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Top quark: what is it? Top quark: what is it? 

TOPTOP

large mass: large mass: 
mmtt ~ 170 ~ 170 GeVGeV ~ 35 ~ 35 mmbb ~ EW scale~ EW scale

large large YukawaYukawa coupling!coupling!
λλtt = √2 = √2 mmtt / v   ~ 0.98/ v   ~ 0.98

Are them only accidents?Are them only accidents?
Is the top mass generated by a Is the top mass generated by a 

standard Higgs mechanism?standard Higgs mechanism?
…does it play a more fundamental …does it play a more fundamental 

role in EWSB?role in EWSB?

With the LHC, we hope to approach the answers…With the LHC, we hope to approach the answers…
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LHC: a top factoryLHC: a top factory

LHC
CMS

ATLAS

~87 %

10 t10 tt pairs /day @ Tevatron      t pairs /day @ Tevatron      2 t2 tt pair / s @ LHC t pair / s @ LHC (2(2 10103333/cm/cm22/s)/s)

NLO crossNLO cross--section  section  σσNLONLO = = 833833 pbpb ~8M events/10fb~8M events/10fb--11

~3.7M events/10fb~3.7M events/10fb--11σσNLONLO = = 153+90153+90 pbpb

σσNLONLO = = 6.6+4.16.6+4.1 pbpb
σσNLONLO = = 30+3030+30 pbpb
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WToday we only see:Today we only see:
t t →→W bW b (Br = 99.8%)(Br = 99.8%)

Tomorrow we could see:Tomorrow we could see:
t t →→AqAq (Br =??)(Br =??)

wherewhere q = u, c q = u, c , , A= ZA= Z , g, , g, γγ

t

q

A
??

FCNC: in the Standard ModelFCNC: in the Standard Model

Standard ModelStandard Model
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FCNC: FCNC: beyondbeyond the Standard Modelthe Standard Model
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→→ At LHC, FCNC Branching Ratio might be at a detectable levelAt LHC, FCNC Branching Ratio might be at a detectable level
ANY OBSERVATION AT LHC WILL BE A SIGNAL OF  NEW PHYSICSANY OBSERVATION AT LHC WILL BE A SIGNAL OF  NEW PHYSICS
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FCNC: a FCNC: a signaturesignature of new of new physicsphysics
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ExpExp. Limits  (95% CL). Limits  (95% CL)

t t →→ g qg q

t t →→ ZqZq

t t →→ γ γ qq

FCNC FCNC decaydecay
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t t ––t t →→ (Z/(Z/γγ/g/g q) (q) (WbWb) ) → → ((ll/ll/γγ/g/g q) (q) (llνν b) b) 

tbar b

W

tZ

l = e, µ

l = e, µ

l = e, µ ν

isolated, high isolated, high ppTT leptonsleptons

large large missing transverse energymissing transverse energy
2 or more jets with high 2 or more jets with high ppTT , 1 b, 1 b--taggedtagged

eventual  photon with Eeventual  photon with ET T > 50 > 50 GeVGeV

γ

q = u,c

The The signalsignal TopologyTopology
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The The signalsignal backgroundbackground
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The The signalsignal backgroundbackground
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The The signalsignal backgroundbackground
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PhysicsPhysics objectsobjects selectionselection
Applies to IC calibrated jet (Applies to IC calibrated jet (∆∆R<0.5) R<0.5) DiscriminatorDiscriminator
constraints on track number and Discriminatorconstraints on track number and Discriminator

num. tracks>2num. tracks>2

Disc > 2 Disc > 2 ÷÷ 33 , , ppTT(b(b) > 40) > 40--50 50 GeVGeV: : 8080--85% purity85% purity

bb--jet selectionjet selection

complementaritycomplementarity between u and cbetween u and c

All reconstructed jets, cleaned from:All reconstructed jets, cleaned from:
reconstructed breconstructed b--jetjet
lepton from W/Z and photonslepton from W/Z and photons
spurious jet (from QCD processes) are spurious jet (from QCD processes) are 

rejected withrejected with ppTT(light(light) > 40) > 40--50 50 GeVGeV , , 
||ηη|<2.3|<2.3

lightlight--jet selection:jet selection:
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Same flavour opposite sign Same flavour opposite sign e/e/µµ with with M(llM(ll) ) 
closest to M(Zclosest to M(Z00) ) only ONE Zonly ONE Z

SelectionSelection forfor tt qZqZ

ZZ00 selection:selection:

electron selection:electron selection:
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MMTT(Wb(Wb) < 220 ) < 220 GeVGeV
only ONE SM toponly ONE SM top

SelectionSelection forfor tt qZqZ

ppTT(light(light) > 60 ) > 60 GeVGeV
no further cuts on no further cuts on M(qZM(qZ) are needed) are needed
signal+combinatsignal+combinat. fit . fit combinatcombinat, subtraction, subtraction

top SM selection:top SM selection:

top FCNC selection:top FCNC selection:
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FCNC decay reconstructed with suppression of FCNC decay reconstructed with suppression of 
all back. but all back. but tttt 2l2l and and ZbZbbb

W + Z: reduces tW + Z: reduces tt and t and ZbZbbb

W +Z + bW +Z + b--jet: reduces dijet: reduces di--boson and W/boson and W/Z+jetZ+jet

M(qZM(qZ) constrain: ) constrain: supressessupresses ZbZbbb and reduce and reduce tttt

SelectionSelection forfor tt qZqZ
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ppTT(light(light) > 60 ) > 60 GeVGeV
Hard (Hard (ppTT > 60 > 60 GeVGeV) isolated () isolated (IsolIsol<0.01) <0.01) 

photonsphotons
signal+combinatsignal+combinat. fit on . fit on M(qM(qγγ))
combinatorial subtractioncombinatorial subtraction

SelectionSelection forfor tt qqγγ

tt qqγγ selection:selection:

MET > 25 MET > 25 GeVGeV
only ONE Wonly ONE W
cut on p cut on p TT(l(l--MET)MET)
MMTT(l(l--MET) < 130 MET) < 130 GeVGeV

W selection:W selection:

Background dominated by Background dominated by W+jetW+jet
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singlesingle--γγ Trigger: reduces singleTrigger: reduces single--t t 

W + bW + b--jet: reduces dijet: reduces di--boson and W/boson and W/Z+jetZ+jet

M(qM(qγγ) constraint: suppresses ) constraint: suppresses ZbZbbb and singleand single--t t 

FCNC decay reconstructed with FCNC decay reconstructed with 
suppression of all back. but suppression of all back. but tttt l+Xl+X

SelectionSelection forfor tt qqγγ
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SystematicSystematic effectseffects
Usage of official parameters and strategies frozen by CMS collaUsage of official parameters and strategies frozen by CMS collaborationboration

Assume Assume all relevant background sources estimated from dataall relevant background sources estimated from data
Impact of Impact of systematicssystematics evaluated only for variables discriminating control/signal regievaluated only for variables discriminating control/signal regionon

( lepton ( lepton effeff. . -- MET MET effeff –– b/light jet b/light jet effeff. . –– b/light jet number )b/light jet number )

+18%/+18%/--21%21% at low at low LumiLumi
+13%/+13%/--14%14% at high at high LumiLumi

5% at low 5% at low LumiLumi, , 
2% at high 2% at high LumiLumi::

bb--tag uncertaintytag uncertainty

~ 15%~ 15% in b and light jet efficiency in b and light jet efficiency 
7%(2%)7%(2%) effect on effect on b(lightb(light) jet ) jet multmult..

3%(1%)3%(1%) in METin MET

33--5% (low 5% (low LumiLumi), ), 
1.51.5--2.5%(high 2.5%(high LumiLumi) ) 

depending from depending from ppTT(jet(jet))

Jet Energy Scale uncertaintyJet Energy Scale uncertainty
From detector:From detector:

< 5< 5--10%10% after doubling minimum biasafter doubling minimum biasmay affect jet multiplicity and bmay affect jet multiplicity and b--taggingtaggingPilePile--upup

~9%~9% in bin b--jets, jets, 11%11% in light jetsin light jetsuncertainties in Lund model parametersuncertainties in Lund model parametersjet fragmentationjet fragmentation

From theory:From theory:
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Background Background fromfrom (future!) data(future!) data
The problemThe problem : : 

When B is evaluated by counting in the last selection, it is affWhen B is evaluated by counting in the last selection, it is affected by:ected by:
systsyst. uncertainty from Luminosity (about 5%). uncertainty from Luminosity (about 5%)

high statistical error due to little Bhigh statistical error due to little B
theoretical error in the cross sectionstheoretical error in the cross sections

many many systematicssystematics effects due to several cutseffects due to several cuts

The solutionThe solution : : 
1.1. identify a region rich in only one source of B (few cuts with lidentify a region rich in only one source of B (few cuts with little ittle systematicssystematics), ), 

suitable to be searched for in future data samples    suitable to be searched for in future data samples    
2.2. count B in this regioncount B in this region

3.3. rescale for efficiency factors from this region to the final onrescale for efficiency factors from this region to the final onee
Uncertainty will be:Uncertainty will be:

statistic (with a high B could be < 1%)statistic (with a high B could be < 1%)
Background Background parametrizationparametrization (usually not greater than few %)(usually not greater than few %)

contamination from other sources (the most difficult to reduce contamination from other sources (the most difficult to reduce in the present case)in the present case)
systsyst. . uncertuncert. on scaling factors (few cuts, strongly reduced). on scaling factors (few cuts, strongly reduced)
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At the end of selection, the only B we have to face are:At the end of selection, the only B we have to face are:
tttt all all leptonicleptonic:: it has 2 bit has 2 b--jets, no Z peak, large METjets, no Z peak, large MET
Z Z bbbb : it has 2 b: it has 2 b--jets,  Z peak, no large METjets,  Z peak, no large MET

Signal has 1 bSignal has 1 b--jet and Z peakjet and Z peak

contribution from S contribution from S 
totally negligibletotally negligible

________ Z bbZ bb
____ ____ tttt

Background Background forfor tt ZqZq

To isolate the To isolate the tttt backgroundbackground::
Control regionControl region: : ll++ll−− + ONLY ONE b+ ONLY ONE b--jet + MET > 85 jet + MET > 85 GeVGeV
Look at the Look at the M(llM(ll) plot) plot: Fit on the left side: Fit on the left side--band, then band, then 

count in a  window Mcount in a  window MZZ±± 10 10 GeVGeV

To isolate the To isolate the Z+bZ+bbb backgroundbackground::
Control regionControl region: ONE Z + TWO b: ONE Z + TWO b--jet requirementjet requirement
Look at the Look at the M(llM(ll) plot) plot: count inside the  signal : count inside the  signal 

region Mregion MZZ±± 10 10 GeVGeV
subtract the amount of subtract the amount of tttt contamination from contamination from 

the fit on continuumthe fit on continuum
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FCNC FCNC constraintsconstraints: the future: the future

10-5 10-4 10-3 10-2 10-1 1

10-5

10-4

10-3

10-2

10-1

1

BR(t qγ)

BR
(t 

qZ
)

ZEUS 
(q=u only)
630 pb-1

95% C.L.
EXCLUDED 
REGIONS

ZEUS 
(q=u only)

LEP

CDF (3 fb-1)

from EW and CP 
bounds

CMS 50 fb-1 

(95% C.L) 

CDF 
Run I



Leonardo Benucci, BSM measurements with Top at LHC, XXVIII PHYSICS IN COLLISION - Perugia, Italy,  June, 25-28, 2008

FCNC FCNC constraintsconstraints: the future: the future
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QCDQCD ElectroweakElectroweak
physicsphysics

HiggsHiggs
or or 

New PhysicsNew Physics

We know there is new Physics at the electroweak scaleWe know there is new Physics at the electroweak scale

t

We really don’t know what it isWe really don’t know what it is
Top quark is the Top quark is the THETHE key to enter this physicskey to enter this physics

.....LHC.LHC isis waitingwaiting round the corner!round the corner!




