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Large Large HadronHadron Collider (LHC)Collider (LHC)



9090%% 10%10%

~4.5%~4.5%
~29%~29%

~66.5%~66.5%

need to reconstruct and identify
• electrons, muons
• missing ET (neutrinos)
• b-jets
• light jets (u,d,c,s)

NLO Cross-section for tt~ production at LHC is σ(tt)~830pb

Striking Features of top quarkStriking Features of top quark
Heaviest particle (spin Heaviest particle (spin ½½, charge 2/3), charge 2/3)

Origin of mass, EWSB, HiggsOrigin of mass, EWSB, Higgs

Short life time (Short life time (ττtoptop ==1/1/ΓΓtoptop, , ττhadhad=1=1/Λ/ΛQCDQCD))

No bound stateNo bound state

Yukawa couplingYukawa coupling--unityunity

Top Quark Properties, Production and DecayTop Quark Properties, Production and Decay



Compact Compact MuonMuon Solenoid Detector (CMS)Solenoid Detector (CMS)



Highly boosted top quarks                         decay back-to-back

Higher top boost small opening angle of W-boson and 

b-quark

High Pt top quarks                       large probability of jets overlaping in 

space. 

Invariant mass of the objects in  larger cone around the top quark 

direction of flight and then correlation with the real top mass. 

Top quark needs to have a larger : Pt > 200 Pt > 200 GeVGeV.

Reduces the combinatorial background.

The systematic effects due to jet energy calibration and gluon effects

Potential to reduce the systematic errors

Boosted Top Quark AnalysisBoosted Top Quark Analysis



)( μν =→→ −+ lblqbqbWbWtt

no of no of eventsevents
WithWith pilepile--upup

Int  Int  luminosityluminosity
fbfb--11

XX--sectionsection
pbpb

4953549535 7.237.23 6.856.85

μμνqqbbbWbWtt →→ −+

PPtt
toptop > 200 > 200 GeVGeV, |, |ηη| < 3.0| < 3.0

PPtt
antianti--toptop > 200 > 200 GeVGeV, |, |ηη| < 3.0| < 3.0

PPtt
μμ > 30 > 30 GeVGeV, |, |ηη| < 2.0| < 2.0

PPtt
qq > 20 > 20 GeVGeV, |, |ηη| < 2.5| < 2.5

)( μν =→→ −+ lblqbqbWbWtt

X-section approximately 1% of the total tT cross-
section

Fast simulation based samples

165 Top mass point = 20K 
events

175 Top mass point = 50K 
events

185 Top mass point = 20K 
events

Pile-up events are included

Event Selection at Event Selection at PartonicPartonic LevelLevel



Pt
top MC ηtop ΔR(q,qbar) Pt

W

ΔR(top,b-par) ΔR(top,W) ΔR(top, min W-quarks) ΔR(top, max W-quarks)

Distributions at Vertex LevelDistributions at Vertex Level



combined b-tag discriminatorleptonic W reco mass

MET-> Missing Transverse Energy

MET > 30 GeV

At least 1  iso. muon, Pt>20 GeV, |η|<2.0

combined b-tag disc. < 1.0

(60% b-tag efficiency)

Reconstruction TechniquesReconstruction Techniques



Leading jets and muons Pt distributions

Leading light jets Pt
Pt

jets > 20 GeV

Leading b-jets Pt
Pt

b-jets > 20 GeV

ΣPttrks/Ptμ) < 5% 
(ΔR=0.01-0.2)

Efficiency > 92%

Muon Isolation 
Criteria
Pt > 30 GeV

Leading jets and Leading jets and muonsmuons PPt SpectrumSpectrum



2 light jets corresponds to 2 quarks from W boson

Four possible jet combinations

Take best combination

Correctly matched if ΔR < 0.4

worst of 2 quarks

matching angles

(J1,j2), (q1, q2)

***************

(J1,q1), (j1,q2)

(j2, q1), (j2,q2)

ΔR(j1,q1)

ΔR(j1,q2)

ΔR(j2,q1)

ΔR(j2,q2)
I1=Max (ΔR(j1,q1),ΔR(j1,q2))
I2=Max (ΔR(j2,q1),ΔR(j2,q2))
Min(I1, I2)<0.4

Identifications of correct jets (JetIdentifications of correct jets (Jet--Parton Matching)Parton Matching)



KinematicalKinematical cutscuts SelectionSelection
efficiencyefficiency %%

No. of No. of eventsevents

BeforeBefore selectionselection 100100 4953549535

no of iso.  muonsno of iso.  muons 93.693.6 4637046370

≥≥ 1 iso muon P1 iso muon Ptt > > 
30 30 GeVGeV

92.792.7 4592045920

≥≥ 1 1 recoreco light jets Plight jets Ptt
> 20 > 20 GeVGeV

91.191.1 4511745117

≥≥ 2 2 recoreco light jets light jets 
||ηη| < 2.5| < 2.5

73.673.6 3648436484

≥≥ 1 b1 b--jet Pjet Pt t > 20 > 20 
GeVGeV

55.655.6 2754327543

≥≥ 2 b2 b--jets |jets |ηη| < 2.5| < 2.5 18.618.6 92149214

||mmjjjj –– mmWW
nomnom| < 20 | < 20 

GeVGeV
8.58.5 42354235

Top Quark Selection: Leading jets TopologyTop Quark Selection: Leading jets Topology

mmWW
nomnom = 65.24 (= 65.24 (gaussiangaussian fittedfitted

correctlycorrectly jetjet--parton parton matchingmatching))

1 quark matched = 42.7%
2 quarks matched = 18.17%

bb--jet jet withwith biggestbiggest angle angle wr.twr.t
muon muon calledcalled HadronicHadronic bb--jets jets 



Right

Wrong

MMjjbjjb(P(PTT
toptop>200 >200 GeVGeV))

Top Quark Selection: Leading jets TopologyTop Quark Selection: Leading jets Topology

First peak from the wrong jet 
combination

Exchanging the leptonic b-jet into 
hadronic b-jet

One of the 4 leading jets could be 
coming from the gluon radiation

Soft QCD events

Second peak corresponds to the 
correct combinations, because at 
preselection level we demand high Pt 
jets



Invariant mass of all calorimeters clusters in Δη × Δϕ around top 
direction

EEii representsrepresents total total energyenergy of the of the ithith clustercluster

nDRnDR runsruns over all clusters over all clusters withinwithin selectedselected conecone sizesize

PPii itsits 33--momentamomenta vectorvector

KnownKnown:   :   E,E,ηη, , ϕϕ about clustersabout clusters

AssumptionsAssumptions: : consideringconsidering particlesparticles to to bebe massmass--lessless
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Calorimetric Clusters Reconstruction MethodCalorimetric Clusters Reconstruction Method



Reco clusters pseudo-rapidy Calorimeters identifications



Clusters Transverse Energy DepositionClusters Transverse Energy Deposition



• All clusters opening angle 
w.r.t reco. Top quark flight 
direction.



ElectromagneticElectromagnetic CalorimeterCalorimeter

Underlying Event Estimation Method Underlying Event Estimation Method 
Jet 
Isolation

<Et> / cluster (MeV)
< no of clusters > / high Pt event

|η| <0.7 |η| < 1.4 |η| < 2.1 |η| < 3.0 |η| > 3.0 |η| < 5.0

ΔR = 0.7 626.89
38

509.19
88

445.77
134

363.00
229

236.77
182

326.78
352

ΔR = 0.8 623.07
33

503.17
80

439.69
125

356.43
218

236.76
181

321.39
33

ΔR = 0.9 618.47
29

496.66
73

433.11
116

349.36
180

236.69
330

315.67
208

ΔR = 1.1 614.85
22

485.24
22

420.82
22

335.58
22

236.35
22

304.62
22

ΔR = 1.5 599.83
8

459.49
28

394.11
56

306.64
136

237.03
169

283.05
53

HadronicHadronic CalorimeterCalorimeter

It is not only minimum bias 
even!

The underlying event is 
everything except the two 
outgoing hard  scattered jets

In a hard scattering process, 
the underlying event has a hard 
component (initial+final state 
radiation and particles from the 
outgoing hard scattered partons) 
and a soft component (beam-
beam remnants)



Top mass Top mass MMclusclus
toptop and and UEUEclusclus subtractionsubtraction

With 50,000 events which corresponds to 7.2 fbWith 50,000 events which corresponds to 7.2 fb--11, one can expect , one can expect 
a statistical uncertainty about dm=1a statistical uncertainty about dm=1--1.5 1.5 GeVGeV on top mass.on top mass.

After UE SubtractionAfter UE Subtraction
Before UE SubtractionBefore UE Subtraction



Summary of Expected Systematic Summary of Expected Systematic 

Source
Of uncertainity

Δmtop(GeV/c2)

Re-calibration
Electronic noise
ISR on/off
FSR on/off
B-quark fragmentation
UE estimate (+-10%)
Cluster mis calibration:+-1(5)%
Calorimeter: e/h=1.25 (1.63)

0.9
1.2
0.14
0.07
0.3
1.34
0.7(1.3)
0.8(0.3)



•• A new A new methodmethod for for UnderlyingUnderlying eventevent (UE) (UE) isis developeddeveloped

•• An An alternatealternate methodmethod for top mass reconstruction in CMS for top mass reconstruction in CMS isis

presentedpresented, , stronglystrongly dependsdepends on  on  CalorimetersCalorimeters..

•• AnalysisAnalysis basedbased ((PPtt
toptop > 200 > 200 GeVGeV) ) withwith Full and Full and FastFast Simulation of Simulation of 

CMS detector CMS detector isis performedperformed..

•• StatisticalStatistical errorerror 11--1.5 1.5 GeVGeV on top mass on top mass isis determineddetermined..

SummarySummary



BACKUP SLIDESBACKUP SLIDES



Nominal mass—fitted mass ~ 65 GeV

SameSame mmWW
nominalnominal usedused in all in all selectionsselections (JPM)(JPM)



Calibrated Top Quark mass Calibrated Top Quark mass Mjjb

• Peaks are shifted towards the nominal Top mass



Three approaches to select events
+   jet combination (for top direction)

Leading jets   > =  2 b-tagged jets, > =  2 non b-tagged jets

Exactly 4 jets, =2 b-tagged jets, = 2 non b-tagged jets

> 2 leading b-jets, 2 light jets with mjj closest to W mass

Introducing three Approaches for jets SelectionIntroducing three Approaches for jets Selection



KinematicalKinematical cutscuts SelectionSelection efficiencyefficiency
%%

No. of No. of 
eventsevents

BeforeBefore selectionselection 100100 4953549535

no of iso  muonsno of iso  muons 93.693.6 4637046370

≥≥ 1 iso muon P1 iso muon Ptt > 30 > 30 
GeVGeV

92.792.7 4591645916

≥≥ 1 1 recoreco light jets Plight jets Ptt > > 
20 20 GeVGeV

92.792.7 4591545915

ExectlyExectly 4 jets 4 jets ||ηη|| < < 
2.52.5

21.321.3 1055110551

ExectlyExectly 2 light jets 2 light jets 8.08.0 39413941

ExectlyExectly 2 b2 b--jetsjets 8.08.0 39413941

||mmjjjj –– mmWW| < 20 | < 20 GeVGeV 3.93.9 19371937

Top Quark Selection: Four jets TopologyTop Quark Selection: Four jets Topology

1 quark 1 quark matchedmatched = 20.98%= 20.98%
2 quarks 2 quarks matchedmatched = 43.26%= 43.26%

HadronicHadronic top selectiontop selection
Four highest Pt jets selectionFour highest Pt jets selection
bb--jets identification with bjets identification with b--taggingtagging

Two  light jets invariant mass Two  light jets invariant mass 
reconstructionreconstruction

HadronicHadronic bb--jet requires jet requires 
for away from isolated for away from isolated muonmuon with with 

maximum distance 0.4 maximum distance 0.4 
or or closestsclosests to light jetsto light jets



KinematicalKinematical cutscuts SelectionSelection
efficiencyefficiency %%

No. of No. of 
eventsevents

BeforeBefore selectionselection 100100 4953549535

no of iso muons, no of iso muons, PPtt > > 
30 30 GeVGeV, |, |ηη|| < 2.0< 2.0

92.792.7 4592045920

2 2 jjjj W, W, PPtt > 20 > 20 GeVGeV, , 
||ηη|| < 2.5< 2.5

73.673.6 3648436484

≥≥ 2 b2 b--jets Pjets Ptt > 20 > 20 
GeVGeV, , ||ηη|| < 2.5< 2.5

18.618.6 92149214

||mmjjjj –– mmWW| < 20 | < 20 GeVGeV 11.911.9 59175917

Top Quark Selection: Top Quark Selection: j+jj+j WW

1 quark matched = 20.76%
2 quarks matched = 40.6%



Mean    241.7
Meany   159.2
RMS     45.49
RMSy   63.27
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Leading jet Approach: Pt DependenceLeading jet Approach: Pt Dependence
Right combinationsWrong



CommentsComments on on MMjjbjjb
Study based on shape of distributions for top direction determination

Explored three types of selection criteria for hadronic top mass reconstruction

Four jets selection results low efficiency with higher W purity

Jets with invariant mass close to W have higher efficiency with intermediate
purity of W

Leading jets selection gives sharp and narrow dist. shape with less long tail
behaviour and reasonable selection efficiency

MMjjbjjb(P(PTT
toptop>200 >200 GeVGeV))




