Search for' Exotlc Physu:s

at the LHC

Results from Atlas and CMS Experiments

Francisco Yumiceva
Florida Institute of Technology

December 14, 2012  SILAFAE 2012






one of the things | discovery this week here in this venue

Francisco Yumiceva CMS and Atlas Exotica

Pg.



one of the things | discovery this week here in this venue

Oswaldo Guayasamin
(Ecuadorian Painter)
Madre y nino
(Mother and son)
1992

Francisco Yumiceva CMS and Atlas Exotica pg. 3



one of the things | discovery this week here in this venue

Oswaldo Guayasamin
(Ecuadorian Painter)
Madre y nino
(Mother and son)
1992

Where Is the

NEW PHYSICS!

Francisco Yumiceva CMS and Atlas Exotica pg. 3



Questions Beyond the Standard Model (SM)

- Are there extra dimensions?

ADD (Arkani-Hamed, Dimopoulos, Dvali), RS (Randall-
Sundrum), UED (Universal extra dimensions)

- Are there additional quarks?

Fourth generation quarks t’, b’, ...

- Are there right-handed neutrinos? 2L Mesmionane
Temperature  Particle
"?9 I anlum qravity era " oo
Massive neutrinos ... e 0.0
_ 9 T I — | 07K 10" Gey
- What is Dark Matter? of
§ o 2
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g of :_; ) 0]
- Is there a Unification theory? {o | 0.0
E J — OB B e . Quark confingment
- Are electrons and quarks the fundamental particles? & e
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Many, Many, Many Searches

Classical Resonance Searches:

Dijet, dilepton, lepton-neutrino, diphoton, multijet, photon-jet,
diboson, ditau, ditop, top-bottom ... final states

interpret in various models, sequential SM, E6, RS gravitons, ADD,
axiguons, sequential SM, technicolor

Resonance Searches using boosted techniques.
Black Holes
Heavy Neutrinos

Right-nanded WR bosons, heavy neutrinos N arise from L-R symmetric
extensions of the SM

Leptoquarks

4th generations (new quarks)
Searches involving top quark

Dark Matter

Long-lived particle: Hidden valleys.
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Outline

The LHC is embarked upon the journey to discovery new
physics.

Excellent performance of the detectors and the LHC. !,

However, only limits for the moment. 2%

Some of the latest and greatest results (~14) from CMS
and Atlas will be presented here with some personal bias.

Too many results to fit in this talk.

References and more detailed results can be found

CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Atlas: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
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Large Extra Dimensions: ADD model

e Alternative scenario to explain the weakness of
gravity relative to the other forces: the

hierarchy problem: Mpignck 10 GeV, Mgwk ~10°
GeV) /////(f

e Introduces n extra dimensions in space, \
compactified on a n-dimensional forus or |
sphere with radius R

e Only gravity can propagate in extra dimensions

e Gravitation coupling enhanced at distances 4
(1))
smaller than R £
©

e “true” Planck scale in 4+n dimensions can be ©l

lowered to the EWK scale
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Black Holes v -

Microscopic Black Holes. Short-lived 1027 sec.

Thermal decay via Hawking radiation into all SM
particles (75% quarks/gluons)

r Pl

Cross section up to few 102 pb with extra dimensions 4/

Search for deviation in the total visible energy St
distribution in bins of N object multiplicity:

CMS Experiment at LHC, CERN

Data recorded: Sun May 20 19:57:43 2012
Run/Event: 194533 / 425810100

Lumi section: 303

ST = 2 ET for jets,e,y,u with p>50 GeV
N + MET

Sample with N=2 used to predict QCD bkg. Signal 10 jets, St=2.7 TeV

N>=3

Set stringent model-independent limits

e Model specific on semiclassical BH masses in the 4-6 TeV range
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Black Holes Results
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Compact Muon Solenoid

CMS-EXO-12-009

e Analysis done in N object multiplicity +s =8 TeV
e Background prediction in good

agreement with data

e Background dominated by multijet

events is estimated from data

—~ 6
E N CMS Preliminary {s = 8 TeV, 3.7 fb™ o
<58 95% CL for
E B L] L]
B 561, semiclassical BH
= ‘e
© : . .
& 54l limits on
5.2 Mmin=4-6 TeV
s
4 8L Charybdis ey,
- --=- Rotating Ty
~ —e— Nonrotating
4.6 Rotating (Yoshino-Rychkov loss)
~ -4 Rotating, low multiplicity regime
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—IllIII|IIII|IIII|IIII|III1|IIII|I

15 2 2.5 3 3.5 4 4.5
My, (TeV)

CMS and Atlas Exotica pg. 11



Monojet + MET

e Real and virtual production of gravitons.

* Virtual graviton exchange, signature: diphoton,
dilepton

* Direct graviton production: q q—gG,qg—qG,ge—gG

e Real graviton emitted in final state

e Signature: jet + MET

Francisco Yumiceva CMS and Atlas Exotica
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Dark Matter Search with monojet + MET

Pair production of DM () particles
in association with a jet (or photon or Z)

jet (or photon or Z)

.

0., — X1X)(@7"q)
v A2 >
(vector s-channel)

O — (xw%xxgqv 759)

(axial vector s-channel)

Francisco Yumiceva

Spin-independent
y-nucleon interactions

Spin-dependent
¥-nucleon interactions

CMS and Atlas Exotica

Effective field theory with a contact
interaction scale A:

A=M/,/g.8,

— M = mass of the heavy “s-channel” mediator
- g, &, = coupling of mediator to DM / quarks

This model provides a way to connect the
s-channel  pair-production mechanism to

the t-channel y-nucleon elastic scattering.

Y

Can compare collider limits from
mono-X + MET searches

with limits on ¢-nucleon
interaction from direct detection
experiments (next slide =)

pg. 15



Dark Matter Results

CMS-EXO-11-059
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* Most stringent collider limits from mono-jet searches
* spin-independent model: limits for Mx < 3.5 GeV
 spin-dependent model: limits for 0.1 < Mx <200 GeV
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Heavy Neutrinos
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Heavy Neutrinos

e Right-handed Wr bosons and heavy neutrinos N
arise in left-right symmetric extensions of the SM. ;

SU(2), XsU(2), XU(@1),, W= W=, 2% 77,y

e Final states with electrons and muons. Leptons may

be same-sign (Majorana)
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Resonance Searches

in the context of several models:

axigluons, sequential SM, technicolor,
RS gravitons, ADD

CMS and Atlas Exotica
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Several searches in this model: Randall-Sundrum (RS) graviton

Warped Extra Dimensions (RS Model)

RS1 model
e RSl postulates a warped 5-dimensional universe.
e SM particles on the TeV brane, graviton on the Planck brane.
e Prediction of massive spin-2 resonances, well separated in mass.

e RS graviton, the lightest resonance, couples to all the SM particles.

“Bulk RS model” Q"-m,"”'\'a_,__
e Extension of the RS1 model. %"‘s
e SM fields allowed to propagate in the extra dimension. ,“
e 1st and 2nd generation fermions close to Planck brane. . _/

e Explain hierarchy of fermion Yukawa coupling to Higgs.
e Coupling to ll, qq, and Yy suppressed.

e Sizable decays to fop pairs and diboson final states.

Francisco Yumiceva CMS and Atlas Exotica
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Diphoton Events

» Observable is the diphoton invariant mass. Look for

\ RS graviton ';f Y excess in the hlgh tail.

| V- * Irreducible diphoton bkg shapes from MC (reweighted by
A G NLO factor)
1 'Y °

Reducible photon+jet, dijet bkg shapes from data.

RS model parameters:

_ow-mass region (<400 GeV) for bkg normalization.

Mg = graviton mass * No significant excess in data.

K/Mp = coupling

Atlas-2012-087
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Events / 20 GeV

Events / 20 GeV
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Events

Events

Dilept
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Atlas-2012-129

vYs =8 TeV

N»r=ip»

e /7 Benchmark model is based on the

Sequential SM.

* Also limits for the Grand Unification Es model
* Bkg estimated using side bands.
e /7 masses excluded below 2.49 TeV

e CMS results is 2.59 TeV
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Events

Significance

[ data - fit ] / fit
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W’ (techni-rho)— WZ

 Electron and muons final states.

e Sequential SM W’ bosons excluded with mass <1.14 TeV.
e L ow-scale technicolor models excluded to mass between 167 and 687 GeV.

CMS 2011
> . T T T[T [ rrr [ rrrJrrrrrrr 4 | CMIS 201I1 | |

Q = i, R y — L L N L L B IR B B
G ;det=4.98fb1 W' (e00GeV) 7 1 s
o 7. * Data 1 8 - e Obs. Limit -
048 _ \s=7/ TeV T WZ _ g R Exp. Limit -
o f I Z+Jets E ?% 10"} B Exp. £ To -
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Searches with top quarks
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Why Search with Top Quarks?

Results on the SM cross sections Vs=7 TeV top pair production cross section as a

CMS function of center of mass energy
o) E |
Q , = 300
5 W “ew CMS 95%CL limit ]
5 10 - _ Z | O CMS measurement (stat@syst) =
© z1j : O \ ——— theory prediction . 2
. | n Q 4
5 2 L ] c 5 -
0 22 W - @)
3 10° IR — 5
7 & o T tt 3 0 163
3 5 24 _¢_ WW (_EI g
6 10 —§— =4, g WZ = » 150 B T
T i - o
c | _ — . )
,f__J 10 | ‘ H(127) | .
5 - -z X
_8 Ef" > 30 GeV | E{>10GeV 7 - et
o 1 Il <2.4 | AR(,)>0.7 e S 75 B _
o j S ©
10" 36 pb™”’ . 36 pb” 1.1f0" 4.7 b _é 9
HEP10(2011)132 I Z 7
. h;ls.pAéO.(é:?v K_)1 03‘01 ) PLB701(2011)535 CMS-PAS-EWK11010  CMS-PAS-HIG-11-025 zZ 0

Tevatron 2 TeV LHC7TeV  LHC 8 TeV
The largest dataset of top quarks = ideal lab to search for new physics

The heaviest of all quarks, the top quark likes to couple with Higgs boson

The top quark plays an important role in many BSM
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Events / 0.03

Events / 50 GeV

et et Search for W —tb

e Some models the W’ couples more strongly to
the third generation.

* Fully reconstructible (up to a quadratic
ambiguity) (tb) invariant mass.

* W’ boson RH (LH) is excluded < 1.85 (1.51) TeV

10° ? nets N, tags = 1 ; t[;aqt-aSingle-Top _§
10° B W 2T
- muons Eﬁ"ﬁﬂfl 7+ New massive W’ bosons are predicted by

. (5553 Uncertainty 7 various extensions of the SM.
10°g %« W’ boson may be purely right-handed, purely
10° 3 left handed, or a mixture of the two.

1
-08 -06 -04 -02 0O 02 04 06 0.8
BDT Discriminant

b e W'R X 20’ m=1 -6 TeV
E'l S W'R X 20’ m=1 -9 Tev

R

>, | *2c expected

~
,~'

CMS, 5.0 fb at /s =7 TeV e M8, 50 At (S =T TeV
B I I I | I I I I | I I I I | I I I I | I I I I | I I I I B Theory M << MW' 7]
10% & etjets N >1 *— Data [~ Th MVR> .
= 298 [ tt + Single-Top m N\ © - eory Ve MW'R s
N W—slv + ZA*—I'T + WV : —
10° & Uncertaintvy e 95% CL observed E
g — W', x 20, m=0.8 TeV NN 95% CL expected -
(02 B TR T W'_ x 20, m=1.2 TeV . | #1o expected i

~
'~'
~

.
~
.
~l

i . electrons

R

BDT Analysis  ~ U-.

e/utjets Nb tags >1

1072

H;'-'-jl Lo b b b b by by

500 1000 1500 2000 1'250 | 3600 800 1000 1200 1400 1600 1800 2000 2200
M(tb) [GeV. W' Mass [GeV
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W’— tb Limits on Coupling Strength

* The effective Lagrangian can be Vif = w o o 8
expressed as a function of RH, LH, Mixing £= 3452 fiul%is(1+77) +a5,(1 =) W Sj+he.
(LR) and SM cross sections.

e Vary alL. and aR in steps of 0.1 for a
series of values of the mass of the W’

0 = osm + @404, (01 — or — osw) + ((aheas)” + (aeafs))ow

1 2 2
boson. +5((abda§b) +(a5datLb) )(GLR—UL—UR)- (
CMS, 5.0 fb!at (s=7TeV e
— —— — CMS, 5.0fb" at \s =7 TeV
" CUSE T R
_ D) S
[ 1700, i
0.83= o 0.8 ~
15505 I | 41550
L ] > - ] —
0.4 - 1250 04l 1250
- 1 1100 I 1 1100
(.2 Invariant Mass Analysis = __Invariant Mass Analysis N
] 95% CL Expected ‘ ] —950 02- 95% CL Observed 1 950
0——— ... LI gy O | o 1L |./.j_
0 02 04 06 08 1 300
ql. 0 0.2 04 0.6 0.8 L1

o
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Highly Boosted Jets

W/Z- and top- Tagging



Where to look for New Physics?
e.g. ttbar—(Wb)(Wb)—(jjb)(lvb)

neutrino
A

neutrino
"

top-antitop Invariant Mass
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Where to look for New Physics?
e.g. ttbar—(Wb)(Wb)—(jjb)(lvb)

Isolated lepton +

lepton

neutrino

b-jet ? four separate jets
b-jet
jet jet neutrino
o
T at threshold
(low mass)
>

top-antitop Invariant Mass

Francisco Yumiceva CMS and Atlas Exotica pg. 31



Where to look for New Physics?
e.g. ttbar—(Wb)(Wb)—(jjb)(lvb)

Isolated lepton +

lepton

neutrino

b-jet :* four separate jets
b-jet
Jet Jet lepton neutrino
. ", no so well isolated lepton +
1 at threshold D1t merged jets
(low mass)
my b-jet
(high mass) |
jet
> jet

top-antitop Invariant Mass

Francisco Yumiceva CMS and Atlas Exotica pg. 31



Objects merge as boost increases

b-jet w b-jet
light
g “fat!!

light Jet
jet

W-tagging

top-tagging

L —— partial (qq’)
J---- monojet

o

o o

—

(&)
SLARRNLARRERRRRERRRRE RN

2 ’ | inary
8 ILL 'ATLAS reliminary
= Simulation -
S RS :
g — ’ anti-kT, R=0.8 =
g l — all jets _i
IO O e T I resolved _f
..... partial (bq) 1

IR
1

100 150 200 250 300
Jet Mass [GeV]

()
ot ..:"'.-.
o L -
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Top-tagging
* Cluster PF candidates using

Cambridge-Aagen Algo. (CA) R = 0.8.

- Reverse the clustering sequence in
order to find substructure (arXiv:

0806.0848)- Primary decomposition

» Subjets must satisfy two
requirements:

* Momentum fraction criterion:

* Adjacency criterion
Secondary decomposition

* Iterative process - throw out objects
that fail momentum fraction cut and
try to decluster again.
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W-tagging: jet prumng

Improves mass resolution by removing
soft, large angle particles from the jet

(arXiv:0903.5081).

Recluster each jet, requiring that each
recombination satisfies the following:

min{pr.i, pr.i}

> 0.1
PT.p m.
ARM < 0.9 X Jet
pPT

If recombination fails the softer of the two

jets is removed.
W-tagging requires:
* Two subijets

* Pruned jet mass 60 < myier < 100GeV

* Mass ratio between hardest subject and
the original jets (mass drop) Y < 0.4.

Francisco Yumiceva

CMS and Atlas Exotica

-|-l
= - —Z -t
g - —— QCD Pythia 6 D6T
'g = Jet Pruning Algorithm -
a 0.2— CMS Simulation 7
i at \'s =7TeV
0.15 ]
0.1 —
0.05 _|
0 i | | | l | l | — l 11 L L
0 20 40 60 80 100 120 140
Jet Mass (GeV/c?)
3 III|IIII|IIIIIIII
= — Z >t
o 01 —— QCD Pythia 6 D6T |
'g Jet Pru_ning I_\Igorithm =
a CMS Simulation

0.08— at \s =7TeV

0.06

0.04

0.02

. 34




Top pair resonances IN HIGHLY-BOOSTED all-hadronic
CMS arXiv:1204.2488 (5 fb-1)

* Type I+1 (high mass search)
* Two jets pt > 350 GeV

* Two top-tagged jets: 140 < mje; < 250 GeV
Nsubjets > 3
Mmin > 90 GeV

» Type I+2 (medium mass search)

* Veto | + | (<1% overlap)

60 < mier < 100 GeV PN
. > 08 | Y
Jet pr>350,200,30 GeV v _p K
- Top jet must be top-tagged mi/Mjer < 0.4 ]
" CMS,L=51f"at \s =7 TeV 1
* Wijetmust 2% '
% a0 A - 83.0+ 0.7 GeV/c? .
i‘l n‘qc = 825+ 0.3 GeV/c?
be W-tagged i - pata ]
& 80 ] WaJets 1
80 [ INon-W MJ | |
40 — Data fit  §
-= MC fit

20
0

0 20 40 60 80 100 120 140 160 180 200
m(W-jet) (GeV/c?)
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Background modeling for all-hadronic boosted channel

CMS arXiv:1204.2488 (5 fb™')

* Distribution for SM top pair
production is obtained from
simulation and normalized to theory.

* For type |+1, QCD multijet events are
modeled from data using dijet sample
with only one top-tagged jet.

* For type 1+2, QCD multijet events are
modeled from data using a sample
with aW jet candidate and no top-
tagged jet.

* Both samples are weighted by top-
tagging mistag rate efficiency.

- Top-tagging efficiency measured in top
pairs with muon+jets final state.

 Mistag rate is measured by inverting
some of the top and W tagged jet
selection.
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Highly-boosted all-hadronic Results

102 CMS, L=5f"at\s=7TeV___10% Width Assumption

Wide Z’ resonances

10 =

' T
Observed (95% CL)

Expected (95% CL)
+ 1 s.d. Expected
+ 2 s.d. Expected
Z', 10.0% width, Harris et al5

IIIIIT | 1 IIIIII|

102 CMS,L=5f"at\s=7 TeVI 1% Wldth Assumption
— | T T T T I T T T T T

-8_ ' Observed (95% CL) -
= Narrow Z' resonances SRSy el -
X 10 + 1 s.d. Expected —
n - W = 2 s.d. Expected 3
= [ ceiee Z', 1.2% width, Harris et al
% Ll o N LEEEELE Z', 3.0% width, Harris et al =
O ]
Q_ ]
Q -1

D 10 g —

10-2 I I I I | I I I I ]'.'7'- ..1..'& | ]

tt Invariant Mass (TeV/c?)

CMS arXiv:1204.2488 (5 fb-)

95% CL upper limits on the production
Cross section:

narrow Z mass < 1.55 TeV
wide Z' mass < 2.0 TeV

1.4 < KK gluon mass < 1.5 TeV

Francisco Yumiceva
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107 o E
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tt Invariant Mass (TeV/c?)
102 CMS,L=5 jb'1l at \s =7 '[eVI KK Gluon Assumption
= Observed (95% CL) =
N Expected (95% CL) -

10 &

+ 1 s.d. Expected
| £2s.d. Expected

IIT | | IIIIII|

Upper Limit 6, x B (pb)

— N, S~ - KK Gluon, Agashe et al=
10-1 = ~.~~~~ _§
# KK gluons -
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Top pair resonances IN HIGHLY-BOOSTED lepton+jets

CMS TOP-11-017 (arXiv:1209.4397)

neutrino & 3
lepton " 300

% > N

b-jet * 2s0F

2oof—

150?—

b-jet 1001~

50

jet :

jet %
e Back-to-back dijet topology at g oo
boosted regime 5 800
v Include 2 jet events 0
200
e |solation requirement is inefficient for e
events with boosted jets. 00
v Replace isolation with lepton- 50
close-to-jet identification 0

0 1 2 3 4 5 6 7 8 9 N 10
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Events / 0.05 TeV

Events /0.1 TeV

Invariant mass of Top pairs in lepton+jets

CMS TOP-12-017 /
- Highly-boosted Analysis CMS. 5.0 fb" {5 = 7 Te

: _ . . | > __ T | T T T T T T T T | T T T T | T T T T t
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Results for Top pair Resonances in lepton+jets
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e Topcolor Z’ bosons with narrow (wide)
width are excluded for masses below 1.49
(2.04) TeV.

* KK gluons in the RS model excluded for
masses below 1.82 TeV.
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CMS Experiment at LHC, CERN

Data recorded: Tue, Aug 9 13:57:08 2011 CEST

Run/Event: 172952 /1031053741 CMS TOP-12-017
_umi section: 887

leptonically decaying
top quark candidate:
hadronically decaying m =167 GeV/c?

top quark candidate: P = 904 GeV/c

m = 194 GeV/c?

pr = 904 GeV/c

Fr Mg = 1.87 TeV/c? 41



Events / 50 GeV

Events / 50 GeV

! | I ! I ! | I
ATLAS Preliminary

T TTTTIT

5| .1 O Z+jets
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2000 2500 300
m(llj) [GeV]

Resonant Z2Z —ligq

e Hadronic Z boson reconstructed using 1 jet
(merged) or two jets.

* KK gluons in the bulk RS model are excluded
below mass 850 GeV.

N»r=ip»

| I I I I | I I | I I I I I I I | I I I I I I I I | I I I I

RS Graviton, x/mg = 1.0 |
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WW Resonances in the W-tagged Dijet Spectrum

[72)
= R L =5.0fb" CMS Preliminary
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Anti-k R=0.5

» Jets reconstructed using Cambridge-Aachen CA
algo. with R =0.8 Subjets are identified.
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e Upper limits on RS graviton at 1 TeV WZ mass
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Searching for New Physics
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Searching for New Physics

—
e e
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> *
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L

Searching over
a large amount of data
and phase space
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Searching for New Physics
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Searching for New Physics

For the moment, only
some illusions have
appeared

Francisco Yumiceva CMS and Atlas Exotica
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Searching for New Physics
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Searching for New Physics

Still looking for the
real oasis ... it could be
just hiding behind the

next hill
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Searching for New Physics

Francisco Yumiceva CMS and Atlas Exotica

Pg. 44



Searching for New Physics

we continue combing
the dessert ...

Francisco Yumiceva CMS and Atlas Exotica
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Summary from CMS

Compact Muon Solenoid

Z’SSM |l
Z’ SSM tau tau
Z’, ttbar, hadronic, width=1.2%

b’ = tW, (3I, 2I) + b-jet
q’, b’/t’ degenerate, Vtb=1

Z’, dijet b’ = tW, l+jets 41_h
Z’, ttbar, Iep+jet, width=1.2% B’ = bZ (1 00%)
Z'SSM Il (fob=0.2) Resonances o (100%) Generation
G, dijet = 0
G, ttbar, hadronic t’ = bW (100%), l+jets
G jet+MET k/M = 0.2
t' = bW (100%), I+
Gyy k/M = 0.1 = bW (100%), I+
G, Z(I)Z(qq), k/M=0.1 0 1 2 3 4 5 6
,W.. v gluino, Stopped Gluino
W dijet top, HSCP
W - td Stop
e s
WR’ = tb ’ ’
WR, MNR=MWR/2 hyper-K, hyper-p=1.2 TeV
WKK p = 10 TeV fractional charge, q=2/3e
pTC, nTC > 700 GeV fractional charge, q=1/3e
String Ball M, MD=2.1, Ms=1.7, gs=0.4 multiple charge, g=2e
String Resonances (qQ) multiple charge, q=3e
s8 Resonance (gQ) neutralino, ctau=25cm, ECAL time

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)

gluino, 3jet, RPV LQ1, =05

4 5 6 LQ1, B=1.0

q” (q9), dijet LQ2, B=0.5

a* (W) LQ2, p=1.0

*(aZ LQ3, (bbnunu) Br(LQ — bvt) = 1

. q “ ) LQS3, (btau) p=1.0

9" diet par stop (btau)
q*, boosted Z .

e, N=2TeV
u, A=2TeV

omposfreness
4 5 6 . 45




Summary from CMS

C.Il. A, X analysis, A+ LL/RR
C.Il. A, X analysis, A- LL/RR
C.l., dimuon, destructve LLIM
C.l., dimuon, constructive LLIM

C.l., single lepton (HhCM)

MBH, rotating, MD=3TeV, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MBH, stable remn., MD=3TeV, nED = 2, Charybdis

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

Contact
Interaction

46



Large ED (ADD) : monojet + E
Large ED (ADD) : monophoton + E

T,miss

T,miss

‘é’ Large ED (ADD) : diphoton & dilepton, m,_ Mg (HLZ 6=3, NLO)
Q UED : diphoton + E; i Compact. scale R”

2 S'/z, ED : dilepton, m, My ~ R

QE) RS1 : diphoton & dilepton, m,. Graviton mass (k/Mp, = 0.1)
3 RS1: ZZ resonance, my, ,; Graviton mass (k/Mp, = 0.1)

© RS1 : WW resonance, m; Graviton mass (k/Mp, = 0.1)

-|>E-< RS gKK—>tt (BR=0.925) it — l+jets, mﬁb g, . mass

. oosted KK
L ADD BH (M, /M,=3) : SS dimuon, N, part, M, (6=6)
ADD BH (M_,, /M =3) : leptons + jets,2p M, (5=6)
Quantum black hole : dijet, F (m, M, (5=6)
""""""""""""""" gqqq contact interaction >y (m ) A
S qqll Cl : ee & uw, m
uutt Cl : SS dilepton + jets + ETLmis! A
"""""""""""""""""""""""" Z' (SSM) mee/uu L=5.9-6.1 fb”, 8 TeV [ATLAS-CONF-2012-129] 2.49 TeV. Z' mass
Z' (SSM) : m,_, |L=4.71b", 7 TeV [1210.6604] 1.4Tev. Z'mass
S W' (SSM) :my,,, |L=4.710",7 Tev [1209.4426] 255Tev. W' mass
W' (—tq,g_=1): My, |L=47 10", 7 TeV [1209.6593] 430 Gev. W' mass
W'g (— tb, S%M) :m_ - |L=1.01", 7 Tev [1205.1016] 1.13Tev. W' mass
___________________________________________________ W* imy,, [L=4.7 7, 7 Tev [12090.4446] 2.42Tev. W* mass
Scalar LQ pair (f=1) : kin. vars. in eejj, evjj |L=1.0fb", 7 TeV [1112.4828] 660Gev 1" gen. LQ mass

g Scalar LQ pair (=1) : kin. vars. in uujj, uvjj |L=1.0b", 7 Tev [1203.3172] 685 Gev 2™ gen. LQ mass
................. Scalar LQ pair ($=1) : kin. vars. in ttj, tjj _|L=47 ", 7 TeV (Preliminary] s38Gev 3" gen. LQ mass
:\2 N 4“‘_ gener'a:[ion ‘t't'— WbWb [|L=4.7 b, 7 TeV [1210.5468] 656 GeV t' mass

a 4" generation : b'b'(T /$T5,3)—> WIW1t | L=4.7 ™, 7 TeV [ATLAS-CONF-2012-130] 670 GeV D' (T5/3) mass

g_ New quark b": b = Zb+X, m,, — |L=2.01™,7 TeV [1204.1265] 400 GeV b' mass

N Top partner : TT — tt + AOA0 (dilepton, MT2S L=4.7 fb”, 7 TeV [1209.4186] 483Gev. T mass (m(A ) <100 GeV)

() Vector-like quark : CC,m, , [L=4:6b",7 TeV [ATLAS-CONF-2012-137] 1.12Tev. VLQ mass (charge -1/3, coupling x,q =v/mg)
P Vector-like quark : NC, My, |L=4.61b", 7 TeV [ATLAS-CONF-2012-137] 1.08Tev. VLQ mass (charge 2/3, coupling k,q =v/mg)
. Excited quarks : y-jet 'r'e'ééh'aihbé,'iﬁ'_;t q* mass

g q% Excited quarks : dijet resonance, ;7]7”. g* mass
TR Excited lepton : |-y resonance, m I* mass (A = m(I*))

............................................................ Iy -

Techni-hadrons (LSTC) : dilepton,m,,,,
Techni-hadrons (LSTC) : WZ resonance (vlil), m_

Major. neutr. (LRSM, no mixing) : 2-lep + jéts
W, (LRSM, no mixing) : 2-lep + jets

H™ (DY prod., BR(H*—Il)=1) : SS ee (uu), m
H= (DY prod., BR(H=—eu)=1) : SS ey, m
Color octet scalar : dijet resonance, m;

H*

p,/w; mass (m(pT/coT) -m(m;) = MW)

p, mass (m(p_) = m(x;) + my, m(a) = 1.1m(p.))

mass

N mass (m(WR) =2TeV)
W mass (m(N) < 1.4 TeV)

H* mass (limit at 398 GeV for uu)

Scalar resonance mas
| | 1 1 1 111 |

ATLAS

Preliminary

f Lt =(1.0 - 13.0) fb”
Is=7,8TeV

A (constructive int.)

*Only a selection of the available mass limits on new states or phenomena shown

1 10

102

Mass scale [TeV]
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Summary

Outstanding performance by the LHC and the experiments.

Many exotic searches are being updated with the larger
Vs= 8 TeV data from 2012:

A small snapshot of these analyses has been showed in this talk.

With larger samples, expect new innovative searches.

Need to comb the whole dessert.

New physics could by hiding around the corner (in your face)

Entering a new territory at higher energies and large
statistics

We can try new analysis technigues

Francisco Yumiceva CMS and Atlas Exotica pg. 48
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Comparison of search sensitivity between Z’(ttbar) analyses

CMS Preliminary Vs = 7 TeV L = 4.4-5.0 fb™

— 10
'g_ Expected limits
IE =— Dilepton
- — Lepton+jets (low mass)
Il\ Lepton+jets (high mass)
N 1 L == All-hadronic
tE
o _
L B
D —
107 =
B Narrow Z’ resonances
1 0-2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

0.5 1 1.5 2 2.5 3
M, [TeV/c?]

10 CMS Preliminary (s =7 TeV L = 4.4-5.0 fb™
; Expected limits
= Lepton+jets (low mass)
| Lepton+jets (high mass)
== All-hadronic
1
0=
BB Wide Z’ resonances
0-2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.5 1 1.5 2 2.5 23
M, [TeV/c?]

Francisco Yumiceva CMS and Atlas Exotica pg. 51



Seqguential Clustering Algorithm

* Pairwise examination of input 4-
vectors of particle flow (PF)
candidates.

- Calculate djj, dis

, oo AR
dij = mind kg, ktj} R :
dip = ky;

« kr (n = 2)

« Cambridge Aachen CA (n=0)
* Anti-kt (n = -2)
* Find min of all dij and diB

* If min is a dij, merge and iterate

* If min is a diB, classify as a final jet

* Continue until list is exhausted

Francisco Yumiceva CMS and Atlas Exotica

Vel

arXiv:0802.1189

pg. 52



top-tagging kinematic requurements

* Jet mass: the mass of the four-
vector of the hard jet constituents.

140 < mygjer < 250 GeV

* Number of subjets: the number of
jets found by the algorithm.

> 3

Nsubjets

* Minimum pairwise mass:

(p; + pj)

Mmin — mm{mw} > 50 GeV

Francisco Yumiceva

CMS and Atlas Exotica

3 IIIIIIIIIIIIIIIIIIIIII | T T T
= ——'Z—ett
Qo — —
3 0.05F —Qco
2 Top Tagging Algorithm
Q. CMS Simulation
0.04 __ \s=7TeV ]
0.03f
0.02}
0.01-
O _ | | 111 1 | 111 | | 111 | | 1111 | o
0 50 100 150 200 250 300 350
m,; (GeV/c?)
?0 045 L L L B Y I 1__
= —Z—>t1 -
Qo i
S 0.04 — QCD —
o Top Tagging Algorithm
Q- 0.035 CMS Simulation —

\s=7TeV

100 120 140 160

20 40 60 80

m,.. (GeV/c?)

F&*"
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Subjet energy scale

. 160 :C‘M'S.Rrgli'mlir!avry: ‘]1'6 fb_" . [ '\§,=]7'Tg\!~
* The energy scale for subjets I

o =3 e = 83.0+ 0.7 GeVic? E
might be different to the one 1205 wE e a25: 03cee =

for the total jet. £ 1001 - Data
0>> 801 =J\‘I)fJets .
: : : “osob lacp -
» Tested using hadronic top in ok — Data fit -
. - == MCfit _
semilep. tt events: 20 -

0 20 40 60 80 100 120 140 160 180 200

« One hlgh-PT isolated muon Mass of W-Jet Candidate (GeV/c?)

from PV.
- Events with W tagged jets are

* At least two jets pt > 30 GeV used to reconstruct the W and
with a leading jet pt > 200 the top mass of the hadronic side.
GeV and at least one b- , ,

. * Subjet energy scale is the same

tagged jet.

than for the total jet within 5%.

Francisco Yumiceva CMS and Atlas Exotica pg. 54



Subjet selection efficiency

» Using the same semileptonic
ttbar sample as described oS proiminary 46" et
before.

—
(o))
o

IT']"IIII']'I'I'III'I'I'III‘

H
o

—f

= 83.0+ 0.7 GeVic’
= 825+ 0.3 GeVic’ —

Events / 5 GeV/c?
N
o

. . . 00 ¢ Data
« Combined efficiencies after - mrp
applying mwijec and M cuts in W ) E
tagging we get: 2 e

y W U N G SN WS WD A w—

0 20 40 60 80 100 120 140 160 180 200

- | 2
° Data: 49% Mass of W-Jet Candidate (GeV/c?)

- MC:50%
« Data-to-MC scale factor:

- SF=0.97 £ 0.03

* It is assumed the same SF o B S
for top tagging.

Subjet Mass Drop (u=m_/m_,)
Francisco Yumiceva CMS and Atlas Exotica pg. 55

jet




Subjet mistagging rate ..

« Type | + I:
- Select dijet events

Type |+

* Randomly pick one jet

* Reverse requirements Nsubjets and
Mmin Maintaining meec (anti-tag).

No mass

 Measure efficiency probe jet. .
requirements

- Type | +2:

- Select trijet events Probe

* No mass requirement for mgjet, Mmin, |+9
Mwjer and Mwp candidates. T)’Pe

* Use the top jet candidate as probe.

* Systematic uncertainty is half-
difference between the two
estimates.

No mass
requirements

Francisco Yumiceva CMS and Atlas Exotica pg. 56



Top pair resonances IN HIGHLY-BOOSTED lepton+jets

Selection

* High-pt lepton (non isolated triggers):

* muon pt1 > 35 GeV, electron pt > 70 GeV.

* Replace isolation by AR > 0.5 or p&¢!

500

nt yield

400
> 25 GeV%

300

At least two anti-kt (R=0.5) jets pt > 50

GeV.

Leading jet pt > 250 (150) GeV for muons

(electrons).

QCD suppress by Ht =prP + ERSS 5 150 GeV

Top candidates reconstructed using:

]

Mlep - Mlep

O-Mlep

o

200

100

= 500
[
>
T 400
()
_ 9 o
Mpaa — Mhad] 300
OMpaq
200

W+jets background is reduced with X?< 8.

100

Secondary vertex b-tagging algorithm used

to split data with 0 and = | b-tagged jets.

Francisco Yumiceva

CMS and Atlas E.c....

CMS Preliminary Vs =7 TeV

CMS EXO-11-093 (5 fb-1)

L =4.4 fb", e+jets

e+jets

CMS Preliminary Vs =7 TeV

Maco it

P Single-Top
Bz —-rr
PW-— Iv (+b)
PW- Iv (+c)

P W Iv (+light)
Uncertainty

- CMS Data 2011

L =5.0 fb™, u+jets

H+jets

BMacpiti

i Single-Top
Bz -rr
.W—> v (+b)
BW- v (+c)
PW— Iv (+light)
[//Uncertainty

- CMS Data 2011




