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CMS and LHC

• explore new energy frontier

• colliding beams expected in 2008

• start with low luminosity

• 0.1-1.0 fb-1 expected in first year

• re-establish SM measurements

• access to new physics (?)

LHC: s~14 TeV
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Top quarks at the LHC

• LHC is a top factory

– approx. 830k ttbar events/fb

• yield in 1/fb (after selection):

– dilepton (e/μ): ~5k events

– lepton+jets: ~35k events

• energy scale calibration (W jj)

 830 pb 6.7 pbtt

 85%15% gg

  15%85%qq

14 TeV1.96TeVECM

ppppbar

LHCTeV
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Detecting the Top

Signal:
triggering on lepton

large missing transverse energy (ET)

high ET jets, central and spherical

two b-jets (displaced vertex)

Background:
W+jets:

dominant in leptonic modes

fakes the second lepton

Drell-Yan (dileptons): no  ET

QCD: huge in all-jet mode

e+

e-

E
T

jet 1

jet 2
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Taus in top decays

• should have same rate as eμ dilepton channel

• challenging (lower pT than e or μ due to ’s)

• probe New Physics processes

12/81 + jets + 2b-jetsTau+jets

4/81e , μ  +2 b-jetsTau dilepton

36/81jets + 2b-jetsAll-hadronic

24/81e,μ + jets + 2b-jetsSingle lepton

4/81ee,μμ,eμ + 2b-jetsDilepton(e/μ)

BRSignatureChannel
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Tau dileptons

• Measure:

• Advantages:
–increase statistics

–cross-check to other BRs

• Disadvantages:

–small statistics/larger background

–soft tau pT due to neutrinos

 test lepton universality
 probe non-standard physics (t H±b, …)

tau dileptons PRL79(1997)3585

BR(tt l jj)

BR(tt ll jj)
R= (l=e,μ)
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Hadronic tau decays

• Look for taus in their hadronic decay

– 1charged hadron (BR~50%)

– 3 charged hadrons (BR~14%)

• Hadronic taus are identified using

tracking/calorimeter information soft pT due

to neutrinos

Requires track isolation

to discriminate against

QCD jets
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Tau identification

Pick up the discriminated TauTagged objects in each samples

Apply a kinematical cut in the tau tagged candidates

pLT
T > 15GeV

| | < 2.4

Apply different electron/muon veto on these candidates:

EmFraction < 0.9

Energy HCAL > 1GeV

Energy HCAL + HCAL > 10GeV

Ejet/pLT> 0.5

maxET on HCAL Tower > 1GeV

Combine these values in order to obtain the best rejection factor.
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Electron/muon rejection

• e/μ contamination in tau-ID is large

• study DY(ee,μμ, ) samples

• electron veto:

– EMF>0.9

– accepts ~4% of generated electrons

• muon veto:

– E/P>0.5

– accepts ~2% of generated muons

 tau efficiency: ~89%

electrons

muons
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Event yield in 100/pb

• Isolated lepton: pT>20 GeV

• 2jets ET>30 GeV | |<2.4

• Missing ET>60 GeV

Distribution of HT after OS cut
Empty histogram - signal

Filled histogram - background
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QCD background

Evaluate fake rate from data:

1) inclusive Jet ET distribution

2) jet identified as tau candidate

3) fake probability for a tau candidate

Apply to W+ 3jets distribution



Michele Gallinaro - "Physics at LHC with the CMS experiment" - January 11, 2008 12

Total acceptance: Atot = A x BR (normalized to inclusive tt)

Note:  stands for hadronic-  only

Acceptance

•estimated acceptance from MC

~0.16% for e /μ

•additional cuts may be used to further

reduce the background

HT, b-tagging (?)
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Charged Higgs

• Tau dilepton channel is of particular interest as existence of

charged Higgs can give rise to anomalous tau lepton production

directly observable in this channel

If top decays:  t +b   (mH < mt-mb)
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Is BR(t Wb)~100% ?

• In the SM,    R=                             |Vtb|
2

• measure R by comparing the number of ttbar events with 0, 1 and 2 b-tags

• R O(10-1) evidence for New Physics (e.g. 4th generation hep/ph-0607115)

|Vtb|>0.71 @95% CL (lepton+jets)

Not yet sensitive to SM

|Vtb|>0.68 @95% CL (single top)

(hep/ex-0612052)

BR(t Wb)

BR(t Wq)
0.9980<R<0.9984

R=1.03        (stat)        (syst)
+0.17

- 0.15

+0.09

- 0.07

(q=b,s,d)

~|Vtb|
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Di-lepton channel

• Selection:
– 2 leptons+ 2 jets + MET

– no b-tagging in preselection

– 4% uncertainty achieved on b-tagging efficiency

• S/B = 529/70 ~8 with 100/pb (CMS 2007/025)

• Plan:

– reproduce/improve efficiencies

– study background:

• W/Z+jets, single top, gluon splitting, etc.

– simultaneous extraction of R and (b)

• 2 unknowns with 2 observables: N(2tag)/N(1tag) and N(1tag)/N(0tag)

b

W - 
t    

l
-

   
t    b

l
+   

W + 

• Complementary to lepton+jets

• Advantages:

– less combinatorial ambiguity

– less background

• Disadvantages:

– lower statistics
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b-tagging with first data

• For L=100/pb, an uncertainty of 6%(stat) +

6%(syst) is expected (assuming a cut for

75% b-jet purity)

• Misalignment simulations give: b=65.7%

eudsg=3.0%, c=7.1% for the same luminosity

A Likelihood Ratio method parametrizes the ratio f=S/(S+B) for different
kinematical distributions – xi = pT(top), pT(blep),  ,  , ET(jet), etc.

correct

flavor

wrong

flavor
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Measuring Vtb

Taking into account the detector response and resolution:

– R=0.08 (stat)

–
R
=0.09 (syst)

Results indicate a statistical error of ~0.02 in measuring R with L = 100/pb:

a) 100% to b (All b)

b) 90% to b, 10% to q (Mix)

c) 100% to q (all q)
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Extra Dimensions

• Can we imagine more than 3-D?

• Attempt to unify gravity and electromagnetism in a five

dimensional (5D) theory (Kaluza-Klein)

• All SM particles “feel” extra-dimensions
– each particle has a “tower” of KK excitation
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Clean signature

• Like in SUSY, strongly interacting particles are produced

• KK quarks/gluinos may be produced at LHC

• Four leptons in the final state:

– pp g1g1 4leptons + 4jets + MET

R

size of ED SM

KK levels  excitation modes

Extra Dimension
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Universal ED
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Signal and background
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Event selection

• 4 isolated leptons

• 2 pairs of OSSF leptons

• b-tag veto

• missing pT>20 GeV

• Z veto

 a few events expected in 100/pb
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Event yield for 100/pb
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Exclusion limits

• No towers are yet observed in nature,

below few hundred GeV

– Extra-dimensions are small

• With first LHC data there may be

indication for UED

• Sensitivity for low mass UED with <1/fb

Systematic

uncertainties

not included
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Discovery potential

• No towers are yet observed in nature,

below few hundred GeV

– Extra-dimensions are small

• With first LHC data there may be

indication for UED

• Sensitivity for low mass UED with <1/fb

Systematic

uncertainties

not included
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Electron/photon trigger

• Use test beam data

• L1 trigger algorithm: 8 nearest neighbors around hit tower

–Electron ET=ET
hit+ max ET (of 4 neighbors)

–Non-isolated/isolated candidates
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Electron trigger efficiency

• ~4% of high-energy (100 GeV) electrons is classified as non-isolated

• They can be recovered through the non-isolated electron stream

 high trigger efficiency can be achieved for electrons/photons

P. Ribeiro et al., JINST 2:P12001,2007
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Electron ID

• Need high efficiency for:
– H 4 leptons

– low ET electrons

• Selection cuts:

– match in  and  between track/cluster

– E/P

– Shower shape

– H/E

• Divide electrons in 3 categories

 98% efficiency and low fake rate
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ECAL data filtering

0-suppression

not applied for

ET>2GeV

•• ECAL data limited to 10% of the full CMSECAL data limited to 10% of the full CMS
event size (1MB)event size (1MB)

–– reduction factor of 20 is neededreduction factor of 20 is needed

–– could lead to energy degradationcould lead to energy degradation

•• LIP contributed to the development of theLIP contributed to the development of the
ECAL Selective ReadoutECAL Selective Readout

– algorithm based on energetic towers ET
(+neighbors)

– filtering can be achieved with low suppression
thresholds and no energy degradation

• N. Almeida et al., CMS Note 2008/002
submitted to JINST

0.1 MB
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LIP/CMS GRID

CMS site CMS site availabilityavailability  for computing and storagefor computing and storage

LIP-Lisbon site availability higher than 95% during CSA07 exerciseLIP-Lisbon site availability higher than 95% during CSA07 exercise

Participation in MC production for CSA07Participation in MC production for CSA07

Storage of Storage of top/electron/tau top/electron/tau samples for analysessamples for analyses

95%95%

LIP-LisbonLIP-Lisbon

During CSA07During CSA07
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CMS/GRID link commissioning

IN to LIP

IN to LIP

OUT of LIP

16.6 MB/s 18.2 MB/s

1.37 TB/day 1.50 TB/day

Successful participation in the CSA07 data transfer program with download and

upload commissioned links to/from PIC & CERN  and LIP-Lisbon/LIP-Coimbra

OUT of LIP

Thanks to the support of the LIP “computing” team! 
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Summary

• LIP/CMS group is active in SUSY/Top analyses

• Studies with leptons in the final state

• Top quark is not well known and interesting for new physics

• The LHC will soon start colliding beams

• “New” physics is within reach
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LIP/CMS group

•• InIn  the picture (from the left)the picture (from the left)  ::

M. M. GallinaroGallinaro, M. , M. BlujBluj, J. , J. SeixasSeixas, J. , J. PelaPela, M. , M. JordãoJordão. M. Ferreira, P. . M. Ferreira, P. RibeiroRibeiro,,  N.N.

Almeida, J. Varela, M. Almeida, J. Varela, M. KazanaKazana, J.C. Silva, A. Vila Verde, A. David, M. , J.C. Silva, A. Vila Verde, A. David, M. HusejkoHusejko,,

P. P. MusellaMusella, P. Silva, P. Silva

•• 16 collaborators affiliated to LIP-Lisbon16 collaborators affiliated to LIP-Lisbon

3 senior physicists,3 senior physicists,  3 Post Doc. fellows,3 Post Doc. fellows,  3 PhD. students,3 PhD. students,  4 Master students4 Master students

andand  3 engineers/technicians3 engineers/technicians


