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EXPERIMENT T

A subset of recent resonant and non-resonant search results from
ATLAS & CMS experiments will be covered in this talk:

. Probe Majorana neutrinos & Weinberg operator through VBF processes [cus-pas-£x0-21-003] Searches covered in other talks at thiS Conference.

. Search for Z' bosons decaying to pairs of heavy Majorana neutrinos [cus-pas-£x0-20-006
e  SUSY searches (M. Aparo, T. Kamon, S. Kamarkar)
Searches for long lived particles (M. Darwish, L.

° Search for a heavy composite Majorana neutrino [cus-pas-Ex0-20-011]

. Search for ftH/A—titt production [arLas-cone-2022-008] . .
Henry, H. Oide, M. Shapiro)
. Search for doubly charged Higgs boson [arLas-cone-2022-0101 ° Dark Matter (O Brient, S. Mukherjee, B. Bruers)
e Search for pp+Z/y+X using CMS + TOTEM PPS [cus.pas-£x0-10-006] ° BSM Higgs searches, Exotic Higgs decays (G.
. Search for low mass boosted resonances decaying into two photons [arLas-conF-2022.018 Caratta’ H.' Saka) .
Searches in context of B-meson anomalies (E. Must)
S h f tor-like lept in = 3b + N 7 final states [cus-easB2621-00 . .
. earch for vector-like leptons in 7 final states [ | ° In this session:
. Search for vector-like quarks in leptonic final states [cus-ras-z2c-20-011 o) Mono-X searches (B Bruers)
. Search for pair-produced scalar and vector leptoquarks [aras-cone2022.009] o) Dljet, Dileptons searches (N Salidou)
o  Di/Triboson resonances (l. Zoi)
. Leptoquark summary plots
. Summary
. Outlook

Results shown using pp collision data at \s= 13 TeV using full Run 2 data (137 - 140 /fb unless otherwise specified)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-010/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-018/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/
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CMS-PAS-EX0O-21-003

e  First probe of Majorana neutrinos & Weinberg operator in VBF processes at LHC.

o First test of Weinberg operator at colliders - in context of Type-| “seesaw” models ¢, ¢, a1 d,
with heavy Majorana neutrino. Seeks to explain neutrino masses.
W= W=
e Final state: same-charge dimuon final state with 2 forward jets (VBF) —— N 1
Y1
e  Background estimation : data driven for non-prompt lepton background and N 1.
. . . . . 2
simulation for prompt lepton background, normalisation from control regions (CRs) L T, 5
. + +
e  Results show data agrees with SM background W W
o Upper limits set on |Vpn|? for mn up to ~23 TeV. q2 a5 42 b
o  Weinberg operator: observed (expected) upper limit |muu|= 10.84 (12.84) GeV
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C\E?W Search for Z' bosons decaying to pairs of heavy Majorana neutrinos

e  Search targets heavy Majorana neutrinos in context of left-right symmetry model *
o Explains neutrino masses & matter-antimatter asymmetry thru CP violation
o 3 additional gauge bosons (W*; & Z’) & 3 right-handed neutrinos (Ne , Ny, Nr)
e Targeted kinematic region: mn' << mz; also sensitive to mn < mz
q
e  Final state: 2 same-flavor leptons + at least 2 jets
o Multiple signal regions based on number of leptons, jets, wide jets
o Binned in reconstructed Z’' boson invariant mass in signal regions
° Background from simulation, normalisation derived from control regions e  Yields consistent with SM background
o Most restrictive direct limits in the phase space of mzvs mn
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C

&) Search for a heavy composite Majorana neutrino

N,

CMS-PAS-EX0O-20-011

. Search for heavy composite Majorana neutrino (HCMN, N¢, £ =e, p, T)

o Heavy -> mass scale beyond the electroweak energy scale b o Q s qj a
o  Compositeness models account for mass hierarchy, matter-antimatter i
asymmetry = +
e Final state: 2 same-flavor leptons (e or y) & 2 quarks (21 large area jet) N . N, . X,
i v g 2 i
. . . Ui
e  Background estimation : data control region used to correct the MC q,
simulation for the background estimation s W 2
. i . N¢ q N, Ny qQ
e Data in agreement with SM expectations = +
o Upper limit placed on ao(pp — IN£) x B(N{ — {qq’). \w . .
o  Considerable improvement in sensitivity to HCMNs at the LHC.
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) Search for ttH/A—titt production in multilepton final state

Z

° Search for new heavy scalar/pseudoscalar Higgs boson (H/A) : tHIA(— tf). ATLAS-CONF-2022-008

o Produced in association with a top quark pair, with the Higgs boson decaying into a pair of top quarks : H/A(— ).
o In context of two-Higgs doublet models (2HDM)

° Final state: exactly 2 leptons with same-sign electric charge or at least 3 leptons
o Signal-enriched region : at least 6 jets, including 2 b-tagged, Ht > 500 GeV

° Dedicated control regions to constrain the dominant backgrounds, MVA techniques for signal extraction.
o 2 sequential BDT classifiers: first separates SM titf events from remaining backgrounds (define SR),
mass-parametrised BDT for discrimination of signal vs all background.
o Most backgrounds from simulation, normalised using control regions. Charge misID bkg determined in data driven way.

~|

° No significant excess of events over the SM expectation observed, results interpreted in the context of 2HDM type-II.

*: normalised to total background
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g ZII;al*l.lAéulli’lr;Iiyrv;i:\jar;/vIl’;b;igyll‘”I--I-‘rnH=40|0GeVI" ] oy L INE L LI BN L N BN BN 2 BRI LI B I C@- 3
i [ (s=13Tev,139f0" Rttt [tiw acb ] = st —e— Observed limit I ATLAS Prelimina —e— Observed
60— BSM 4tops SSML MW EW [ti(Z/y*)(high) = = 1__ATLAS Prellmlnary_1 - — - Vs = ry_‘ we-- Ob d+1
C BSMSR Wi+ CJQmisid ] T FEVs=13TeV, 139fb" weeeems Expected limit 3 251 s=13TeV, 139 fb served * 1o, b
sol POt EMat. Conv.  ELowm,. ] < C BSM 4tops SSML I tio ] ) BSM 4tops SSML — — Expected
E MHFe WHF o = T - - -
L [ Others [t ] o r I:l + 20 N [ ] Expected + 16experimem
a0 772 Uncertainty A 3 ~ ) — 2 —\ r
o b < Theory: Lo~ Scalar+pseudo-scalar
. E I 10 tanp=0.5 —
wb = = E tang=1.0 3
7 + ] roor ]
] o r ]
20 7 © - —
10 102 -
g OF T T e E| E E
] E = L _
E 15 n t ol A i 0 . ; . . .
S sk ' T L 0.4 0.5 0.6 0.7 0.8 0.9 1
E joella v L L b L L m, = m, [TeV]
% 01 02 03 04 05 06 07 08 08 1 . 05 0.6 0.2 08 09 Myya [TeV]

BSM pBDT @ 400 GeV


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

LHCP 2022 Resonant and Non-resonant searches at ATLAS & CMS

/V' Search for doubly charged Higgs boson production

ATLAS-CONF-2022-010

e  Search for H** in multilepton final states: high mass etez, y+uz, or exu+ resonances in 2{, 3¢, and 4£ final states.
o Left-right symmetric models, 3-3-1 models, type-Il seesaw models the Zee—Babu neutrino mass model, Georgi-Machacek model £+
o Interpretation allows (equally) for decays to e, y, or 1, and includes LFV final states q
4
e Event selection at least two light leptons. e 4
o Signal, control & validation regions defined based on lepton multiplicity, me, kinematics. JSHHt l
’

e  Prompt bkg from simulation, normalised from CRs. Non-prompt bkg using data driven method.

e Data in agreement with SM expectations %
o Lower limits set on the mass of H** between 520 GeV & 1030 GeV depending on lepton multiplicity channel q
o Observed combined lower limit on the H++ mass is 1080 GeV 7~
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Search for pp+Z/y+X using CMS + TOTEM PPS

° Search for unspecified massive particle X produced in association with Z boson or photon in proton-tagged
events from pp collisions: first of its kind search at LHC!

CMS-PAS-EXO-19-009

° Uses data recorded by the CMS detector and the CMS-TOTEM precision proton spectrometer in 2017 (37/fb).

RP023 RPOO3 CMS RP103 I RP123

pixel strip strip pixel

. Events selection and categorisation:
o At least one proton reconstructed in each arm of CT-PPS detector
o Same flavour dilepton events (ee or py) for Z boson or single photon events
o Background modeling using opposite flavour events (ep)

2
.. . . . g . 2 _ in in t ut
e  Missing mass spectrum fitted in 600-1600 GeV range to search for deviations from bkg expectation. Miniss = [(Pp1 +Pp) — (Py + P" + Py )]
LHC cMS PPS
° No significant resonant deviations in data with respect to the background predictions: " s 8751 (13 TeV)
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Search for boosted resonances in the 10 to 70 GeV mass range and decaying into two photons
o Exploits kinematics of events with close-by pairs of photons -> reach invariant masses down to 10 GeV
o Targets axion-like particles (ALPs) in a wide variety of BSM scenarios

312000 UAAAN RS RAAS RS AR RAAN RARE LARE RARS RERS) T T

.5 G

ATLAS Preliminary

V5=13TeV, 138 16" ¢+ Daa

= Background-only fit

2
o
=
=)

Entries /

e Event selection: at least 2 photon with pT > 22 GeV, diphoton pT > 50 GeV

0000

9000

e  Signal, background estimation:
o Dominant backgrounds: continuum diphoton production; photon-jet & jet-jet with jets misidentified as photons 5000
o Data-driven background estimate: continuum background shape parametrized by an analytic function
o Search for narrow resonant signal with shape modeled by a double-sided Crystal Ball (DSCB) function
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e Largest deviation corresponding to a local significance of 3.05a, global significance of of 1.48c WW*M*#MWW*WWWW
o ) S e . IR T
o Limits placed on the production cross-section times branching ratio as a function of the resonance mass -

o . . . 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77
o Limits translated into ALP parameter space, in terms of ALP mass ma and its decay constant fa

(data-fit)/c
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Search for vector-like leptons in 2 3b + NT final states

° Search for pair production of vector-like leptons (VLLs) using 2017+2018 datasets (96.5 /fb)

o In context of 4321 model motivated by the B anomalies

. VLLs decay via intermediate leptoquark (U) to 2 quarks and 1 lepton. Flavour nonuniversal couplings of
leptoquark assumptions imply decays almost entirely to third-generation fermions.

. Select events with a high b jet multiplicity & a number of T leptons.
o Events binned in number of 1 leptons.
o Dedicated selections for signal and background control regions for different T multiplicity.

. Further binning in terms of number of jets or Machine learning based DNN classifiers (vs QCD and vs tt
background) used for signal extraction.

° Mild excesses (2.80) observed in signal sensitive bins of 1-th and 2-th regions for both 2017 & 2018 data.
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o (AL N o %""jl"
. m CMS Comblnatlon of 201 and 2018
717 (13 TeV,
< s 36 b"( 3 Te! o 5.8 b (13 TeV, 8 Preliminary ~ -- Asymptotic CLs expected
300 O ¢ Data I Multijet = CMS _ c1n-1- B £ 1 std. deviation _|
P Preliminary ~ M ttV b N o Data I Mulijet 107" 1atl .
g M ttj % Total uncert o | Preliminary = 1y = :lbkb‘ 2 r + 2 std. deviation ]
: SR: mn 9 S 60 ' % Totaluncet € T — Theory prediction :
CR1: . + W 0-t channel: GO [ o . = L e Observed
2-t channel
DNNgep> 0.6 DNNge,> 0.6 . . . . SR - d 6
pric< 160 Gev P7**> 160 Gev CR: SR: CR: SR: g L SR o
Loose tau ID Tight tau ID LoosetauID  Mediumtau D k& 40 g_
CR2: CR3: o r =
DNNgp< 0.6 DNNgep < 0.6 = r “>’
pI** < 160 GeV p}™ > 160 GeV 20; 3 1072
E===========S=============% [ 7 P
| CR: SR: CR: SR: | ©
} ltight muon 1 tight muon 1tight muon  1tightmuon | o
1 Loose tau ID Tight tau ID Loose tau ID  Medium tau ID | 0 '9
: tt enhanced tt enhanced E E 1}? g 15 »g
: Qcp Sele:tl‘on Qcp Selec.tlcn QCD(S:eﬁtl:an QCDSS§ec:tlon : o LB e e e (:\: /////////////////////////////// g
1 Loose tau D Tight tau ID Loose tau ID  Medium tau ID ; % 0 {’010-3 e b b e PN L
= 0 010203040506070809 1
| ocoeemced s 1 8% 65 7 75 8 85 9 95 10O ony, @ %00 600700 800 900 1000
S panmrmnedReens T T Nts VLL mass [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-21-004/index.html

LHCP 2022

Resonant and Non-resonant searches at ATLAS & CMS

Search for vector-like quarks in leptonic final states New!

W+, Z,H

W-,Z,H

CMS-PAS-B2G-20-011
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e  Search for pair production of vector-like T and B quark-antiquark pairs
o Motivated by several models such as Little Higgs, Composite Higgs
o Targets explanation for flavour-nonuniversal results of B meson anomalies
Ty3
e  Search for TT and BB in 3 channels containing charged leptons (electrons or
muons): Ty
o Single-lepton channel: multilayer perceptron network for signal separation
o Same-sign dilepton channel & multilepton channels : rare in SM, use jet and lepton
momentum sum distributions
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Search for pair-produced scalar and vector leptoquarks

. . . . ATLAS-CONF-2022-009
. Search for pair-produced scalar and vector leptoquarks decaying into quarks and leptons of different

generations b
o Motivated by eight different models, including those seeking to explain B anomalies LO. ' tb
o Leptoquark decays into charged & neutral leptons of 1st & 2nd generation with similar branching fraction vLQZii : " L : ,
o k] mix_ UV
. Final state signature : 1 lepton, high missing transverse momentum, at least 4 jets & 1 b-quark. il I:\
o Dedicated Neural Networks (NNs) used for the separation of signal and background LC 0 vl LQELX\T Ly
o This is done separately for both scalar and vector LQ pair-production. P 0. : p
t,b
t,b ’

. Statistical interpretation based on a simultaneous fit to the control and signal regions

Exp. limit [GeV] Obs. limit [GeV]

° No significant deviations from SM expectation LQY, — 1v/bu 1440+ 1460
L . . . . LQY,, — tv/b 1440+€0 1440
o Upper limits on cross-section for 8 models as function of leptoquark mass and branching ratio to charged lepton. Lg:“‘ : ,;//;v 1380730 i%6
mix ~60
o Lower limits on leptoquark mass set across a range of branching ratios for all models LQp, — re/bv 14105 1390
VLQM s 1y /b 193030 1980
vLQ::f — tv/be 1930*30 1900
8 E ATLAS Preliminary ¢ dat; Wt 8 E ATLAS Preliminary -#-dat Wt VLQ::: = tv/bu 16601% 1710
o r lata o C ata min +50
2 L Vs=13TeV, 139 fbo" @ W-jets [ single top 2 L /s=13TeV, 139 10" [ W+jets  [@single top - i VLQpix — 1v/be 16505 1620
& L vaYM B(vLQ - bu)=0.5 @tt+v  [Jdiboson 5 L LY, B(LQ > te)=05 .ﬁ:\, [diboson = ATLAIS Prqllmlngryl . E‘ = 13 TeV, 139 fb” _
w SR Z U i w SR U i L . _ l = Eoooo L
10° = post-Fit évsgsrrfﬂ;ynv 10° = post-Fit él_g??.:l?g/ = 1 E B1G,, = bw 05 E o® 09E ATLAS Preliminary
mix, B0.5 2 mix, B-0.5 > E -~ - Expected Limit ] T ogb Vs=13TeV, 13910
F € [ Expected limit + 16~ o F -
b TO 1071E [ Expected limit £ 26~ | = —VLQ, — tv/bu
— E - E o ME —vwQ? - tvbe
______ . E — Observed Limit 3 @ E mix
s E N —— Theory (NNLO+NNLL) 7 L 06 VL, - tvbu
(@] 102 I FE—vLQp, — tv/be
3 E E =, 0.5 —LQ!, —tvby
g_ E 3 o 04f. —LOy, > tvibe
o r 1 To F —LQ), - twbv
1 = © 10°° E 3 S, 0.3 —LQ%, —telbv
. T EUTT FEUT FEETY PN P ST P PEET P X Eornllannnllnnnrdinnnilnnnnlonallnsdannlnnnlund F @ F
g o5t + £ 125 3 F 0.2 — Observed Limit
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/
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/) LEPTOQUARK SUMMARY PLOTS

EXPERIMENT

ATLAS .

EXPERIMENT /<

e 4 scenarios; all decays in 3rd gen quarks as final state
e 5 dedicated LQ searches + 2 SUSY searches CMS also provides a summary plot of LQ searches,
re-interpretations used with arxiv references as a function of mass

Overview of CMS leptoquark searches
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Selection of observed exclusion I

s at 95% C L (theory uncertainties are not included).

http:/cdsweb.cern.ch/record/2805984/files/ATL-PHYS-PUB-2022-012.pdf https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/barplot_ EQ_MUQ_TAUQ_NUQ.pdf



https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/barplot_EQ_MUQ_TAUQ_NUQ.pdf
http://cdsweb.cern.ch/record/2805984/files/ATL-PHYS-PUB-2022-012.pdf
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Resonant and Non-resonant searches at AT

EXPERIMENT

Results presented here are only a small subset of search results from ATLAS & CMS.
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° Exotica searches
Higgs and Diboson searches
SUSY searches

For more, see:

Overview of CMS EXO results
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. Exotica searches: Preliminary results, Publications

Moriond 2022

° Beyond 2nd Generation: Preliminary results, Publications

° SUSY searches: Preliminary results, Publications



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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©)) ouTLOOK
e New and improved analyses CERNCO[JRE

..... high-energy physic

o Many analyses shown either target new signatures or
include significant improvements in analysis techniques

LHC RUN 3
BEAMS,

_ DETECTORS,
e More to come from Run-2 data ACTION

o Expect to see many new Run-2 results from ATLAS and
CMS this summer / year

e Looking forward to an exciting Run-3

o LHC Run-3 is here, brings larger combined datasets,
slight bump in energy

o Newer parts of the phase space expected to be probed
& some exciting excesses to follow up on!

Thank you!

Fixed-target physics delights e FCCfeasibility study advances ® W mass createsastis



