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@ exotics searches at ATLAS

@ selected Run | results of exotics searches in various search channels

first look at analyses status from Run Il data taking

Summary/Outlook
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Motivation for Exotics Searches at ATLAS
Shﬂ:::::>- ? <:::::Sh466
SM

SM/X

@ short-comings of SM require for new physics to provide solutions
— search for new particles, mediators, symmetries

@ hierarchy problem: not only SUSY models provide solutions but also: models
with extra dimensions, grand unification theories, sequential SM. ..

@ dark matter: many models that predict existence of WIMPs (weakly
interacting massive particles), generic searches and interpretations in ATLAS
analyses

@ all published ATLAS exotics results can be found here:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

@ other analysis results will be presented elsewhere
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Run | Analysis Results



Phys. Rev. D 90, 052005

Search for Dilepton Resonances

http://arxiv.org/abs/1405.4123
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@ search for resonances in my distribution
(t=eorp)
@ resonances predicted in models with

Z'-boson, Z*-boson, gravitons,

technimesons, ... - 35 425
M [TeV]

Unit Area Templates

@ analysis strategy: either two electrons (Ep,1 > 40 GeV, Er 2 > 30 GeV) or two
muons (tight ID) with pr > 25 GeV and opposite charge,
background normalized to data in region of Z-boson peak (80 < m, < 110 GeV),
— template fit to data (bin width constant in logmg,) + nuisance parameters
(systematic uncertainties)
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http://arxiv.org/abs/1405.4123

Results from Dilepton Search

@ no data excess above the SM background has been found

@ set limits using Bayesian approach

Model Width Observed Limit Expected Limit
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Eur. Phys. J. C (2014) 74:3134

Contact Interaction Search in Dilepton Events

http://arxiv.org/abs/1407.2410

@ use myy and lepton scattering angle 6* as

—Agp=14Tev
N =14Tev

o similar selection as resonance search § L omme T oo cumoc
F e ATLAS
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(80 < myp < 120 GeV)
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http://arxiv.org/abs/1407.2410

Eur. Phys. J. C (2015) 75:299

\Y On0j et Searches http://arxiv.org/abs/1502.01618

@ monojet signature explored when
invisible particles are produced: large
Fr can be detected if recoiling ISR jet
present

< dark matter, compressed SUSY,
extra dimension, invisible Higgs
decays. ..

T
—e— Data 2012
SM uncertainty

T
ATLAS

V5=8 TeV, 20.3 f*
EJ>150 GeV

Events / GeV

@ 7 — vv-+jets dominant background,
others: multijet, non-collision,
W/Z+jets, diboson and top
backgrounds

200 400 600

@ analysis strategy: define control regions with leptons and fit MC
normalization to data for W/Z+jets,
SR: no leptons, pr1 > 120 GeV, different Er cuts (from 150 to 700 GeV),
pra/Er > 0.5, A¢(Lr jet) > 1.0
compare yields after CR fit — set limits (CLg, frequentist) on various models
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http://arxiv.org/abs/1502.01518

Monojet Search: Dark Matter Interpretation

E: 3'5;7 "“x:5UGer =Mped3 ‘ ATLAS 7;
g siiMXZSOGe\/,r:MW‘/BH FaTev. 2031 £
o dark matter model: WIMP production in context . — newco.ru e 3
. . . . . >F —|[o,9, contours Jos |
of effective field theories (EFT) or simplified o e E
models with exchange of heavy mediator 15 e

. - £

@ heavy mediator: set limits on ok

M* = Mmed/\/Gq0x vs. mediator mass Mmed J: e

r\%ged[TeV]
e EFT: limit on suppression scale M* vs. WIMP mass m,, for different operators

— possible to derive WIMP-nucleon scattering cross section limits
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Phys. Rev. D 91, 052007

Search for Dijet Resonances http://arxiv.org/abs/1407.1376

ATLAS 3
{s=8 TeV, J’ L dt=20.3 fb

@ search for resonances in m;;
distribution, coverage
250 <myj; < 4500 GeV

@ models: excited quarks, color octet
scalars, W/, W*, quantum black
holes

—e— Data
— Fit
- g*, m=0.6 TeV
o g*, m=2.0TeV
q*, m=3.5TeV

SSossse _ S,

@ objects/selection: jets reconstructed
with anti-kt algorithm and R = 0.6,
at least two jets where leading jets
form mjj (pT > 50 GeV, |y| < 2'8' 03 0405 1 2 3 4 g
%|y1 — yg‘ < 0.6, m;j > 250 GeV) Reconstructed m; [TeV]

[data-ft)fit

Signif.
How &

@ background: mostly multijets, calibrated with simulation, smooth function
fitted to spectrum in data

‘f(l‘) = p1(1 - x)p2x1’3+p4 Inz ,

where z = m;/\/s and p; free parameters
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Results from Dijet Resonance Search

@ nuisance parameters for systematic uncertainties
in background fit

@ /' BUMPHUNTER used, Bayesian CL limits are
set

@ limis on various models and generic resonances
with Breit-Wigner/Gauss distributions (Gauss:
right plot)
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http://arxiv.org/abs/1101.0390

New Physics Searches in Dijet Angular Distributions

Phys. Rev. Lett. 114, 221802
http://arxiv.org/abs/1504.00357

F 8TeV, 17.3 fb* ATLAS
— SM bvediction 1
SM, no EW correction |
CLA=8TeV, n,=+1 ]
,A=12TeV, r| =1+

*

@ dijet production dominated by ¢-channel gluon
exchange — angular distribution peaked at
| cos 6*| = 1, with 6* scattering angle in
two-jets center-of-mass frame

Theoretical uncer

@ new phenomena: more isotropic production

@ at least two jets (pr > 50 GeV, mj; > 600 GeV,
lyr — 2| < 1.7, 3 (y1 +y2) < 1.1)

@ angular distribution: x = exp(2|y1 — y2|),
bins in x approximated to calorimeter

T
o

segmentation 00y
@ background from PYTHIA8 + higher order ZZi; —
QCD and electroweak corrections, x 0030 E

2 3 4 5678 10 20 3C

BT

distribution normalized to unit area

= quark compositeness: limit on contact interaction scale A:
destructive interference: 8.1 TeV,
constructive interference: 12.0 TeV
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http://arxiv.org/abs/1504.00357

Search f Diphoton Resonances http://arxiv.org/abs/1504.05511

> 5000, Ramansas
§ASDO ATLAS
@ search for gravitons, Randall-Sundrum extra gzggg Jra=20an’ G=sTev
dimensions via m.,, distribtion 2 3000 + Data
————— Photons

2500
2000

@ excellent mass resolution, modest 1500
background level 1009

—— Jets
—— Total

@
S
S

Q47é02468101214

@ photons: tight ID, in precision region of
EMCal, Er > 50 GeV

Events/bin

@ backgrounds: prompt v (irreducible): MC
shape, normalization from control regions H
(M-~ < 600 GeV),
misidentified jets (reducible)

Control region [ **~

e Data
Total background
Reducible background

syst [ stat (reducible)
syst [ stat (total)

RS, K, =0.1,m, =15 Tev
RS, KT, =0.1,m, =20 TeV

— background composition via template fit :

iso g
to ET in data CR 8 PYTT l.l-lu.. 0 An
R o L il e
— extrapolation to signal region Y e e 0 20053000
m,, [GeV]
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http://arxiv.org/abs/1504.05511

Results from Diphoton Resonance Search

@ usage of BUMPHUNTER to find lack of agreement between data and MC for
409 < m., < 3000 GeV

o perform likelihood analysis and Bayesian limit setting for RS gravitons
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Search -F leoson Reson nces http://arxiv.org/abs/1506.00962
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-+ Pythia QCD dijet 3

@ search for narrow resonances decaying to W,
WZ, ZZ in mj; where jets are tagged as boson 05
jets < highly boosted bosons decaying to quarks o3
— all-hadronic final state ”

60 < m <110 GeV

3
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Jet [y
e multijet background dominant: discrimination via boson-tagging variables (jet
mass, substructure, tracks), background fitted to smoothly falling function

o tagged boson jets in +13 GeV window of either W or Z (overlap between
channels!) and pr > 540 GeV, no leptons, £ < 350 GeV, m;; > 1.05 TeV
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http://arxiv.org/abs/1506.00962

Results from Diboson Resonance Search

@ maximum likelihood fit performed in 1.05 TeV< m;; <3.55 TeV of
background function, systematics treated as nuisance parameters

@ excess over data found around m;; = 2 TeV, global significance in WZ
channel: 2.50 (frequentist interpretation)

@ benchmark models: WS’SM — W Z: exclusion for 1.3 < my+ < 1.5 TeV,
Grs — WW or ZZ could not be excluded
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First look at Run |l Data



First Look at 13 TeV Data

T T T T T T
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@ public luminosity plots:
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

Dilepton Search with 13 TeV Data (

o 10° @
g ATLAS Preliminary « Data g ATLAS Preliminary « Data
Vs=13TeV, 78 pb" 7y Vs=13TeV, 78 pb”’ iy
v " "
Dilepton Search Selection
[ Top Quarks

Dilepton Search Selection

[ Top Quarks
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Multi-Jet & W+Jets
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ATLAS

EXPERIMENT
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EXOT-2015-001/

@ selection slightly changed w.r.t
Run | analysis: upper cut on
number of jets (at most 4), no cut
on pr1/¥r, Ap(fr.jet> 0.4)

Entries / GeV

@ control region plot with 68 pb~! of
data: W — pv CR: Ep > 100 GeV,
pr,1 > 80 GeV, exactly one muon

@ MC background normalized to data

100 200

58066V ATLAS Preliminary
E75100 Gev Ldt = 68 pb™, {5 = 13 Tev

one muon (p, >30GeV, fni<25) e Data
B W(-Nh)+jets
W Z(>l+ets
Wt + single t

300 400 500 600 700 800 900 1000
ET [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EXOT-2015-005/

Events / 30 GeV

T T
G* - v v selection

102

ATLAS Preliminary Vs = 13 TeV, 78 pb™'

® Data
— Total background
(normalised to event yield in data)
Contribution from reducible background

107"
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EXOT-2015-003/

Summary and Outlook

@ selection of recent Run | analysis results have been presented
— yet, no significant deviation from SM prediction observed
— but some slight excesses observed (e. g. diboson resonance search)

— strong limits have been set on many new physics models

@ Run Il operation has started
< recorded 100 pb~? of 13 TeV data with (i) = 20
— first check of relevant distributions in MC and data by analysis teams
— first results yet to come

— hope to exceed Run | sensitivity by end of the year
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Summary: Exotics Results Run |

ATLAS Ex%tics Searches* - 95% CL Exclusion ATLAS Ppreliminary
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JHEP09 (2014) 037

New Physics Searches in ¢ + /1 Final States

://arxiv.org/abs/1407.7494

@ search for W'-like resonance in mr (: \/QpéipET(l - cos(&(ET,E))> spectrum

@ also search for x+X production, where x =dark matter particle

@ analysis strategy: exactly one electron (E7 > 125 GeV) or exactly one muon
(pr > 45 GeV, tight ID) consistent with primary vertex and Er(e) > 125 GeV and
Fr(pn) > 45 GeV,
multijet background estimated from matrix method around Jacobian peak of mr
— extrapolated to high tail by power-law function
dominant W — v background estimated from MC

10°

10°

12] El j23 T
< . W - ev ® Data2012 3 s 107 ATLAS W - pv ® Data 2012
W05 Tev) - CIW(05 Tev)
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10 fLdt=2031fb* %la‘(a Tev) 4 105 fLdt=2031b" %]a'(s Tev)
3 mz 4 mz
10 B Top quark = 10 8 Top quark
2 [Ibiboson ] 3 [ Diboson
10 [ IMultijet El 10 I Multijet

Data/Bkg
o r
-

—s
Data/Bkg
o v
Ctn &
%

-
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http://arxiv.org/abs/1407.7494

Results from ¢ + Fp Search

@ Bayesian analysis: optimization of lower cut on my for W/, W*, dark
matter+W

— likelihood fit with nuisance parameters (systematic uncertainties)

@ observed events: deficit in p-channel (local 2.2¢ significance) — limits are set

o myy, > 3.24 TeV, chiral W* with SSM couplings: my~ > 3.21 TeV
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