&) B
ATLAS (==

Results on SUSY and Exotics at LHC

(incl. non-conventional signatures)

Da XU (IHEP, CAS)
on behalf of ATLAS, CMS and LHCb experiments
PIC 2022

: DI 2l &k 2oz L 1R e O
g'?"\,{' ¢ | V& O T AL A g7 78 P00 T
S oy

Institute of High Energy Physics Chinese Academy of Sciences



Outline




Nnrmi\,’

60 ~_ Standard Model

In particle physics units... o ‘ ‘

: : : : : + + - gg:lzzv;/??e
ansion of
peV meV eV keV MeV GeV TeV
If a neutrino was as x X
heavy as an ant... * 4 . " " - "
——
1 10° 101 10'°
Energy, GeV
f S
H //_\\ ; \
_____ ( fF---- ' i
\ /
\/ H i . e s e R S i
Extended Standard Model particles Supersymmetric particles
A A
e ~ ’ ~

(" 23 Mev V (" 1.28 Gev w (1732 Gev w &— charge 125.1 GeV unknown ( winom \ ( winows
\ €— colors 0 e ond
— Mass h 1 t

V
g:] <— spin Higgs é Neutralino n \alx:p j i j \,‘_p 4
(:'\!-\ (u MeV ) (; T GeV ) unknown unknown (u: known ) ( Anown \
N[ N[ N N\ 2 N\ N[ N
2
y

domn strange bottom
. j . e\

gluon Scalar Higgs Neutralino sbottom strange sdown
: i ! \. ~Z \ = \ -
( 1 keV 1) ('. 15.7 MeV ) ( 7 GeV unknown unknown (*_: known A (-_:.\-. - A ( Lrknowr, A

al |

A Xs | ————|7 ||0 [|&

electron muon tau photon Pseudose. Higgs Ni ~ ~ stau smuon selectron
u "’J . e \ i : \ = . . =\ B \ y
[ St ) ( < 190 keV ) (< 152 Mev h 80.4 GeV 91.2 GeV (T A urkrown 1 2 = ) (— h = R

Ve VIL Vr I/Vi Z I‘Ii )22 | - ) i)'r VM ’je

€ neutrino

p neutrino T neutrino Charged Higgs Neutralino sneutrino
v \ v \ 7 1 1 e 0 n \

sneutrino sneutrino

° \_ ° \ °

Image credit: M. Rimoldi



The SUSY production @ 13TeV

Strong SUSY: larger cross-section; energetic jet activity.

pp, VS =13 TeV, NLO+NLL - NNLO,ppr0x+NNLL
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Electroweak SUSY: smaller cross-section; less jet; cleaner signature.



Gluino and squark (incl. 3rd gen)
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Gluino/squark search with jets

- Target cascade decays of squarks or gluiness into jets + LSP (Etmiss).

0-step decay

+ Gluino: >= 4 jets
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- Squark: >= 2 jets

L — T

— Etmiss

1-step decay via chargino

+ Gluino: >=4-8 jets

Squark: >= 2-6 jets

L




Eur. Phys. J. C 81 (2021) 600

Gluino search with jets

- Target cascade decays of squarks or gluinos into jets + LSP (Etmiss).

- Considering one W decay leptonically, one can require final state
with one isolated lepton —> highly suppress multi-jet
background

- Categorized in 2J, 4J and 6J + binned in meff and mT

- Dominant background W+jets and ttbar estimated in CR
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CMS-PAS-SUS-21-007

Gluino search with jets

- Target cascade decays of squarks or gluinos into jets + LSP (Etmiss).
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html

JHEP10(2020)062
JHEP10(2019)244

Gluino search with large jet multiplicities

Target LONG cascade decays of gluinos into large jet activity.

m(x;) [GeV]

Large jet activity—> events with >=8,9,10,11,12 jets

Include b-jet if top in the decay chain—> event categories in 0,1,2 b-jets

- Large Etmiss from stable LSPs(RPC case); no large Etmiss in RPV case.
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Gluino search with leptons

Target LONG cascade decays of one lepton, same-sign(SS) two or three leptons.

Such long cascade decays can also be targeted by lepton final states

i.e. when leptons come from different decay chain, requiring SS leptons can highly suppress SM.

i.e. one lepton + large radius jets rich in top-quark —> Gtt model
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Gluino summary
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3rd generation: Stop search
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Stop, sbottom summary

Improvement in
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NEW!

ATLAS-CONF-2022-006

Wino-bino/Slepton search with 2L0J

Targeting moderately compressed regions, mass splitting close to W boson mass.

Slepton production

- Light smuon and LSP could explain g-2

anomaly through loop corrections

- Same-flavour opposite sign final state,
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Chargino production
- Same flavour and different flavour

opposite sign fin

al state

- Boosted Decision Tree approach, SRs
binned in BDT output
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Higgsino summary
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Slepton summary

Z) ‘J‘\“ “““\
{ ,4,% &

P
~ ~0) °
T’ \l
T ~0
X1
P

m(xY) [GeV]

600

May 2020

arXiv:2207.02254

500 |
400 |
300 |
200 |

100 £

I T T

T T T T I T T T T
ATLAS Preliminary 8TeV,20.3fb~" 7 € [&,/i] arXiv:1403.5294
Soft 2¢ [ e[8 fi] arXiv:1911.12606

Vs=13TeV, 139 fo~! 20 78,1 arXiv:1908.08215

pp — 0t gl g € — €3 2r hadronic /=7  arXiv:1911.06660
T LEP /ig excluded

CMS

. 138 fb' (13 TeV
All limits at 95% CL = 250 - ( ) =102
——  Observed limits 8 PP — % T T n — TX, NLO+NLL exclusion E 8
o G =" —Observed = 1 s.d. (theory) [
Expoctod limits ng2OO z:: Expected = 1 s.d. (experiment) =10 %
3 D
. — w
N C Stall N 2
&~ L° 150 - BEMR:
L /, 3 <
Qo 15
/. \ P L | =
Ng 100[- R
I’ = a_,
pe T Q
—~102 5
p 50— o _----- = 3 1
14 ©
o
: H 'ém*ﬂ\?
o) TS S I B I P B | | T (=]

| g 100 150 200 250 300 350 400 450 500
0 Il 1 1 1 I 1 1 1 1 I 1 1 131 l 1 1 1 1 l 1 1 1 I I 1 1 1 1 J m,‘—:- [Gev]
L.R
100 200 300 400 500 600 70uwwouvw

m(l.g) [GeV]

mass region!

Search 2:
pT uw>3GeV) +

analysis —

Etmiss trigger

- Search 1: Final states with 2 hard e/p (pT>25GeV) —> target high

_(pT _e>4.5GeV and
—> target small mass splitting region!

- Search 3: 2 hadronic tau analysis — combining di-tau trigger and
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Advanced Search 1: Final states with 2 hard e/p (pT>25GeV) —>

target moderate mass region! NEW!

Search 2:
pT uw>3GeV) +

analysis —

trigger

_(pT _e>4.5GeV and
—> target small mass splitting region!

- Search 3: 2 hadronic tau analysis — combining di-tau trigger and Etmiss
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
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ATLAS Preliminary

Sidisdulyc022 [Ldt = (3.6 -139) fo! VE=8,13TeV
miss. = -

Model t,y Jetsi ET™ [Latm) Limit Reference
ADD Gkx + g/q Oepry 1-4j Yes 139 2102.10874
ADD non-resonant yy 2y - - 36.7 1707.04147
ADD QBH - 2j - 139 1910.08447
ADD BH multijet - 23j - 36 1512.02586
RS1 Gkx =7y 2y = N 139 2102.13405
Bulk RS Gy — WW/ZZ multi-channel 36.1 1808.02380
Bulk RS Gkx — WV — {vqq 1eu 2j/1J  Yes 139 Iy = 1.0 2004.14636
Bulk RS gkx — tt leu 21b2102 Yes 361 =15% 1804.10823
2UED / RPP lepu 22b23] Yes 361 Tier (1,1), B(ACY) — ¢t) = 1 1803.09678
SSM 2’ = tt 2eu - - 139 1903.06248
SSM2Z’ — 1 27 B = 36.1 1709.07242
Leptophobic 2’ — bb - 2b - 361 1805.09299
Leptophobic Z* — tt Oeu 21b,22J Yes 139 Mim=12% 2005.05138
SSM W’ — (v Tep = Yes 139 1906.05609
SSM W’ — v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - z1b21J - 139 ATLAS-CONF-2021-043
HVTW — WZ - fvggmodelB  1eyu  2j/1J Yes 139 =3 1
HVT W’ — WZ — (v ('’ model C 3 e u 2 (VBF)  Yes 139 gven =18 =0 AATLAS-CONF-2022-005
HVT W’ — WH - {vbbmodelB_ 1eu 12b1-0j Yes 139 sv=3 7.00230
HVT 2’ —+ ZH — ((/vvbbmodel B 02e,u  1-2b,1-0j Yes 139 sv=3 2207.00230
LRSM Wg — uNg 24 1J - 80 m(Ng) = 0.5TeV, g = gr 1904.12679
Clqaqq i - 370 1703.09127
Clttqq - 139 iy 2006.12946
Cl eebs = 139 2105.13847
Clppbs - 139 2105.13847
Cl teee. i _Yes 361 1811.02305
Axial-vector med. (Dirac DM) Yes 139 =1, m(y)=1GeV 2102.10874
Pseudo-scalar med. (Dirac DM) Yes 139 )1 210210874
Vector med. Z’-2HDM (Dirac DM) Yes 139 82%0.8, m{y)=100 GeV' 2108.13391
Pseudo-scalar med. 2HDM+a  mwlti-channel 139 tanfel, g =1, my)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1% gen 22 Yes 139 B=1 200605872
Scalar LQ 2™ gen 22j Yes 139 B=1 2006.05872
Scalar LQ 3" gen 2b Yes 139 BLQY = br) =1 2108.07665
Scalar LQ 3 gen >2j,>2b Yes 139 B(LQ} ~ ) =1 2004.14080
Scalar LQ 3" gen 3 21b - 139 BLQ —tr) =1 2101.11582
Scalar LQ 3" gen Oeu2170-2j,2b Yes 139 B(LQY — br) =1 2101.12527
Vector LQ 3" gen 17 2b Yes 139 B(LQY — br) = 0.5, Y:M coupl. 2108.07665
VLQ TT = 2t 4+ X 2er2u/23eu 21b,21]  ~ 139 SU(2) doublet ATLAS-CONF-2021-024
VLQ BB — Wt/Zb+ X multi-channel 36.1 SU(2) doublet 1808.02343
VLQ To3TspslTss — We + X 2(SS)/23eu>1b21] Yes  36.1 B(Tyy — We)= 1, ¢( T sWe)a 1 1807.11883

— Ht/Zt Teu 21b2>3] Yes 139 SU(2) singlet, xr= 0.5 TLAS-CONF-2021-040
viay - whb leu 21b21) Yes 361 B(Y — Wb)= 1, cr(Wh)= 1 1812.07343
VLQ B - Hb Oep 22b21j,210 - 139 SU(2) doublet, xg= 0.3 ATLAS.CONF-2021-018
VLT - Zr/Hr multi-channel  >1j Yes 139 SU(2) doublet ATLAS-CONF-2022-044
Excited quark " — qg - 2j - 139 only u* and ", A = m(q") 1910.08447
Excited quark ¢* — qy 1y 1j - 36.7 only u* and d", A = m(q") 1709.10440
Excited quark b* — bg - b1 - 139 19100447
Excited lepton £ 3eq - - 203 A=30TeV 14112021
Excited lepton v* 3eut - - 203 A =16TeV 1411.2921
Type Ill Seesaw 234ep 22j Yes 139 2202.02039
LRSM Majorana v 2u 2j - 36.1 m(We) =4.1TeV, g = gr 1809.11105
Higgs triplet H** — W*W* 234 e,u (SS) vari Yes 139 DY production 2101.11961
234eu(SS) - . 139 DY production ATLAS CONF-2022.010
3eut - - 203 DY production, B(H}* — {7) = 1 1411.2921
i-charged particles - - - 139 DY production, lq| = 5e ATLAS-CONF-2022-034
Magnetic monoj - 344 DY production, lg] = 1go, spin 1/2 1905.10130
Vs=13TeV L
partial data

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (larqe-radius) iets are denoted by the letter j (J).

10 Mass scale [TeV]

20

ar
2

a



LQ search

- What ?

- Hypothetical particles with non-zero
baryon and lepton number

- Carry color charge and fractional
electric charge

-+ Decay into quark-lepton pair

- Can be a scalar or a vector particle

- Why ?

-+ Appear in many BSM scenarios,
relate quark and lepton sector

- Can explain observed deviations
from lepton universality in B-
meson decays, g-2 anomaly etc.

Pair produced LQ  Single LQ production LQ mediator

9 q q q ;

g
% LQ < \é/
/’\/ f, I
7 \ ke,
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ATL-PHYS-PUB-2022-012
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There 1s a broad/complementary program underway (well beyond the preferred decay modes by the B anomalies)

. : 22
and several of these results will be combined.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/

ATLAS-CONF-2022-052

NEW!

Pair produced LQ

CMS-PAS-EXO-19-016

LQ mix pair decays via tl, into 3L/4L FS LQ3 pair decays via bt

B(LQ® - te)

104thh,I21bl e 137fb"(13TgVE)
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http://cds.cern.ch/record/2816335/files/ATLAS-CONF-2022-052.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html

Events/ Bin

Data/Pred.

ATLAS-CONF-2022-037

NEW!

Single LQ

- Single LQ decay via br,
into 2t+b FS

CMS-PAS-EXO-19-016

- Combined tlep-thad and
thad-thad channels are

exploited
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Similar scenario targeted by two experiments: similar sensitivity reach from two independent analyses. 24


http://cds.cern.ch/record/2815283/files/ATLAS-CONF-2022-037.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html

CMS-PAS-EX0-21-009
NEW!

CMS-PAS-EXO-19-016

LQ as a mediator

Non-resonant production of 7 7 or T+MET via #-channel LQ exchange
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https://cds.cern.ch/record/2815310/files/EXO-21-009-pas.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-016/index.html

New gauge bosons

+ Spin-1 W’, 7
- In many models, e.g. composite Higgs
- Possible solution to hierarchy problem

- Axion-like particles (spin-0 pseudoscalars)
» Specific case of axion 1s a solution to Strong CP problem
- DM candidate

26



CMS-PAS-EXO-21-009

NEW!
ATLAS-CONF-2022-048
W, 2’ h
, sSearc
- W’ —Z°W; Z’— gq giving rise to two high- * W' fermion couplings are similar to

SM W boson except the additional

energetic jets, while a W decays leptonically W'— tb due to hicher b
— ue to higher boson mass

- Key var: inv.mass reconstructed from lepton
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http://cds.cern.ch/record/2816329/files/ATLAS-CONF-2022-048.pdf
http://cds.cern.ch/record/2816335/files/ATLAS-CONF-2022-052.pdf
https://cds.cern.ch/record/2815310/files/EXO-21-009-pas.pdf

o(pp — V') [fb]

NEW!

ATLAS-CONF-2022-028
CMS-PAS-B2G-20-009

Searches for heavy resonances V’

A combination of various V’->VV/VH and leptonic channels, exploring Heavy Vector Triplet (HVT) model
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Similar sensitivity reach between ATLAS and CMS results
The CMS excesses are excluded by ATLAS
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http://cds.cern.ch/record/2809967/files/ATLAS-CONF-2022-028.pdf
https://cds.cern.ch/record/2803845/files/B2G-20-009-pas.pdf

NEW! CMS-PAS-EX0-21-018

(Pseudo)scalar bosons search

Target signal models of new spin-0 particles with scalar, pseudoscalar, or Higgs-like couplings; Produced with
dilepton resonances or top associate production; Consider 7 orthogonal channels according to NlepNtau
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http://cds.cern.ch/record/2815307/files/EXO-21-018-pas.pdf

New fermions

- Vector-like quarks (VLQ)
- Present 1n various scenarios (extra dimensions, Little Higgs,...) trying to
solve the hierarchy problem;

* colored spin-1/2 fermions;
- 1n simplified models VLQ mix with their SM partners to regulate the
Higgs boson mass

- Excited states of quarks/leptons (q*, 1*)
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NEW!

Vector-like Taus

ATLAS-CONF-2022-044
arXiv:2202.08676
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Similar sensitivity reach between ATLAS and CMS results
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Search in multi-lepton(tau) channels with machine learning.
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http://cds.cern.ch/record/2816141/files/ATLAS-CONF-2022-044.pdf
https://arxiv.org/pdf/2202.08676.pdf

NEW!

Vector-like T quark

ATLAS-CONF-2022-036
CMS-PAS-B2G-20-011

CMS-PAS-B2G-21-007

Vector-like T quark, decaying via Zt/Whb/Ht

Pair production
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limits for single production of a vector-like T singlet
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Pair and single production searches are complementary: pair production just depends on the VLQ mass,
but cross section steeply falling; single production allows to probe up to higher VLQ mass, but depends
on the coupling strength kappa.


http://cds.cern.ch/record/2815173?ln=en
http://cds.cern.ch/record/2815281/files/ATLAS-CONF-2022-036.pdf
http://cds.cern.ch/record/2809519?ln=en

Dark matter

What ?

ATLAS-CONF-2022-038

Various 1nvisible scenarios...
Semi-visible jets in strongly-interacting dark sectors
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Long-lived particles



Why search for long lived particles?

Many SM particles are long-lived!

Decay suppression also
plays in a variety of
BSM scenarios.

LLP model essentials
* (nearly) mass-degenerate
* small couplings

*highly virtual intermediate state
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1 Detector-Prompt

1 um
1 mm
10 m

CT=

https://doi.ofg/10.1016/j.ppnp.2019.02.006

Detector-Stable

o oH
W/Z
104;
Jv
ZO
103 - p©
O
.’7
1023
10—27 10L23 10L19

10L15

10-1t 1077
Proper Lifetime T [s]

10? 10°

35



ECAL HCAL

Detector signature

- Anomalous Ionization

- Delayed Detector Signals
* Disappearing Tracks

- Displaced Tracks

- Displaced Vertices




NEW!

Displaced jets

Search for LLPs produced in association with a Z boson

- The LLPs are assumed to decay to a pair of SM
quarks that are identified as displaced jets.

-+ Triggers and selections based on Z boson decays to
electron or muon pairs improve the sensitivity to
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Three tagging variables: discriminating signal from background


https://arxiv.org/pdf/2205.08582.pdf
https://link.springer.com/article/10.1007/JHEP03(2022)160

arXiv:2206.12181

NEW!

Displaced lepton and jets

Search for long-lived dark photons from Higgs decay . 52‘
Yd f
* Search for LLP decays into collimated AW
pairs of leptons and light hadrons . s L C HLSP
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,
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https://arxiv.org/pdf/2205.08582.pdf
https://arxiv.org/pdf/2206.12181.pdf

NEW!
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Displaced di-muon vertex

arXiv:2205.08582
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Search for LL exotic particles decaying to a pair of muons

- Interpretation on the hidden Abelian Higgs model:

- Signature is a pair of
from a common

- Uses n from tracker+MS, MS-only, or mix

Transverse decay length: distance between the PV

and the common vertex in transverse plane
(1 3 TeV)
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https://arxiv.org/pdf/2205.08582.pdf

NEW!

Displaced vertex

Search for massive LLP decaying semileptonicallyinto a u and two quarks.

* Di-LLP production via a scalar particle h0

LLP(neutralino) — nqq

A

made of charged tracks accompanied by an isolated high pT p

Benefits from LHCb:

— H4q

— Hqq

- Excellent vertex reconstruction provided the LHCb vertex locator VELO

- Low trigger p.threshold allows exploring relatively small LLP masses

arXiv:2110.07293

- LHCD is probing a rapidity region only partially accessible by other LHC experiments

Cross-section [pb]
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https://arxiv.org/pdf/2110.07293.pdf

Non-pointing photons

=

LSP

LSP

ATLAS-CONF-2022-017

Search for delayed and non-pointing photons originating from displaced decay of a
neutral LLP, which can escape the direct detection.

- Delayed and non-pointing photon due to the
opening angle between the y and LSP.

- Take advantage of potential Higgs to BSM
branching ratio (~13%).
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barycenter information — Key discriminants
are pointing and timing measurements from the
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http://cds.cern.ch/record/2805799/files/ATLAS-CONF-2022-017.pdf

Summary

* A broad overview on the SUSY, Exotic, LLP searches in LHC is
presented with full Run2 data analyzed.

No discovery yet, the limits are probed in new/challenge scenarios,
with various novel techniques developed.

More challenge signatures to come, including combinations,
pPMSSM interpretations. Hopefully more new ideas will be

inspired! | &

* For more, please visit: ATLLAS Publication Web and CMS
Publication Web
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Extra slides



ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

March 2022 Vs=13TeV
Model Signature  [Ldt (") Mass limit Reference
) Ll v L} L} v L) L) L) l v L} v Ll L)
i, §—q%1 Oep 26jets EM™ 139 1.85 mix))<400 GeV 2010.14293
@ mono-jet  1-3jets Ef"“ 139 | ¢ [8xDegen] 0.9 m(g)-m(i;)=5 GeV 2102.10874
8, #-qa0) Oep 26jets EF™ 139 | & 23 mE))=0GeV 2010.14293
2 Forbidden 1.15-1.95 m(i})=1000 GeV 2010.14293
0 BE B—qqWi| Tep  26jets 139 |2 2.2 m{F})<600 GeV 2101.01629
© 3, T-qdlOY) ee.up 2jets EP™ 139 |2 2.2 m{t})<700 GeV CERN-EP-2022:014
B 3E, gqqWZE| Oep  7-11jels EFP™ 139 | & 1.97 mit}) <600 GeV 2008.06032
.§ SSepu 6 jets 139 |2 1.15 miE)-m(i) }=200 GeV 1909.08457
= &g goi¥) 0-1 e 3p Ef~ 798 |# 2.25 mi})<200 Gov ATLAS-CONF-2018-041
SSeu 6 jets 139 3 1.25 m(E)-m(¥ }=300 GeV 1909.08457
byb Oep 2b EP™ 139 | B 1.255 m(¥})<400 GeV 2101.12527
b 0.68 10GeV<am(b, |)<20 GeV 2101.12527
byby, by—b¥s — bh¥} Oe.p 6b EP™S 139 | B, Forbidden 0.23-1.35 Am(E7,17)=130 GeV, m{¥})=100 GeV 1908.03122
27 2b  EMs 439 |B 0.13-0.85 Am(E2. F0)=130 GeV, m{¥})=0 GeV 2103.08189
iiy, itk Olep  21jet  EP™ 139 |§ 1.25 m(Td)e1 GeV 2004.14060,2012.03799
iy, 1= WhY, lep 3jetsnb EP™ 139 |7 Forbidden  0.65 mik] =500 GeV 2012.03799
g Ny, =¥ by, #|—-1G 121 2jets/1 b E,'."“ 139 I Forbidden 14 m{#; =800 GeV 2108.07665
z g iy, ety 1 38, a—ck) Oep 2¢ EF™  36.1 @ 0.85 mit})=0 GeV 1805.01649
« Oep mono-jet Ef"“ 139 i 0.55 m(i, z)mpi‘?):.s GeV 2102.10874
iy, i —tk3, V3—Z/hE] 12ep 146 Ef™ 139 |@ 0.067-1.18 mE2)=500 GoV 2006.05880
iaia, r—i) + Z Sep 1b EP™ 139 | & Forbidden 0.86 m{E}))=360 GeV, m(f, m{k})= 40 GeV 2006.05880
183 viawz Muitiple ¢/jets EFs 139 | RS 0.96 miE9)=0, wino-bino 2106.01676, 2108.07586
ceu  >ljet Es q39 [l 0.205 m(F})-miE}=5 GeV, wino-bino 1911.12606
YiX| viaww 2ep Ef= 139 | 0.42 m(E7)=0, wino-bino 1908.08215
13 via Wh Multiple ¢/jets Ef™ 139 | K%} Forbidden 1.06 m(t})=70 GeV, wino-bino 2004.10894, 2108.07585
-S XX viaiy /v 2ep Ep= 139 |} 1.0 m(Z,7)=0.5(m(¥] )+m(i]) 1908.08215
E #, #orl] 27 Ef™ 139 | P (FL R IN0HE0S) 0.12-0.39 miE})=0 1911.06660
S Bnbin, 2=et) 2ep Ojets g™ 139 |17 0.7 mit])=0 1908.08215
ee, up 2 1jet Ef"“ 139 ] 0.256 m(7)-mi})=10 GeV 1911.12606
HH, H-hG|ZG Oep =3b  EP™ 381 | @ 0.13-0.23 0.29-0.88 BRI} — Gt 1806.04030
4ep Ojets E“_‘“ 139 | @ 0.55 BR(Y] — ZC)=1 2103.11684
Oep =2largejets £ 139 | 7 0.45-0.93 BR(; — ZG)=1 2108.07586
Direct ¥ X, prod., long-lived ¥ Disapp. trk  1jet  EF™ 139 i'; 0.66 Pure Wino 2201.02472
Xy 0.21 Pure higgsino 2201.02472
3 Stable # R-hadron pixel dE/dx EFs 139 | & 2.05 CERN-EP-2022-029
T Metastable & R-hadron, 3—qg¥| pixel dE/dx EF™ 139 | & [r(&) =10ns] 2.2 mik})=100 GeV CERN-EP-2022-029
g i, 166 Displ. lep EF™ 139 |&Q 0.7 1) =0.1ns 2011.07812
=T 7 0.34 1) =0.1ns 2011.07812
pixel dE/dx EP™ 139 L 1 0.36 f)=10ns CERN-EP-2022-029
KLY G -zttt Sep 139 Pure Wino 2011.10543
AT 103 — wwyzeetevy dep Ojets EF™ 139 1.55 m({})=200 GeV 2103.11684
&, i—qq¥, X1 > g4q 45 large jets 36.1 14 LA Kia Seiganee
S il il X — ths Multiple 36.1 m¢K})=200 GeV, bino-ike ATLAS-CONF-2018-003
& ii, i—b¥]  X] — bbs > 4b 139 Forbidden m(i})«500 GeV 2010.01015
NIy, fy=bs 2jets+2 b 36.7 0.61 171007171
i, h—ql 2ep 2bh 36.1 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f; —gu)=100%, cOSl,=1 2003.11956
X7 IRYIRY, 7Y, —otbs, X} —sbbs 12eu  26jets 139 | &} 0.2-0.32 Pure higgsino 2106.09609
L 1 L 1 1 1 1 1 l 1 1 1 1 1
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simolified models. c.f. refs. for the assumptions made.




ATLAS Heavy

Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

SiRlEEseRlytee J£dt=(36-139) fo! V5 =8,13TeV
miss -
Model £,y Jetsit ET™ [Ldt[n] Limit Reference
L} | el Bl ' L} Al L) Ll LI J ' Ll L) L) L) ' L L) Ll Al
ADD Gyx + g/q Oepury 1-4] Yes 139 n=2 2102.10874
ADD non-resonant yy 2y - - 36.7 n=3HLZNLO 1707.04147
ADD QBH - 2j - 139 n=6 1910.08447
ADD BH multijet - 23j - 36 n =6, Mp = 3TeV, rot BH 1512.02586
RS1 Gkx — ¥y 2y - - 139 kMg = 0.1 2102.13405
Bulk RS Ggx — WW/ZZ multi-channel 36.1 k/Mp = 1.0 1808.02380
Bulk RS Gxx — WV — fvqq 1eu 2j/1J  Yes 139 kMg = 1.0 2004.14636
Bulk RS gk — tt lepu 21b 2102 Yes  36.1 F/m=15% 1804.10823
2UED/ RPP lTepu 22b23) Yes  36.1 Tier (1,1), BAM) — ) = 1 1803.09678
SSM Z* - (¢ 2e.u - - 139 1903.06248
SSMZ’' > rr 27 - - 36.1 1709.07242
Leptophobic Z* — bb - 2b - 36.1 1805.09299
Leptophobic Z* — tt Oeu 21b,22J Yes 139 r/m=12% 2005.05138
SSM W’ — ¢y 1eu - Yes 139 1906.05609
SSM W’ — v 17 - Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - 21b 21J - 139 ATLAS-CONF-2021-043
HVT W' — WZ — {vggmedelB  1e,u 2j/1J  Yes 139 gv =3 2004.14636
HVT W — WZ = (v’ modeiC 3e.u 2j(VBF) Yes 139 gven =1,8 =0 ATLAS-CONF-2022-005
HVT W’ — WH — {vbbmodelB  1e,u 12b1-0j Yes 139 gv=3 2207.00230
HVT 2’ — ZH — ({/yvbbmodel B 0,2e,4 1-2b,1-0] Yes 139 gv=3 2207.00230
LRSM Wg — ulNg 2u 1J - 80 m{Ng) = 05TeV, g = gr 1904.12679
Cl qqqq - 2j - 37.0 21.8TeV 1703.09127
Clitqq 2e,.u - - 139 L 2006.12946
Cl eebs 2e 1b - 139 g8 =1 2105.13847
Cl ypubs 2u 1b - 139 g =1 2105.13847
Cl tret 2lep 21b21j Yes 361 |Carl = 4 1811.02305
Axial-vector med. (Dirac DM) Oeut,y 1-4j Yes 139 8q=0.25, g, =1, m(x)=1GeV 2102.10874
Pseudo-scalar med. (Dirac DM) Oe,u, 1,y 1-4j Yes 139 Ba=1, gy =1, m(y)=1 GeV 2102.10874
Vector med. Z’-2HDM (DiracDM) Oe,u 2b Yes 139 tanf=1, gz=0.8, n{y)=100 GeV 2108.13391
Pseudo-scalar med. 2HDM+a  multi-channel 139 tanf=1, g, =1, m{y)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1% gen 2e >2j Yes 139 =1 2006.05872
Scalar LQ 2™ gen 2u >2j Yes 139 B=1 2006.05872
Scalar LQ 3" gen 17 2b Yes 139 B(LQY = br) = 1 2108.07665
Scalar LQ 3" gen Oepu 22j,22b Yes 139 B(LQY — tv) =1 2004.14060
Scalar LQ 3" gen 22eu,21721j,21b - 139 BLQY - tr) =1 2101.11582
Scalar LQ 3" gen Oepu>170-2),2b Yes 139 B(LQ; —~ bv) =1 2101.12527
Vector LQ 3" gen 17 2b Yes 139 B(LQ} — br) = 0.5, Y-M coupl. 2108.07665
VIQTT = Zt + X 2el2u/>3en 21b,21) -~ 139 SU(2) doublet ATLAS-CONF-2021-024
VLQ BB — Wt/Zb+ X multi-channel 36.1 SU(2) doublet 1808.02343
VLQ T5;3Ts/31Tsy3 = Wt X 2(SS)/>3eu=21b21] Yes 36.1 B( Ty — W)= 1, c( Ty sWit)= 1 1807.11883
VLQ T — Ht/Zt lepu 210,23) VYes 139 SU(2) singlet, xr= 0.5 ATLAS-CONF-2021-040
VLQ Y - Wb ley 21b21] Yes  36.1 B(Y = Wb)= 1, cp(Wh)= 1 1812.07343
VLQ B — Hb Oep 22b, 21,210 - 139 SU|(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLLT = Zr/Hr multi-channel 21] Yes 139 SU(2) doublet ATLAS-CONF-2022-044
Excited quark ¢* — qg - 2] - 139 only u* and d*, A = m(q") 1910.08447
Excited quark q* — gy 1y 1) - 36.7 3 TeV only v* and d*, A = m{(q") 1709.10440
Excited quark b* — bg - 1b1j - 139 1910,0447
Excited lepton £* e - - 20.3 A=30TeV 1411.2921
Excited lepton v* 3epurt - - 20.3 A=16TeV 14112921
Type lll Seesaw 234e.pu 22j Yes 139 2202.02039
LRSM Majorana v 2u 2j - 36.1 m(Wg) =4.1TeV, g, =g 1809.11105
Higgs triplet H** — W*W* 234 e u (SS) various Yes 139 DY production 2101.11961
Higgs triplet H** — (¢ 234eu(SS) - - 139 DY production ATLAS-CONF-2022-010
Higgs triplet H** — fr 3epr - - 20.3 DY production, B(H}* — (1) = 1 1411.2921
Multi-charged particles - - - 139 DY production, |q] = 5e ATLAS-CONF-2022-034
- - - 34.4 | monopok DY production, |g| = 1gp, spin 1/2 1905.10130

Magnetic monoi

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (larae-radius) iets are denoted bv the letter i (J).

A 1 1 1

10 Mass scale [TeV]



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

String resonance

Zy resonance

Higgs v resonance

Celor Octoct Scalar, k} =172

Scalar Diquark

1+ ¢, poeudascalar (scalar), g, % BRti¢-20) > = 0,03(0.008)
ti 4 8, pseudoscalar (scalar), gf,, % BR|¢-20) > = 0.03(0.04}

quark compositeness {qd). Nuss =1
quark composteness (), Muea =1
quark composteness {Gq). N = -1
quark compossteness (1), Mum = =1
Excited Lepton Contact Interaction
Excited Lapton Contact Interaction

[axial-peector mediator (xx), 9, = 0,25, Gou = 1, m, = | GeV
(axial-poecter madiater (93], Gy, = 0.25, gree = LM, = 1 GaV
scolar mediator (+tH), o= 1. grey = 1.m, = 1 Gey
peeudoscalar medistor [+000), g, = 1, Gou = 1, m, = 1 GeV
scalar mediator (fermion portall, A, = 1, m, = 1 GeV
complex sc. med. (dark QTD). m,, =3 GaV, cry, =25 mm
Baryanic 7', gy = 0.25. gcu = Lo, = 1 GeV

2« 2HDM, Gy = 0.8, e = 1. tan = 1, m, = 100 GV
Vector resonance, @q = 0.25, gy = 1. m, = 1 GeV

Leptoquark mediator, 8= 1, B = 0.1, &y gu = 0.1, 800 < M., < 1500 GeV

RPY stop to 4 quarks

BV squark to 4 quarks
PPV ghure to 4 quarks
PV gluines 1o 3 quarks

ADO () HLZ, nge, = 3
ADC (yy. H)MLZ. mep =3
ADO Gy emission, n =2
ADO GEH jil, mep =6
ADO GEBH {a), N = 6
RS Gyoclyyh, kify = 0.1
RS QBH (||}, nep = 1

RS QUM lew), ngp =1
non-rotating BH, M, = 4 TeV, iy = 6
SPUt-LED, e 4 TeV

RS Gylqd. 991, ki = 0.1

excited ight quark (qy), fs=f= =1 A=y
oxcited b quark, fym = =1 A=m;
excited Sght quark (qg), A=m_

oxcited electron, fy=fw =) Awm
excited muon, fs=f=f=1A=m

WMSM, [Veul' = 1.8, Vsl =138

UMSM, VeV PVl & Vaad¥l = 1.0

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

scalar LQ (pair prod.), couplng to 1% gen. fermions, f =1
scalar LQ [pair prod.|, couphng to 1¥ gen. fermions, § « 0.5
scalar LQ Ipair prod.|, couphng to 2 gen. fermions, 8= 1
scolar LO [pair prod |, couplng to 2 gen. fermions, f=1
scalae LO [pair prod |, couplng to 2™ gen. fermicns, 8= 0.5
scalae LQ (pair prod.), coupleng 1o 3™ gen. fermicns, 8=1
scalar LQ [single prod.), coup. to 3" gen. ferm., B= 1 A =1

Zo, NATOW OSONMNR

Zo, NAMMOW 1ESONINCE
S5m2'

55M Z'aq)

2'qq)

Superstring Z,

LFY 2', BR{au) = 10%
Leptophobic Z'

SSM W)

SSM W {Tv)

SSM W qd)

LRSM W INk), My, = 0.5M,
LRSM WilTAR) My, = 0.5M,,
Axigluon, Coloron, cotd = 1

l;l!llltlll T XXX T XTXTXT XXX XXX

Overview of CMS EXO results

CMS preliminary 36-140 fb~? (8,13 TeV)

S 1912 1 2236; 1604 08907 (2)) 137 fb!

D DS 11203043 (2 4 1y 2e 4 1y 25 4 L) 36 fo!

S b2 e3:25 ) 1808.01257 {15+ 1y) 36 fo~?
OIS 1912.12238; 1604.08907 (2)) 137 b}
OIS 1912.12238: 1604.08507 {2)) 137 b}
1911 08968 (3¢, = &) 137 fb?
P onos=0@4n  1911.04963 (34, mar) 137 fb~?

1803 0803 (2]) 36 fo?

1812.10443 (28} 36w

18030803 (2j) 36 Mt

1812,10443 (20 36fot

i aesn 00104521 120 + 2§ 77 fo !

N ozwemm 200106521 2p + 2j) 77 fo !

1712.02345 (= 1j + E7™) 36w
P =2 191212238 1604,08507 (2} 137 fb?

150101553 (0, 14 + = 3] + B7 %) 36fo!

190101553 (0, 1 + = 3j + £7 ) 36 fo!

1712.02345 (= 1j + €7 36 ot

1810.10062 (8§ 36w

1908.01713 |h + Ef'™) ER

1908.01713 [h+ E5*} 36fo!

PO aEsE0F 1911.03761 (= 3j) 18 fo-!

PO 0ES0E T 181110150 (1 + 1)+ EF ) 77 fo!

e 1203.03124 (2); 4 36M*

oo 180601058 {2)) 38 fot

S 180601056 (2)) 38fo!

— 1810.10092 (6j) 36 fo!

1203.0803 (2)) 36 M

1812 10443 2y, 21) 36 Mt

1712.0234% { 2 1 + E7) 36fo!

1803.0803 (2§ 36 fo!

1802.01122 (ep) 36 fo~?

1809.00327 2y) 36 ot

1803.0803 (2)) 36Mm*

1802 01122 (epl 36t

1805 06013 (m 2L, y)) 36fot

D 180302135 (€ + €7 36 fo~!
s 1912.12233; 1604.08907 (2§} 137 fo~?

TS 171104652 1y + ) EL

IS 1711 04652 (y + ) 36 fot
e 191212238, 1604.08907 (2)) 137 fb~?

s 1811.03052 |y + 2e) 36 fo~!

s 1811.03052 {y + 24 36mF

<12 1802.0296% |30(p, o)) 36t

0.02-1.6 180610005 (24, = 1j| 36fo!
<088 191104068 (31, = 40 137 fb~?

0.22-0.79  1905.10853 (3¢, =41, 21, = 1v) 77 fo?

<144 1811.01197 (2e+2j) 36 Mt

=127 1811.01197 (2e + 2l e+ 2) + 5 36fot

<153 1808.05087 (2p + 2j) 36 fo

0.8=15 181110151 (2p+ 3j + P} 77 o}

<129 130B.05082 (2p + 2j; p # 2) + E7™) 36

<102 1811.00806 (2v+2)) 36 Mt

<074 180603472 2T+ b) 36fot
| ocons-cors 1912.04776 (2} 137 fb~?
 om-02 1912.04776 (2p} 127 fb~?
T s EXO-19.019 (26, 2u) 140 fb~?
OS2I 1912.12238; 1604.08907 12)) 137 fb!

| oom-0a2s 190510331 (1), 2y) 36 fot
i 2= EX0-19-019 (20, 2p) 140 fb~?

I ozsaan 1802.01122 (ew) 36 fo~?

T oS S0Es  1909.04114 (2)) 78 ot

s 1803.22133 [« EF) 36w

= 1807.21421 [T+ EFY) 360t
I s e 1912 1 2236; 1604.08907 (2)) 137 fo~?

1803.11116 (24 # 2j) 36 fo~!

1811.00806 (27 + 2 36 fo?
B OISEGIGN 1912.12238; 1604.08907 (2)) 137 !

0.1 1.0 10.0
mass scale [TeV] LHCP 2020
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Overview of CMS long-lived particle searches

CMS Preliminary

3-140fb"1 (8,13 TeV)

RPV UDD, G-+tbs, m; = 2200 GeV
RPV UDD, §—tbs, my = 2500 GeV
RPV UDD, £-+dd, m; = 1300 GeV
RPV UDD, {-+dd, m; = 1600 GeV
RPV LQD, t=bl, m; = 600 GeV
RPV LQD, t-+b), mj = 60D GeV
RPV LQD, i), m; = 1600 GeV

Ll LI Dl D T T -

CMS PAS.£X0.19.021 (Disp. jets) OSSO

GMSB, §-gG, m; = 2450 GeV

GMSB, §=gG, my = 2100 GeV

Split SUSY, g—adx{. m, = 1300 GeV

Split SUSY {HSCP), f, = 0.1, my = 1600 GeV
MGMSB (HSCP) tang = 10, u>0 , m; = 247 GeV
Stopped £, t=ty?, m; = 700 GeV

Stopped §. §-4x?, fzp = 0.1, mg = 1300 GeV
Stopped §. §-+q@x3(uuxf). fy; = 0.1, my = 940 GeV
AMSB, x = <xin®, m,. = 700 GeV

GMSB SPSE, xi—+yG, m,; = 400 GeV

CMS-PAS-£X0-19-021 (Disp. jets) I o0s=0issi

"

2004,05153 (Disappearing track) [ oS0
1909.06166 (Delayed v(v)} EEno2=6m

_%R'G-Qv o G QO

180100359 (Delayed pp)

H=+XX(10%), X—=ee, my =125 GeV, my =20 GeV X
H=XX(10%), X—=pu, my =125 GeV, my =20 GeV X
H=XX(10%), X—=bb, m, = 125 GeV, m, =40 GeV X
dark QCD, m,,, =5 GeV, my,, = 1200 GeV Xowd

¢t [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

“10°

38 Mb* (13 TeV)
132 7' (13 Tev)
38 Mb* (13 TeV)
132 fb~% (13 TeV)
36 (13 TeV)
3o~ (13 TeV)
132 67" (13 Tev)

132 b (13 TeV)
137 b * (13 TeV)
36 fo? (13 TeV)
131071 (13 TeV)
13 fb* (13 TeV)
3967 (13 Tew)
39 b~ (13 TeV)
39fo77 (12 TeV)
140 b * (13 Tev)
77 o (13 TeV)

20 fb~* (B TeV)
20 fo~% (8 TeV)
132 % (13 TeV)
16 fo~? (13 TeV)
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