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Introduction

e ATLAS and CMS are two multipurpose detectors at the LHC ring
resulted in the discovery of Higgs Boson in 2012

e With successful data taking during Run-Il and having several upgrades
for implementing fast electronics, ATLAS and CMS has recorded up to

~139 fb—| of data at 13 TeV

e This would help in looking at several model predictions falling in beyond

standard model sector

e Will answer many unanswered questions like matter-antimatter

asymmetry, existence of dark matter and so on....
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Why do we need to look Beyond Standard Model?

FERMIONS BOSONS
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10° Generation Generation Generation
. Top quark Higgs
e Standard model successfully explains the structure of matter and 6 z
the forces acting between them. Still, it fails to answer many W
. . 10! Bottom quark
important questions:
Charm quark
® [nclusion of the forth fundamental force i.e gravitational force 10° A
: . )
e Why only 5% of matter made of ordinary SM particles? % 0 p"a"ge quark
c Muon
e Why there are only three families of quarks and leptons? e Down quark
2 10°
@
® Is there a more fundamental theory of which the Standard & 809 -
o0
. . . o 107
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= Electron
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To answer such questions , new models beyond standard model have evolved with time and
predicts "new phenomena" at the "TeV" scale
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New resonance ?




Resonances

¢

¢

diboson
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' Focus on very recent or brand new results! |
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https://indico.particle.mephi.ru/event/35/contributions/2421/
https://indico.particle.mephi.ru/event/35/contributions/2365/

CMS : arXiv:1911.03947

Di-Jet resonance search
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https://arxiv.org/abs/1911.03947

Di-Jet resonance search

e To get sensitivity at low masses :

e Data collected with different technique
known as “Data scouting” is analyzed

® 3-jet events are recorded and reconstructed

using only calorimeter-based information
with lower p; thresholds

® Backgrounds estimated using parametric fit
to data
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https://www.sciencedirect.com/science/article/pii/S0370269320302525?via=ihub

Fully-hadronic top-pair resonances

e Fully hadronic top decaying to large-radius jets (R = 1.0)
® Jets are DNN top-tagged

® b-tagging using variable-radius track-jets : two signal regions with
| or 2 b-tagged jets
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Thr Z' boson masses below 3.9 and 4.7 TeV are excluded at
. 95% confidence level for the decay widths of 1% and 3%
respectively

Improved analysis techniques lead to 65%
: improvement in exp. limits at 4 TeV
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https://arxiv.org/abs/2005.05138

diboson resonance search

e Targeting O(100 GeV) to multi-TeV resonances (radions, gravitons, new
vector bosons, extended Higgs sector) in different BSM scenarios :

® Warped extra-dimensions, composite Higgs, technicolor, ...

/!

q %4 q qa/q

Higgs Boson

Vv V! 7%

W boson

7 v q q/q

Highlights

w CMS Experiment at the LHC, CERN

z/‘ Data recorded: 2017-Sep-24 20:50:54.54579%}ZM

e All possible production modes are targeted SRR, Run Bvent[1.5: 303832 /1614959038 115

® Improved tagging algorithms for high p;
V - qq,H — bb, H — 77t decays :

® Dense environment : critical to combine calorimeter
with superior angular resolution of trackers

e Novel analysis methods: 3D likelihood fits and
anomaly detection techniques for broadening scope
of the searches
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ATLAS : ATLAS-CONF-2020-043

VH resonances HDBS-2018-1 | |Full Run 2 datase

e Fully-hadronic final state: two large-radius jets, jet substructure, track multiplicity and
b-tagging to identify H->bb and V-> qq candidates
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-11/

CMS : CMS-PAS-B2G-19-006

ZH resonances
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® The my (or myy) distributions are estimated using the data in the jet mass
sidebands

e A function is defined as the ratio of the two functions describing the m,
shape in the signal and sideband range of the V+jets background
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https://inspirehep.net/literature/1809668

Leptoquarks and vector like-quarks

e LQ appears in many BSM models to answer the
question: Why same number of generation for electron
leptons and quarks

e leptoquarks carry both lepton and baryon number

® decay in lepton-jet electron

® Motivated by models such as grand unified theories,
technicolor models, compositeness scenario and R-parity
violating supersymmetry
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0.4 —
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035 =
components transform the same under SU(2) : e :
® Predicted in many theories (extra- dimensions, Higgs 051 e
compositeness, ....) to solve hierarchy problem 0.255_  Bellels _
e Strong production of pairs, electroweak single F Belle :
d . 02~ -|-Awera§e ng[il predictions %:
production e :,:}31;353‘5’8—333351 ?&’g{ 2o
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https://indico.particle.mephi.ru/event/35/contributions/2377/

ATLAS : ATLAS-CONF-2020-029

rch for | rk
Search for leptoquarks ATLAS : ATLAS-CONF-2020-033

e Events having one light lepton and at least one 7;, or at least two light g .’ LQ
o . . o o s
lepton with two or more jets with at least one to be arising from the R
fragmentation of b-hadron ’
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-029/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-033/

CMS : CMS-PAS-EXO-19-015

Search for leptoquarks

® The leptoquark (LQ) may couple to a top quark plus a 7 lepton (tz) or a bottom quark plus a neutrino
(br, scalar LQ), or else to tv or bz (vector LQ), leading to the final states tzvb and tzv

e high p?iss, high H;, one hadronic top candidate and one hadronic 7
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https://cds.cern.ch/record/2725349?ln=en

Dark matter

Missing transverse momentum,

. Pair Production at LHC inferred from momentum

conservation

® DM candidates escape the detector (weakly interacting) Dark Matter particle
»
® Large missing energy distribution is the key variable d

Invisible
Dark Matter particle

v

q g
DM DM LHC collision
Int:l;ai::‘tlon .
) agd?a-io-r 3 LHC detector
transverse
cross-section
DM _ DM Visible particles:
hotons, jets
: prenE AT
e Simplified S-channel model : Mediator that couples to ATLAS ﬁ
SM and to Dark Sector particles EXPERIMENT  o57ci00s 10:36:30 cesr

¢ low mass mediator searches: triggering on an
associated object or performing analysis at the “trigger
level”

® More complete models:
e 2HDM + a:
® Mediator that couples to Higgs,
SM and Dark Sector — typically:
mediator + 2HDM in alignment limit
® Higgs coupling to new particles

Amandeep Kaur (CMS) (ICPPA-2020) Exotic searches by ATLAS and CMS October 5-9, 2020


https://indico.particle.mephi.ru/event/35/contributions/2436/

Search for Dark matter

b
e On-shell production of charged Higgs boson e Cross-section increases with the mass of the charged
leads to a resonance enhancement of tW + MET Higgs
ignal . : -
slgha e tj+MET IL: shape fit on BDT score using £
e tW + MET IL: shape fit on E7", transverse mass m;ep , number of forward jets, A¢(lel,
tW+MET 2L : single-bin SR bjetl)
e Major backgrounds: ttbar and W+jets ® Major backgrounds: ttbar and W+jets (normalized in
(normalized in CRs) CRs)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-034/

ATLAS : ATLAS-CONF-2020-048

Search for Dark matter

e Events having jets and large missing transverse energy ATLAS

. . . . EXPERIMENT o0 S
e Considered models : pair-produced weakly interacting dark-matter

candidates, large extra spatial dimensions, supersymmetric particles,
axion-like particles, and new scalar particles in dark-energy inspired
models
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Search for Dark matter

e Search is performed for DM particles produced in association with a I

Dark Higgs boson ’s’ decaying to VV where VV = W*,Z

C108'"'I""I""I""I""I""I'"'I""I""
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AT Signal Region PR 1u Control Region ! 2¢ Control Region

—

s
FIRST RESULTS!

fal
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reconstructed with ‘Track Assisted

Reclustered’ (TAR) jets technique using
reclustered jets with a cone parameter
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CMS : CMS-PAS-EXO-20-005

Search for Dark matter

. . . . . . q
® The signal topology consists of two forward high-p; jets consistent with

VBF production (large A and m;; > 500 GeV), large p;* and an Y
isolated high p; photon
g _ 130fb'(13TeVv)
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Search for long lived particles

e Long-lived and unconventional exotic
particles with striking signatures predicted by
many extensions of the SM

disappearing or

kinked tracks \

non-pointing
-------- (converted) photons

. K2
. 0
L 0
0
R
~\.-
N\
AT

displaced
multitrack vertices

emerging jets
lepton-jets, or

lepton pairs

® Examples:

Particles can decay in the detector after few cm

particles of an Hidden sector

® Heavy, long-lived, charged particles (R-hadrons, Sleptons)

® neutralinos in GMSB, mass-degenerate gauginos,

trackless,
| low-EMF jets

/\

multitrack vertices in the
muon spectrometer

quasi-stable
charged particles

- >

éhallenging from the
|

 experimental point of view: |

® Non-standard reconstruction

® Displacements, timing and ionization
® Dedicated triggers

® Non-standard background is a
challenge
® Detector noise, cosmic rays,

reconstruction failures

e Usually estlmated from data

Jl
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Search for long lived particles

e Distinctive topology: pair of jets originating at a secondary vertex A ’/\
S _- a
® Models targeted : LLP decaying to g-gbar, Exotic decays of Higgs: gg—H—2S, S—qq —E{——K::
(ct ~ Imm to 3mm) p S\\\Tq
track q

® A dedicated secondary vertex reconstruction is performed
® Dominant background : QCD multijet
® Gradient Boosted decision tree (GBDT) which includes variables like

vertex track multiplicity, signed IP2D and Lxy

132 fb' (13 TeV)

~~ % T T T TTTTT T T T TTTT || T T T TTTT || g
q- |||||||||||| [Trrrrrrrorror |9|5| ? lfbll T |(1|3| llTeIY)l % 106 :E CMS 95% CL uPper Ilmlts E:
31 010 gryl!nswnar t  Data ) 5§ Preliminary - Median expected 7
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2oL i . 5 - — Observed 3
2 E Jet-Jet model T S" 10°E gg — H,m, =125 GeV E
1108 - === my =300 GeV, ct, = 30 mm B - — mg =15 GeV 3
| o © J@LH-—ss, S —dd S -
107 m, = 300 GeV, ct, =300 mm = mg = 40 GeV =
2
" rent 10°F ms=55GeV  *
m i 10
10° _'_‘—l—|_'_| [ ] i : EE EE
10 [ e : =
B bl (T - ] .
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Search for LFV Z

e Neutrino oscillations experiments have demonstrated that Lepton
Flavour Conservation is violated in nature

® Searching Z boson decaying into a 7- lepton and another lepton of
different flavour (e or u) with opposite charge

;‘ _l T I T T T | L L I L I LI I T T T I l_ ;‘ _I T I T T T I T T | T T T | T T T | T T 7T | L I I_ ‘g
O, — ATLAS Signal Z—ut 7 o, %9 ATLAS Events with jet—>7, .. fakes 7] — 9000 T
2 C Simulation Preliminary ] ' C Preliminary 002 S - ATLAS Preliminary e Data . =
£ - — € — | - _ - jet—t, 4. fakes T
oy 120 5= 13 Tev — [ 0.005 o 120 Vs=13TeV, 139 fb" ] o 8000E Vs = 13 TeV, 139 fb _— e e
+ 100: ] ~ 1003 _|[0-001 £ 7000 SR, uz3P P =
— — — — <) - Total rtaint 5
S - -8 0.004 S - 8 11 6000 - - 250 (B = 6 34)—:
B ] B | 0.0008 = =
80— | 80— ] 5000 —
C {F=0.003 B ] = =
- ] C 1F=0.0006 4000 E
60— - 60— 7 3000 E
b o002 b 4 —{0.0004 2000F- =
- 1 o001 - 1 1000F -
20— . - : 20— = —0.0002 ol =
- ] - ] B EE admemnasianon L 1 1 3
- - — - E, — est-1it signal = 44X =
1 IO R R R _ —0 E_ 1.1¢ e + + &
% 20 40 60 80 100 120 140 0 % 20 40 60 80 100 120 140 = 1 io—-—vo—*f‘—-—‘——* L e ¢ : + + + + #
m(u, ET*%) [GeV] my(u, ET*%) [GeV] g 0.9F 1 | . . . .t E
°&o 80 100 120 140 160 180 20

Best-fit impact on B(Z—I1)
—0.1 0

—e— Best-fit nuisance parameter
—e— Best-fit normalisation factor

mg,, (e, 7) [GeV]

0.1
————

[ Best-fit +10 impact
U777 Best-fit -1o impact

fsuperseding the otherwise best limits set by the LEP experiments

ATLAS Preliminary
{s=13TeV, 139"

1P tau electron fake SF statistics

overall yield of 1P fakes

overall yield of 3P fakes

3P tau energy scale, in-situ exp., central region
3P tau energy scale, in-situ fit, central region
Z— Il cross section

W(—17v)+jets cross section

1P tau energy scale, in-situ exp., central region
b-jet b-tagging efficiency

3P tau e-veto, true electron

3P tau energy scale, model, central region

3P tau energy scale, in-situ exp., forward region

Best-fit value

Observed (expected) upper limit on B(Z — £7) [x10™°]

Experiment, polarisation assumption et uT
ATLAS Run 2, unpolarised 7 8.1 (8.1) 9.9 (6.3)
ATLAS Run 2, left-handed 7 8.2 (8.6) 9.5 (6.7)
ATLAS Run 2, right-handed 7 7.8 (7.6) 10 (5.8)
ATLAS Run 1, unpolarised 7 [53] 17 (26)
ATLAS Run 1 and Run 2, unpolarised 7 9.5 (6.1)
LEP OPAL, unpolarised 7 [10] 9.8 17
LEP DELPHI, unpolarised 7 [11] 22 12
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Conclusion

® Searching for exotics is both challenging and exciting, with developing new techniques and
considering possible final states

e With increasing efficiency with using increased analysis techniques and improved object
performance, sensitivity is increased leading to improved exclusion limits

® Many full run-2 results are still to come. Stay tuned!

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2020 JL£dt=(3.2-139) b Vs=8,13TeV Overview of CMS EXO results

. Emiss =t Lo - .
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- ADD () HLZ. eo =3 " 12015030803 (2)) 36 b
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*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).
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Conclusion

® Searching for exotics is both challenging and exciting, with developing new techniques and
considering possible final states

increased analysis techniques and improved object
eading to improved exclusion limits

® With increasing efficiency with using
performance, sensitivity is increased |

e Many full run-2 results are still to come. Stay tuned!

. * o
ATLAS Exotics Searches” - 95% CL Upper
Status: May 2020
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*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).
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ATLAS : arXiv:2006.05872

Search for leptoquarks

® events with two electrons or two muons and two or more jets,
including jets identified as arising from the fragmentation of c - or

b-quarks
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Leptoquarks with masses
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excluded in the electron and
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https://arxiv.org/abs/2006.05872

Di-Jet resonance search

ATLAS : JHEP03(2020) 145

Inclusive result with events with | or 2 b-jets
Jets close in Ay (to reject background)
Background from sliding-window fit to data

Exclusions on several benchmarks: e.g. excited

quarks, chiral excitation of the W, leptophobic
Z’ DM mediator

For reinterpretation: 95% CL cross-section
limits on gaussian-shaped signals of various
widths (up to 15%) as a function of the mass PR
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