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New Physics motivation...

Higgs-like discovery particle is the Great achievement of 21th century science
Fits even better with the Standard Model (SM)

All SM particles observed |

However several open questions still unsolved by SM:
Hierarchy problem, higher symmetries, dark matter/energy, ......
There could be either SUSY, reviewed by Evgeniy Khramov (JINR Dubna)

or Exotics phenomena, target of this talk

Compositeness

Numerous Beyond Leptoquarks

the SM theories
predict New
phenomena at the
TeV scale that Hidden Valley

are accessible at GUT
the LHC LRSM, heavy neutrino
4™ generation b’

etrc.

Mono-jet/photon
Diboson
High-mass resonances

Same-signlepton  pilanton

Large MET

*Try o cover all possible signatures
= Setup model-independent analyses
= Interpret results using benchmarks
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New Physics motivation. ..

Investigating whether the answers may come from exotic models
Search for Beyond-SM resonances on smooth SM backgrounds

Exotics on ATLAS:
60 papers published on 7 TeV data
13 papers published/submitted on 8 TeV data

Focus on selected recent ATLAS results

Search for heavy resonances in:

Dilepton events

ttbar events

Heavy quarks events (W’ (Z")>1tb)
Diboson events

All limits are quoted at the 95% CL



Typical Search strategy

Focus on observables such as invariant mass, py or E+
Search for deviations from known background (BG)

Search for bump (resonant phenomena)
Search for excess in tail (non-resonant phenomena)

Events, o, ...

Main steps for Limit setting:
= Compute theoretical prediction
= Estimate acceptance, efficiency L — >
= and luminosity and their uncertainties Pr
Pseudo-experiments
= generate BG only pseudo experiments (PE)
= for each PE estimate the consistency between
and hypothesis
and get 95%CL limit on signal cross-section
=for all PE calculate the median, the 1 sigma RMS
and the
plot the o (Data) S,
compute ected limit; :Obserled limit
compute expected limits mass, scale....

| .
>
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Cross-section, o x BR




Dilepton resonances

ATLAS-CONF-2013-017
Select events with two isolated leptons: P(ul); =653 GeV, = P(u2): 646 GeV, muy =1844 GeV
Clean signature: e+e- or Py N R

. g . T ATLAS P

But present significant experimental challenges \\ ‘Revgaoiissin \ )
understand detector Performance |
confidence in alignment, simulation

Dominant Background: Drell-Yan

require high mll
MC estimation: Z/y*, ttbar , diboson

data-driven estimation: multijet, W+jets
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Focus on invariant mass
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Dilepton resonances: Results

ATLAS-CONF-2013-017
Results are interpreted using the following Benchmark models:

Sequential SM: assume Z' with same couplings as SM Z
Randall-Sundrum KK graviton

Bayesian approach used to set upper' limits on ¢ times BR
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95 % C.L Expected and observed mass limits with 20 fb! at 8 TeV

Ms. [TeV]

model Zssy | Zy | Z6 | Zy | 4 | Zs | Z, | G (k/Mp =0.1)
Observed mass limit [TeV] | 2.86 | 2.38 | 230 | 244 | 2.42 | 247 | 2.54 2.47
Expected mass limit [TeV] | 2.85 | 2.37 | 2.38 | 243 | 2.40 | 2.46 | 2.53 2.47




+tbar resonances

o 1.8F

ATLAS-CONF-2013-052

With the increase of energy and luminosity at the LHC, decay of heavy
resonances associated with new physics is in the multi-TeV mass range
Result in highly boosted very massive objects such as Top
Decay products of Boosted Tops collimated in direction of pT
Separation can be described according to AR ~ m/pT

Standard reconstruction methods
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os  Many new techniques are developed to
= peconstruct and identify boosted tops
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+tbar resonances

ATLAS-CONF-2013-052

Benchmark models to quantify sensitivity:

o Randall-Sundrum Kaluza-Klein

o Topcolour assisted

’ luons,
technicolour leptophobic Z' VAN 3 Jux .
Gk o Broad resonances (width ~10-15% of

o Narrow resonance (width

the mass, Spin 1
~1% of the mass, Spin 1) e

o Present a challenge for detector
resolution

Analysis strategy
Top quark signature is difficult to reconstruct efficiently > Many objects
Adapt the event selection and reconstruction to the final configuration

Event selections:
Resolved: standard top reconstruction with narrow jets
Boosted: using large-cone "fatjet to reconstruct the hadronic top

Event reconstruction:
Combined limit of boosted and resolved selection:
Resolved selection mainly relevant at low mtt
Boosted selection relevant at high mt+t 8



+tbar resonances: Results
ATLAS-CONF-2013-052

Focus on invariant mass spectrum, m,, T Frorr T onnmcr o
. oo . . e 10° ~ e Exp. 95% CL upper limit
No significant deviations from the T plraniese Exp 1 o uncertanty
Standard Model : F LepraphabioZ (L0 1)
X ok ATLAS Preliminary
> 1°FATLAS Preliminary = Data  —5x2 (15Tev) 3 o
|: 107_ILdt 14.2 15" U 5xg, (20TeV) 4
9 10°F W Vulti-iets |:|W+jets -
GC) 10° i_ [[Jother Backgrounds é
Lﬁ 104; Is=8TeV _;
10°F =
10F —
R T 0 e
g M Y S, G-8TeV —— Obs. 95% CL upper limit
m) 2.5 3 3.5 = [Ldi=14310" Exp. 95% CL upper limit
reco ' Exp. 16 uncertain
M [TeV] T§ Exz.2cuncell"ttaintt‘),l
3 2 Kaluza-Klein gluon (LO)
Expected and observed upper cross sec:non : ATLAS Prommis
limits times ttbar branching ratio (95 % C.L.) i

Exlusion @95% CL limit (Bayesian)
0.5 TeV < my- <1.74 TeV
0.5 TeV < mgy < 2.07 TeV
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Heavy quarks resonances

ATLAS-CONF-2013-050

Many beyond-SM predict heavy gauge bosons W’ (Z')
GUT-inspired theories, w L
Kaluza-Klein excitations of gauge bosons \‘J

New heavy bosons W~ has strong [ -
coupling to third generation N\

Search for heavy resonances decaying to tb
Select events with 2 b-jets,

L L I L B L B D B U
ATLAS Preliminary \s =8 TeV

3 108
high invariant mass of tb system g 0 IL e 143 waisT
o« o 6 W+jets
Boosted Decision Tree (BDT) for D10 E 3 e 2 btags %zﬂ-}é&tdibosms
10° ultijets

Uncertainty
¢ Data

discrimination of signal to background
Main discriminants: m,,, py(top)
separation between lepton and b-jet

BDT output for data, signal and background
in signal region with 2 b-jets

Data/Pred

4 02 0 02 04 06 08 1
BDT Output
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Heavy quarks resonances: Results

ATLAS-CONF-2013-050

No data excess over the expected SM background is observed in BDT output
Set limits on W' with SM couplings (effective model)

Exlusion @95% CL limit
mW*, ) > 1.74 TeV
mW', ) > 1.84 TeV

left handed

Right handed
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Diboson resonances

Benchmark model of heavy resonances decaying to pairs of electroweak gauge bosons

W' in the Extended Gauge Model (EGM)
Technimesons (LSTC)

Charged (WZ/y)

a>»:ﬁ::z ;‘T oin 0) a ] Tr-lple.ga.uge couplmgWWZ

Fermionic coupling like W

L e B B B B
\'s = 8TeVJ-Ldt 13.0 fb”"

'..]

WZ-> Ivll signal selection (I=e,m) L

exactly three leptons to reconstruct

a pair of W(£+v) and Z(2+¢£-)

W mass constraint for solving the pv 1012
Backgrounds: WZ, ZZ, Z+jets, ttbar, Zy 102

data-driven estimation for Z+jets and ttbar 10’32

Z+
ATLAS Preliminary EZZ !

1 IH[M L1 IIHHr—

10?

i+ jets
/=Bwz
+2012Data
[Z77) Total Errol

Events / 40 GeV

IJHH L JHIHHl IJ]HIH[

Non-resonant WZ background suppression (e
0 200 400 600 800 1000 1200 1400 1600 1800 2000

WZ control region: 4y(W,Z) < 1.8 and 4¢(W,Z) > 2.6 My [GeV]
Z+jet control region: ETmiss < 25 GeV, mTW <« 25 GeV
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Diboson resonances: Results

ATLAS-CONF-2013-015

no significant excess observed
95% C.L. limits on 0 x B(W' = WZ), and exclusion limits on (m, p;y) mass plane

»>Low scale TC

>W'in EGM ing W'-like ki '
assuming W'-like kinematics)
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o Expected 95% CL Limit 8 1000 ATLAS Preliminary ; / _
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Exlusion @95% CL limit ma; =1.1me. > 0.92 TeV

m( EEM W’) > 1.30 TeV may >>mpy > 0.92 TeV
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Exotics searches at a glance....

AS Exotics Searches™ - 95% CL Lower its (Status: May 20

Large ED (ADD) : monojet + E, ... L-I4,1rb'|'.1~||'.v||1z|1olulv )} I L I 4.3[1 Tn\ll IIVIDI((SI—IZ)I I porr i
Large ED (ADD) : monophoton + E‘, mas | L=4.81b7, 7 TeV [1209.4625) 1837eV. M, (5=2) ATLAS
@ Large ED (ADD) : diphoton & dilepton, m,, L=4.7 1b”. 7 TeV [1211.1150) adaTevw! M (HLZ =3, NLO) b
S UED : diphoton + E ... [£=88#h™7 eV 1200,0753) 1407eV Compact. scale R’ Preliminary
%’ s'YZ. ED: dllepton. m, |L=5.01b", 7 TeV [1209.2535) anTevy. M, ~R 1
‘1:) RS1: dilepton, m, [£=20 6" 8 TeV [ATLAS-CONF-2013-017) 247 7e¥ Graviton mass (k/Mg = 0.1)
% RS1 : WW resonance, my,,,, |[L=47ib" 7 ¥eV [1208.2850) 1237ev Graviton mass (k/Mg, = 0.1) 4
© Bulk RS : ZZ resonance, m,; |£=72 " 8 TeV [ATLAS CONF-2012-150] 850 Gev| Graviton mass (k/My, = 1.0) Ldt =(1-20)fb
< RS g __— tt (BR=0.925) : tt — |+jets, m, L=4.7 fb”, 7 TeV [1305.2756) 2077eV g, mass _
a ADD BH {(M,,, /M,=3) : SS dimuon, N,,, . |ESiSTsuTevH5080) AZETE M, (5=6) fs=7.8TeV
ADD BH (M, 'M =3) : leptons + jets,Yp | E=iiETeuiZ0aueie] STl M, (5=6)
Ouan!um black hole : dijet, F (m L=4.7 1b”, 7 TeV [1210.1718) anTev| M, (5=6)
dqdq contact interaction s £(m) L=4.81b", 7 TeV [1210.1718) 7eTevl A
%) qqll Cl : ee & upu,m |E=501b" 7 ¥eV [1241.4150) 1397TeV A (constructive int.)
uutt Cl : SS dilepton + jets + E, ... [£=143 " 8 TeV JATLAS CONF-2013-051] 33tev. A (C=1)
Z'(SSM) :im_,,., |L=20Mm" 8 TeV [ATLAS-CONF-2013-017] 286 TeV_ 7' mass
Z' (SSM) :m.. [L=4.7 "7 TeV [1210.6604) 1.4Tev 7' mass
Y Z' (leptophobic topcolor) : tt — I+jets, m, =~ |£=14.3 b7 8 TeV [ATLAS CONF-2013-052] 1.8Tev  Z' mass
- W' (SSM) :my_,, |t=a.7 " 7 Tev [1209.4445) 255Tev. W' mass
W' (—1q, 9 =1) :m, |L=47 "7 Tev(1200.6593) 430 GeV_ W' mass
s (— tb, LR§N1) m £=14.3 fb”, 8 TeV [ATLAS-CONF-2013-050) 1.84 TeV W' mass
Scalar LQ pair (= 1) km vars. in eejj, ev“ L=1.01b", 7 TeV [1112.4828) 660Gev T gen.LQ mass
g Scalar LQ pair (f=1) : kin. vars. in pujj, ivjj [e=1.0m" 7 Tev (1203.3172) e8s5Gev 2" gen. LQ mass
Scalar LQ pair (B=1) : kin. vars. in 71jj, Tvjj |t=4.7 b, 7 TeV [1303.0526) 534 Gev 3™ gen. LQ mass
o 4" generation : t't'— WbWb |L=4.7 b™, 7 TeV [1210.5468) 656 GeV 1’ mass
=X 4th generation : b'db’' — S dilepton + jets + E_ mae [L=14.31b". 8 TeV [ATLAS-CONF-2013-051] 720 Gev_ b' mass
§ =3 Vector-like quark : TT— Ht+X L=1431b". 8 TeV [ATLAS-CONF-2013-018) 790 GeV_ T mass (isospin doublet)
= Vector-like quark : CC,m, . |£=4.61b",7 TeV [ATLAS-CONF-2012-137) 1.12Tev. VLQ mass (charge -1/3, coupling x ;o = v/m,)
) Excited quarks :y-jet resonance, m _  |i=ziib 7 Tev 1112:3580) 2467ev| q° mass
S E Excited quarks : dijet resonance, m'; £=13.0 fb”, 8 TeV [ATLAS-CONF-2012-148] 384TeV. " mass
ﬁj K Excited b quark : W-t resonance, m, o |L=47 157, 7 Tev (1301.1583) 870 GV b* mass (left-handed coupling)
Excited leptons : |-y resonance, m L=13.0 fb™. 8 TeV [ATLAS-CONF-2012-146) 227ev_ |* mass (A = m(l*))
Techni-hadrons (LSTC) : dilepton,m,__,,, [§ 1b 25! BGEW p /o, mass (m(p fo;) -m(n) =M )
Techni-hadrons (LSTC) : WZ resonance (vIl), m w2 .
“ Major. neutr. (LRSM, no mixing) : 2-lep + ]ets 5Tev. N mass (m(W_) =2 TeV)
2 Heavy leplon N” (type Ill seesaw) : Z-l resonance, m, Shdl N mass (|V_| =0.055, |V | = 0.063, |V | = 0)
6 |~ (DY prod., BR(H "—ll)=1) : SS ee (up), m 09 G H;* mass (limit at 398 GeV for up)
Color octet scalar : dijet resonance, m; ¥eMll Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing tracks
Magnetic monopoles (DY prod.) : highly ionizing tracks | Lyl l Ly

ATLAS EXOTICS Results: 10" 10 102
ublic/ ExotlcsPubthesuITs Mass scale [TeV]
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Summary & outlook

No hints of new physics yetll
Results using the full Run 1 dataset are Starting to appear
Surprise can be around the corner !

Exiting perspective
LHC physics reach at TeV mass scale will be greatly extended
by the increased beam energy and intensity expected in Run 2

ATLAS has been doing great..

Very competitive analyses in Exotica searches
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Data Taking and Data Quality

ST S B B B B o 300 ATLASOniine Luminosity \e=8Tev -
& ATLAS Online Luminosity 2012 > [ [EtHc pelivered 1
> 30— 2010 pp \/s = 7 TeV é 251 [] ATLAS Recorded =
g L e 2011 ES\E =7 TZV 21.7 th-1 @ 9 % Zoi Total Delivered: 23.2 fb'r" b
E 25 == 2012ppVs=8TeV at 8 TeV LHC Run I :2010'2013 3 folRecorded 217
L [ 15— —
5 C g F .
5 20F £ oron |
(l‘_) — E C ]
o C 5 —
S 5 ]
= 15 F ]
04 C R I B R
o C - H 1~ 29103 31/05 02/08 04/10 06/12
1or Overall data-taking eoff iciency o
- over 3 years: ~ 93.5%
S
0 Eo ! L |
0 \! W
S ’ o Excellent performance of LHC
ontn In Year
ATLAS Detoctor Status Excellent performance of ATLAS
Pixels 80M 85.0% ATLAS p-p run: April-December 2012
SCT Silicon Strips 6.3 M 99.3%
TRT Transition Radiation Tracker 350 k 97.5% Inner Tracker Calorimeters Muon Spectrometer Magnets
LAr EM Calorimeter 170k 99.9% . X X X
A e e Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid
Hadronic endcap LAr calorimeter 5600 99.6% 99.9 994 99.8 99.1 996 99.6 99.8 100. 99.6 99.8 99.5
Forward LAr calorimeter 3500 99.8%
= = oo for psic: 553
uon rigger %
LVL1 Muon TGC trigger 320k 100% Luminosity weighted .rel'?tive detector uptjmf: and good gua |' data delive_ry during 2012 stable beams in pp collisions at
MDT Muon Drift Tubes 350k 09.7% Vs=8 TeV between April 4" and December 6" (in %) — corresponding to 21.6 fb"* of recorded data.
CSC Cathode Strip Chambers 31k 96.0%
RPC Barrel Muon Chambers 370k 97.1%
TGC Endcap Muon Chambers 320k 98.2% 2012 da"'a qual 'Ty afTerl repr\ocesslng




