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AVERY PRODUCTIVE 20| I

. About 30 results produced by CMS on 20I I data SO far
— 20 now using full 201 | data set of 5 fb"!

* Comprehensive review requires a few hours hours
* This talk focused on most recent results with full statistics

* Will try to give you a taste of some exotics particles we hope to
discover soon

* Focus mostly on CMS results

—almost all searches updated to 5 fb-1|

—some ATLAS results quoted for comparison
» many others with smaller data samples not quoted here

* Complete list of results

— ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
— CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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SUSY OR EXOTICA7
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— mass of all supersymmetric particles are related
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* SUSY results reported almost always in (m0,m1/2) plane

1000

* Large missing transverse energy is usually the primary signature

* In exotica we look for particles and resonances that are not necessarily needed or

predicted in supersymmetry
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* Same final state often probing very different models or topics
— 2 leptons, 2jets + MET, lepton+jet+MET

* Topological presentation requires jumpin
P g P q ] P g m Many extensions of the SM have been

between very different models developed over the past decades
' —>
m Supersymmetry X~ = -

m Extra-Dimensions e
N

m Technicolor(s) \\\“,;‘77%

NS
* | will follow a topic-based approach u Little Higgs<_ -‘
. . . | s
— easier to combine constraints on model from ~ * Mo Higgs *‘\\\ >
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— Same final state is not simple re-interpretation = Leptoquarks ‘\/,{:«( \\\\\\
» often optimization redone to deal with different ® Compositeness <
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acceptance for very different models m 47 generation (t, b')
m LRSM, heavy neutrino

m efc...
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» different analysis strategy and signal extraction
methods
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1jet + MET

a jets+ MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets

Microscopic blackholes
Dijet resonance

etc...




ATLAS AND CMS

3.8T solenoid containing calorimeters

Silicon tracker: o(p1)/pr~ 15% at 1TeV

EM cal: homogeneous Lead-Tungstate
crystal, /E ~ 3%/NE[GeV] @& 0.5%

HAD cal: Brass-scint., 27A,
0/E ~ 100%/NE[GeV] ® 5%

B |ron return yoke muon spectrometer

B 2T solenoid inside calorimeters
m Silicon+TRT tracker + electron ID

m EM cal: Longitudinally segmented Lead-Ar:
0/E ~ 10%/E[GeV] ® 0.7%

m HAD cal: Fe-scint + Cu-Ar, 211A,
0/E ~ 50%/NE[GeV] & 3%

= Air-toroid muon sp.: |[VB.dl=1to 7 T.m
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OUTSTANDING PERFORMANCE OF LHC
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OUR BIG ENEMY: PILE-UP
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* Heavy Resonances

— dileptons |
— lepton+MET
— diphotons

— dijets
— heavy neutrinos
-WZ

 Extra dimensions
— Black Holes

Not enough time to
cover today

* Dark Matter
— single jet + DM candidate
— single photon + DM candidate
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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

» 1.3% - 2.4% for electrons and 7% for muons at | TeV mass

— extra care for energy/momentum reconstruction above | TeV
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* Background estimation: QCD and ttbar from data, DY from MC
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Events / 10 GeV
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* But much larger resolution with muons spreads out a possible signal a lot compared to

electrons
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DI-LEPTON EXCLUSIONS
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* Most challenging lepton for searches: both hadronic and leptonic tau decays

* Not competitive with di-electron and di-muon but could be sensitive for
resonances with non-standard couplings or preferring 3rd generation

* Sequential standard model resonance Z'ssm excluded at 95% CL below 1.36 TeV
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Events/20 GeV
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* Randall-Sundrum gravitons propagation in extra dimensions

* Background: genuine diphoton production
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* Counting experiment in tails or in narrow windows for a resonance
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* Look for heavy W-like Jacobian peak in transverse mass

* Dominant background:WV production in Standard Model

mr = \/ZpTET(l — COSQ(PE?ET)

Now also take into account interference with SM
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CERN

| CMS Experiment at
; 009:01:24 2011 CEST

i| Data recorded: Mon
\ | Run/Event: 178162/
"." Lumi section: 42
\. \| Orbit/Crossing: 1100

pfMet 0, pt: 760.1 GeV'
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W’ — |V EXCLUSION LIMITS
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Left-Right-Symmetric Extension

v, are massless & pure chiral

Standard Model LRSM)
Gauge group SU(2), X U(1), SsU(2), X SU(2), X U(1),,
. LH doublets: @, = (u',d ), ,L, = (I',vi), | LHdoublets: @, = (u',d "), ,L, = (I},vY),
Fermions RH singlets: @, = u'y, d 'y , Ly=1, | RH doublets: @ = (u',d ), L = (N7,
v', do not exist N', are heavy partners to the v’
Neutrinos

N',Majorana in the Minimal LRSM

Gauge bosons

WiL, ZO, Y

W WEL 20, 27,y

* Parity violation built-in for the Standard Model

— Parity violation in LRSM via symmetry breaking at
intermediate mass scale

* Neutrino oscillations require massive neutrinos

— but neutrinos mass forbidden in SM

— “See saw’ mechanism in LRSM can explain small mass of

neutrinos via heavy partners

Sh. Rahatlou
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HEAVY NEUTRINO AND Wr

CMS Preliminary 5.0 fb"at 7 TeV
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Sh. Rahatlou 19




WZ RESONANCES

'CMS Preliminary 2011
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WZ EXCLUSION LIMITS
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WLZAND ZZ RESONANCES

L - py, ee
CMS Preliminary 2011
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* For very heavy resonances hadronic W and Z merge into one fat jet

— jet energy resolution
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Z/Z RESONANCE
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* Resonances predicted in numerous models

— larger branching fraction compared to dileptons

— much higher background from QCD \( Wl
* Wide jets to recover radiation = ZAINRS

— divide event in 2 hemispheres

\ I'f.l' I

""" Jet 2 p_= 1.389 TeV
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* Now excluding resonances below 2.5 TeV for variety of models
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TRI JET RESONANCE
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Events per 40 GeV
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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

Sh. Rahatlou px




Black Holes are a direct prediction of Einstein’s general theory on relativity

If Planck scale ~TeV region, expect Quantum Black Hole production

. , . . . M 1
Using Gauss’s law with n extra dimensions  V(r) ~ —5—
M+ rnt
For small extra dimension of size R V) M 1

Mpy+t*Rnr

Relation between planck scale in 4D and 4+nD My ~ My *R"

Schwarzschild radius is the radius in which a confined mass would become a

1 n+3 nL
black hole oL (Mg 8T ("32) \ ™"
VM, \ M, n + 2

— Mp =10%° GeV in 4D implies r, << 103> m

— Mp =TeVin 4+n D implies rh, ~ 101" m

Occasionally protons with parton center of mass energy Mgy = V3
could collide at a distance smaller than ry

such collisions satisfy the black hole definition but with tiny mass

Sh. Rahatlou
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Formation: semi-classical argument

= Partons with impact parameter less
than Schwarzchild radius R (Vs)

area~nRs ~1TeV >~10"" m”~ 100 pb

Production rate of ~0.1 Hz at L = 103*cm>2s’!

Hawking evaporation with lifetime
t~10%7 sec

BH—> (gandg:leptons:ZandW:vand G: H : vy )
=(72% : 1% : 8% : 6% :2%:1%)
Experimental signatures
= High multiplicity events S
= Hadrons:Leptons ~ 5:1 & ;-
= Spherical events
= Large missing PT 102 L

1025-

Could be discovered with ¢
1 fbtif M, < 5 TeV! ' E

Aar
10 =
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Discrimination variable: visible transverse energy

— scalar sum of ET for identified physics objects and MET

()
leptons, and photons
)
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Estimate background shape from low multiplicity events

Events / 100 GeV
o

10

Analysis strategy: events with large transverse energy, multiple high- energy jets,

Main Standard Model background: QCD multijet production

CMS Vs =7 TeV, 4.7 fb"
Multiplicity, N= 8

e (Observed
— Background
Uncertainty
Mp=15TeV,M"=4.5TeV,n=6
My =2.0 TeV, ME;‘:” =4.0TeV,n=4
M,=25TeV, ME:':” =35TeV,n=2

f)

3000 3500 4000 4500
S, (GeV)
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MULTIJET EVENT AS BLACK HOLE CANDIDATE

CMS Experiment st LHC. CERN
Data recorded: Mon May 23 21:46:26 201! EDY

RunEvent 1658567 / 3474598624
Lumi sechon: 280
OrdtCrossing | 73258853 / 3161

CMS Experiment ot LHC, CERN
Data recorded Sat Age 73 08 05 38 2011 EDY
RunEvent 163332/ 196371006

Sh. Rahatlou
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LIMITS ON BLACK HOLE PRODUCTION
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DARK MATTER QUEST

-

Direct Detection (t-channel) Collider Searches (s-channel)

* Pair production of Dark Matter candidates at colliders accompanied by Initial
State Radiation of gluon or photon

— More sensitive in low mass region than direct detection

q q
q X q X

Monophoton + MET Monojet + MET

* Search for just one photon or jet and large missing transverse energy
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MONO-PHOTON + MET
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for excess in photon pt spectrum

Data recorded: Sun Apr 24 22:57:52 2011 CDT
Run/Event: 163374 / 314736281
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MONO-JET + MET
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DARK MATTER LIMITS

—_

<
W
o

* Pair production modeled as
contact interaction

Spin-independent 10°
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CONCLUSIONS




MASS SCALE GRAND SUMMARY

Heavy Black Holes,
Resonances Compositeness

Z’SSM I

Z’W I

Z’, ttbar, hadronic, width=3%
Z’, ttbar, lep+jet, width=3%
GKK jet+MET k/M = 0.2
GKK jet+MET k/M = 0.3
GKK Il k/M = 0.1 E6 diquarks

-
=P
-
—
S
s | =
=
=-'_P.
—
E_'-.
=
0o 1 2 3

MBH, rotating, MD=3TeV, nED = 2, BlackMax

MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, Quantum BH, MD=3TeV, nED = 2,

String Ball M, MD=2.1, Ms=1.7, gs=0.4

String Resonances

W’ Iv, constructive inter. g*, dijet pair

W’ lv, destructive inter. g*, boosted Z

WKK p = 0.05 TeV
W’ dijet

WR, MNR < 1.0 TeV
W= WZ

pTC, nTC > 700 GeV

e, A =2 TeV (2010)

u*, A = 2 TeV (2010)

C.I. A, X analysis, A+ LL/RR

C.I. A, X analysis, A- LL/RR

TeV TeV

95% C.L. Exclusion Limits on Masses
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OTHER SEARCHES NOT DISCUSSED TODAY

LQ1, B=0.5 gluino, HSCP, gluonball=0.5
LQ1, B=1.0 gluino, Stopped Gluino
top, HSCP
LQ2, B=0.5 LeptoQuarks Stop
stop, Stopped Gluino
LQ2, B=1.0 Heavy
stau, HSCP, GMSB LOI’\g—Lived
LQ3, p=1.0 hyper-K, hyper-p=1.2 TeV
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Ms, yy, HLZ, nED =2
Ms, Il, HLZ, nED = 2
Ms, vy, HLZ, nED =6
Ms, Il, HLZ, nED = 6
MD, monojet, nED = 3
MD, monojet, nED = 6

Mb’, b’ = tW, l+jets

Mt’, t* = tZ (100%)

Mt’, t = bW (100%), I+jets
4th

Exira
MD, mono-y, nED =3 Dimension

MD, mono-y, nED =6

Generation

Mt, ' = bW (100%), I+

95% C.L. Exclusion Limits on Masses
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FANTASTIC 201 I AT LHC

. Outstandlng performance of detector trlgger computlng
— More than |5 results using fb-1 by Summer 201 |
— Almost all searches updated to full dataset by end of year and ready for 8 TeV

e 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

* Great hope for 8 TeV data in 2012 and even more for |3 TeV after the
long shutdown in 2014
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Heavy resonances excluded past 2 TeV
4th generation excluded up to ~0.5 TeV

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

than 20%

— Increase in luminosity not a game changer in searches

Higher center-of-mass energy opens new doors

Higher beam energy increases cross section by x2-3

— 1 TeV resonance: x1.5 @ 8 TeV and x2 @ 9 TeV
— 2 TeV resonance: x2.1 @ 8 TeV and x3.6 @ 9 TeV

2 fbt @ 8 TeV roughly equivalent to 2011 data

Expect LHC to deliver up to 0.9 fb! per week soon!
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