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Introduction

> Several Exotics / New Physics searches at the LHC
> Can not cover all > focus on recent 1 — 5 fb-' results
> ATLAS and CMS only (LHCb and ALICE also seek New Physics)

> Full repository of latest results

= https://twiki.cern.ch/twiki/bin/view/AtlasPublic
= https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

> This talk does not cover:

= SUSY: see talk by Isabel Melzer-Pellmann
= Higgs: see talks by Jana Schaarschmidt and Markus Klute

= Top: see talk by Sebastian Naumann-Emme
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Looking beyond the Standard Model

> Standard Model (SM):

= An effective theory — has worked very well at energy scales probed so far

= Expected to break down at higher energies

> Several limitations, many involving fine-tuning:

= Hierarchy Problem / Gravity: Reconciling m,, and m, with mp o«

Electroweak Symmetry Breaking: How does it really work?
Dark Matter: What is it?

Flavor

Strong CP Problem

> Because we can with the Large Hadron Collider (LHC)
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Large Hadron Collider (LHC)

> Vs =7 TeV pp > Bunch spacing 50 ns

> Outstanding 2011 Performance ~ ~ ~ 12 Pp collisions / crossing (avg.)

10* &= ATLAS Online 2011, \/s=7 TeV Ldt=5.21b "

= ~3.5%x 103 cm—2s™1 peak lumi

= ~5.6 fb~' delivered — PT=10m <u>=116

— p*=15m,<p>= 6.3

LHC 2011 RUN (3.5 TeV/beam)

Recorded Luminosity [pb ]

0 2 4 6 8 10 12 14 16 18 20 22 24

Delivered integrated luminosity (fb™")

10% | E
—o— ATLAS 5.626 fb! |]
107} &~ CMS5714 fb™'
—o— LHCb1.217 fb~! ||
10° —o— ALICE 4.877 pb™! 3
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Two general'ﬁjpose_ experiments: ﬁ'L_S & CMS

Total weight 14000 t
Overall diameter 15 m
Overall length

il

39 Countries, 169 Institutes,
3170 scientists and engineers
including 800 students

sl T - ‘;l.-' :
Emphasis on excellent resolution (energy,
momentum, mass) of electrons, photons, muons
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Two general-purpose experiments: ATLAS & CMS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter 38 countries, 174 institutions
" | 3000 scientists,
1000 students

46 m

Toroi agnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

EmphaSis on excellent jet and missing-E; (MET) resolution, = __

particle identification, and standalone muon reconstruction “:__{_ . 2t {
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Long List of Models & Signatures Available

Many extensions of the SM have been

developed over the -.

Supersymmetry <=
Extra-Dimensions ¢ - N
Technicol NS ‘51%
echnicolor(s) ‘\\\\s", <)

X
Little Higgs ',\\\

No Higgs

GUT %\\\\
Hidden Valley : £

3 ‘\‘».;'Y*- AN
Leptoquarks ‘\zﬁiﬁ\\x\

o\

LRSM, heavy neutrino

4" generation (t', b

etc...

(for illustration only)

1jet+ MET

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...
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Long List of Models & Signatures Available

Many extensions of the SM have been

Supersymmetry
Extra-Dimensions

Hidden Valleyg,
Leptoquarks
Compositeness

4" generation (t', b /

LRSM, heavy neutrino
etc...

(for illustration only) o
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1jet+MET

jets + MET

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

For Experimentalists:

Diphoton resonance > Complex 2D
Diphoton + MET problem
Multileptons _

Lepton-jet resonance > Slgnatu re
Lepton-photon resonance approaCh-
Gamma-jet resonance = Practical

Diboson resonance
Z+MET n
W/Z+Gamma resonance

Less model-

dependent
Top-antitop resonance

Slow-moving particles = Important to seek

Long-lived particles as many
Top-antitop production Signatu res as
Lepton-Jets possible

Microscopic blackholes
Dijet resonance
etc...



Selected Searches

> Heavy Resonances

= heavy gauge bosons
= dijet, paired dijet, jet+photon

= excited leptons

> Quark Sector
= t'/b’ quark
= |eptoquarks

= vector-like quarks

> Strong Gravity

= diphoton spectrum

= black holes
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Charged Heavy Resonance: W'

CMS: PAS-EXO-11-024

> Heavy charged gauge boson
> Technirho, Little Higgs, UED, LH, RH
> 1 electron or muon & missing E;

> Seek Jacobian peak in my distribution T = \/ZPTETU - COS&‘PE’ET)

I ! | ! I ! I = L N — neree ron
% 1 DE CMS Frellmlnilry' - W ev é :‘-. ::: ::um:x :I::In
Q Let=47m" — W v = \ ————  88% Obserend Combined
G"]Oq' '\\;E=TTE\I' Wy + 1‘:}4 é'-_; | — B84 Expected Combined
f W ey - Dibason = E = Thacralical Creas Section with k-tsstor
h '1 03 - Top - T T L Theorstical Groas Secton without k-&actor
E = D [}3 . sim Theorslical Cress Section for W, () = 10 Te¥|
) 102 0 B Multijet T 1 3 ®i1 Theoratical Sross Section for W, (1 = .08 Te
= -
L B o +lets 'g CMS Frelilr{inanr %
* Data = N5 =7 Tel
10 —— W (m,=2.3 TeV) o10°
1 b
10" E 10E- L -
1 n—E E % i
500 1000 1500 2000 2500 | I

E. I Ll i.i- [ I I B
M. [GeV 500 1000 1500 2000 2500 3000
r[GeVl W' mass (GeV)
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Wr and Heavy Neutrinos ATLAS: Preliminary

> Light neutrino masses could be il Skt J;um) os
m, ~ Mp2My 1IN Sl

140 Bgzkground uncertainty _;

= N are heavy neutrinos — Majorana or Dirac o T meosTev Axt2Tey
particles > SS or OS events i 3

> Two models: 20
= Effective Lagrangian (HNEO): qq = IN >lljj E | %MWW%W//V///

= Left-right symmetric model (LRSM): I
qq 2 Wi =2 IN =2 lljj my,, [TeV]

> o ' ! ' ! T ' ! E

: 2 9 ATLAS Preliminary [Let-21m' S5

> Slgnature g 80 5— \s=7 TeV ;g:t;s(mﬁentnes) _g
2 70 F M Fake lepton(s) -

_ o 60 E Dci)boson 3

- TWO Ieptons + njet >= 2 U>" 50 -I;azkground uncertainty 3
—LRSM 3

= Discriminating variables my, My 0 T ST mASS TN

30 =

> Good agreement between data and MC .
0 .

= Limits on visible cross section between = B S R

& 3 —

6 — 50 fb depending on channel (ee,e £ oL b i

g (ee,ep,up) g | etmitai //6 8//%

. . . X R 1 1.2 1.4 1. 1. 2

= Limits on model parameters my, TeV]
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Search for Resonances with Jets CMS: arXiv:1107.4771

> Different final states possible
= Dijet final state, jet+photon final state, paired dijet final state
> Predicted by many models:
= Q% axigluon, color-octet scalar, hyperpions, string resonances,

> Seek resonance above phenomenological fit to data
10|=_"I""I""I'"'I""I""I""Jz_] I‘.I".HII'I‘lII'IIH RN RN U

o —
% E —8— CMS (1.0fb™) E Q S Y mnan String Resonance _|
@] = . .,9; \ KT Excited Quark
= 1 — Fit i % . Axigluon/Coloron
'8_ EOYN QCD Pythia + CMS Simulation | < 1 = \ %, — - E Diquark =
“é’ E JES Uncertainty ] X C ’ L ‘; .
ke 107" = s (1:3 Tev) ... Excited Quark = (A1) - -"“ RS Graviton ]
.8 E e ) - - String Resonance E b4 = "',_. _
wE o 1 s | |
C gt (1.5 TeV) s ] 0 107 ":" .
10° S = Q C . 3
- = D[ cms@om? .
T I . B[ \Ve=7Tev ]
= \E=TTev : o i <2.5, |An|<1.3 ]
1% <28 bni<ts - ®) 95% CL Upper Limit NN %
E Wide Jets = 102 — =& Gluon-Gluon o S J 7
Q@ E e T —— Quark-Gluon 5N o]
5 S R R 3 T —= Quark-Quark % \ -
g JE R NN g m g RN N e A
E, 2E N 1000 1500 2000 2500 3000 3500 4000
%) 1000 1500 2000 2500 3000 3500 4000 Resonance Mass (GeV)

Dijet Mass (GeV)
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Events

significance

Search for Resonances with Jets ATLAS: arXiv:1108.6311

> Different final states possible
= Dijet final state, jet+photon final state, paired dijet final state
> Predicted by many models:
= Q% axigluon, color-octet scalar, hyperpions, string resonances, ...

> Seek resonance above phenomenological fit to data (BumpHunting)

T T T J T T T T — T T T T T T ] T T T T T T T T I — T T I T T T J
| Q 1 Q
10° B ATLAS ElY - g 1 o ATLAS
F . 1< 10°F A E BN -
Data _ 3 7 - .
10° E T(x - —s— Observed 95% CL upper limit] Ns =7TeV ;
— Fit N Expected 95% CL upper limit | o | Ldt=1.0f
10° E © 1 02 = \\ 0, o, -
E E 3 \ 68% and 95% bands 1 c s /m
102: s =7 TeV 5 RSN ] .g o
E [Ldr=1.015" 10L N 4 E ~0.10
- = 3 O 10 . =
10f : N ATLAS o f B ]
i = N [Lar=1.01b" 3
EE u Ns =7 TeV 0
- o
e 107 E
= o 0% E
S e ]
10 : N E
- .| [ 1 | I I | I | L I L L I L \'\ Ll | 1 I TR Lo v, R A A [
SN I P P RIS A IO PRI I 1000 2000 3000 4000
550 5000 506G 4000 1000 2000 3000 4000
Reconstructed m, [GeV] Mass [GeV] Mass, m_[GeV]
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Jet + Photon Resonances arXiv:12013293

: 7 /q
> Replace one jet by a photon e e
= Require one jet and one high energetic photon
> BumpHunter search 8
—> no significant deviation from expectations g y

> Limits on a generic Gaussian resonance and q* model

(%) =R AR RAMUMUMLAN ML —_ —
—.— T I T T T T [ T T T T } T T T il T I T T T T I T T ]
c . s ATLAS \s=7TeV B a 8 C ]
o110 e T [Lot-zat’ § = ATLAS = — PYTHIA " prediction |
i « % w % imi N
L Na <] ) ® Data N % nl \s=7TeV | % 1 95% CL upper limits |
0N - —Fit 3 < 107 T R R —+— Observed
E i i 05 Tal) E x 5 JLdt=211fo" 4 X O Expected
o= Poan ©qestEn o ] oc . 1o
10 g s B A qr(1.0TeV) 3 m og/mg m +26
102 ;_ A - q*(2.0 TeV) _; ; - 10% )b< 101 E_ <
F : | N E 5 ) — 7%
10 SO T R S S N E
L f—# ] 4 102 =
: e a F
r ° L
107k = & .
E :v T % % T % |||||| L I g a \ S = 7 TeV
= 2f 10°L N 107 [Lat=211 0" E
5 O i 1 - ATLAS
a-2F : i 3 Eo. Lot [ [ ] N O S SO USROS PO | WS
m,; [GeV] mg, [GeV] mg- [GeV]
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Paired Dijet Resonances CMS: PAS-EXO-11-016

> Extension of inclusive dijet resonance search
> 4 jets with p; > 150 GeV

= Require equal dijet masses = use average mass

* pr(j1) + pr(iz) — My > 25 GeV
= Largest fluctuation at ~615 GeV - 2.7 (1.5) o (after LEE)

CMS Preliminary 2.2 fy" ; CMS Preliminary [L=2zm”
3 100 3 N : ; Pair-Produced Dijet Resonances
I —*— 4-JetData o N : : Observed Limit (95% CL)
- Background Fit ~ BN : : .
g - — . - QCD Simulation (3] ENLLL AR Expected Limit (95% CL)
s 10 0 <. |===-- Coloron (400 & 800 GeV) < N -t
o [ Seeenl x 107E : X ' | | =20
] B o o - - Coloron
T 0 o0 - ‘ 5 5
d>.) = X n
C c
i B ' (=] 102
- ‘ \\ l;
! E_ :" “ = el 8
= L N "~ n
- : ®
10" E ‘\‘ g 3
E . = 10
o el s (&) : : : ; ; NI :
TR T A I T T I Y NI T T N A B R R
400 6.00 .. 800 1000 1200 300 400 500 600 700 800 900 1000 1100 1200
Paired Dijet Average Mass (GeV) Resonance Mass (GeV)
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Excited Leptons ATLAS: arXiv:1201.3293

> Compositeness models: mass of the excited lepton + scale parameter

> Single production and EM radiative decays: qq =2 [I* = lly

= 2 leptons + 1 photon
= Peak in ly inv. mass for some parameters, but excess in lly inv. mass more robust

= Muon channel slightly less sensitive

—_
—

> 104 T T T I LI I LI LI LI I LI | LI LI T ; T T I T T T T I T T T T T T T T | T T T T -
8 ATLAS e Data 2011 %E 2 10 ATLAS — Observed limit 3
o 3 i [z +y ] — R - =+ Expected limit 7
o 10 - 1 = < JLdt=2.05fb =
‘-U; J. L dt=2.05fb - Z + jets E 9 . [] Expected +16 =
5 105 \s=7TeV Bkg. uncertainty = 8 \s=7TeV B> A =
% D(me*, A)=(0.5,7.5)TeV 3 - — CMS 36 pb” —f
10 E 6 DO 11 E

1 E 5 E

10 E : E

E 3 iR o

10 5 s ?

1 0—3 1 “ 1 12 12X
200 300 400 500 600 700 800 900 0.5 1 1.5 2 2.5 3

me, [GeV] m,. [TeV]

L\ 7%
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Excited Leptons

ATLAS: arXiv:1201.3293

> Compositeness models: mass of the excited lepton + scale parameter

> Single production and EM radiative decays: qq =2 [I* = lly

= 2 leptons + 1 photon
= Peak in ly inv. mass for some parameters, but excess in lly inv. mass more robust

= Muon channel slightly less sensitive

—_
—

> I T T T I T T T I T T T I T T T I T T T I E ; T T I T T T T I T T T T T T T T | T T T T :
& ATLAS e Data 2011 ] 2 10 ATLAS — Observed limit 3
o 10° P [Jz+y - : J -1 - -« Expected limit 3
S = 3 Ldt=2.05fb =
2 Ldt=2.05fb Mz + jets ] 9 | [] Expected+ic 3
% 102 \s=7TeV Bkg. uncertainty - 8 \Ns=7TeV BR ™. > A —;
3 )M .A)=(05,7.5)TeV = :  oMsasp
[ ] 3 ]
10 , ?_ 5 DO 1 fb E
S = ]

= 5 =

1 * x| (] = 3

= L 3 4 =

-1 ] 3 — o

1 0 \ ?E 2 ‘m_”ﬂ.nnﬂ'”‘ ?
1072 \ \&\ y H i i iid
200 400 600 800 1000 1200 1400 0.5 1 1.5 2 2.5 3

eey [GeV] Mg [TeV]

L\ 7%
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Selected Searches

> Heavy Resonances

= heavy gauge bosons
= dijet, paired dijet, jet+photon

= excited leptons

> Quark Sector
= t'/b’ quarks

= |eptoquarks

= vector-Like quarks

> Strong Gravity

1

i A = diphoton spectrum
N = black holes
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4th Generation Quarks: t' — Wb CMS: PAS-EXO-11-050

> t' — Whb: top-like signal (l+jets or dilepton), but heavier
> Select: dilepton channels (ee, ey, uu) with opposite sign + two b-jets

> Use minimum invariant mass between lepton and b-jet M,,(min) to
reduce large top background

F LI I LI I LI I I | LI I LELELEL | ||||||| E — - : - 7 -
CMS Preliminary o Duts ] '8_ CMS Preliminary 4.7 fb™" at Vs=7 TeV |
10°F 47M"at Js=7 Tev - g ..«.+. NNLO Theary 1
Events with ee/u /e | I = 95% CL, Expected Limits —
) = —— 95% CL, Observed Limits -
1{}3 B D Other backgrounds _ a CL_ i
F D #F, M, = 450 Gelie' 3 E'.:' R
=]
10? 1
Signal Region
107
TR T T T | i PR [N TR SN TR SN SN S T T | | I R
350 400 450 500 550 600
i M. (GeV/c?)
1n.'| pa b b ST
0 50 100 150 200 250 300
M2 (GeV/c?)
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4th Generation Quarks: b' — Wt

ATLAS: Preliminary

> b’b’ - WitWt - Ivbbgqqq

> Signature:
= 1 lepton + missing E; + n;,; >=6
= Use dijet system to tag W

= Enriched signal in high number of jets
and one or two Ws

= Top background important

E Ill\IIIII\IIlII\IIIIIIIIIII
= - 4
S ok ATLAS PrellmmaryJ.Ldl:W.OMb \Ns=7TeV _|
-.;- 95% C.L. Exclusions: .
g Expected:mb;dﬁafoz GeWcz,crbE-c 0.54"0 57 pb ]
E Observed: my, > 480 GeV/c®, o _- < 0.47 pb

=

(]

K]

o]

- Theory NNLO

— Observed limit
10t e Expected limit
- Bl +/- 1o
- [ J+-2c
-IIIII\IIIII\IIIII\IIIIIIIIIII
300 350 400 450 500 550 600
m,, [GeV]
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@ 10* T T T T T T , =
3 E i + Data ]
I.|>J i ATLAS Preliminary Ns=7 TeV — m,-300GeV ]
_[L dt=1.04 " -----my, =500 GeV |

I

W+Jets

10°

10

-gi | T e e . Emsesseses o

20

é

§ -1E Y Y S S

k) I I | I | I I I |
Nets =6 =6 =6 =7 =7 =7 >8 >8 >8
Ny -0 1 2 =0 1 2 =0 =1 >2

> ATLAS: 1 fb

= b’ > Wt search: m, > 480 (468) GeV
= t > Wb search: m, > 404 (394) GeV
= Q > Wq search: mg > 350 (335) GeV

> CMS: 4.7 fb"

= t' > Wt search: m,, > 552 (542) GeV



t :
Leptoquarks (1%t generation) ATLAS: arXiv:112.4828

> LQLQ - eeqq/ evqq (1. generation) > Fractionally charged colored bosons
= 2leptons + N, >= 2 I
= 1lepton + N, >=2 + missing E; = LQ > quark 8, LQ/,/
> Combine discriminating variables *chargedlepton . © 7 L )
in a Log Likelihood Ratio (LLR) = LQ - quark
L + neutrino gv LQ
L=[1%  z=[ln  LLR =log,( / ) .

2] ' T T T e T\ 3 e e A B T . AR N B B A e -

S ATL A S LQLQ% cejj —— Data (Ns=7 TeV) = g I I I ]

Q 3 C Vadets 0.9 ATLAS =

@ 10 Ldt=1.03fb" [ Top = T ' 3

~QcD - 9 os =

2 Il Diboson = =

10 — LQ (m=600GeV) 1§ T o7 LQLQ - eejj+evjj

] 1 3

10 E o 06 det: 1.03fb" 3

: 0.5 | =

1 | \s=7TeV 3

] 04 =

1 .

10 . E 0.3 B eejirevi (Exp)

@ g ) 3 — cgjj+evjj (Obs.) 3

Q E 0.2 —

§ 1.5 0 Do (5.4 fb) ]

= O; = 01 & gl "% = ... CMS (36 pb y

9 _1 -5; Lr (') M T N N O S N T Loy o by by by by =
n E . . . . . 00 300 400 500 600 700 800 900 1000

-10 -5 0 5 10 15 20
LLR mq [GeV] >
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Leptoquarks (3" generation) CMS: PAS-EX0-11-030

2" generation search:
> LQLQ - vvbb CMS: PAS-EX0O-11-028 (2 fb-")

= 2 b-jets and missing E;
> Define signal region via razor variables: M and R?

= Broad peak in Mg expected

CMS Preliminary Vs=7 TeV J-Ldt: 187" — 1C\I\AIS‘P\r?"\m\in\ary\ \\@f\[ Te\.v\ \J-\let: e T
% \\\\‘\\\\|||\\‘\\\\"\III‘\\\\‘\\\\lII\\\\\\\III EP : :
© —e— Data T 1
02 [ Multijets - S,o_g_— -
P Bl W/Z + jets . @ L ]
g tt + jets ] C .
w ——— Total SM Prediction + - 0.8~ g
L LQ (MLQ =250 GeV) - 1
07 i

10 5

0.6

DO exclusion (5.2 fo ")

CMS 95% CL Limit (observed, 1.75fb ")

- CMS 95% CL Limit (expected, 1.75 fb )

400 500 600 700 800 900 1000 1100 1200 1300 1400 0'500 220 240 260 280 300 320 340 360 380 400

Mg (GeV) LQ Mass (GeV)
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Vector-Like Quarks ATLAS: arXiv:1112.5755

>qq2>9gQ>qgW/gZ > qlv/qll

= similar signature to leptoquarks
but different underlying kinematics

= two leptons + n; >= 2

= one lepton + missing E1 + n >= 2

14000_| T 1 | T L} L | T T T I L} L} T I T T T I T T T
[ ATLAS ~+-Data ]
B W+jets 4
12000[- CC Channel - 4 =
_ N I Single Top 2 [ LO Cross Section, ¥ =1
10000._ J Ldt=1.04fb Ns=7 TeV Muttijet b 5 10° S Expected 95% CLS upper limit
> i o5 5 Zujets ] = F I 16 Uncertainty
- B Diboson ] T F )
9 8o00F s --Signal (600 GeV) x 100 ] o + 26 Uncertainty
re) - i1 Stat+ Sys Uncertainty T - Observed Limit
2 [ - ><
& 60001 = ] = 10
= B - =
L i 1 o
40001~ - u g 5
i ] ° |
2000__ ] 1
: TRNE: - ATLAS
o 1.4; i ; B )
@ 1z 3 Hadladh - JLm=1.Mib1 Vs=7 TeV
E 1;-_ 10-1|||IIIIII||IIIIII||IIIIIII||||||||||||||||||||
I 08F : D : 200 300 400 500 600 700 800 900 1000
0.6E , , : : e D mass [GeV]
0 200 400 600 800 1000 1200
m(lepton,E™ leading jet) [GeV]
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Selected Searches

> Heavy Resonances

= heavy gauge bosons
= dijet, paired dijet, jet+photon

= excited leptons

> Quark Sector
= t'/b’ quarks

= |eptoquarks

= vector-Like quarks

> Strong Gravity

1

i A = diphoton spectrum
N = black holes
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ATLAS: arXiv:1112.2194

Diphoton Final State CMS: arXiv:1112.0688

> Search for diphoton production: qg/gg 2> G =2 yy

Resonant production in Randal-Sundrum (RS) models

Non-resonant production in Arkani-Hamed, Dimopoulos, Dvali (ADD) models

Signature: two high energetic photons

Good agreement between data and MC expectations

]

E'Il:l T T T T T T T T > Illl]]II]IIIIIII|III|III|III|III|I]I
g . ATLAS J’ Ldt=2121" 3 10° oS 4 Observed %
£ e, 1 [ ] Diphoton 3
o 10°E - \s =7 TeV o . 2.2fb"at7 TeV " 3
Z O F N qo2 s [ v+iet -
- w =
10E = Dijet 3
- -+ Data G>J 10 ystematic Uncertamty?'
1 ¢~ Reducible background L K=0.05M =175TeV 3
= [ L | .
1 = [JTotalbackground T L g L 13 EEEREEL eemel ) e Ngy =6, M =3 TeV -
107 syst @ stat (reducible) 1
- 3_ I syst @ stat (total)
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ATLAS: arXiv:1112.2194
CMS: arXiv:1112.0688

Limits on RS and ADD models

CMS: ADD C ey :
— — > Limits improve with
K factor | GRW
pos. neg. | Hgp = 2 ngp=3 ngp=4 ngp=5 Ngp=6 wHgp=7
1.0 294 | 263 228 | 3.29 3.50 2.94 2.66 247 234 . decreasing Nep
16 318 | 284 241 | 368 3.79 3.18 2.88 2.68 2.53
= increasing k/Mp= Kk
ATLAS: ADD
k-factor | GRW | Hewett HLZ > k-factor (NLO)
Value Pos Negn=3 n=4 n=5 n=6 n=7 give some bOOSt
1 273 | 242 21 | 325 2.73 2.47 2.30 217
1.70 297 | 266 227 | 353 2.97 2.69 2.50 2.36
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o \ . i
g Ll Ty L 'E' \ e median expected
= 1F ATLAS 3 put \ W 68% expected "
& S Vs =7TeV --- Expected limit 3 o 95% expected
T N I Expected+ 1o = 10.1 | \ ~ _
S i Expected+ 26 ] % \ T GKK k=0.05 B
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.. ATLAS: arXiv:1112.2194
Limits on RS and ADD models CMS: arXiv-1112.0688

CMS: ADD C e :
— — > Limits improve with
K factor | GRW
pos. neg. | Hgp = 2 ngp=3 ngp=4 ngp=5 Ngp=6 wHgp=7
1.0 294 | 263 228 | 3.29 3.50 2.94 2.66 247 234 . decreasing Nep
1.6 318 | 284 241 | 368 3.79 3.18 2.88 2.68 2.53
= increasing k/Mp= Kk
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k-factor | GRW | Hewett HLZ > k-factor (NLO)
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Dilepton Final State CMS: PAS-EXO-11-087 / Preliminary

> Similar to diphoton final state search for non-resonant dilepton
production (ADD models)

> ee or uu selection

= =21 - = = z'aﬂlﬂ' HU

- Em;};m#ﬂgwﬂev, L dt fh mﬁmiﬁw‘rﬁv,de Ppdibas

> ! ! | L | L | L | e %‘ 4.5 _I LN LINL I L LI L LN LI I.

3108 | Data ek ]

3104 [ 2yt — ee E 4.0 :_ ]
— Il tt and Diboson ° - .1 n=3|

210° B Jets (Data) E3S [ E
E 102 — ADD, A; =28 TeV C [ e n=4|

(Ll 30 —
- e n=5_

10 e T R

1 25 :_ f"‘T-"" _______________________ n=7_ .

En - o ADD HAacior: 1.3 _

K o — sksaw -
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Combination with diphoton search:
HLZ model (n =3) 3.8 TeV - 3.9 TeV
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Black Holes: Multi-Object, Multi-Jet, Same-Sign

> Microscopic black holes decaying via
Hawking radiation

> Models uncertain due to lack of
knowledge about quantum gravity

(Mgy ~ Mp)

> Semi-classical models:
Mgy >> m(threshold) = M,

ATLAS Simulation:
1u 2e many jets

> Safe bet: decay is democratic and
isotropic, likely high particle multiplicity
— look for many jets and leptons at high
mass

Mets

W [LHC’LE)EB’?; 38 2011 EDT
otal Trans. E = 2.5 TeV .
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Black Holes: Multi-Object, Multi-Jet, Same-Sign

2 ®)

s I "% oma s

> Inclusive search: sum energy of all =t :‘5
. . % 107 Uncertainty

objects (e, y, jets) g e e

---------- Mp = 2.5 TeV, MB""_‘" =35TeV,n=2 >.O<

10 — z

> Can also select peculiar events: e.g.,
same-sign dilepton with very high track
multiplicity

CMS Data 2011 .,

[§=7Tev,a69f6" : |

ATLAS: arXiv 111 1 0080
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ATLAS Exotic Searches: Summary

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Dec. 2011)
................................................................ ! ! LI ! 1 I LI
Large ED (ADD) : monojet My (8=2)
Large ED (ADD) : diphoton Mg (GRW cut-off) ATLAS
UED:yy+E, Compact. scale 1/R (SPS8) Preliminary
g RS with k/Mg, = 0.1 :yy, ee, up combined, mwlﬂ Graviton mass 1
g RS with k/Mp, = 0.1 : ZZ resonance, my, Graviton mass ILdI =(0.03-2.1) for
% RS with gqquK/gs=-0.20 THe+ Ep s KK gluon mass Is=7TeV
I Quantum black hole (QBH) : Mgiers F() M, (5=6)
0 QBH : High-mass 6, , Mp
ADD BH (M, /M=3) : multijet,Zp_, Ny, Mp, (5=6)
ADD BH (M, /Mp=3) : 88 dimuon, N, .. Mp, (5=6)
______________ ADD BH (Mr, /My=3) : leptons + jets, Xp,. Mp (8=6)
_ qqqq contact interaction : F, (Mg, A
© qqll contact interaction : ee, uu combined, m, A (constructive int.)
.} ---------------------------------------------- SSMmeew L=1.1-1.2 fb” (2011) [arXiv:1108.1582] 1.83TeV Z' mass
................................................. SSMmTE‘fH L£=1.0 b (2011) [arXiv:1108.1316] 215Tev W' mass
o Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj |L=1.017 (2011) [Preliminary] ssocev 1° gen. LQ mass
- Scalar LQ pairs (B=1) : kin. vars. in pujj, pvjj [£=35pb™ (2010) farXiv:1104.4481] azcev 2™ gen. LQ mass
F 4" generation : coll. mass in Q Q,— WqWgq~ Q, mass
by 4" generation : d4a4a WitWt (2-lep SS) d, mass
I TT &0, 41h gen, tf"’AQAQ 1-lep +]ets * B iss. T mass (m(A)) < 140 GeV)
Techni-hadrons : dilepton, m,,, p, /oy mass (m(p /or) - M(ny) = 100 GeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(WR) =1TeV)
Major. neutr. (LRSM, no mixing) : 2-lep + jets W 5 mass (230 < m(N) < 700 GeV)
H™* (DY plrod., BR(Hif—n..q.t)=1) TM hesian HE* mass
E Excited quarks : y-jet resonance, mleet g* mass
3 Excited quarks : dijet resonance, m,, q* mass
Axigluons : mg;, Axigluon mass
Color octet scalar : my;, Scalar resonance mass
Vector-like quark : CC, Mg Q mass (coupling kg = v/mg)
Vector-like quark : NC, m, Q mass (coupling x,q = v/mg)
................................................................ . L L1t | . . L1 I . | . T
10" 1 10 107
*Only a selection of the available results leading to mass limits shown Mass scale [TeV]
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CMS Exotic Searches: Summary

December 2011

2'SSMII
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Conclusion and Outlook

> ATLAS and CMS have produced an impressive number of
papers/conference notes using the 2010 and 2011 data

> In the channels searched so far, no significant excess above the
Standard Model was found

> New physics is not “just around the corner”
> Many limits have surpassed those from Tevatron/LEP
> At the moment the full dataset of 5 fb-! are being analysed

> Extend the reach for new physics in 2012 if the LHC runs at 8 TeV
centre-of-mass energy and delivers 20 fb-.
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