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| ONG-LIVED PARTICLES IN HEORY

» Standard Model: a very successful theory

e But also leaves some questions unanswered:
Dark Matter, neutrino mass, matter-antimatter JPPNP 3695 (2019)
asymmetry, ...
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O H
 Long-lived particles are predicted by many BSM 10°7 o
theories: 3

e Hidden sector, SUSY, Portal models, Leptogenesis,
Neutral Naturalness, HECO and monopoles, ...
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* Not so unconventional: many long-lived particles 10 5
exist in the Standard Model . . .
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| ONG-LIVED PARTICLES IN PRACTICE
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e Detector signatures are unconventional,
delayed and displaced

e Often similar to noise, pile-up, mis-
reconstruction

Dependent on LLP mass, ct, <By> and
decay channel

Disptaﬁed Jets

Innovative trigger strategies

Custom reconstruction and identification
methods Nc.w-[pr

non-|

Sophisticated ML techniques

Small or non-standard backgrounds :
| | o Busptaced le)

* SM particles with long lifetime Ve e

* Material interactions

* Beam-induced background Highly lonising

e Cosmic-induced background particles

Fully data-driven background estimation =2 “ &'L
approaches Meta-stable part

e A
g . - F o

Muon Spectrometer



I\/IICF%O—D\SPLACED MUONS

slightly
D displaced
~ MuoNSs IN
>~ _ gravitino LSE’
PP
M
, Hu—u GuG
L ::t | T 1T | T 1T | T T | T T | T 1T | T T | T T T I_ r—
'g' E ATLAS - = = Expected limits _E 106 E
[ E_\(_ 13 TeV, 139 fb - Observed limits E b
E All imits at 95% CL Slepton Signature _E 1 05 S
= [ ] Displaced, PRL 127 051802 (2021)
; Intermediate, this work = 104
| Prompt, EPJC 80 (2020) 123 -
; E 10°
<4102
107" 3
i \; =10
2L -
107 / Intermediate ] ,
103E lifetime scenario:
: =10
107 -
Prompt
| 1 I I | | I | | I I | I | I | | I I | I I | I |

100 200 300 400 500 600 700 800 900
m(E ) [GeV]

110 = my+p-

Extended ABCD

background estimation

method

* pased on charge and
transverse impact
parameter of each
muon and invariant o
Muon pair mass 10103 06

* discriminate against B-
hadron decays
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DISPLACED VERTICES + JETS

RPV STRONG ¢ ¢

displaced
vertices
—
multiple
jets — jet
triggers

RPV EWK SUSY g

High-pt jet SR and trackless-jet SR
* Targeting strong and electroweak
scenarios, respectively

First limits on RPV EWK SUSY LLP

production in ATLAS

Electroweakino masses up to 1.58 TeV

are excluded for lifetimes of 0.1 ns

Dedicated secondary-vertex

reconstruction for DVs benefitting from

dedicated track reconstruction for non-

prompt particles (Large Radius Tracking)
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arXiv:2206.12181, ATLAS-CONF-2023-051

DISPLACED LEPTON JETS PN I
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arXiv:2209.01029, arxiv:2304.128385

NON-POINTING & NON-PROMPT PHOTONS
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Exploit the precise spatial and timing capabilities of the ATLAS LAr calorimeter of O(10 mm)
and ~0.2 ns resolution, respectively, to determine pointing and timing of photons

Most stringent limits
for lifetimes of 2-3 ns
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A model-independent
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production of photons
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ATLAS-CONF-2023-044
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arXiv:2303.13613
MULTI-CHARGED PARTICLES

A

. DreII Yan y Search for heavy long-lived multi-charged particles (MCPs):
gl<ze,2<z<7
LLP * Traversing the entire ATLAS detector without decaying
. * Exploiting MET, prompt muon and novel late-muon triggers

o) 1§ 'I_;_h"lc;_t'_'l"'l"'lg
Targeting high-pt muon-like signatures with high dE/dx values in ° 10‘1%— Z§ Z§ —
several sub-detectors: ID Pixel, TRT, MS MDT n :%; I:jigg -
» Fraction of high-threshold TRT hits, Pixel, TRT and MDT dE/dx - -
109 =

Different selections optimised forz=2 and z > 2

/ \ 10"
107°

B 40

_ a5 ATLAS Vs=13TeV, 139 fo’ o 35,ATLAS (s=13 TeV, 139 fb" __x10° _ 5 - 13 TeV. 139 fi"
X = | o ] x | o | = = S = eV, ;
o 30 OData —1400§S 3o—DData - L= 500%3 o P T I I AR AR
> mSignal (m=500 GeV, z=2) .. S ©° ' WSignal (m=800GeV,z=3)| - .z’ £ 600 800 1000 1200 1400 1600 1800 2000
a S [@Signal (m=2000 GeV, z=2)- £ n 25 W Signal (m=800 GeV, z=7)| . =ik | =
= 20F- 5 300 & = 20 E MCP mass [GeV]
15 |ak E 15 - 1=B¥s00 3
5 C D 1502 54 ST g 200 2 Upper limits exclude muon-like MCPs
- A B - - = = .
0L =100 0L WM 3E P with masses from 500 GeV to
a3 EN N 3 E 1060 GeV (z=2) and 1600 GeV (z=6)
10_ o b b b b e b o | ] 0 _10_I I I I I | 0

=10 —5 0 5 10 15 20 25 30


https://arxiv.org/abs/2303.13613

NEW_ arXiv:2308.04835
MAGNETIC MONOPOLES/HECOS/HIPS

Drell-Yan Highly lonising Particles:
! Magnetic monopoles of charge 1gp and 2gp and
high-electric-charge objects 20 <|z| <100

e O-rays produced in TRT

. . . . icat
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. |
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CONCLUSION

* New and updated BSM searches for long-lived
particles

* Exploring the large and high quality Run 2 dataset

e For now the data remains compatible with SM
predictions

e Stringent limits set in various models

 Many new and updated results of BSM searches for
long-lived particles yet to come with the full Run 2
dataset

* Benefitting from improved reconstruction techniques ﬁ

e Stay tuned for the first Run 3 results
utilising novel trigger and analysis
approaches

e More results: ATLAS Exotics and SUSY public
results



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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SUMMARY PLOTS - SUSY
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SUMMARY PLOTS - HIDDEN

_ ATLAS Preliminary (March 2022) 13 TeV, 36-139 fbo™
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ponus plots



MICRO-DISPLACED MUONS
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DISPLACED VERTICES + JETS
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DISPLACED LEPTON JETS
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MULTI-CHARGED PARTICLES
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MAGNETIC MONOPOLES/HECOS/HIPS

clust HT ;I I_ I | | | | | | | | | | | | | | | | | | | | | | | I | | ]

8 = A— R ATLAS 13 TeV PF .

— - A S

O, 3500F Y -

ATLAS = BN 5 z

= 3000 VoEDAL13TeVDY+PF T L] _

7p) — _

0 ? - ATLAS -

L IAQ| <001 g 2500 — Dirac Magnetic Monopoles ]

‘ = — ATLAS 13 TeV DY — spinte =

| q) —_ —————————— - - Spin_o __

= 2000 . ATLAS 13 TeV DY —

nHT o) B A--___ ]

— B _

| 1500 =

- Vv - -----___ MoEDAL 13 TeV DY  —

oo DO — ATLAS8TeVDY y-__--"~ S ]

- | | 1000/ 2 7 oy " =

> X X — | n

/ | 500 —

— CDF X _

- A PRL.124.031802 4 This work J PRL.126.071801 —

%10° — ¥ PRL.96.201801 Yy PRD.93.052009 [| PRL.123.021802 | PLB782(2018)510  —

1] 407 A'I"[_IAlsl AL R N 12] T IAITIL,Iqlsl AL I L H O [T T T T T N TN T TN NN O TR N I T T R R R B R
C - —— lgl=1g, . C — - lgl=1g_ 7]

2 g5Ffs=13Tev =20, 4 2 10°Es=13Tev =20, = 0 1 2 3 4 )

L ~ Drell-Yan spin-/2 ="'~ :Z:=§g . LUl — Drell-Yan spin-/2 == :Z:=zg - .
— m=1500 GeV o le= Z 5L_m=1500 GeV === = 1} _
L zl= | 10 E o zl = F’" E

30 e ; h 1T Charge [g |
251 it 10°E S
: oHn ] S 85 S H S
20— T vt o T 10° TS I - I
L I . --:-I = I'-| :_ é‘"; - E:'":mé Em:' AR T ,i“I - I E” L"- E
151 Sulh I 10%, 0 ., _Fi s e | I G-
= 3 St R S e e tas s I e | M=
101 gk [ . 10%L '=|-| -""I__Lll[l L@
- B i SR A E"!!|"H:-|'!' ' ]
oF - | 'L i 15_55"'1' ig'i it Elii | H F
- - E -1 il S I UIHIHN =
() o et i 2 4 2y T LTS P rEE I IR EE E.ILLL“:! '| ” L =
0.5 0.6 0.7 0.8 0.9 1 0.5 0.6 0.7 0.8 0.9 1 1.1

ﬂ‘
T
=

S



bonus analyses
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