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DISCLAIMER

. More than 30 results produced by ATLAS and CMS alone for Summer
— A wonderful 2011 for LHC so far

* More than 60 results from Tevatron and LHC covering a large variety
of theoretical models

* Snapshot of most recent results and not a comprehensive review

— Many of Tevatron results now superseded at LHC not reported due to time
constraints

* Complete list of results
— ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
— CDF: http://www-cdf.fnal.gov/physics/physics.html
— CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
— DO:http://www-d0.fnal.gov/Run2Physics/VWWWWV/results.htm
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SIGNATURE

* Same final state often probing very different models or topics

= Many extensions of the SM have been o = 'iet+MET

M M o a jets + MET
— 2 leptons, 2jets + MET, lepton+jet+MET developed over the past desades ——»-+ 12 T
| Supersymmetry < —> S i i
,\\ > " .tame-SIQn di-lepton
m Extra-Dimensions Q“\\ = Bfle:tct:n resonance
. \ “":’2 s Diphoton resonance
] TeChn|CO|0r(S) \{(\?{/"[I « Diphoton + MET
m Little H|ggs ~- N\ / a Multileptons
N a Lepton-jet resonance

s GUT « Gamma- jet resonance

a Diboson resonance

between different types of physics being :E;‘:;jjgugfi':y

s W/Z+Gamma resonance

T N

[ | Compositeness /"\\\\\\\ N = Top-antitop resonance
add ressed " . . '\ a Slow-moving particles

m 4" generation (t', b') \\ a Long-lived particles
m LRSM, heavy neutrino Nl = Top-antitop production

A = Lepton-Jets
a Microscopic blackholes
N Dijet resonance

m efc...
by Henri Bachacou - ..

» Topological presentation requires jumping * "o S NN & oo o
pological p quires jumping ;i S\t

* This talk following a topic-based approach
— easier to combine constraints on model from different topologies

— Same final state is not simple re-interpretation

» often optimization redone to deal with different acceptance
for very different models

» different analysis strategy and signal extraction methods
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* Heavy Resonances * LeptoQuarks

— dileptons — |st generation
— lepton+MET — 2nd generation
— diphotons * 4th generation b’/t
— dijets — all hadronic
— heavy neutrinos — semileptonic
-WZ : :

3 * Long-lived particles
- WHj

— stopped particles

* Extra dimensions — displaced vertices

— dileptons

— diphotons

— jet/photon + MET For ttbar related searches see

_ Black Holes Francesco Spano’s talk on Monday
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* New gauge bosons predicted by many extensions of the Standard Model with
extended gauge symmetries

— Zssm in Sequential Standard Model with same Z0 coupling as in Standard Model
— Z’ models from E6 and SO(10) GUT groups

— The Kaluza-Klein model from Extra Dimension
— Little, Littlest Higgs model

* No precise prediction for mass scale of gauge bosons
* Technicolor also predicts variety of narrow heavy particles

* Backgrounds
— relatively clean with good S/B

— mostly tails of SM processes

* Experimental challenges
— detector resolution can be a key player

— extra care for energy/momentum reconstruction above | TeV
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* Background estimation
— ATLAS: QCD from data, ttbar and DY from MC
— CMS: QCD and ttbar from data, DY from MC
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CMS: PAS EXO-11-019
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* Several events with mass of | TeV
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DI-LEPTON EXCLUSIONS
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* Limits approaching 2 TeV for most models

 Similar expected and observed 95% CL limits for both experiments

Excluded , , .l _ .l

mass (TeV) L’ ssm L' RS G*k =0.05 | RS G*k=0.10
ATLAS 1.83 1.49 1.33 1.63
CMS 2.00 1.62 1.49 1.79
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* Randall-Sundrum gravitons propagation in extra dimensions
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* Resonances predicted in numerous models

— larger branching fraction compared to dileptons

— much higher background from QCD
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* Now excluding resonances below 2 TeV for variety of models
Excluded q* Axigluon Color octet String EG
mass (TeV) Coloron scalar resonances diquark
ATLAS 2.91 3.21 1.91
CMS 2.49 2.47 4.00 3.52
Sh. Rahatlou

|2



http://arxiv.org/abs/1107.4771
http://arxiv.org/abs/1107.4771
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-095/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-095/

LEPTON+MET
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* Look for heavy W-like Jacobian peak in transverse mass m; = \/ 2prEr(1 —cosAQ, ET)

— e.g. Sequential SM and Technicolor

* Dominant background:W production in Standard Model
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W — Iv EXCLUSION LIMITS
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* Exclusion Limits now past 2 TeV
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HEAVY NEUTRINO AND Wr

Search for lljj resonance
Most stringent limits today!

Gets very interesting for theory
once limits at 2.5 TeV

ATLAS: ATLAS-CONF-2011-115
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WZ RESONANCES
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* 3 topologies considered: Z— Il + Z—1l, jj, vv

* 4 interesting events in 4l final state

— Also high Pt for same for events
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— Probability of background fluctuation ~10-*
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* No excess in lljj nor lI+MET final states
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* Structure in M;j in W+W/Z cross section measurement reported by CDF

— Background of interest for Higgs and several exotic searches
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SUMMARY OF W+]J AT TEVATRON

* M structure not conf rmed by DO

— small differences exist but unlikely to wash out a peak
* DO measured cross section: 0.82 + 0.83 pb DO: PRL 107, 011804 (2011)
* Oiriginal CDF cross section: ~4 pb
* Latest CDF:3.0 £ 0.7 pb CDF: http://www-cdf.fnal.gov/physics/ewk/2011/wijj/7_3.html

* interesting cross check at LHC
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* Similar strategy and selection as CDF

— #jet = 2 at CDF probably should be relaxed at LHC
— Significance of 0.95 sigma in N>=2 sample
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Our 3-D Brane

Fundamental Planck Scale

Apparent Planck Scale
— # of EDs

rme—— S1Z2€ Of ED

EXTRA DIMENSIONS

* lLarge Extra Dimension (ADD)

— only graviton propagates in the bulk
* Warped Extra Dimension (a la Randall-Sundrum)

— as ADD with warped geometry for extra dimension  Mp = MPle_k"C”
* Universal Extra Dimension (UED)

— all particles propagate in the bulk
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— Large number of KK states

— not a single resonance to resolve but rather a continuum enhancement

* Counting experiment for M > Muin

— Mmin MMz 1.1 TeV Min YY: 0.8 TeV
CMS preliminary \!§=7TeV,ILdt=1.18fb"

——— L I L L ] | L I L I T P I L L I ] - 2
o = 0 Ang o; By o
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MONO-PHOTON + MET

= —_— — — g — e _ = — = B—

* Experimentally challenging q G
— | photon, MET and no other activity G
— excellent estimate of non-beam background
with ECAL time measurement
* Look for excess in photon prt spectrum q v
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http://cdsweb.cern.ch/record/1377334/files/EXO-11-058-pas.pdf
http://cdsweb.cern.ch/record/1377334/files/EXO-11-058-pas.pdf

dN/JET™* [Events/GeV]

* Similar challenge to monophoton

— | jet and MET

MONO-JET + MET

— main background from invisible Z measured

with data driven method

' ! 8 8 q g
8
8 G 8 G q G
ATLAS-CONF-2011-096

* Comparable limits in Mp from both experiments
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MICROSCOPIC BLACK HOLES

* Microscopic black holes decaying due to Hawking radiation

* General assumption: isotropic and democratic decay in all species

Events / 100 GeV

— high multiplicity final state

— CMS: multi-jet+lepton events with large total transverse energy

— ATLAS: multijet. Also same-sign dilepton in high track-multiplicity events

» Also search for Quantum Black Holes in di-jet final state ATLASNew Journal of Physics 13 (2011) 053044
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http://cdsweb.cern.ch/record/1369209/files/EXO-11-071-pas.pdf
http://cdsweb.cern.ch/record/1369209/files/EXO-11-071-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-065/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-065/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-068/

LQ q
q 1 LQ !

1
LQ
g q 5 LQ

EPTOQUARKS

Sh. Rahatlou 27




=

* Many theories predict the existence of Leptoquarks
— Grand Unified Theories

— Superstring-inspired E6 models

— Technicolor Schemes

— Composite Models

* Assume coupling only to | SM generation

* Main observables: LQ mass and

ATLAS: arxiv:1104.4481
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2ND GENERATION
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LONG-LIVED PARTICLES




arbitrary units

* Gluinos and stops hadronizing in heavy R-hadrons

— Large ionization in silicon tracker

— Very slow hence long time of flight (TOF)

HEAVY STABLE CHARGED PARTICLES

* Dedicated muon-like reconstruction and mass estimate from TOF and dE/dX

CMS: PAS EXO-11-022
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http://cdsweb.cern.ch/record/1370057/files/EXO-11-022-pas.pdf
http://cdsweb.cern.ch/record/1370057/files/EXO-11-022-pas.pdf

STOPPED HEAVY PARTICLES

Some heavy R-hadrons could stop due to large ionization

Detect interactions out-of-time wrt bunch collisions

— Special trigger for data acquisition while no collisions

— main background instrumental and non-beam related

Crucial to have long data-taking periods not just luminosity

Signal probability determined for each LHC filling scheme

CMS: PAS EXO-11-020
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DISPLACED LEPTONS
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4TH GENERATION
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* At least | b-jet,2 or 3 leptons

* Main backgrounds determined from lepton fake rate in data

* Dominant systematic uncertainty: b-tagging and lepton efficiency

* Main background discrimination from total transverse energy Y pr(jets) + ¥ pr(leptons) + Kt

CMS EXO-11-036
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H EAVY NEUTRINO

pp — Z/’}/ — N2N2 —> lele — ll]]NlNl

* Assume heavy neutrinos being lightest 4th generation particles

— mixture of Dirac and Majorana states

* leptonic and hadronic Z decays and missing energy from lightest heavy neutrino

http://lIwww-cdf.fnal.gov/physics/exotic/r2a/20110603.zzmet/index.html

CDF Run II Preliminary j Ldt=4fb" CDF Run II Preliminary J Ldt=4fb"95% CL
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SUMMARY OF 4TH GENERATION SEARCHES

e p—

. Excluded |Luminosity
Decay Experiment Method mass (GeV) (fb-1) Notes
CMS _ 495 1.1
b'—t+W lepton + jet
CDF 372 4.8
Qs—q+W ATLAS dilepton 270 0.035
dilepton 422 1.1
CMS
450 1.1
T—-b+W
CDF lepton + jet 358 5.6
DO 285 5.3
T—ot+Z CMS lepton + jet 417 0.2
T—t+Ao ATLAS lepton + jet 410 1.0 mao < 30 GeV
T>t+X CDF hadronic 400 5.7 mx < 70 GeV
T'—-t+X lepton + jet 360 4.8 mx < 100 GeV

Sh. Rahatlou 4]
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ATLAS GRAND SUMMARY

ATLAS Searches* - 95% CL Lower Limits (Lepton-Photon 2011)

| Illllll | | lllllll | I lllllll 1 1 LI
Large ED (ADD) : monojet M, (6=2)
UED:yy+E ¢ i Compact. scale 1/R ﬁrgﬁﬁfy
o RS withk/M_, =0.1:m,, Graviton mass
3 RS with k/M,, =01 :m_, Graniion mass jwr = (0.031 - 1.60) fb™!
g RSwithg /g =020:H + E, K3 giior s Vs =7TeV
i Quantum black hole (QBH) : m ..., F(x) M, (5=6)
= QBH : High-mass o, , , M
ADD BH (M,,/ M =3) : multijet Xp_, N, My, (5=6)
ADD BH (M, /M,=3) : SS dimuon N, ... M, (5=6)
- qqqq contact interaction : F (M ...) |iue o 2016) fariv: 11833064 (Bayesion Nit] erTV A
O qquu contact interaction : m | .o oo ot oo 11064398) AW A
= SSM:m, ... |eetons21m® @i (avtses sse2) 18T Z' mass
f: SSM:m, [cet0am® 2oty axiv-1s081316) 215ty W mass
o Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj 1* gen. LQ mass
- Scalar LQ pairs (5=1) : kin. vars. in ppujj, pvij 2™ gen. LQ mass
4" generation : coll. mass in @ T, > WqWgq Q, mass
4™ generation : d‘a‘—> WtWt (2-lep SS) d, mass
Tl gen > E+AA t1lep +jets +E, T mass
. Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W_) = 1 TeV)
§ Major. neutr. (LRSM, no mixing) : 2-lep + jets W, mass (230 <m(N) < 700 GeV)
H." (DY prod., BR(H:’—mu)zﬂ M esign) H* mass
Excited quarks : m g q°* mass
Axigluons : m ., Axigluon mass
Color octet scalar: m Scalar resonance mass
1 lllllll 1 | lllllll | 1 lllllll 1 1 | _—

10" 1 10

Mass scale [Te
*Only a selection of the available resulls leading to mass limits shown rr V]
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GKK Il k/M =0.1
GKK yy k/M = 0.1
GKK Il'k/M =0.05
GKK vy k/M =0.05
W' v

W' dijet

WR, MNR < 1.0 TeV
W'— WZ

olC

Mb', b’ = tW, |+jefs .

Mt', t' = tZ (100%) .
Mt', t' = bW (100%), |+jets .
Mt', t' = bW (100%), |+l .

gluino, HSCP ‘

gluino, Stopped Gluino [l
stop, HSCP .

stop, Stopped Gluino [
stau, HSCP [l

0
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FANTASTIC IST YEAR AT LHC

Outstandlng performance of detector trlgger computlng, and
offline in ATLAS and CMS

— last chunk of | fb"! dataset delivered last week of June
— Most of results using full dataset by 3rd week of July!

Good news

— excellent detector performance
» b-tagging and MET reliable and under control since day |

— surprisingly good data/MC agreement

Bad news

— So far only exclusion limits and no discovery
— No hint of New Physics yet

LHC measurement competing with Tevatron after | year of data

Sh. Rahatlou
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OUTLOOK

—_—— = e — = e p———

Heavy resonances excluded past 2 TeV 3% e cor2ot0
¥ | —+ ATLAS 2010
. <} - —=— CMS 2010
4th generation excluded up to ~0.5 TeV :

Y !
A
\

Increase of x35 in data from 2010 to Summer
201 | improved exclusion limits sometime less

than 20%

— and has not brought any breakthrough discovery yet

10"

1072

\s=7TeV

fLdt=1.041fb"

—-o— W — Iv (2011)

Higher center-of-mass energy perhaps a better option than x10 data at 7 TeV
CTEQS6L1: ud Parton Luminosity

— big gains in cross section for several processes
10

| 1 1 1 1 | 1 1 1
500 1000

1 | 1 1 1 1 | 1 1 1 1
1500 2000

N
.
o
o

my- [GeV]

— modest gain in parton luminosity from 7 TeV to 9 TeV

Searches in 2012

— many data-driven methods rely on extrapolation from
low to high mass/pt

» works until nothing seen.VWhat if we actually see events out there!?

B 0 @ =] D

[8 TeV]/[7 TeV]

— Trigger thresholds rising with luminosity
» many exotic searches so far relying on generic triggers

1

» dedicated triggers will be necessary in 2012 10

1071

arxiv:1101.3201
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