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Introduction

LHC as a top factory — able to access BSM searches using a huge sample with the heaviest quark.

- I\/Iany top—related SM measurements are OﬂgOiﬂg.
Top Quark Production Cross Section Measurements Status: May 2021
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= Fvents of same topologies are expected in many BSM.

ATL-PHYS-PUB-2021-014
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-014/

Introduction

Signatures of top final states may indicate new physics.
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\ This talk will not cover SUSY-related and SM-top measurements that shows BSM signs
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Top quark decays to W=+ b (V,, ~ 1)
= Several object ID techniques are needed to tag a top quark.

» High-pT leptons and/or quark-jets from W, neutrinos identified as MET
> b-jet tagging, top tagging of boosted-top



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-29/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-001/index.html

tt resonance for Z’ and gk

ATLAS full-hadronic channel @ 139 fb-
= ysed the DNN top-tagging

= |imits set on Z’in topcolor-assisted-technicolor model
m, > 3.9 4.7) TeV for I''m=13)%

» only 2015-16 data of 36 fb-1 is available for semi-leptonic channel

m, >30TeV for I''m=1%,
AV

My
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CMS combined all three channels @ 35.9 fb-1

B | mit set on the Kaluza-K

my > 4.55 TeV

= |imits set on topcolor Z
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ein gluon in the
O

m, > 3.80 TeV for I''m=1%
m, > 525 TeV for I''m=10%
m, > 6.65 TeV for I'/m=30%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-48/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-017/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2015-04/

tb resonance for W’
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see [. Novak's and A. O. M. lorio’s resonance search talk for more details

ATLAS @ 36.1 fb-
® searched for only right-handed W
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-18/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-005/index.html
https://indico.cern.ch/event/905399/contributions/4233748/
https://indico.cern.ch/event/905399/contributions/4233749/

BSM searc h es wit h { (lT ) + X ATLAS-PHYS-PUB-2021-013

ATLAS+CMS Preliminary Ys=13 TeV May 2021 *Preliminary
. . . . LHCtopWG ’
AS S O C I a te d p rO d U Ct I O n W I t h a b O S O n I S Ve ry ra re p ro C e S S . I Oy =0.59" g (scale) = 0.01(PDF) pb : o, = 0.86";i(scale) = 0.02(PDF) pb  : o .\ x20=0.038" ;o (tot)pbx 20 | & o, =0.77x0.14(tot.) pb
Eur. Phys. J. C 80 (2020) 428 Eur. Phys. J. C 80 (2020) 428 JHEP 10 (2018) 158 Madgraph5 + aMC@NLO
, , :  NLO(QCD+EW)+NNLL :  NLO(QCD+EW)+NNLL : NLOQCD : NLOQCD
m see P, | Falke’s talk for more details e e |
. . 0.87+0.13= 0.14 pb — - — ATLAS, L, =36.1 0"
i : Phys. Rev. D 99 (2019) 072009
= important topologies to BSM, e.g. W e . oIS, L =385 "
“om o S S JHEP 08 (2018) 011
» Excited fermions, Leptoquarks, Vector-Like Quarks, ... 0.9+ 0,052 0.08 b . ATas L3
n = arXiv:2103.12603
iz 0.95+ 0.05+ 0.06 pb ——e—— CMS, L =775 fb"

JHEP 03 (2020) 056

No evidence of BSM so far: - _ o
y+tWy 0.040=0.001 *50% pb x 20 —— JAJELPA;’(IQB”EE)L?S b, Vis1
B Excited bottom: b* — tW [CMS-B2G-19-003, CMS-PAS-B2G-20-010] f, oso-oormomsm

CMS, L =137 fb!  Vis2

» see A.O.M. lorio’s talk for the resonance search e %!8 1 1'21'4 |
= Leptoquarks [ATLAS-EXOT-2019-15, ATLAS-EXOT-2019-19, ...] e ATLAS-EXOT-2019-19

 see £ Carquin Loper’ talk CH A A

m \/ector-Like Quark (VLQ) searches: % 33: -E;EImt :

» T—> /Zt, T — Ht, T - Wb, B > Wt[AILAS-EXOT-201/-14, CMS-B2G-19-004, ...] 0.6 —~

» W' = Th (tB) [(MS-PAS-B2G-20-002] gz: :

» see next slide and 1. R.Andeen’s VLQ talk 0_35_ ATLAS _

0.2 /s =13 TeV, 139 fb™ =

They are also sensitive to EFT operators (e.g. tt+Z related to tZ coupling) o BILQ = by=TBLA =~ tu) - =
= see L. Barranco Navarro’s and J. Gonzalez’s talks in this session [CMS-TOP-19-001, ..]  °7o00 1100 1200 1300 1400 1500 1600 1700
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https://indico.cern.ch/event/905399/contributions/4282458/
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-010/index.html
https://indico.cern.ch/event/905399/contributions/4233749/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-19/
https://indico.cern.ch/event/905399/contributions/4282486/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-14/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-19-004/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-20-002/index.html
https://indico.cern.ch/event/905399/contributions/4282487/
https://indico.cern.ch/event/905399/contributions/4282364/
https://indico.cern.ch/event/905399/contributions/4282365/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-19/

ATLAS-EXOT-2017-17

VLQ searches and top final states

Vector-like quarks are expected to decay into final states with third generation quarks.

= Combination of individual searches can cover all possible sets of VLQ decays. Analysis TT decay BB decay
= No evidence yet, but the VLQ mass limits are above TeV scale. H(bb)t + X [16] HtHt -
| | | | o W (fv)b+ X [30] WbWb -
= Toward more high-mass region with high statistics data, W ()t + X [32] - WtWwt
. Z(vv)t + X [33] ZtZt -
a good top tagging may be one of key tool. Z(00)t/b + X [35] 7t 7% Zb7b
® See the latest result of VLQ in I. R. Andeen's talk on Thursday. Tril./s.s. dilepton [36]  HtHt — WiWi
Q y Fully hadronic [37] HtHt HbHD
— ] T T AT T T e _ — — | T e e e ~mm 1400 —
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-~ 0.9 Vs =13TeV, 36.1 fb" E O 1y 09 (s =13 TeV, 36.1 fb” 51350 =
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https://indico.cern.ch/event/905399/contributions/4282487/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-17/

ATL-CONF-2021-013

4-top production: pp — ttt e

Very rare process W
8

= ol ~ 12,0 = 2.4 fb at NLO QCD+EW at4/s = 13 TeV

= Sensitive to the top-Higgs Yukawa coupling W t
f

A
_ 8
-
- A
8
» 7
= Sensitive to many BSM models, e.g.
A
8
!
¢
ATLAS+CMS Preliminary Run 2, {s = 13 TeV, May 2021
4 ;| LHCtopwG
g : o, =12.073% (scale) fo j | x | !
" JHEP 02 (2018) 031 tot. - stat.
7 NLO QCD+EW

» Gluino pair production in SUSY
» Heavy scalar/pseudoscalar boson in 2HDM

» Four-fermion contact interaction within EFT
> e.g ATLAS-EXOT[-2016-13
The measured production cross section to be: o 2y O () S
s o' =241 fo @ ATLAS ATASASSRL BT L e n 43l
» with a signal significance of 4.76 (2.60 expected) over background-only hypothesis st e 2 )b 190100
» consistent within 2.0 standard deviations with the Standard Model expectation ATLAS, comb., 139 b 2T @ 4728 o
1t +5.8
O — 12.6_5.2 o @ CMS gxg,Sil_(g()sz/gL7,5137fb'1 |—-—| 126751 06270
» in good agreement with SM OMS. 1L/2L0S, 35.8 b .
. S . JHEP 11 (2019) 082 ¢ 0™ fb 0.0(04)0
> set to exclusion limits to several physics models :
. Preliminary ||1§|||||||||||||||||
m see A Kong’s talk for more details 0 40 808000

tttt
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-13/
https://indico.cern.ch/event/905399/contributions/4282345/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-013/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-013/

4-top production: pp — titt

Interpretation by CMS using the tftf result:
= to constrain the top quark Yukawa coupling y:

® to constrain the oblique parameter of Higgs in EFT

= to set limits on the proc

» Scalar:

uction of a heavy scalar or
pseudoscalar boson in Type-Il 2HDM and
simplified dark matter models. excluded:

350 <mp <470 GeV

» Pseudoscalar: 350 <my <550 GeV

= to set on couplings of the top quark to new light particles

¢/Z’'-top quark coupling

o
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CMS 137 b~ (13 TeV)
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o(pp ~ (tt,tW,tq) + H) x BR(H - tt) (fb)

CMS 137 fb~! (13 TeV)
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CMS-TOP-18-003
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/

Interpretation on Dark Matter

interpreted tf resonance results as dark matter search

Vector mediator

— Dijet

Dijet, 139 fb™

JHEP 03 (2020) 145
Dijet TLA, 29.3 fb™

PRL 121 (2018) 081801

Dijet+ISR, 79.8 fo™
PLB 795 (2019) 56

Boosted dijet+ISR, 36.1 fb™

PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb™

ATLAS-CONF-2018-052

tt resonance

36.1 fb™
EPJC 78 (2018) 565

= 1.6——m——————————————
E; Zj\lﬁAs Preliminary s
— 1.4-V8 = 13 TeV, Mgrch 2021 —~
= - bb resonance |~ :
1.2 ’ »

- A

i P

1L 87

- &7 _

i 7 _

0.8 e ~

i /\‘\e/@/ i

0.6 |- -

i Dijet i

0.4_— ]

- / tor mediator, Dirac DM |-

0.2 E/ n |- | 0.25,g =0, g =1 1

0O 05 1 15 2 25 3 35 4

also different g4 senearios available

bb resonance

139 b
JHEP 03 (2020) 145

miss
E;+X
ET*+jet, 139 fb™
arXiv:2102.10874
ET*+y, 139 fb”
arXiv:2011.05259
ET**+V(had), 36.1 b
JHEP 10 (2018) 180
ET*°+Z(ll), 36.1 fb
PLB 776 (2017) 318

ATL-PHYS-PUB-2021-006

Comparison to direct detection experiments

-37
& 10 VRS T T 73— Dijet
LE) 38 ATLA Pretimit 1ary o - Dijet; JHEP 03 (2020) 145
— 1 O_ Dijet TLA; PRL 121 (2018) 081801
—_ ;‘ =T eV’ March 2021 —— 3 Dijet+ISR; PLB 795 (2019) 56
CC) -39 b T Boosted dijet+ISR; PLB 788 (2019) 316
m 1 O 3 t resonance Boosted di-b+ISR; ATLAS-CONF-2018-052
rE XENON1T MIGD
8 1074 S — tf resonance
g EPJC 78 (2018) 565
S 1041, —x — bb resonance
) JHEP 03 (2020) 145
®) 40 bb resonancey s,
10 N\DarkSide-50 Dijet T
i — ET*+jet; arXiv:2102.10874
1 0_43 ET"%+y; arXiv:2011.05259
= ET*4V(had); JHEP 10 (2018) 180
1 O_ 44 - EM*+Z(1l); PLB 776 (2017) 318
E
= — XENON1T
10_45 B da)( PRL 121 (2018) 111302
E pan E
= 3 — PandaX
1 0—46 ;_ & NON\T _;I PRL 117 (2016) 121303
Vector mediator, Dirac DM J = DarkSide-50
1 0_47 gq = 0.25, 9. =0, gx =1 PRL 121 (2018) 081307
~ ATLAS limits at 95% CL, direct detection limits at 90% CL 3 — XENONA1T MIGD
10—48 T e i PRL 123 (2019) 241803
3
0

1 10

Other dark matter searches with top quarks have been reported.

B Searc

B Searc

1eS

eS

for o

for o

ar

ar

K matter in tf + E%liss final states [ATLAS-SUSY-2018-08, CMS-EXO-16-049, and CMS-EXO-18-010

K matter produced in association with a single-top [AILAS-EXO[-2018-43 and CMS-EXO-18-010

10° 1
m, [GeV]

/) comparison depends on chosen couplings
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-08/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-049/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010/index.html
http://www.apple.com/jp
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/fig_15.pdf

ATLAS-SUSY-2018-08

Da rk matter | N tlT + Er}niss CMS-EXO-16-049, CMS-EXO-18-010

Simplified benchmark models with scalar (S) / pseudo-scalar (P) mediators
which couple both to the SM and to the DM.

® This assumption implies that the interaction between any new neutral spin-0 state
and the SM matter is proportional to the fermion masses via Yukawa-type couplings.

" also sensitive to invisible Higgs decays (ttH production) [ATL-CONF-2020-057]

35.9 fb' (13 TeV) b
SO 1P £ (s=13 TeV, 36.1-139 fb” March 2021
O 160—_CMS ~, > = | T T T | T T T T T T =
0] i | ° § el Expected ATLAS Preliminary 3
—— L Scalar, Dirac, 9q=1, 9X=1 e o ] - ——— Observed All limits at 95% CL ~ _
& 1o o | _g © 1000 — bb+¢OL, 139 fbo’'[arXiv:2101.12527]  Scalar ¢, ¢—>xX ]
- v y O = tt+¢ OL, 36.1 fb™' [EPJC 78 (2018) 18] ~ g,=0 =1 -
120 — Observed 95% CL | @ - th+o 1L, 139 b [arXiv:2012.08799]  Dirac DM, m =1GeV =
- Median expected 95% CL 4 —2 S 100 - ti+¢ 2L, 139 fb' [arXiv:2102.01444] ~
100 . . 689 expected =T 3 scalar:
80— 15 10:_ _______________________ - m > 250 GeV
60 : :
: - pseudoscalar:
[ 1 1 :—----------------------------------------------------------------"-"-"-"--"-"-"----"--"-"-"'"'"""_'"""u'-l-:-""' """"""""" _E
40__ E _____________________.........----""""': ------------ E ma > 300 GeV
20__ 05 0.1 | | | | | I | | —
i | | 10 20 30 40 50 60 100 200 300 400
1 | [
50 100 150 200 250 300 350 m, [GeV]  ATL-PHYS-PUB-2021-006

m, [GeV] . . .
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-08/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-049/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/

Dark matter associated with single top

Focusing on 2-Higgs double extended sector + pseudo-scalar DM mediator

= CP-odd boson (a, A), CP-even boson (h, H), and charged-Higgs (H%)

- -a--= Median expected 95% CL (tt+DM) ,*

[
|||||||||

35.9fb" (13 TeV)
t5':--10:""|""|""""""""""|""|""|""4_—
3 o CMS E
~ Scalar, Dirac y,g =g =1, m_=1GeV R
g X q X ',* 3
= —— Observed 95% CL R -
[ = Median expected 95% CL (t+DM, tt+DM) o e
6 [ 68% CL expected \,f’ 1
5 E_ 95% CL expected /" \,"";

- ---m-:= Median expected 95% CL (t+DM) ," ‘
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ATLAS-EXOT-2018-43
CMS-EXO-18-010

CMS @ 35.9 fb-
= combined searches w. ttbar and single-top

= my > 290 GeV, m, > 300 GeV

ATLAS @ 139 fb-
= combined searches w. ttbar and single-top

= excluded some phase spaces in m,, myx,

and tan g plane

see M. Toscani’s talk for details
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-43/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-010/index.html
https://indico.cern.ch/event/905399/contributions/4298042/

Summary

Top quark may be one of the key tools to search for physics Beyond the Standard Model in LHC.

Many search results with top final states have been released.
= No direct evidence of new physics, in either model-independent or model-dependent searches

= The EFT interpretation becomes more important.

The search growing interest towards more rare signal.
= More data will come in LHC Run 3 and HL-LHC.

= \We should push to understand our detectors and to develop new technigues of analyses (e.g. top-tagging).

The program to search for BSM with top quarks is far from complete.
= More full Run 2 analysis to come. Stay tuned!
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Exotics Summary in ATLAS

ATLAS EXxotics Searches” - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: March 2021 f.ﬁ dt = (3.6 — 139) fo? Vs =8,13 TeV
Model £,y Jetst EI™ [Ldt[fb7] Limit Reference
] ] L L] I ] ] ] ] ] ] L L] I ] ] ] ] ] ] ] ] I ] ] ] ]
2 ADD Gkk +g/q Oeu, 7,y 1-4] Yes 139 Mp 11.2TeV n=2 2102.10874
o ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
2 ADD QBH - 2] - 37.0 Min 89TeV n=6 1703.09127
) ADD BH multijet — >3] - 3.6 M 9.55TeV n=6,Mp=3TeV,rotBH 1512.02586
£  RS1Gkk - vy 2y - - 139 | Gkk mass 4.5 TeV k/Mp = 0.1 2102.13405
S Bulk RS Gkx —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp =1.0 1808.02380
8 BukRS Gkx —» WV — tvqq 1e u 2i/1J  Yes 139 | Gk mass 2.0 TeV k/Mp = 1.0 2004.14636
ﬁ Bulk RS gxx — tt 1e,u >1b,>1J/2) Yes 36.1 gkK mass 3.8 TeV M/m=15% 1804.10823
2UED / RPP ey >22b,>3j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®Y — tt) =1 1803.09678
SSM Z' — ¢t 2eu - - 139 Z’ mass 5.1 TeV 1903.06248
- SSM Z" - 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
c Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oe,u >21b,>22J Yes 139 Z’ mass 4.1 TeV Mr'm=1.2% 2005.05138
S SSMW’ - ¢y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
® SSM W’ — v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
S  HVT W - WZ — tvggmodel B 1 e,u 2i/1J  Yes 139 | W’ mass 4.3 TeV gv =3 2004.14636
[ HVT Z’ — ZH model B 0-2e,pu 1-2b Yes 139 Z’ mass 3.2TeV gv =3 ATLAS-CONF-2020-043
V) HVT W’ — WH model B Oenu >1b,>2J 139 W’ mass 3.2 TeV gv =3 2007.05293
LRSM Wg — tb multi-channel 36.1 WR mass 3.25 TeV 1807.10473
LRSM Wgr — uNg 2 u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
Cl gqqq - 2] - 37.0 A 21.8 TeV 1, 1703.09127
_ Cl¢tqq 2 e u - - 139 |A 358TeV 7, 2006.12946
O  Cleebs 2e 1b - 139 | A 1.8 TeV g =1 ATLAS-CONF-2021-012
Cl upbs 2p 1b - 139 |A 2.0 TeV g =1 ATLAS-CONF-2021-012
Cl tttt >Teu 21b21j Yes 361 |A 2.57 TeV |Cael = 4n 1811.02305
Axial-vector med. (Dirac DM) Oe,u,t,y 1-4j Yes 139 Mmed 2.1 TeV 84=0.25, g,=1, m(x)=1 GeV 2102.10874
p Pseudo-scalar med. (Dirac DM) O e,u, 7,y 1-4] Yes 139 Mmed 376 GeV gq=1, g=1, m(x)=1 GeV 2102.10874
&) Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mped 3.1 TeV tanS=1, g7=0.8, m(y)=100 GeV | ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a Oeu 2b Yes 139 Mped 520 GeV tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-006
Scalarreson. ¢ — ty (DiracDM) 0O-1e,u  1Db,0-1J Yes 36.1 mg 3.4 TeV y=0.4, 2=0.2, m(x)=10 GeV 1812.09743
Scalar LQ 15t gen 2e >2j Yes 139 LQ mass 1.8 TeV p=1 2006.05872
Scalar LQ 2" gen 2u > 2] Yes 139 | LQ mass 1.7 TeV B=1 2006.05872
G Scalar LQ 3" gen 17 2b Yes 139 LQJ mass 1.2 TeV B(LQ; — br) =1 ATLAS-CONF-2021-008
~  ScalarLQ 3" gen Oeu 22j,22b Yes 139 LQY mass 1.24 TeV B(LQ3 —» tv) =1 2004.14060
Scalar LQ 3" gen >2e,u,>1r>1j,>1b - 139 LOé mass 1.43 TeV B(LQY - tr) =1 2101.11582
Scalar LQ 3" gen Oe,u, 2171 0-2j,2b Yes 139 LQ; mass 1.26 TeV B(LQY — bv) =1 2101.12527
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 | T mass 1.37 TeV SU(2) doublet 1808.02343
§~._‘Jg VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
® & VLQ T5/37T53/T53 > Wt+ X 2(SS)/23epu >1Db,>1) Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 > Wi)=1, c(Ts;3sWt)=1 1807.11883
:?:" 8_ VLQY -» Wb+ X e,y >1b,>1] VYes 36.1 Y mass 1.85 TeV B(Y — Whb)=1, cg(Whb)=1 1812.07343
VLQ B - Hb+ X Oeyu >2b,>1j VYes 79.8 B mass 1.21 TeV singlet, kg= 0.5 ATLAS-CONF-2018-024
VLQ QQ - Wqlq fes 4] Yes 203 |incssumm e Ge0iGeVi 1509.04261
S ‘é Excited quark g* — qg - 2] - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
D © Excitedquark g* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
§:> g Excited quark b* — bg - 1b,1] - 36.1 b* mass 2.6 TeV 1805.09299
i 3]:, Excited lepton ¢* 3e,u - - 20.3 = A=3.0TeV 1411.2921
Excited lepton v* e urt - - 20.3 A=1.6TeV 1411.2921
Type Ill Seesaw 1eu >2j Yes 139 N mass 790 GeV 20008.07949
LRSM Majorana v 2u 2] - 36.1 Ngr mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
3 Higgs triplet H** — ¢¢ 23,4e,u(SS) - - 36.1 ** mass 870 GeV DY production 1710.09748
< Higgs triplet H** — (7 3eurt - - 20.3 DY production, B(H;* — (1) =1 1411.2921
o Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - — — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
vg=13Tev vg=13TeV 1 1 ||| 1 1 1 1 1 ||| 1 1 1 1 1 1 ||| 1 1 1 1
partial data full data 101 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]
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Exotics summary in CMS

Heavy
Fermions

Leptoquarks

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

tt + ¢, pseudoscalar (scalar), gtzop X BR(¢—2£) > =0.03(0.004)
tt + ¢, pseudoscalar (scalar), gtzop X BR(¢p—2{) > =0.03(0.04)

quark compositeness (qq), Nure = 1
quark compositeness (££), Nurr =1
quark compositeness (gq), Nurr = — 1
quark compositeness (££), Nnurr = — 1
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

(axial-)vector mediator (xx), 94 =0.25,gom =1, my =1 GeV
(axial-)vector mediator (qq), gq = 0.25,gpm =1, my, =1 GeV
scalar mediator (+t/tt), gq=1,9om=1,my=1GeV
pseudoscalar mediator (+t/tt), gg=1,gom =1, my=1 GeV
scalar mediator (fermion portal), Ay =1,m, =1 GeV
complex sc. med. (dark QCD), my, =5 GeV, CTx, =25 mm
Baryonic Z', gq=0.25,gpm =1, my =1 GeV

Z'—2HDM, gz =0.8,gpw = 1, tanB =1, m, = 100 GeV
vector mediator (9g), gq=10.25,gpm =1, my, =1 GeV

Leptoquark mediator, =1, B=0.1, Ax,py = 0.1, 800 <M, <1500 GeV

RPV stop to 4 quarks
RPV squark to 4 quarks
RPV gluino to 4 quarks
RPV gluinos to 3 quarks

ADD (jj) HLZ, ngp =3

ADD (YY, ll) HLZ, Ngp = 3
ADD Gk emission, n=2
ADD QBH (jj), nep =6
ADD QBH (eu), nep=6

RS Gkk(vy), k/Mp =0.1

RS QBH (jj), nep =1

RS QBH (eu), ngp=1
non-rotating BH, Mp = 4 TeV, ngp = 6
split-UED, u =4 TeV

RS Gkk(qd, g9), k/Mpi =0.1

excited light quark (gy), fs=f=f=1,A=m]
excited b quark, fs=f=f=1,A=mg
excited light quark (gg), A=m,

excited electron, fs=f=f=1,A=m;
excited muon, fs=f=f=1,A=m)

VMSM, |Ven|2=1.0, |Vw|2=1.0

VMSM, |V,_a,\,vf,,\,|2/(|VeN|2 +|Vuw|?) =1.0

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

scalar LQ (pair prod.), coupling to 15t gen. fermions, B =1
scalar LQ (pair prod.), coupling to 15t gen. fermions, B =0.5
scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1
scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1
scalar LQ (pair prod.), coupling to 2" gen. fermions, 8 =0.5
scalar LQ (pair prod.), coupling to 3" gen. fermions, B =1
scalar LQ (single prod.), coup. to 3 gen. ferm., B=1,A=1

Zp, harrow resonance

Zp, narrow resonance

SSM Z'(qq)

Z'(qq)

Superstring Z;,

LFV Z', BR(eu) = 10%
Leptophobic Z’

SSM W'(Lv)

SSM W'(Tv)

SSM W'(qq)

LRSM WRr(INR), My, = 0.5Myy,
LRSM WR(TNR), IV’NR = O.SI\/IWR
Axigluon, Coloron, cot6 =1

AEL/RR
AEL/RR
Alrr
Alrr

Overview of CMS EXO results

CMS preliminary

CMS Exotica Summary for 13 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

ATLAS-EXOT-2017-17

VLQ searches and top final states

Top final state is the most effective signature to search for Vector-Like Quarks.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-17/
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