list of particle 
candidates
иШ ĲĲĬШƣŸШĦŸƖƖĲũċƣĲШѣƚƓƖċǃƚѣШŸŉШƓċƖƣŔĦũĲƚШŉƖŸůШ
hadronization (jets) with the initial partons of 
the hard scatter event
иШÑőŔƚШŔƚШĬŸŰĲШĤǃШѢƚĲƕƨĲŰƣŔċũѢШŢĲƣШĦũƨƚƣĲƖŔŰŊШ
algorithms:
иШfĬĲŰƣŔŉǃШƚĲĲĬƚШċŰĬШĬĲƻŔƚĲШċШƖĲĦƨƖƚŔƻĲШ
procedure to associate other particles 
until the whole event is clustered
иШ9ŸŰƣƖŸũũĲĬШĤǃШċŰШċŰŊƨũċƖШĬŔƚƣċŰĦĲШ
measure e.g. AR=0.4 ('slim' jets) or 
0.8/1.0/1.2 ('fat' jets) that defines the 
angular size of the jets



Jet Clustering



Jet Algorithms



Jet Substructure



Tagged Jets


