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StudyingStudying thethe toptop

The LHC will be a topThe LHC will be a top--factoryfactory
The NLO production crossThe NLO production cross--section is about 830 section is about 830 pbpb. At L=2. At L=2••10103333::

→→ 2 tt events per second !2 tt events per second !
→→ more than 10 million tt events expected per year: more than 10 million tt events expected per year: 

perfect place for precision physicsperfect place for precision physics

Is it Is it ‘‘standardstandard’’ physics?physics?
•• The top turns ten years, but still so The top turns ten years, but still so 

little known about itlittle known about it……
•• Its large mass gives unique featuresIts large mass gives unique features

for the investigation of EW symmetryfor the investigation of EW symmetry
breaking and physics beyond the SM breaking and physics beyond the SM 

•• Hope it will be the key for revealing Hope it will be the key for revealing 
new physics at the LHC.new physics at the LHC.
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ManyMany goodgood reasonsreasons

3. Essential tool for calibration:3. Essential tool for calibration:
jet energy scale (b, light jets)jet energy scale (b, light jets)
bb--tagging calibrationtagging calibration

2. New physics potential:2. New physics potential:
enormous mass, close to the EW scaleenormous mass, close to the EW scale
larger coupling with Higgslarger coupling with Higgs
perfect place where new physics could manifest perfect place where new physics could manifest 
itself (in production and decay)itself (in production and decay)

direct

indirect

EX
CL

UD
ED

EX
CL

UD
ED

excellent understanding of standard physics is excellent understanding of standard physics is 
essential to search for new physics and for essential to search for new physics and for 
any claim of discovery !any claim of discovery !

Production (diff.)Production (diff.)
crosscross--sectionsection

t masst mass

W, t W, t helicitieshelicities

Decay modesDecay modes

1. Precision physics measurements:1. Precision physics measurements:
many measurements in the production many measurements in the production 

and the decay phaseand the decay phase
place where to best constrain the SM !place where to best constrain the SM !

EW EW radiativeradiative corrections     mcorrections     mtt
22∝
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GettingGetting readyready

In preparation for data taking, CMS is also completing its PhysiIn preparation for data taking, CMS is also completing its Physics TDR.cs TDR.
This has been the time to refine/prepare software, tools and anaThis has been the time to refine/prepare software, tools and analysis lysis 
techniques to be ready when the first data will arrive.techniques to be ready when the first data will arrive.

Main focus on:Main focus on:

RRobust software architecture for event simulation and reconstructobust software architecture for event simulation and reconstructionion
•• aim to have first results with full detector simulation in the aim to have first results with full detector simulation in the Physics TDRPhysics TDR

Sound and complete event generation, or know how to do itSound and complete event generation, or know how to do it
•• massive event generation and simulation with upmassive event generation and simulation with up--toto--date generation toolsdate generation tools
•• getting experience on the needs (tools/computation) for real angetting experience on the needs (tools/computation) for real analyses.alyses.

SSound strategies for assessing ound strategies for assessing systematicssystematics from theory and detectorfrom theory and detector
•• common (between analyses and eventually experiments for theory)common (between analyses and eventually experiments for theory)

determination of determination of systematicssystematics is highly desirable. Work ongoing.is highly desirable. Work ongoing.

→→ Many results are being completed in these months, still it is poMany results are being completed in these months, still it is possible to givessible to give
an overview of what we have been doing and what we should exan overview of what we have been doing and what we should expect. pect. 
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GenerationGeneration/simulation /simulation setupsetup

The event generation setup in CMS is steadily moving towards a mThe event generation setup in CMS is steadily moving towards a more complete ore complete 
and realistic data simulation.and realistic data simulation.

•• From PYTHIA to From PYTHIA to ToprexToprex for top spin correlation.for top spin correlation.
•• Define a common setDefine a common set--up for input parameter and up for input parameter and ‘‘environmentalenvironmental’’ settings in settings in 

PYTHIA:PYTHIA:
•• radiation and radiation and hadronizationhadronization/fragmentation/fragmentation

→→ use LEP tuninguse LEP tuning
•• minimum bias and underlying eventminimum bias and underlying event

→→ PYTHIA tuning to PYTHIA tuning to TevatronTevatron and lower energy data from UA5and lower energy data from UA5
•• PDF descriptionPDF description

→→ CTEQ6L/M for central value and study of CTEQ6L/M for central value and study of systematicssystematics
•• Use a better ME description where needed Use a better ME description where needed ––CompHEPCompHEP, ALPGEN, ALPGEN-- (next slide)(next slide)

Full simulation is entirely GEANT 4 based.Full simulation is entirely GEANT 4 based.
→→ validated on test beam data and with previous simulation GEANT validated on test beam data and with previous simulation GEANT 3 based 3 based 

→→ More than 10M SM events produced in the last months More than 10M SM events produced in the last months 
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In CMS a large production of SM processes using In CMS a large production of SM processes using 
ALPGEN has also been launched ALPGEN has also been launched O(10O(10--20M events)20M events)::
(LO ME plus (LO ME plus partonparton--jet matching to avoid double counting jet matching to avoid double counting 
in exclusive samples)in exclusive samples)

They will be used to They will be used to validate results, study validate results, study 
backgrounds and backgrounds and systematicssystematics with more detailswith more details

Hard Hard processprocess descriptiondescription

W/Z+N jets W/Z+N jets (N=0,1,2,3,4,5,6+)(N=0,1,2,3,4,5,6+)
WW/WZ/ZZ+N jetsWW/WZ/ZZ+N jets (N=0,1,2,3,4+)(N=0,1,2,3,4+)
tt+N jetstt+N jets (N=0,1,2,3,4+)(N=0,1,2,3,4+)
N jetsN jets (N>1)(N>1)
bbbb+N jets+N jets (N=0,1,2,3,4,5,6+)(N=0,1,2,3,4,5,6+)
Z/W+Z/W+bbbb+N jets+N jets (N=0,1,2,3,4+)(N=0,1,2,3,4+)
Z/W+Z/W+McMc+N jets+N jets (N=0,1,2+; M=2)(N=0,1,2+; M=2)
bbbbbbbb+N jets+N jets (N=0,1,2,3,4+)(N=0,1,2,3,4+)
ttbbttbb
γγγγ+N jets+N jets (N=0,1,2,3,4,5,6+)(N=0,1,2,3,4,5,6+)

The study of top production involves final The study of top production involves final 
states with many jets/states with many jets/partonspartons..

→→ better to describe the processes with the better to describe the processes with the 
highest matrix elements (ME) possible order. highest matrix elements (ME) possible order. 

→→ this is true for the this is true for the tttt signal, but even more signal, but even more 
so for the background (esp. W/so for the background (esp. W/Z+jetsZ+jets).).

ALPGENALPGEN
MC@NLOMC@NLO

log(plog(pTT(tt))(tt))

courtesy of M. courtesy of M. ManganoMangano

hephep--ph/0305252ph/0305252

 TeV  96.1=s
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Top production Top production andand decaydecay atat thethe LHCLHC

Measuring the rates tests production and Measuring the rates tests production and 
decay mechanisms at the same timedecay mechanisms at the same time

90%90% 10%10%

Top production at the LHC happens mainly via gluon fusion:Top production at the LHC happens mainly via gluon fusion:

The top in the SM decays into The top in the SM decays into W+bW+b, leading to different signatures, leading to different signatures

~100%~100%

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

~46%~46%

need to reconstruct and identifyneed to reconstruct and identify
•• electronselectrons
•• muonsmuons
•• bb--jetsjets
•• light jetslight jets
•• missing Emissing ETT

→→ Excellent energy flow is mandatoryExcellent energy flow is mandatory
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TriggeringTriggering on topon top
Trigger efficiency is an issue at Trigger efficiency is an issue at hadronichadronic machinesmachines
The inclusive triggers allow to explore as much as possible the The inclusive triggers allow to explore as much as possible the wide range of wide range of 
standard physics final statesstandard physics final states

•• isolated leptons, many jets and missing ET, also b/isolated leptons, many jets and missing ET, also b/ττ tagging possible with the tagging possible with the 
inclusion of tracking devices in the second level triggerinclusion of tracking devices in the second level trigger

Generally no big problems for top pair production in (Generally no big problems for top pair production in (semi)leptonicsemi)leptonic channels. channels. 

The most difficult is the fully The most difficult is the fully hadronichadronic
final state:final state:

Lower the thresholds and make use of aLower the thresholds and make use of a
fast pixel bfast pixel b--tagging requiring 2 tracks in tagging requiring 2 tracks in 
a jet with IP significance exceeding 2a jet with IP significance exceeding 2σσ
Additionally use the regional full track Additionally use the regional full track 
reconstruction requiring 3 tracks with reconstruction requiring 3 tracks with 
IP significance of at least 2.5IP significance of at least 2.5σσ
Signal efficiency ~15% with S/B~1/160Signal efficiency ~15% with S/B~1/160

5237Inclusive b-jets  

386Inclusive tau jet

219, 45Electron + jet

180,123

657, 247, 113

29

19

Threshold (GeV)

5

9

33

25

Rate (Hz)

Jet + missing E

Single Jet, 3 Jet, 4 Jet

Isolated electron

Isolated muon

Trigger object 

lowlow luminosityluminosity HLT trigger tableHLT trigger table
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DiDi--leptonlepton eventevent selectionselection

Selection is cut based:Selection is cut based:
Single or Single or didi--lepton triggerlepton trigger
Two isolated oppositely charged Two isolated oppositely charged 
leptons with Eleptons with ETT>20 >20 GeVGeV and and 
⏐η⏐⏐η⏐<2.5<2.5
Missing EMissing ETT>40 >40 GeVGeV
At least two jets with EAt least two jets with ETT>20 >20 GeVGeV
and and ⏐η⏐⏐η⏐<2.5<2.5
Two tightly bTwo tightly b--tagged jetstagged jets

)(
)()3.0(

eE
eERE

T

TT −<Δ )()3.0( μTT ERE −<Δ

Main background represented by Main background represented by Z+jetsZ+jets
when no bwhen no b--tagging is present.tagging is present.
→→ cut the Z peak for leptons of same cut the Z peak for leptons of same flavourflavour

With tight bWith tight b--tagging, efficiency about 5%tagging, efficiency about 5%
(15% without b(15% without b--tagging) with excellent tagging) with excellent 
background reductionbackground reduction
→→ S/B~5 (B mainly from S/B~5 (B mainly from leptonicleptonic ττ decays)decays)

electronselectrons

muonsmuons
22 ϕη Δ+Δ=ΔR
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SemileptonicSemileptonic eventevent selectionselection
Selection is cut based: Selection is cut based: 

Single lepton triggerSingle lepton trigger
One isolated lepton with EOne isolated lepton with ETT>20 >20 GeVGeV and and ⏐η⏐⏐η⏐<2.5<2.5
Exactly four jets with EExactly four jets with ETT>30 >30 GeVGeV and and ⏐η⏐⏐η⏐<2.4<2.4
Exactly two tightly bExactly two tightly b--tagged jets (P>60%)tagged jets (P>60%)
Exactly two anti bExactly two anti b--tagged jets (P<30%)tagged jets (P<30%)

Main background represented by Main background represented by W+jetsW+jets
(to a minor extent (to a minor extent Z+jetsZ+jets and and didi--bosons)bosons)

→→ Efficiency about 4% with excellent background Efficiency about 4% with excellent background 
reduction (S/B~4)reduction (S/B~4)

Further improvement can be obtained by aFurther improvement can be obtained by a
mass cut after the full event reconstructionmass cut after the full event reconstruction
Jet pairing via a likelihood ratio technique based on:Jet pairing via a likelihood ratio technique based on:

•• χχ22 of the constrained fit imposing the W massesof the constrained fit imposing the W masses
•• transverse momentum of the resulting topstransverse momentum of the resulting tops
•• difference between the fitted and the reconstructed difference between the fitted and the reconstructed 

W boson masses W boson masses 
•• ΔΔR between the lepton and the R between the lepton and the hadronichadronic bb

•• the b tagging probabilitiesthe b tagging probabilities
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FullyFully hadronichadronic channelchannel
Selection is cut based: Selection is cut based: 

Any jet trigger with fast bAny jet trigger with fast b--tag (either with pixelstag (either with pixels
or with regional track finding) on one of the twoor with regional track finding) on one of the two
most energetic jetmost energetic jet
6 to 8 jets with E6 to 8 jets with ETT>30 >30 GeVGeV and and ⏐η⏐⏐η⏐<2.4<2.4
KinematicKinematic selection:selection:

•• centrality of the eventcentrality of the event
•• non leading jets total Enon leading jets total ETT
•• aplanarityaplanarity

Separately consider singly and doublySeparately consider singly and doubly bb--tagged tagged 
eventsevents

Main background is given Main background is given 
by QCDby QCD

Efficiency about 2Efficiency about 2--3% 3% 
with S/B~0.15with S/B~0.15--0.250.25
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SystematicSystematic uncertaintiesuncertainties

In the (not so) long run the determination of total and differenIn the (not so) long run the determination of total and differential toptial top--pair pair 
crosscross--sections will be dominated by systematic errors.sections will be dominated by systematic errors.
The most important are expected to be:The most important are expected to be:

Luminosity:Luminosity:
•• Reasonable goal is 5% Reasonable goal is 5% 

((→→ measuremeasure thethe numbernumber ofof interactions interactions perper bunchbunch crossingcrossing (HF) (HF) andand σσ(pp) (TOTEM)(pp) (TOTEM)))

Theory related:Theory related:
•• Radiation descriptionRadiation description ((→→ varyvary ΛΛQCDQCD andand QQ22

maxmax))

•• Minimum bias and underlying eventMinimum bias and underlying event ((→→ extrapolation extrapolation errorerror fromfrom lowlow energyenergy data)data)

•• PDF PDF parametrizationparametrization ((→→ CTEQ6M)CTEQ6M)

Reconstruction related:Reconstruction related:
•• Jet energy scaleJet energy scale ((→→ ECAL: 0.5%, HCAL: 1ECAL: 0.5%, HCAL: 1--2%, jet 2%, jet energyenergy calibration to a calibration to a fewfew %)%)

•• bb--tagging tagging efficiency+fakeefficiency+fake raterate ((→→ use tt for calibration: to 4use tt for calibration: to 4--5% 5% withwith 10/fb)10/fb)

•• Lepton identification and energy scaleLepton identification and energy scale

Work is ongoing to provide sound estimates for the Physics TDR.Work is ongoing to provide sound estimates for the Physics TDR.
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Challenges Challenges atat thethe startstart--upup

Pilot run in 2007 without ECAL endPilot run in 2007 without ECAL end--caps and pixels.caps and pixels.
The first fbThe first fb--11 will be in 2008 with full detector: the main issue for interprewill be in 2008 with full detector: the main issue for interpreting ting 
the first data will come from imperfect alignment:the first data will come from imperfect alignment:

•• first data taking scenario (1 fbfirst data taking scenario (1 fb--11), opposed to long term data taking (10 fb), opposed to long term data taking (10 fb--11):):
→→ alignment of the tracker with data will be incomplete (e.g. isoalignment of the tracker with data will be incomplete (e.g. isolated lated μμ))

Pixels aligned to a 10 Pixels aligned to a 10 μμm level is good enough to have an acceptable degradation of m level is good enough to have an acceptable degradation of 
the bthe b--tagging performance.tagging performance.

The The systematicssystematics, in particular those detector, in particular those detector
related, will be worse by a factor ~2, but:related, will be worse by a factor ~2, but:

→→ Selection procedure basically works also Selection procedure basically works also 
for the first fbfor the first fb--11

→→ The top mass peak can be reconstructed The top mass peak can be reconstructed 
in matter of days in matter of days 

→→ Fast feedback on detector performance. Fast feedback on detector performance. 

Transverse impact Transverse impact 
parameter resolutionparameter resolution
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‘‘StandardStandard’’ use use ofof top pair productiontop pair production
TopTop--pair production will be extremely useful for standard precision pair production will be extremely useful for standard precision 
measurementsmeasurements……

•• top quark properties (mass, spin, charge) top quark properties (mass, spin, charge) 
[[→→ other talks in these sessions]other talks in these sessions]

•• constraining of constraining of PDFsPDFs
•• VVtbtb measurement (in addition to single top):measurement (in addition to single top):

measured by the ratio of double to single b tag of the selected measured by the ratio of double to single b tag of the selected events events 

within the SMwithin the SM

dominated by dominated by systematicssystematics on the bon the b--tagging efficiency and fake rate.tagging efficiency and fake rate.
•• measurement of coupling from measurement of coupling from ttZttZ and and ttttγγ production production 

Would be the first direct information on top couplings to neutraWould be the first direct information on top couplings to neutral l 
bosons.bosons.

……and a perfect workshop for calibrating reconstruction tools:and a perfect workshop for calibrating reconstruction tools:

•• bb--taggingtagging
•• jet energy scale jet energy scale 

2
222

2

)(
)()/( tb

tdtstb

tb V
VVV

V
WqtBR
WbtBRbbbR =

++
=

→
→=

→→ see Jan see Jan HeyninckHeyninck’’ss talktalk
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ExampleExample: gluon : gluon PDFsPDFs

With an accurate measurement of the topWith an accurate measurement of the top--pair pair 
production crossproduction cross--section the proton PDF can be section the proton PDF can be 
further constrained:further constrained:

•• a large range of x and Q2 can be probed:a large range of x and Q2 can be probed:
mm22=sx=sx11xx22 and y=1/2ln(xand y=1/2ln(x11/x/x22))

⇒⇒ xx1/21/2= e = e ±±yy m/m/√√ss

•• The dominant production mechanism for heavy The dominant production mechanism for heavy 
quarks (b and t) at the LHC is gluonquarks (b and t) at the LHC is gluon--gluon fusiongluon fusion

•• QCD there needs to be solidly understood QCD there needs to be solidly understood 

ττ=shat/s=shat/s

MRST NLOMRST NLO

tttt

Z
WW);,( 2

21,
, QxxpdfL

dy
d

dy
dN

ggqq
XggqqX ••= →σ

21xx=τ
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BeyondBeyond thethe SMSM
toptop--pair production will also be a probe for physics beyond the SM:pair production will also be a probe for physics beyond the SM:

•• nonnon--SM production (SM production (XX→→tttt))
→→ resonances in the resonances in the tttt system  (SM/MSSM Higgs, system  (SM/MSSM Higgs, technicolourtechnicolour, SEWSB), SEWSB)
→→ MSSM production MSSM production 

•• unique missing Eunique missing ETT signatures from signatures from 
•• nonnon--SM decay (SM decay (tt→→XbXb, , XqXq))

→→ charged Higgscharged Higgs
•• change in the top BR, can be investigated via direct evidence ochange in the top BR, can be investigated via direct evidence or viar via

deviations of R(deviations of R(ℓℓℓℓ//ℓℓ)=BR(W)=BR(W→→ℓℓνν) from 2/9 () from 2/9 (HH++→τν→τν,cs,cs).).
→→ FCNC t decays: FCNC t decays: tt→→Zq  Zq  tt→γ→γq  q  tt→→gqgq

•• highly suppressed in SM, less in MSSM, enhanced in some sectorhighly suppressed in SM, less in MSSM, enhanced in some sector
of SEWSB and in theories with new exotic fermionsof SEWSB and in theories with new exotic fermions

•• 5 sigma discoveries possible for BR down to 105 sigma discoveries possible for BR down to 10--44

•• nonnon--SM loop correction SM loop correction 
→→ precise measurement of the crossprecise measurement of the cross--sectionsection

•• σσtttt
NLONLO--σσtttt

LOLO/ / σσtttt
LOLO <10% (SUSY EW), <4% (SUSY QCD) <10% (SUSY EW), <4% (SUSY QCD) 

typical values, might be much bigger for certain typical values, might be much bigger for certain regions of theregions of the
parameter spaceparameter space

•• associated production of Higgsassociated production of Higgs
→→ ttHttH (next slide)(next slide)

tbttttg  ~  , ~  ,~ ~
1

0
2,1

+→→→ χχ
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ttHttH

The The YukawaYukawa coupling of top coupling of top 
to Higgs is the largest.to Higgs is the largest.

•• It is a discovery mode of the Higgs boson for It is a discovery mode of the Higgs boson for 
masses less than 130 masses less than 130 GeVGeV

•• Measuring the coupling of top to Higgs can testMeasuring the coupling of top to Higgs can test
the presence of new physics in the Higgs sector the presence of new physics in the Higgs sector 

0.7 0.7 pbpb (NLO)(NLO)
mmHH=120GeV=120GeV

Very demanding selection in a high jet multiplicity final stateVery demanding selection in a high jet multiplicity final state

ttjjttjj: 507 : 507 pbpb ttZttZ: 0.7 : 0.7 pbpb ttbbttbb: 3.3 : 3.3 pbpb
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HiggsHiggs boson reconstructionboson reconstruction
•• Reconstruct Reconstruct ttH(httH(h) ) →→ WWbbbbWWbbbb →→ ((llνν)(jj)bbbb)(jj)bbbb
•• Isolated lepton selection using a likelihood methodIsolated lepton selection using a likelihood method
•• Jet reconstruction: 6 jets at least, 4 of which bJet reconstruction: 6 jets at least, 4 of which b--taggedtagged
•• Reconstruct missing EReconstruct missing ETT from fourfrom four--momentum conservation in the event momentum conservation in the event 

(+W mass constraint in z)(+W mass constraint in z)

•• Complete Complete kinematickinematic fit to associate the two fit to associate the two bsbs to the Higgsto the Higgs
(can improve the pairing efficiency to 36%, under investigat(can improve the pairing efficiency to 36%, under investigation)ion)

δδggttHttH/g/gttHttH~16%~16%
for for mmHH=120 =120 GeVGeV
hephep--ph/0003033ph/0003033

results can be results can be 
extrapolated extrapolated 
to MSSM hto MSSM h



Roberto Chierici 19

ConclusionsConclusions

Top production at the CMS/LHC will be an excellent place where tTop production at the CMS/LHC will be an excellent place where to:o:
1. make precision electroweak measurements and constrain the SM1. make precision electroweak measurements and constrain the SM

((mmtt, , σσtttt, top quantum numbers, PDF), top quantum numbers, PDF)
2. test the presence of new physics and explore beyond the SM2. test the presence of new physics and explore beyond the SM

((ttHttH, charged H, MSSM), charged H, MSSM)
3. calibrate tools and detector3. calibrate tools and detector

(b(b--tagging, jet energy scale)tagging, jet energy scale)

Provided that:Provided that:
•• we gather an accurate understanding of detector and backgroundswe gather an accurate understanding of detector and backgrounds
•• we know how to deal with we know how to deal with systematicssystematics

At CMS we are working on thatAt CMS we are working on that……
The physics TDR will be the occasion to show all the CMS potentiThe physics TDR will be the occasion to show all the CMS potential in al in 
terms of both physics results and readiness to take and analyze terms of both physics results and readiness to take and analyze datadata
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ResonancesResonances
Many theoretical models include the existence of resonances decaMany theoretical models include the existence of resonances decaying to topying to top--pairpair

•• SM HiggsSM Higgs (but BR smaller with respect to the WW and  ZZ decays)(but BR smaller with respect to the WW and  ZZ decays)
•• MSSM HiggsMSSM Higgs (H/A, if (H/A, if mmHH,m,mAA>2m>2mtt, BR(H/A, BR(H/A→→tt)tt)≈≈1 for tan1 for tanβ≈β≈1)1)
•• Technicolor Models, strong Technicolor Models, strong ElectroWeakElectroWeak Symmetry Breaking, Symmetry Breaking, TopcolorTopcolor
Clear experimental signature and ability to reconstruct top alsoClear experimental signature and ability to reconstruct top also make it a make it a 

useful useful ““tooltool”” for studying exoticafor studying exotica

ATLAS: study of a resonance ATLAS: study of a resonance ΧΧ once known once known σσΧΧ, , ΓΓΧΧ and  and  BR(BR(Χ→Χ→tttt))
Reconstruction efficiency for Reconstruction efficiency for semileptonicsemileptonic channel:channel:

•• 20% 20% mmtttt=400 =400 GeVGeV
•• 15% 15% mmtttt=2 =2 TeVTeV

σxBR required for a discovery

mtt [GeV/c2]

σx
B

R
 [f

b]

30 fb-1

300 fb-1

1 TeV

830 fb

→→ Shown sensitivity up to a few Shown sensitivity up to a few TeVTeV

ReRe--do with full simulation testing:do with full simulation testing:
•• sensitivitysensitivity
•• mass resolutionmass resolution
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CommissioningCommissioning
Determination MDetermination MTopTop in initial phasein initial phase

•• Use Use ‘‘Golden platedGolden plated’’ lepton+jetlepton+jet

Selection:Selection:
•• Isolated lepton with PIsolated lepton with PTT>20 >20 GeVGeV
•• Exactly 4 jets (Exactly 4 jets (ΔΔR=0.4) with R=0.4) with 

PPTT>40 >40 GeVGeV
Reconstruction:Reconstruction:

•• Select 3 jets with maximal Select 3 jets with maximal 
resulting Presulting PTT

2.5%2.5%0.40.41 week1 week

0.4%0.4%0.20.21 month1 month

0.2%0.2%0.10.11 year1 year

Stat Stat δσδσ//σσStat Stat δδmmtt
((GeVGeV))PeriodPeriod

L = 150 pb-1

(2/3 days low lumi)

With an extremely simple selection and With an extremely simple selection and 
reconstruction the topreconstruction the top--peak should be peak should be 
visible at the LHC since the beginningvisible at the LHC since the beginning

measure the top mass to 5measure the top mass to 5--7 7 GeVGeV
→→ give feedback on detector performancegive feedback on detector performance

Main background: W+4jetsMain background: W+4jets
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PS vs MEPS vs ME

Fixed order matrix elements: truncated expansion in Fixed order matrix elements: truncated expansion in ααSS: : 
Full Full helicityhelicity structure to the given orderstructure to the given order
To be used for hard (compared to signal scale) jets.To be used for hard (compared to signal scale) jets.

PartonParton Showers: infinite Showers: infinite serieserie in in ααSS keeping only singular terms keeping only singular terms 
(collinear approximation):(collinear approximation):

Excellent approximation at low Excellent approximation at low ppTT, with emission at any order and simple , with emission at any order and simple 
interface with interface with hadronizationhadronization modelsmodels
Large uncertainties away from singular regionsLarge uncertainties away from singular regions
To be used for soft (compared to signal scale) jets. To be used for soft (compared to signal scale) jets. 
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TheThe LHCLHC

TOTEM

ALICE : 
heavy ions,
p-ions

ATLAS and CMS :
pp, general purpose

LHCb : 
pp, B-physics

27 km ring 
1232 dipoles B=8.3 T

pp (mainly) at pp (mainly) at √√s = 14 s = 14 TeVTeV
Startup in April 2007Startup in April 2007

Initial/low Initial/low lumilumi LL≤≤10103333 cmcm--22 ss--11

a few minimum bias/crossing a few minimum bias/crossing 
Design/highDesign/high lumilumi L=10L=103434 cmcm--22 ss--11

after ~ 3 yearsafter ~ 3 years
>20 minimum >20 minimum bias/xbias/x--inging

→→ fast (fast (≤≤ 50 ns) 50 ns) radhardradhard detectdetect
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PreciselyPrecisely constrainingconstraining thethe SMSM

20
1673+

−=⇒ Hm
((δδmmHH/m/mH H ≈≈ 25%)25%)

Thanks to M.Grunewald

direct

Repeating the electroweak fit only Repeating the electroweak fit only 
changing the errors on the top changing the errors on the top 
and the W masses:and the W masses:
δδmmWW=15 =15 MeVMeV; ; δδmmtt=1 =1 GeVGeV
(world combined will look better than(world combined will look better than
these ! these ! –– TevatronTevatron run II, LEP2)run II, LEP2)
(current central values assumed)(current central values assumed)

⇒⇒ Chances of ruling out the SM !Chances of ruling out the SM !

EX
CL

UD
ED

SM constraints on SM constraints on mmHH::
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Top Top massmass errorerror evolutionevolution
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A A needleneedle in a million in a million haystackshaystacks
Triggering and selection phase typically Triggering and selection phase typically 
require reduction factors of 10require reduction factors of 1011 11 ! (i.e. Higgs)! (i.e. Higgs)

LHC

Tevatron

66××1010331010--2266WWWW→→eeννXX

10104422××1010--3311HH(700 (700 GeVGeV))

101077~2~2830830tttt

101088~30~301.51.5××101044WW→→eeνν
101077~3~31.51.5××101033ZZ→→eeee
1010121210106655××101088bbbb

Events/yEvents/yEvents/sEvents/sσσ((pbpb))processprocess

Need of an excellent understanding of CMS !Need of an excellent understanding of CMS !
calibrated calibrated calorimetrycalorimetry

ECAL: use MB, ECAL: use MB, ZZ→→eeee, , WW→→eeνν, E/p, E/p
HCAL: HCAL: Z+jZ+j, , γγ+j, +j, WW→→jjjj

aligned detectoraligned detector
laser laser systemsystem
cosmiccosmic μμ
beambeam halohalo
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GenerationGeneration toolstools

ME: ALPGEN/MadGraph/ComHep/TopRex etc

(Γt=0)

cluster 
model

LUND stringHadronization

No MPI
(Yes, v605)

allbeam-beam 
remants, MPI

NoYesYesNOSpin corr

Good for inclusive tt 
but poor in tt+njets

coherent 
branching

(LO DGLAP)

LO tt

Herwig

Good for 
multi-jets, 
but still LO

Pythia
or Herwig
interface

(double 
counting 

problem, can 
be fixed 

by the CKKW)

LO tt+n

ME

Good for tt 
multi jets

Comments

Herwigcoherent 
branching

(LO DGLAP)

PS shower 
(ISR/FSR)

NLO tt
(hard gluon)

LO ttHard scattering

MC@NLOPythia
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HLT performanceHLT performance
Event selection is conditioned by Event selection is conditioned by efficiencyefficiency, , bandwidthbandwidth, , CPU powerCPU power

Different classes of selections:Different classes of selections:
Inclusive triggersInclusive triggers to cover the large part ofto cover the large part of
the standard physics programthe standard physics program
Exclusive triggersExclusive triggers to extend the physics to extend the physics 
program to specific sectors program to specific sectors 
Calibration and monitor triggersCalibration and monitor triggers to understand to understand 
the status and performance of the detector the status and performance of the detector 

Each trigger receives part of the bandwidth. Each trigger receives part of the bandwidth. 
Thresholds will be changed according to new Thresholds will be changed according to new 
physics scenarios or detector needsphysics scenarios or detector needs

5237Inclusive b-jets  

159Di-tau-jet

386Inclusive tau jet

219, 45Electron + jet

480Isolated photon

540, 25Double photon

180,123

657, 247, 113

17

29

7

19

Threshold (GeV)

105

10

5

9

1

33

4

25

Rate (Hz)

Total

Other (calibration...) 

Jet + missing E

Single Jet, 3 Jet, 4 Jet

Double electron

Isolated electron

Double muon

Isolated muon

Trigger object 

lowlow luminosityluminosity HLT trigger tableHLT trigger table

72%94%tt→μX

45%78%A/H→ττ→2 jets

81%

99%

91%

87%, 90%

ε (L1)

58%

92%

78%

77%, 69%

ε (L1+HLT)

H+→τν→jet+Emiss

Z→μμ

H→γγ

W→eν

Process

((acceptanceacceptance inefficiencyinefficiency notnot includedincluded))
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ResolutionResolution comparisoncomparison

Single Single ππ resolution with resolution with 
ECAL + HCAL ECAL + HCAL (E in (E in GeVGeV))

%8.1%2%42 ⊕⊕=
EEE

σ
%5.6%127 ⊕=

EE
σ

Jet resolution with Jet resolution with 
calorimetrycalorimetry (E in (E in GeVGeV))

Resolution fromResolution from
inner tracking inner tracking ((ppTT in in TeVTeV))

ATLASATLAS CMSCMS

%3.1%54 ⊕=
EE

σ %7%118 ⊕=
EE

σ

%8.1%60 +⋅= T
T

p
p
σ

%5.0%15 +⋅= T
T

p
p
σ

100 100 GeVGeV ππ 4.6%                                4.6%                                14.3%14.3%

100 100 GeVGeV jet                            5.6%                            jet                            5.6%                            13.7%13.7%
1 1 TeVTeV jet                                2.2%                        jet                                2.2%                        7.2%7.2%

100 100 GeVGeV ppTT μμ 6.3%                               6.3%                               1.6%1.6%
500 500 GeVGeV ppTT μμ 30%                                 30%                                 7%7%
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Trigger CPU, rate, speedTrigger CPU, rate, speed

CPU CPU perper physicsphysics objectobject atat L1:L1:
1 GHz Intel PIII CPU (=41 SpecInt95)1 GHz Intel PIII CPU (=41 SpecInt95)

4092 CPU seconds to 4092 CPU seconds to covercover thethe
full 15 KHz full 15 KHz ofof L1 @ L1 @ lowlow lumilumi
on on averageaverage ~300ms/~300ms/eventevent
consideringconsidering full 100KHz full 100KHz oneone
needsneeds 30000 PIII 30000 PIII 

⇒⇒ 1.2 101.2 1066 SI95SI95

AtAt thethe startstart ofof LHC LHC (50 KHz+a (50 KHz+a 
factorfactor 8 8 fromfrom MooreMoore’’s s lawlaw)) 2000 2000 
CPUsCPUs shouldshould bebe enoughenough

How to plan a L1 trigger:How to plan a L1 trigger:
100(50) KHz @ 100(50) KHz @ high(lowhigh(low) ) lumilumi

⇓⇓
33(15) KHz safety factor 333(15) KHz safety factor 3

⇓⇓
8(4) KHz per physics object8(4) KHz per physics object

XX ==

HLT trigger tableHLT trigger table
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EarlyEarly physicsphysics withwith CMSCMS
Possible from April 2008, after the pilot run is overPossible from April 2008, after the pilot run is over……

⇒⇒ The first thing we need to understand/measure The first thing we need to understand/measure ……
Basic rates for W, Z, tt, …
Important for:Important for:

calorimeter calibration, alignment, …
the understanding of the major background
sources for Higgs and SUSY searches 
such as Z+nj, W+nj, tt, …

Mtop

Yet, there are also very exciting SM measurements!
Example: Mtop from tt→WbWb→ bbqqlν
Ingredients:
• full kinematic reconstruction (utilize all constraints)
• b-tagging of jets
• isolated lepton + jet reconstruction +  ET

miss

10fb-1

⇒Target ΔMtop~1GeV 
A clear challenge because this measurement

is completely limited by systematic!
… looks like a perfect learn exercise …



Roberto Chierici 33

TheThe bb--taggingtagging

60% b tag => ~ 6% u jet mis60% b tag => ~ 6% u jet mis--tagtag
1% u jet mis1% u jet mis--tag => ~ 45% b jet tagtag => ~ 45% b jet tag

u jet rejectionu jet rejection
limited by vertex detector qualitylimited by vertex detector quality
60% b tag => ~ 1%  u jet 60% b tag => ~ 1%  u jet mismis--
tagtag

c jet rejectionc jet rejection
limited by c lifetimelimited by c lifetime

g jet rejectiong jet rejection
limited by g splittinglimited by g splitting
to bb (4%) or cc (6%)to bb (4%) or cc (6%)

offlineoffline

It is performed exploiting the b decay characteristics:It is performed exploiting the b decay characteristics:
→→ IP of decay tracks, vertex displacement, high IP of decay tracks, vertex displacement, high ppTT

lepton lepton 
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AA

ATLAS CMS

MAGNET (S)
Air-core toroids + solenoid in inner cavity
Calorimeters  outside field 
4 magnets

Solenoid
Calorimeters inside field
1 magnet

TRACKER
Si pixels+ strips
TRD → particle identification
B=2T
σ/pT ~ 5x10-4 pT ⊕ 0.01

Si pixels + strips
No particle identification
B=4T  
σ/pT ~ 1.5x10-4 pT ⊕ 0.005

EM CALO
Pb-liquid argon
σ/E ~ 10%/√E      uniform
longitudinal segmentation

PbWO4 crystals 
σ/E ~ 2-5%/√E
no longitudinal segmentation

MUON Air → σ/pT < 10 % at 1 TeV
standalone; larger acceptance

Fe → σ/pT ~ 5% at 1 TeV
combining with tracker

HAD CALO Fe-scint.  + Cu-liquid argon (10 λ) 
σ/E ~ 50%/√E ⊕ 0.03

Brass-scint.  (> 5.8 λ +catcher)
σ/E ~ 100%/√E ⊕ 0.05


