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Startup of the LHC Physics Program

First collisions on Nov.23 at 900

GeV
e ~0.1 Hz collisions

e L~few 1024 cm2s1

By mid-December: collisions at

900 and 2236 GeV
e ~10Hz collisions

e L~few 10%26cm2s?

Ultimately, the LHC program

should take us to:
e 14 TeV
« 10° Hz collisions
e L~10*cm3st
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Talk Outline

In this talk focus on prospects
for searches with early data (10
TeV center of mass energy)

* Expected 2010 integrated
luminosity up to 500 pb

4th generation quarks
Heavy top and bottom partners

https://twiki.cern.ch/twiki/bin/
view/CMS/PhysicsResults
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Ath generation quarks

Bottom-like (b’) and top-like (t’)

— Light b’ scenario |
103gr7! — — T T
e b > cW 3 f. | | i = LHC 14TeV |-
: 10 | o Ty s » = LHC 10TeV L
e b’ - bZ 2 - o, T -=— Tevatron .
» : ! i S : 3
1] - i .
........ 7 8 1 I '
W* - o |
b' R 10" ' E
2 ' : I £
W ; i
:W 10%F : 3
; . ¥
t* > b 100 Y
Sizable FCNC Channel 200 25? 300 350 400 450 500
: b’ mass

tW mass
W threshold
b' - Heavy b’ scenario
p—— °b’'2>tW

Doubly Cabibbo-suppressed process dominates



Light b’

e Signal: b’b’> cWhZ Y —s bZ W
— Assume BR(b’=>bZ)=10%, I_,
BR(b’ > cW)=90% ' q 4%
— Tri-leptonic final state q,€+£—
* Signature: 3 leptons (WZ) and 2 jets

* Background:
— Z+jets, WZ+jets, t-E
— Background suppression done by requiring
e one and only one Z candidate
* one and only one W (W lepton indeperldent of the Z daughters)

Mr = \/2 - MET - Eé-(]. — COS(A(P))-

* two isolated jets from the lepton candidates
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Number of Events / 120 GeV

Number of Events / 20 GeaV
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Background Estimation

e Extract background using data-driven techniques

— matrix method

e Define two samples
— “Tight-cut” sample: events passing all cuts

— “Loose-cut” sample: events passing all the selection cuts, except for
the isolation cuts on the W daughter leptons

loose lep

tzght

Will be measured from data



Cross Section x BR? (pb)

Light b’ Results

Cross-section 113 pb  65pb 11 pb
Expected Yields  29.9 16.7 11.4
Background 13.8 13.8 13.8
Significance 380 1.90 1.10
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Heavy b’

* Bottom-like quark that decays to tW ( mass > 255 GeV)

* Decay chain with 4 W bosons!
— b’b’> tW tW = bbW*W W+W-

 Possible final states:

— 4 |leptons + 2 jets, 3 leptons + 4 jets, 2 leptons + 6 jets, 1 lepton + 8 jets, 0
lepton + 10 jets

— Concentrate on large, clean modes first

* (Standard Model background expected to be small for the 2 same-
sign lepton final state)

V'Y — tWitW
24 qqqu iuéi
O RSV ARY) st




Signal Extraction

 Background:
— tt+jets, tt+W/Z+jets, W/Z+jets, di-bosons
* Background suppression done by requiring:

— Zinvariant mass veto
lepton-lepton isolation (reject fake electrons from radiated photons)

lepton-jet separation (reject additional leptons from jets)
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Heavy b’

Hr = Z pr(jets) + Z pr(leptons) + MET
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Background Estimation

e Use data-driven background estimation techniques

— Define background rich control samples for normalizing the
background contributions

— Events with two oppositely charged leptons are selected

Control Region

Signal Region R

Ns — —| Ns'
Nb | = . Nb'

An iterative method is used to extract the signal yield

NB — N}c}ontrol X RB — (Ncontrol . Ngontrol) X RB ’
Ns = N-—Nj,
N(g:ontro] — NS / RS )



Heavy b’ limits

Cross-section 13.6pb 2.8pb 0.78 pb

Expected Yields 34.08 10.58 3.52
Background 1.08 1.08 1.08
Significance 9.00 3.70 140

Exclude b’ masses less than 485 (405) GeV with 200 (60) pb
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Stringent limits can be set at the LHC with early data



Exotic Top Quark Partner

* Fermionic top partners arise from natural, non-supersymmetric solutions of the
hierarchy problem

— model suggested by Contino and Servant: arXiv:0801.1679 (2008)
— Pseudo-Goldstone boson Higgs
— Ts;3 with Q. =5/3 and B with Q. = -1/3 decay into W and top

* tW invariant mass peak (Ts;)

[FI" +njets (n = 5)



Signal Extraction

Backgrounds:
Physics backgrounds Instrumental backgrounds
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Signal Extraction
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Background Estimation

tt is the largest background

— From charge misidentification

— From semi-leptonic decays with b quark contributing the second lepton
Data-driven estimation - define two samples:

— N¢: control sample with events which pass all cuts except the same sign
requirement

— Nq: signal sample
Subtract out the contributions of Z+jets and QCD multi-jet events
— The remaining events are then due to tt with some signal contribution
 Can lead to overestimate of tt in signal sample
Define:
— f,: ratio of same sign to opposite sign events for tt
Co Sy tt events in the control sample, signal sample.
ThenS,=f, * Cy
— f=0.026 leading to S = 3.3 events per fb!



Discovery Potential
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Cross section Limits

Stringent limits can be set at the LHC with early data

T T T T T T T T TTTH
— 95% CL

Cross-section lines
correspond to sum of T
and B expectations

— M =600 GeV
— M =700 GeV
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Conclusions

The LHC is back online!

Expect a long physics run this year with integrated luminosity
up to 500 pb-

Many searches for exotic heavy quarks at the LHC offer
unusual and/or spectacular signatures

Early discoveries are possible in many cases

A very exciting time is ahead of us; we need to keep an open
mind and be prepared for the unexpected!



