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Introduction

A rich program of new physics searches by ATLAS
and CMS has been underway, to address the many

questions left unanswered by the Standard Model.

- Under a myriad of new physics scenarios, new
phenomena could manifest itself via resonant or non-

resonant effects in a wide energy range.
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Not covering
SUSY or Dark
Matter searches!

SM

Mass

- This overview covers new results by ATLAS and CMS, targeting:

« Hadronic, dilepton and lepton+jets, and diboson final states.

«  Wide variety of final states that are generic probes for many models of new physics...

- ...as well as final states that are motivated by particular classes of models.

«  Many results include excellent LHC full Run 2 dataset: 140-150/fb of 13 TeV collisions.
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- A probe for heavy gauge bosons, excited quarks, quantum black holes, Kaluza-Klein
gravitons, chiral excitations of the W boson, SSM Z’, top-assisted-technicolor Z’, Z’
dark matter mediators, ...

- A wide range of masses, from 350 GeV to 10 TeV. - G @& |~ @

. . up charm top
Highlights: e | | S
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«  New trigger technique for low mass acceptance. somn )| srange J| botom

« New and improved b-tagging algorithms at high-pr.
- Dedicated techniques to identify high-pt (boosted) top-jets.
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ATLAS: JHEP03(2020)145

Di-jet resonances
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Dijet event with m;=9.5 TeV

o U

* Inclusive result and in events with 1 or 2 b-jets.
« Jets close in [Ayl (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.

EXPERIMENT

Run: 329716
Event: 857582452
2017-07-14 10:48:51 CEST
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Significance
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A search for di-jet resonances in events with a
charged lepton not covered here: EXOT-2018-32
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Di-jet resonances
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"Wide" jets by combining R=0.4 close-by jets: reduce analysis

CMS: JHEP05(2020)033

sensitivity to final state radiation.

Parametric fit to signal region data for 1.5 <mj < 2.4 TeV.

New "ratio method" for m;jj > 2.4 TeV: using control regions with
larger An values and MC-to-data transfer factors.
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https://link.springer.com/article/10.1007/JHEP05(2020)033

Di-jet resonances

How to get sensitivity at lower masses?
+ E.g. to dark matter mediators.

Data-scouting: 3-jet events reconstructed
and recorded at higher rate in a compact
form (only calorimeter-based jets) with lower
pt thresholds.

Background from parametric fit to data.

18.3fb" (13 TeV)

CMS: PhyslL ettB(2020)135448
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Limits for vector
resonance decaying to
quark-anti-quark pair.
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https://www.sciencedirect.com/science/article/pii/S0370269320302525?via=ihub

Fully-hadronic top-pair resonances

o(pp — Z') x B(Z' — tf) [pb]

What if couplings to third generation are favored?

Fully-hadronic top decays are captured in a large-radius jet.

New DNN top tagger: substructure variables as features.

Search for resonances from top-pairs with masses > 1.4 TeV.
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ATLAS: EXOT-2018-48

Events / GeV

b-tagging with variable-radius track-jets: two signal regions with
1 or 2 b-tagged jets.

Background from SM multijet and top-pair production from fit to data.

Z'tc2 with '/m=1%(3%) excluded for masses up to 3.9 (4.7) TeV.
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BumpHunter
Significance
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Improved analysis
techniques lead to
65% improvement in
exp. limits at 4 TeV.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-48/
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Dilepton and lepton+jets final states T G EORTRTORT

Dilepton signatures: the cleanest final states
to probe for new physics!

Typical benchmarks: Z’ bosons in the
Sequential Standard Model (SSM), Heavy
Vector Triplet (HVT) and E6 GUT models.

Lepton+jets as probes for excited leptons
and leptoquarks.

Highlights:

Increasing use of generator-only MC
samples or fully data-driven approaches for
background estimation.

More data leads to better understanding of
the detector: e.g. improved treatment of
relative alignment of sub-detectors, critical
for high-pt muons.

ATLAS

EXPERIMENT

Run Number: 327862, Event Number: 1045863550

Date: 2017-06-26 10:52:22 CEST

di-muon event
Myp = .75 TeV

Searches in £+v final states not covered here:
EXQOT-2018-30 (ATLAS) and EXO-16-033 (CMS)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-30/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-033/index.html
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Dilepton resonances e
ATLAS: Physl ettB796(2019)68 CMS: EXO-19-019
CMS Preliminary 137 fb' (13 TeV)
. >4n8E 7T j T T T j j
+  Narrow and broad in range: 250 GeV to 6 TeV. 8187 { Data
. ) ) ~ .nf [ vz - e'e
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. . . - . > 4
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+  Narrow resonances in range 200 GeV to 5.5 TeV.

e Data
Background-only fit

---- Generic signal at 1.34 TeV, I'/m = 0%
-------- Generic signal at 2 TeV,I'/m = 0%
-+ =+ Generic signal at 3 TeV,I'/m = 0%
|

«  Main backgrounds from simulation.

G + * «  Search in mass window of assumed Z’ssm or Z'w

o ‘21_++ et {+ " -+ b i resonance mass.

E btk Mg +++ LT i +--ﬂ--ﬁ_#}%-.----i.-} ........ i o _ _

g —iﬁlf et ++++*+¥ it ’ ++T+++++ W 4+ 95% CL limits on ratio of cross-section for new

= T aace 10° 2x10°  3x10° signal wrt SM Z boson: cancels experimental and
Mee [GeV]

theoretical uncertainties common to both.

ee+up fit =» most stringent limits to data on Z’y (Z’ssm): ATLAS excluded at 4.5 (5.1) TeV and CMS at 4.6 (5.2) TeV.



https://www.sciencedirect.com/science/article/pii/S0370269319304721?via=ihub
https://cds.cern.ch/record/2684757/files/EXO-19-019-pas.pdf

Dilepton non-resonant

«  Search for enhanced dilepton rates for masses
above 2 TeV: can be interpreted with 292l contact

interaction (CI) framework.

- First use of data-driven background estimate and

single-bin high-mass signal region.

«  Functional form fit to data in control region and

extrapolated to signal region.

ATLAS: EXOT-2019-16
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-16/

lepton+jet resonances

Signal Efficiency

CMS: JHEP05(2020)052
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Search for excited muon or electron decaying to 11 + 2jets.
Contact interaction for production and decay with energy scale A.
Main backgrounds (top-pair and DY) from simulation, validated in
dedicated regions in low M, events.
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05 / v-v -
ok ¢ S E I* produced in association with a
. */Y" ] lepton of the same flavour.
03[ | =
Ely 1 77.41b™ (13 TeV
025/,,’ - S‘].O3 ;I LI | LI |,‘—| 1T ‘ T TT I T T 1T | LI | T I(I T | lelg
F /,,' --¥ - Electron Channel 1 = - CMS 95% CL upper limits R
0.1 —e— MunChamel 4 =X [ glgctron channel ~ —e— Observed ]
F . 9/ 5 ---- Median expected
e e e m 68% expected
. N E 95% expected e
MI [TeV] [O)] e A =10 TeV 4
N e A=M, 7
T 10 g
Excited electrons (muons) ¥ F ]
excluded up to masses of 5.6 e I i
(5.7) TeV, under M = A. x 1 E
°© 1
In terms of substructure scale 107 E
A, limits of 11 (12) TeV for i ]
eXCited eIeCtronS (muons) Of —2 _I 111 | 1111 | L1 11 ‘ L1 11 | 11 I“]""'I 1111 | 1 I’Il’| | I 1 I—
mass ~2 TeV. Yo 1 2 3 4 5 6 7

I\/Ieejj [Te\/]

&2 COLUMBIA UNIVERSITY

it
I Single t
I Multiboson
Il W-+ijets
M.=2TeVA=10TeV
M,.=5TeVA=5TeV
syst. + stat. uncert.

Events / GeV

77.4fb" (13 TeV)
T

il

1074

O 2 I ||\| TTT T | lllllllllll :
= 15F -
(\“ 1P .‘ié I E
T 05F T T E
QO  EL [ [ I P
1 2 3 5 6 7 8 9 10

ijj [TeV]

77.4fb" (13 TeV)

> T R SRR SR a e e
8 10 CMS ¢ Data E
— electron channel [ oy 3
2 e it -
c 107§ =
c|>.> I Single t 3
i I Multiboson 7
105 I W+jets =

M. =2TeVA=10TeV E

. M,.=5TeVA=5TeV _|

syst. + stat. uncert.

Data / MC

Mg [TeV]

11


https://link.springer.com/article/10.1007/JHEP05(2020)052
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« Targeting O(100 GeV) to multi-TeV resonances (radions, gravitons, new . @

: L : guon | HiS%
vector bosons, extended Higgs sector) in different BSM scenarios: 0 b
. . - . .
+  Warped extra-dimensions, composite Higgs, technicolor, ... photon
q V/Hly/? g V/H/y/? q a/q" i ;
Z boson
» VIH/y/?
X X vyg X VIH/y/? 1Wg
(}/ V/H/y/? 9 V/H/y/? q/ q//q///
Highlights: \
- Improved tagging algorithms for high-pt V—qq, N Candidate Z et
H—bb, H—1T decays: = poone

Msp 948
o 0.29

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

«  Novel analysis methods: 3D likelihood fits and
anomaly detection techniques for broadening
scope of the searches.

CMS Experiment at LHC, CERN i \
Data recorded: Mon Jul 18 19:59:10 2016 CFST N
Run/Event: 276950 / 1080730125 "
Lumi section: 573

12



Events / 2 GeV
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VV—}qqqq resonances CVIS: EurPhysICa0.237(2020)| 2 COLUMBIA UNIVERSITY

Data-fit
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0.1 T T T T T T T T T T T
= I ]
«  Search for massive resonances decaying to WW, WZ or ZZ. ¢ | CMS — % WG, > WW) ]
0 087 Simulation — eeeeeee T,, QCD multijets 1
- Boosted W/Z decaying into single large-radius jets and within I1Anl<1.3. i o ‘go(g’T WW)
T e ool multijets i
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. . . .. =S Y - Observed ]
*  New analysis method: 3D fit to masses of the two jets and dijet P ]
. . . . o N T Median expected -
invariant mass = up to 30% improvement in sensitivity. 2 o2l m= 68% expected i
»; g 95% expected E
o ]

«  Benchmarks: Randall-Sundrum gravitons and Heavy Vector Triplets

- Under HVT Model B, exclusions for W’ (Z’) resonances with
masses below 3.8 (3.5) TeV.

T|||||||||||JHH\HHM|||| |||J|J\_

1500 2000 2500 3000 3500 4000 4500 5000
m, [Gev] 13

107



https://doi.org/10.1140/epjc/s10052-020-7773-5

IN THE CITY OF NEW YORK

Semi-leptonic VV resonances (I)  [no mas] S COLUMBA UNIVERSITY

RNN cut efficiency

Search for massive resonances decaying to WW, WZ or ZZ boson pairs via gg
fusion (ggF), Drell-Yan (DY) or vector boson fusion (VBF).

Wide mass range: 300 GeV to 5 TeV.
. V — qq reconstructed as 2 small-R jets or a single large-R jet depending on pt(V).

Recurrent neural network with 4-momentum of small-radius jets for
categorizing between ggF/DY or VBF:

- VBF production typically accompanied of well-separated jets with large dijet

Three distinct channels:
+ ZV — vvqq (0-lepton)

+ WV — lvqq (1-lepton)

+ ZV — liqq (2-lepton)

Boosted W/Z tagging via
mass and substructure (D2)
cuts: larger signal acceptance
where background is small.

L
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Semi-leptonic VV resonances (ll)

Events / 70 GeV

Data/Postfit
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ATLAS: HDBS-2018-10
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VH—-qqbb resonances

f

Fermion coupling g

Fully-hadronic final state: two large-radius jets, jet substructure, track
multiplicity and b-tagging to identify H—bb and V—qq() candidates.

Variable-radius track-jets for b-tagging: pr-dependent radius to
resolve highly boosted bb pairs from Higgs boson decay.

ATLAS: HDBS-2018-11

Signal regions with 1 or 2 b-tagged jets.

Background (dominated by multijet) estimated from region with O-tag:
BDT trained on control region data to estimate extrapolation

corrections to 1 and 2-tag.

Limits in coupling plane
for HVT framework.
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Substantial improvement in sensitivity at high 2

masses (e.g. due to improved H—bb tagging)

HVT Model B exclusions of W’ (Z’) up to 3.20 (2.65) TeV.
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HH—-bbTT resonances

&2 COLUMBIA UNIVERSITY

- Targets boosted Higgs boson decays into bb-pair and two

hadronically decaying t-leptons.

+  New method for reconstructing and identifying the tT pair.

+ b-tagging of variable-radius track-jets for H—bb.

+  Relative fractions of Z+jets (light vs heavy flavor) adjusted

from control region in data.

ATLAS: CONF-2020-012
IN THE CITY OF NEW YORK
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+  Observed cross-section limits on heavy, narrow-width, scalar

resonance between 88 and 46 fb (1.2-3 TeV).
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BDT with calorimeter, tracking and vertexing

information, trained on G2HH—TTTT
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A—-BC with weak supervision

Events / 100 GeV

Significance
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Generic search for new resonances via anomaly detection

ma: O(1 TeV)
ms, mc: O(100 GeV)

procedure, targeting dijet topology with large-radius jets.
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. . . . . o . [ ma =3000 GeV 1 H10°
Using data in a series of mjj regions, train NNs to distinguish 300 " 0 Gov s
— B - —
signal region from sidebands (jet masses as input features). - mg =200 GeV |
200 —
- ‘ 1 ®107?
LA L L L B L L LN BN BN - / 4
- = 100 -
= ATLAS | Dat 3 - :
- y ata 7 - 3
: Vg = 13 TeV’ 139 fb — Fit : OWI 11 | | I 1 1 1 | 111 | ‘ | I 111 J7 10_3
L e=0.1 | 0 100 200 300 400 500
g = m; [GeV]
B 1 +«  Fits performed to a portion of the mjj distribution after cut
3 E on NN outputs (one per signal region) at selection
B ] efficiencies of 1% and 10%.
=3 3 oA L s B B ]
= - ion limits for | E= ask Y | ATLAS E
o : Cross sgctlon limits fo 55 355_‘7 S 1aTev. 139t
B * narrow-width A, B,and C | 5m 30/ | €=0.1,mp =3000 GeV —
3 3 particles for different (_%’j: o5F '+ Observed E
I A B I ] values of ma, mg, mc. 31 o0k . —~ - Expected g
A B C E 8-_ 20; vV Vv : i10 E
= ‘ ' ' = O% 15 . 20 =
2 3 N B .| A Dijet((2")<0.4) ]
= |—|_| = 5;_—-- - - y ! X Diboson Search |
= . . . . . . . . ol \ | | \ I ]
2500 3000 3500 4000 4500 5000 5500 6000 6500 =, &00@00@00@00@0 (ms,mc) [GeV]

m,, [GeV]

A R R )
%%, 0,0 Y 18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-59/

Summary and outlook

Many more details will be covered in parallel talks:

EXPERIMENT

\T
o Ry, L 7 ATLAS

Vi

Run: 276731
Event: 876578955
2015-08-22 07:43:18 CEST

Huge effort by CMS and ATLAS to cover a wide™
kinematic range and final states.

Producing re-interpretable limits to increase the
longevity of each result.

Broadening the scope by minimizing direct

theory biases. o
il

Making the most out of the full dataset, wi}h al 1
improved knowledge of the detector and novel = L

analysis techniques leading to improved CMS Experiment at the LHC, CERN
Data recorded: 2017-Oct-28 09:41:12.692992 GMT \ "1

Run / Event / LS: 305814 / 971086788 / 610

sensitivity.

Searches for heavy resonances at ATLAS and CMS, by Oscar Go

Diboson resonance and vector-like quark searches at ATLAS and
Boosted object identification in searches in ATLAS‘and CMS, by B

) ontaqus

Search for heavy resonances decaying to Higgs bosons at ATLAS & CMS, by Ke Li
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ATLAS summary plot

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

Status: May 2020 [Ldt=(32-139) b V5 =8,13TeV
Model 6,y Jetst ET™ [rdt[] Limit Reference
T T —T T T T T T T T T —T
ADD Gkk +g/q Oen 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
€ | ADD non-resonant yy 2y - - 367 | Ms 86TeV  n=3HLZNLO 1707.04147
-g ADD QBH - 2j - 37.0 | M 89TeV n=6 1703.09127
© | ADDBH high ¥, pr >leyu >2] - 32 | M 8.2 TeV n=6, Mp =3 TeV, rot BH 1606.02265
°E’ ADD BH multijet - >3j - 36 | Mw 9.55TeV n =6, Mp =3TeV, rot BH 1512.02586
3 RS1 Gkk — vy 2y - - 36.7 Gkk mass 4.1 TeV k[Mp; = 0.1 1707.04147
© Bulk RS Gy —» WW/zZZ multi-channel 36.1 Gk mass 23TeV k/Mp = 1.0 1808.02380
< Bulk RS Gk —» WV — ¢vqq 1epu 2j/1J Yes 139 Gk mass 2.0TeVv k/Mp = 1.0 2004.14636
w Bulk RS gk — tt 1e,u >1b,>1J/2) Yes 36.1 8Kk mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP ey 22b,>23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AMD - ¢t) =1 1803.09678
SSM Z" — ¢t 2eu - - 139 | 'Z’ mass 5.1 Tev 1903.06248
SSM Z’ - 1t 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
» Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
S Leptophobic Z’ — tt Oeu >1b>2J Yes 139 | 2’ mass 4.1 TeV r/m=12% 2005.05138
& ssMW -ty leu - Yes 139 | W’ mass 6.0 TeV 1906.05609
-8 SSM W’ - 1v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g HVT W - WZ — ¢fvgg model B 1 e, u 2j/1Jd Yes 139 W’ mass 4.3 TeV gv=3 2004.14636
& HVT V' - WV — qqqq model B O e, u 2J - 139 | V' mass 3.8 TeV gv=3 1906.08589
(O] HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv=3 1712.06518
HVT W — WH model B Oeu >1b2>2J 139 W’ mass 3.2TeV gv =3 CERN-EP-2020-073
LRSM Wg — tb multi-channel 36.1 Wpg mass 3.25 TeV 1807.10473
LRSM Wgr — uNgr 2u 1J - 80 Wpg mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
—  Clqgqqq - 2j - 37.0 A 21.8TeV 7, 1703.09127
O  Clttgq 2epu - - 139 A 358TeV. CERN-EP-2020-066
Cl tttt >tep 21b21] Yes 36.1 A 2.57 TeV |Cael = 4m 1811.02305
Axial-vector mediator (Dirac DM) O e, u 1-4j Yes 36.1 Mined 1.55 TeV 8¢=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mped 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q vV EFT (Dirac DM) Oeu 1J,<1] Yes 32 |m. 700 GeV m(x) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4TeV y =04,21=0.2, m(y) = 10 GeV 1812.09743
Scalar LQ 1%t gen 12e >2j Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
QG  ScalarLQ 2™ gen 12p >2j Yes  36.1 LQ mass 1.56 TeV p=1 1902.00377
= Scalar LQ 3" gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQ§ — br) =1 1902.08103
Scalar LQ 3" gen 0-1e,pu 2b Yes  36.1 LQf mass 970 GeV B(LQY — tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
>e VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
T 5 VLQ Ts5/3Ts/31Ts;3 > Wt + X 2(SS)/z3eu>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV. B(Ts3 > Wt)=1, c(Ts;sWt)=1 1807.11883
£ S VLY - Wb+ X leu  >1b>1 Yes 361 |Ymass 1.85 TeV B(Y — Wh)=1, cr(Wh)=1 1812.07343
VLQ B - Hb+ X Oeu,2y >1b,>1j Yes 79.8 B mass 1.21 TeV k=05 ATLAS-CONF-2018-024
VLQ QQ —» WqWgq Tepu >4 Yes 20.3 1509.04261
.8 @ Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
FONS] Excited quark ¢ — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q"*) 1709.10440
Q € Excited quark b* — bg - 1b,1j - 36.1 b* mass 2.6 TeV 1805.09299
n :.5 Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eurt - - 20.3 A=16TeV 1411.2921
Type Ill Seesaw Teu >2j Yes 79.8 N mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, gL = gr 1809.11105
S Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
< Higgs triplet H** — ¢ 3eput - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
(@) Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
Vs =13 TeV V5 =13 TeV PR | L MR R | 1 1 MR | N L PR
partial data full data 1071 1 10

*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).

Mass scale [TeV]



Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

String resonance

Zy resonance

Higgs y resonance

Color Octect Scalar, k2 =1/2

Scalar Diquark

i+, pseudoscalar (scalar), oF,, x BR($-21) > =0.03(0.004)
ft+¢, pseudoscalar (scalar), gf, x BR($-2!) > =0.03(0.04)
quark compositeness (gg), nuusa =1
quark compositeness (£f), n.uss
quark compaositeness (g§), Nz
quark compositeness (1), nugs
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

(axiak)vector mediator (xx). ga=0.25. gow =1, my= 1 GeV
(axiak)vector mediator (g4), ga=0.25.gou =1, my =1 GeV
scalar mediator (+t/tf), gg = 1, 9oy =1,m, =1 GeV
pseudoscalar mediator (+t/tH), 9o =1,gou=1,m, =1 GeV
scalar mediator (fermion portal), A =1,m, =1 GeV
complex sc. med. (dark QCD), My, = 5 GeV, CTx = 25 mm
Baryonic Z', ga=0.25,gou= 1 my =1 GeV.

Z'— 2HDM, gz =0.8, o = 1, tanB = 1,m, = 100 GeV
Vector resonance, g =0.25, gou = 1my= 1 GeV.
Leptoquark mediator, =1, B =

RPV stop to 4 quarks
RPV squark to & quarks
RPV gluino to 4 quarks

RPV gluinos to 3 quarks

ADD (jj) HLZ. neo =3
ADD (yy. #) HLZ, n
ADD Gex emission,
ADD QBH (jj). neo =6

ADD QBH (ep). neo =6

RS Grx(yy), kiMe=0.1

RS QBH (jj). neo =1

RS QBH (ep), neo =1

non-rotating BH, Mo = 4 TeV, neo = 6
SplitUED, =4 TeV

RS Gx(q4. 99). kiMer =0.1

excited light quark (gy), fs=f=F =1A=m_
excited b quark, s =f=F =1,A=m,
excited light quark (qg), A=m_

excited electron, f; =f:

excited muon, fy = f= F =1, A

F=
=m

=LA=

WISM, Ve P = 1.8, [Vl =18

WIS, VeV P/ Vel + Vi) = 1.0

Type-lil seesaw heavy fermions, Flavor-democratic
Vector like taus, Doublet

scalar LQ (pair prod.), coupling to 1% gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 1% gen. fermions, 8 =05
scalar LQ (pair prod.), coupling to 2 gen. fermions, A=1
scalar LQ (pair prod.), coupling to 2 gen. fermions, f=1
scalar LQ (pair prod.), coupling to 2 gen. fermions, B=0.5
scalar LQ (pair prod.), coupling to 3" gen. fermions, B =1
scalar LQ (single prod.), coup. to 3% gen. ferm., 8 =1,A=1

Zp, namow resonance
2Zp, namow resonance

LFV Z, BRep) = 10%
Leptophobic 2/

SSMW(tv)

SSMW/(wv)

SSMW(gg)

LRSM Wa(the), M. =0.5M,
LRSM Wa(Tha), My, =0.5Mn,
Axigluon, Coloron, coté =1

1, Ax ow = 0.1, BOD < Meo < 1500 GeV.

Overview of CMS EXO results
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ATLAS: di-jet resonances
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ATLAS: JHEP03(2020)145

Table 2: The lower limits on the masses of benchmark signals at 95% CL.

Lower limit on signal mass at 95% CL

2 b-tag

T T Ty T

/

=

—— BumpHunter interval

~s-DMZ, m,, = 2 TeV
DMZ', m,=3TeV
DM Z' gq=0.25, ox10
p-value = 0.83
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Gaussian signals, = 1 b-tag

Category Model Observed Expected

q" 6.7 TeV 6.4 TeV

QBH 9.4 TeV 9.4 TeV

Inclusive w’ 4.0 TeV 4.2 TeV

w* 3.9 TeV 4.1 TeV

DM mediator Z’, 8q =020 | 3.8TeV 3.8 TeV

DM mediator Z’, 8q = 0.50 | 4.6 TeV 4.9 TeV

1b b* 3.2 TeV 3.1 TeV

DM mediator Z" g4 = 0.20 | 2.8 TeV 2.8 TeV

2 DM mediator Z’, gq = 0.25 | 2.9 TeV 3.0 TeV

SSM 7/, 2.7 TeV 2.7 TeV

graviton, k/Mp]_ =0.2 2.8 TeV 2.9 TeV

L DL AR T T T
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Vézl?iAva, 139 b —__ Background fit L - Exp.95% CL upper limit for o, /m, =0% |

Obs. 95% CL upper limit for:
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https://link.springer.com/article/10.1007/JHEP03(2020)145

CMS: di-jet resonances

137 b (13 TeV)

CMS: JHEP05(2020)033
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CMS: low mass di-jet resonances

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

CMS: Physl ettB(2020)135448
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ATLAS: EXOT-2018-48

Table 1: Event categorization used to model the multijet background from data according to whether the leading and
subleading large-R jets are top-tagged or b-tagged. If the large-R jet is top-tagged, it is denoted by 7, and otherwise
by /, as indicated in the left column or in the bottom row. Similarly, if the large-R jet is b-tagged, it is denoted by b,
and otherwise by p. The percentages in parentheses show the expected fractions of SM 17 events obtained using the 7
and multijet simulation samples. Non-#7 or non-multijet background events are negligible. The signal regions, SR1b
and SR2b, are coloured in red, the template region (TR) in grey and the rest of the control regions A-I in light blue.

th | A(6.1%) SR1b (23%) | SR2b (90%)
o .,
EZ || BOS5% |EQ18%) | TR(26%) | SRIb(28%)
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& & || D(<0.1%) | F(0.3%) | H(0.4%) 1(6.7%)
1p fb 1B th
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CMS: dilepton resonances
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CMS: EXO-19-019
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Figure 1: The invariant mass distribution of pairs of (left) electrons and (right) muons observed
in data (black dots with statistical error bars) and expected from the SM processes (stacked
histograms). For the dimuon channel, a prescaled trigger with a py threshold of 27 GeV was
used to collect events in the normalization region (NR) with m,,, < 120 GeV. The correspond-
ing offline threshold is 30 GeV. Events in the signal region (SR) corresponding to masses above
120 GeV are collected using an unprescaled single muon trigger. The bin width gradually in-
creases with mass. The ratio of the data yields after background subtraction to the background
yields is shown on the bottom plots. The blue band represents the various statistical and sys-

tematic uncertainties on the background.

Zsu z,
Channel o [Tev] Bxp. [Tev] Obs. [TeV] lpExp. [TeV]
ce 472 472 411 413
wtp 4.89 490 429 430
ee+putu- 5.15 5.14 4.56 4.55
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ATLAS: dilepton non-resonant

ATLAS: EXOT-2019-16
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CMS: lepton+jets
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CMS: VV—-qqqqg resonances (l)
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CMS: EurPhysJC80.237(2020)
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CMS: VV—qqqq resonances (Il) o

CMS: EurPhysJC80.237(2020)
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ATLAS: semi-lep VV resonances
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Table 2: Overview of the main X — VV — V,Vj, selection criteria: the text gives more details. R, /,, stands for
min(p;'.p;," )/myy.
. 0-lepton 1-lepton 2-lepton
Event selection
(ZV — vwwV,) (WV — &vV),) (ZV — ttVy)

V; selection

No Loose lepton
EPSS > 250 GeV
PP > 50 GeV

1 Tight electron
or 1 Medium muon
with p > 30 GeV

EP™ > 60 GeV

Py > 75 GeV

2 Loose leptons
with p&. > 30 GeV
from the
Z — (€ candidate

Event veto

No additional Loose leptons
Veto events with b-jets not associated with the Z — g¢g candidate

Event categorisation

> | large-R jets or > 2 small-R jets
VBF and ggF/DY classification according to RNN score

Vj, selection (Merged)

EMiss > 100 GeV
Py > 200 GeV

> 1 large-R jets

The leading jet passing pr-dependent m; requirement

Rpe/m > 035 (2gF/DY)
Rpy/m > 0.25 (VBF)

V}, selection (Resolved)

Rpejm > 0.35 (ggF/DY)
Rppe/m > 0.25 (VBF)

Failed merged selection
> 2 small-R jets with || < 2.5
62 <mj; <97 GeV for W — jj
70 <mj; < 105 GeV for Z — jj

Rpe/m > 0.35 (2gF/DY)
R, m > 0.25 (VBF)

pr/m

Rpyjm > 0.35 (2gF/DY)
Rpe/m > 0.35 (VBF)
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VH—-qqbb resonances
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Non-ATLAS figures taken from CERN seminar.
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