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OUTLINE

Exotica at LHC is Physics beyond SM/SUSY/Higgs

O Heavy Resonances (extended gauge models, extra dimensions,
technicolor) = dileptons, dijets, diphotons, ttbar, WZ

O Non-Resonant Signals

O Mono-particle + Missing ET (extended gauge models, extra

dimensions, technicolor) = mono-jet + MET, mono-photon + MET,
mono-lepton + MET

0 Black Holes (extra dimensions) = high-multiplicity events
4 Leptoquarks

d 4 Generation = lepton + jet, dilepton

CMS Exotica Public Physics Results
https://[twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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Compact Muon Solenoid

Large general-purpose particle physics detector

LHC provided 6.13 fb-lat a 7 TeV
center-of-mass energy of proton
_ - beams for 2011 and

R = 23.3 fblat a 8 TeV for 2012

1
5

CMS
A Compact Solenoidal Detector for LHC

‘ﬁ“ . 5.55 fb! and 21.79 fb! were recorded
1 e —= by CMS in 2011 and 2012
== A
7?5""" The results covered by this talk were
J/ ' produced with up to 20fb!

Total weight 12 500 t
Overall diameter 15.00 m
Overall length 21.6 m
Magnetic field 3.8 Tesla

Total weight 1 12,500t.
Overall diameter: 15.00m
Overall length  : 21.60m
Magnetic field : 4 Tesla CMS-PARA-001-11/07/97 e.pp

Detector subsystems are designed to measure:
the energy and momentum of photons, electrons, muons, jets, missing E; up to a few TeV
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Heavy Resonances

U Extra gauge bosons predicted by extended gauge models (left-right
symmetric models and GUT-inspired models)

L Kaluza-Klein graviton excitations arising in extra dimensions models with

curved bulk space (Randall-Sundrum model) SN DR AR AR AR

» Small extra spatial dimensions, Curved |
bulk space (AdS; - slice)

» Well separated graviton mass spectrum

do/dM (pb/GeV)

po-to Lo Lo 1

0 Kaluza-Klein excitations of SM gauge

bosons in large flat extra-dimensions (TeV-1 Models)
» Bosons could also propagate in the bulk
» Fermions are localized at the same (opposite) orbifold point: destructive
(constructive) interference between SM gauge bosons and KK excitations

1 Technicolor

Signals: di-leptons/di-jets/di-photons resonance states in high (~TeV) invariant mass
range = new particles would be observed as a bump, excess in the mass spectrum

Excellent momentum and energy resolutions are required !!
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Dileptons: Spectra

New Physics (Z'/Z/6yy) contributions to

SM processes:
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Dileptons: Limits

95% C.L. mass limits have been set on neutral gauge
bosons using the combined muon and electron channels

CMS PAS EXO-12-061
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A Sequential Standard Model Z'yg,, with standard-model-like couplings is excluded with 8
TeV data below 2960 GeV, and the superstring-inspired Z’,/ below 2600 GeV

Combined 7 TeV + 8 TeV data (5.3 fb-' + 4.1 fb-') excludes RS Kaluza—Klein gravitons
below 2390 (2030) GeV for couplings of 0.1 (0.05) (Phys. Lett. B 720 (2013) 63)
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Dilepton Events at CMS
CMS PAS EX0-12-061

CMS Experiment at LHC, CERN

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 22 06:02:46 2012 GMT-4

Data recorded: Sun Jul 22 06:02:46 2012 GMT-
Run/Event: 199409 / 676990060
Lumi section: 553

C
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Tongort e Sowcs
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CMS Experiment at LHC, CERN
Data recorded: Sun Jul 22 06:02:46 2012 GMT-4 Muon 0,
Run/Event: 199409 / 676990060 =
Lumi section: 553 pt = 897.88
eta=0.518
phi = 1.095
|
|
! -
/ Muon 1,
pt=882.75
eta = 0.988
phi = -2.065
-
L]
Dielectron, M = 1776 GeV
CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
Data recorded: Sun Jul 15 03:34:01 2012 CEST Data recorded: Sun Jul 15 03:34:01 2012 CEST Data recorded: Sun Jul 15 03:34:01 2012 CEST
Run/Event: 198969 / 1188478742 Run/Event: 198969 / 1188478742 Run/Event: 198969 / 1188478742
Lumi section: 1021 Lumi section: 1021 Lumi secti
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Diphotons

PRL 108 (2012) 111801, arXiv:1112.0688
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95% CL lower limits on a mass of RS Kaluza—Klein gravitons for given values
of the coupling parameter k
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CMS PAS EXO-12-059
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Highest Dijets Mass at CMS
CMS PAS EX0-12-059

Display for the event with the highest di-wide-jet mass
(5.15 TeV)
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ttbar in the Boosted All-Hadronic Final State

Massive new particles from colorsinglet Z', colorons or axigluons, KK-excitations
of gluons or gravitons etc could manifest as resonances in the production of
ttbar pairs CMS-PAS-B2G-12-005

a search for tt resonances in events with >2 top-tagged jets:
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ttbar in the Semileptonic Final States
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WZ Resonances

CMS 2011
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(Lepton-Lepton) + (Jet-Jet) Resonance

CMS PAS EXO-12-017
Wy and heavy neutrino from LR models
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Non-Resonant Signals

aQ ADD-graviton contribution in the SM processes (Drell-Yan,
diphotons productions)
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Dimuons

CMS 2012 Preliminary

Exclusion Limits for ADD
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Mono-Particle + MET

Q Extra gauge bosons (W') predicted by extended gauge
models (left-right symmetric models and GUT-inspired
models)

. . . . . Hidden brane set
A Kaluza-Klein graviton emission in large
flat extra-dimensions (ADD model) % o /

multi-D gravn‘on /

d Technicolor il

Signals: lepton + MET, photon +MET, jet +MET %M /

Our World 3+1
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Lepton + MET
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Photon + MET
arXiv:1204.0821, PRL108 (2012) 261803
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Jet + MET
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‘\ Searching of t’
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Searching for top partners with charge 5e/3

Various extensions of the standard model predict the existence of heavy partners
for the top quark with charge 5e/3 .

. - CMS-PAS-B2G-12-012 " v
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* Signature: t*>top + gluon
— One isolated muon or electron
— At least six hadronic jets
— At least one b-tagged jet.
e CMS @ 20/fb:
— M > 794 GeV
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Searching for excited top quark
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Conclusions and Outlook

d CMS demonstrates excellent performance
v' TeV leptons, photons, jets
v" Mono-particle + associated missing energy
v' Complex signatures

A Physics analysis with up to 5 fb-" at 7 TeV and 20 fb-! at 8 TeV
set stringent limits to many benchmarks models

CMS Integrated Luminosity, pp

4 Unfortunately, no evident deviations  -eemeenmonn naomznen o,
from Standard Model have been
seen so far
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