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Outline

• Introduction

• Exotic physics reaches at ATLAS and CMS (Initial detector/more realistic 
simulation)

• New gauges bosons: W’, Z’s in GUT-inspired models

• Extra dimensions, Black Holes

• Alternatives to EWSB mechanism: technicolor, scalar/vector di-boson 
resonances

• Exotic fermion/quark-lepton substructure: leptoquarks, excited quarks, 4th 
generation

• Contact Interactions

• Others (less model-dependent): Heavy Stable Charged Particles (HSCP)  

• Conclusion

Disclaimer: this is a very selected coverage of the very rich, exciting exotic physics 
program at LHC.
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Introduction

• Extra Space-time (Extra Dimensions).

• New gauge groups: 

GUT, or GUT-inspired models, ...

• Electro-weak symmetry breaking                   
mechanism: 

Technicolor, little Higgs, Higgsless, ...

• New fermions/neutrinos:

4th generation, Majorana neutrino

• Lepton-quarks: 

Leptoquark (LQ), excited quarks/
leptons, ...

• Hidden valley, etc.

• SM: 

• 4D space-time

• SU(3)c×SU(2)L×U(1)Y

• EWSB: Higgs mechanism

• 3 generations of lepton/quarks.
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The ATLAS/CMS Detectors
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• ATLAS 

• Dimensions: 45m (L) x 24m (H)

• Weight: 7000 T.

• Combination of toroidal & 
solenoidal magnet system. 

• CMS

• Dimensions: 21m (L) x 15m (H) x 15 
(W)

• Weight: 12,500 T.

• Single solenoidal magnet @3.8 T.

• All-silicon tracking detector. 
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Z’ Searches

• GUT-inspired models 
(E6, etc), little Higgs, 
Kaluza-Klein models, ...

ATLAS CMS

eletron non-isolated 
pT>60 GeV

~90% (500 GeV 
graviton)

isolated pT>18, 80, 
200 GeV

~99% (ZSSM = 1TeV)

muon single muon pT > 
20 GeV

~95% (2 TeV 
ZSSM)

single muon or 
isolated dimuon

~97% (Drell-Yan 
M>500 GeV)

• Bench-mark exotic physics searches:
    Z’→ee, Z’→µµ, Z’→ττ (ALTAS) 

•Experimental signature:

resonances in the tails of the Drell-Yan dilepton mass spectrum. (J/Ψ, ϒ, Z.) 

M. Cvetic et al. PRL 68 (1992), 
CDF public note-9160, PDG(2006), 
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Z’ Searches - Understanding Detector

• Many studies in understanding the 
detector, 

trigger/reconstruction efficiency 
from data (tag/probe)

detector alignment, electronic 
saturation, muon radiation, etc..

CMS (muon)
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Z’ Searches - Understanding Detector (II)

• High energy cosmic muon in the CMS 
detector is well understood: momentum, 
energy deposit in calorimeter, etc.

• Demonstrated capability/performance 
in high-pT muon reconstruction. 
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Z’ Searches - Background Study

• NLO EWK/QCD corrections for 
Drell-Yan background, PDF 
uncertainties.

• Data-driven method to subtract 
ttbar

• Jet fake-rate with jet triggered data. 
Estimate dijets contributions with 
lepton + jet sample. 

• Muon channel (lower fake rate):
• Drell-Yan

• QCD multijets, W/Z+jets,  WW, ZZ, WZ, ttbar

• Electron channel:
• Drell-Yan

• QCD multijets, ttbar, W/Z+jets, γ+jets, WW, WZ, 
ZZ, W/Zγ, γγ ee

U. Baur et al., PRD 65 (2002) 033007
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Z’ Searches - Signal Extraction

• Parameterized fit.  
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Discovery Potential 

• Sensitivity beyond the Tevatron reach can be achieved with only ~100 pb-1 
of data.

• Systematics leads to few percent variation on the required luminosity.
• About double luminosity is needed to reach same sensitivity for a 1 TeV Z’ 

due to reduction in C.M. energy (14 TeV→10 TeV).
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W’ Search
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• Bench-mark search for new charged gauge boson: a 
copious of SM W proposed by G. Altarelli, et al.

• lepton + missing ET.
• Backgrounds: dijets, W/Z+jets, ttbar.

Isolation, jet veto, lepton fraction.
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Discovery Potential
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• With less than 10 pb-1, a 1 TeV SM-like Wprime can be discovered.
(current limit >1 TeV @95% C.L,  D0 collaboration, V.M. Abazov et al., PRL 100 
(2008) 031804)

electron channel

CMS
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Arkani-Dimopoulos-Dvali Extra Dimensions
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• Large extra dimensions: R~sub mm scale 
(δ=2, ... 7)

• Graviton travels in ED freely.

• mD: >0.83-1.6 TeV@ 95% C.L., (δ=2...6)  
(LEP, CDF Run II)

• Jet+missing ET
• Z+jets, W+jets, QCD dijets, ttbar

GK

gq

q
GK

gg

g

M2pl = 8π Mδ+2DRδ

100 pb-1
• Expect background yield at 100 pb-1.

• Profile likelihood (R. Cousins, et al.) to 
estimate significance: evidence for MD 
of 3.58 TeV (2.62 TeV) for δ=2(4).

• Push current limit 3 times higher for 
δ=2,4.
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Black Holes
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• MD~EWK scale, BHs can be produced at LHC
• Black disk cross section,
• BH decays to all SM particles, high multiplicity 

& spherical event shape. 
• CHARYBDIS event generator + ATLAS full/

fast detector simulation 

( rh, horizon radius)
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Discovery Reach

• Event selection, 
scalar summation/multiplicity of 
high-pT objects.

• Mass reconstruction,

15

Scalar summation:
BH with >5 TeV threshold with few pb-1

4-object/high pT leptons
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Technicolor

• Technicolor Strawman model (TCSM). mωT= mρT

• ωT/ρT →µµ. (Same final states as the Z’, graviton searches. )
• Cut& count used to determine the significance. Optimize the signal mass 

window with S/√B.
• ωT/ρT with mass up to 1 TeV can be discovered with less than 5 fb-1 of 

data.
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Vector Boson Scattering

• WW, WZ, ZZ scattering: the best 
opportunity to study EWSB in absence of  
a light Higgs.

• Scalar/vector di-boson resonances in 
Chiral Lagrangian Model. 

• Relative high (10s to 100s fb-1 data) are 
required. 

17
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b’ Search

• Hint of 4th generation from difference in direct 
CP-violation in B→Kπ, G. Hou et al., PRL 95, 
141601 (2005).

• mb’>mt+mW=255 GeV, 
• 4 leptons+2b jets.

18

• With 100 pb-1 luminosity, > 5 σ
significance for mb’=300 GeV.
• Set b’ limit 450 GeV @95% C.L.

CMS
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Leptoquarks (LQ)

• Hypothetical particles in GUT-inspired models. 
(J.C.Pati et. al, E. Eichten, et. al., etc)

• Quark/lepton quantum numbers. 
• 1st & 2nd LQ, >214 GeV@95% C.L., (D0)
• 3rd LQ, >229 GeV@95% C.L., (D0).
• Experimental signature: 2 high-pT leptons + 2 

jets, no MET. 

19

• Experimental signature: 2 high-
pT leptons + 2 jets, no MET. 

• Z/γ* + jets
• ttbar
• SM diboson production

LQ
e,µ,τ

q
BF=β LQ

ν

q
BF=1-β
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1st & 2nd-generation LQ

• 1st and 2nd generation LQ:
eejj, and µµjj final states. 

• Triggers: ~97%.
• ST: scalar sum of final state 

pT.
• LQ with mass up to 400 GeV 

can be discovered with ~10 
pb-1, β=1. 
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Excited Quarks

• Quark + gluon→q*→qg.
• Invariant mass spectrum of 2 leading 

jets.
• Dominant systematics: jet energy scale.
• With 10 pb-1, a 2TeV excited quark be 

discovered (Tevatron limit,  >0.87 TeV 
@ 95% C.L.)

21
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Contact Interactions

• New physics at an energy scale Λ above the 
final state energy.

• Excess in leading jet pT spectrum. 
• With 10 pb-1 data, discovery beyond Tevatron 

limit (2.7 TeV @95%C.L.) is possible. 

22
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Heavy Stable Charge Particle (HSCP) 

• Low-velocity heavy charged particles: 
stau (GMSB), KK-states (ED), gluino (split SUSY), stop,

• β-1 reconstruction: CMS tracker (dE/dx), or barrel Muon 
system (TOF) 

• Trigger is critical,

23

500 GeV stop
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Sensitivity

• Sensitive to 1 TeV gluino with 1 fb-1 luminosity.
• With few 100 pb-1, GMSB stau could be discovered.  

24
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Conclusions

• There is a very rich exciting exotic physics program at LHC, probing many 
fundamental aspects of the nature;

• Extended gauge symmetry: W’, Z’ gauge bosons

• Extra dimensions: ADD, Black Holes

• Alternatives to EWSB mechanism: technicolor, vector boson scattering.

• Probing “elementary” particles, 4th generation, excited quarks, leptoquark.

• New interactions at high energy scale in jet production.

• More generic searches: HSCP.    

• Current experimental reach will be largely extended even with early LHC 
running (~ 100 pb-1). 

• Due to limited time, many other important physics analyses are not discussed 
here: model unspecific search, Z’→ττ, RS gravitons, ... 

• Stay tuned for the exciting LHC run this year!  Nature could come up with a 
surprise. 
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Back-up Slides
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Discovery Potential - Zprime

27
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Z’->tautau

• lepton+hadronic final state. 
• single electron/muon trigger, ~70%.
• dijets, ttbar much more enhanced.  
• Z’, m=600 GeV.
• 132 signal , 181 background evens. 3.4 sigma significance at 1 fb-1
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Physics Objects
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ATLAS CMS
Muon 
System

• ~ 1200 Monitored Drift Tube (mDT) + 
Cathode Strip Chamber (CSC),  

• Triggering: 600 Resistive Plate Chamber 
(RPC) and 3600 thin Gap chambers 
(TGC).

• Resolution: standalone DpT/pT < 10% 
upto 1 TeV.

• Barrel (DT)

• Endcap (CSC)

• Triggering: RPC + DTs

• Resolution: DpT/pT < 5% 
upto 1 TeV

• Dimuon mass resolution: < 
1% @ 100 GeV.

ElectroMagn
etic 
Calorimeter

• Barrel, endcap: Pb-LArEnergy 

• Resolution (e): ~10%/sqrt(E).

• Barrel, endcap: Lead-
tungstate crstal (PbWo45) 
based.

• Resolution (e): 

• e, mu, gamma, jet/tau, ...  
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Guideline
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 New gauge groups

 Extra Dimension

 Alternative to EWSB

 Exotic fermion, quark/lepton substructure

 Contact Interaction

 Less model-driven search
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Randall-Sundrum Graviton
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• 2 4-D branes connected by a warped ED, 

V

V

GKKGKK

f

ff

f

• Same final states as Z’ decays. 
Differ in angular distribution, spin=2

CMS

k, AdS5 curvature CMS
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Randal-Sundrum Graviton
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• A large allowed region can be 
covered with 1 fb-1. 

CMS (muon channel)

H. Davoudiasl et al. hep-ph/000604

k/Mpl = 0.01,  0.02,         0.05,           0.10

 (CMS - muon channel)

 (electron channel)



Ping Tan, DIS 2009

Majorana Neutrino

• WR and heavy Majorana neutrino in Left-right 
symmetric model (LRSM).

• WR >1.6 TeV, (KL-Ks mass difference)
• Same final states as LQ quark search.
• 150 pb-1 luminosity needed for 300 GeV Majorana 

neutrino (mWR = 1.8 TeV).
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