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SM works well, and even
better with the discovery of
the Higgs boson

But Higgs is light and needs
large corrections =2 new
particle with mass ~ TeV is
needed

Other not answered questions
— Hierarchy problem

— Dark matter

— Gravity

— Number of generations

— Extra dimensions
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()  signatwes

Supersymmetry Dijet
Dilepton
Heavy gauge boson
y gaus Diphoton
Extra dimensions Diboson
Compositeness Riten .
Lepton + E/™*
Technicolor Photon + E,miss
Little Higgs Same-:c,lgn dlle;?ton
Long-lived particles
Left-right symmetry W/Z + Jets
Heavy neutrino Jet +E™
Lepton + Photon
Vector-like quark Top + Jets
Dark Matter Multijet
Multilepton
and more ... and more ...
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Analysis strategy
A

* Look at some characteristic distribution
(invariant mass, transverse mass, p; spectrum
etc.)

Events, o, ...

e Search for deviation from known background

— Bump for resonant phenomena f’ac:rg%nd

— Excess in the tail for non-resonant -
phenomena p,. E. ™ mass...

* |n case no deviation found, set a limit

— Calculate expected cross-section with all
uncertainties

— Calculate observed cross-section from
data

— Find observed and expected limits using
theoretical prediction

Cross-section, o x BR

Expected Iimité S Obserdad limit
= = .._

mass, scale....
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Analysis challenge

About 23 fb* delivered by LHC to the ATLAS
experiment in 2012 (Vs = 8 TeV) and ~21 fb-!
recorded by ATLAS

Extremely high luminosity — 7.7 1033 cmis!

Very high pile-up — up to 40 collisions/bunch
crossing

Electrons and muons reach p;~ 1 TeV
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Dilepton search: ATLAS-CONF-2013-017

 Heavy gauge boson Z’ inspired by GUT, E6
models, Sequential Standard Model ...

e Little Higgs
e Randal-Sundrum graviton, UED
* Technicolor
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Dilepton limits
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Significance
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ADD model: continuous spectrum
RS model: resonances

arXiv:1210.8389; NJP 15, 043007 (2013)
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http://arxiv.org/abs/1210.8389
http://dx.doi.org/10.1088/1367-2630/15/4/043007

Dijet search

§ | ATLASfr[B?:'n}:%’;iZ— e Sensitive to highest mass scales
ok soBTV accessible with hadronic final states
o AR T Search for difference between data
ol and dijet fit
ok _ f(X) — p1(1 — x)szp3+ palnx
: ;e Highest mass event my = 4.47 TeV
;?-; S e arXiv:1210.1718; JHEP 01 (2013) 029
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http://arxiv.org/abs/1210.1718
http://link.springer.com/article/10.1007/JHEP01(2013)029

ttbar search: ATLAS-CONF-2013-052

b 4 * Very complicated analysis with new
reconstruction techniques

B / gkk » Different final states topologies for

q t

increasing accessible m,,

— “resolved” topology for low m,, masses
b v — “top monojet” for boosted object
\ w", — combination of both in the intermediate

range

q

25072015 m..< 0.5 TeV IMPW2013, V.Maleev mg >1TeV
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ttbar search
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()  Dibosonsearches

il W Z
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Z
WZ [ATLAS-CONF-2013-015] ZZ [ATLAS-CONF-2012-150]
Extended gauge models bulk RS-graviton
Little Higgs Look at lljj or llj final state

low scale technicolor

technirho (pT) ¢ ;¢
e">z<) e‘>2f4u

Look resonance in three lepton final
state
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MonoX : ATLAS-CONF-2012-147

Triggerable e Dark Matter particles can be
object produced in pp — collision at the
LHC

 The Dark Matter should appear as
= missing energy

Some SM particle, produced as
recoil object for missing E;, may be
used as trigger

Missing E; ¢ Triggerable object can be jet,

q X photon, Z, ....

Goodman et al., Phys. Rev. D82, 116010

Y
X

 Dark Matter particles can SUSY WIMPS (2010)
(neutrallno and graVItan) Name | Initial state Type Operator
* EFT considers possible contact interactions | b1 aq scalar XX
of g, g producing WIMP pairs (xx) o
suppressed by a mass scale M* (i.e. D5 a9 vector X VXTVud

intermediate particles too massive to be
created directly)

e Limits on o(pp—>xx) can be converted to D9 qq tensor X Xq0 g
elastic scattering xsection o(xp—=>xp) to
compare with direct searches

D8 qq axial-vector M%g)?‘/“ YXTVuY°q

a

D11 qgg scalar ﬁXXQS(GW)Z

25.07.2013 IMPW2013, V.Maleev 15
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@ Monojet/Monophoton + MET comparison

to direct WIMP detection
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WIMP mass m, [ GeV | m, [Ge

e Sensitive to low x mass range, at m,<10 GeV. (No kinematic suppression.)

* For some kind of interactions production search can be very competitive with

direct detection.
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Recent results on Exotics Searches

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

Létge ED (ADD) iondjét + £ .. T 1111 T T T T 1171 T ﬁlvr,,l(8|=‘2)l T T T T TTTT
Large ED (ADD) : monophoton + E, ..
a Large ED (ADD) : diphaton & dilepton, m,., M. (HLZ §=3, NLO) AT_"—AS
£ UED : diphoton + Ey ... Compact. scale R Preliminary
2 s'z, ED : dilepton, m, M ~ R
% RS1 : dilepton, m, Graviton mass (ki = 0.1)
5 R81: WW resonance, my ,, Graviton mass (k/Mg = 0.1) 4
© Bulk RS : 2Z resonance, my; Graviton mass (kiM,, = 1.0} Ldt=(1-20)fb
= RS g_ — tf (BR=0.925) : tf — |+jets, m _
i ADD BH'{M,, /M,=3) : S dimuon, N, ., fs=7.8TeV
ADD BH (M, /M =3) : leptons + jets, Xp
Quantum ‘black hole : dijet, F (m M, (5=6)
Qqgqq contactinteraction (M ) |Eaib eV {2078 T8TeV A
IE) qgll Cl : ee &y, ﬂ'!l‘I £=5,0 fb”, 7 TeV [1211.1150] A387eW A (constructive int.)
uutt CI : SS dilepton + jets + E, .. [£=143 15" 8 YV [ATUAS CONF 2013 051 Jagev, A(C=1)
L (S5M) ‘mww L=20 fb". 8 TeV [ATLAS-CONF-2013-017) 28678V 7' Mass
Z'(SSM) 1m,, |L=47 "7 TaV [1210.6604) 14TeV 7' mass
5, Z' (leptophobic topcolor) : th— |+jets, m |L=14.310", 8 Tel [ATLAS-CONF-2013052)  18TeWw Z'mass
W' (SSM) : mrem L=4.7 b, 7 TaV [1209.4846] 285Tev W' mass
W (—=tg g =1): My, [L=47 7.7 Tev [1200.6503) 430 GaV_ W' mass
"o (= th, LR%M} m =143 fh”, 8 TeV! [ATLAS-CONF-2013-050) 184 TeV W' mass
Scalar LQ pair (= 1) kln. vars. in eejj, evu L=1.01b", 7 TV [1112.4528] seocev T gen.LQ mass
g Scalar LQ pair (=1} : kin. vars. in pj, pvij | e=1.0" 7 Tev (1203.3172) ea5Gev 2" gen. LQ mass
Scalar LQ pair ([3 1) - kin. vars. in 7zjj, Tvjj [L=47 "7 Tev [1303.0526) s3aGev 3" gen. LQ mass
™ eneration - 't — WhVWh [L=47 "7 TeV [1210 5455) 656 Gav__I' mass
=i dth generation : b'd' — S dilepton + jets + £ L=1.3 1", 8 TV |ATLAS CONF-2013.051 720 Gev¥_ b' mass
% g Vector-like quark : TT— HH-X |L=143 107, 8 TeV [ATLAS CONF2013.018] 780 Gev T mass (isospin doublet)
Vector-like quark : CC,m . |£=46 ", 7 TeV [ATLAS-CONF-2012137] 142Tev. VLQ mass (charge -1/3, coupling x o = v/im_)
. Excited quarks : y-jet resonance, m £=21 fb", 7 TaV [1112.3580] 2467eV | " mass
‘5‘ E Excited quarks : dijet resonance, i )y [L=13.0 10", & TeVl [ATLAS CONF-2012-148] 384TeV " mass
m 8 Excited b quark : W-t resonance, m,, |47 " Tev [1301.1563) #70 Ge¥ | b* mass (left-handed coupling)
Exciled leptons : Iy resonance, 1 [L=150 175 ToV [ATLAS CONF 2012:148 22Tev ] |* mass (A =m{l*))
~ Techni-hadrons (LSTC) : dilepton, mwNl p ooy mass (mip o) - mixc) = M)
Techni-hadrons (LSTC) : WZ resonance (), m_ p, mass (m(p,) = mix,) + my, m(a) = 1.1m(p_})
. Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) 2TeV)
g Heavy Irg{on N’ (type Ill seesaw) : Z-l resonance, my, N* mass (Iv,| = 0.065, |V | = 0.083, |V | =
S (DY prod., BR(HT_*—)H)— ): 55 ee (up),m H.* mass (limit at "398 GeV for m,l)
Color octet scalar : dijet resonance, m Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing lracks mass (|g| =
Magnetic monopoles (DY prod.) : highly ionizing tracks Tass ‘
| L1l | I I | I |
107 1 10 102

Mass scale [TeV]

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

~50 Exotics analysis performed by ATLAS
Have we missed something?
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(C,] search everywhere: ATLAS-CONF-2012-107
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Events
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e Compare with
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W sjets ATLAS Preliminary
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o background

b — Could manifest what to
“ look at
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25.07.2013 IMPW2013, V.Maleev 19

2p1j'v
:3]1|:|



@ Conclusion

* ATLAS performed as much Exotics searches as can
* No evidence of the New Physics yet

 More results on
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Looking for but not finding is not the same as not looking
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