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Introduction

Precise predictions, verified by experiment with impressive

very successful theory

agreement with theory across orders of magnitude

Standard Model Total Production Cross Section Measurements
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Status: February 2022
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Vs =7,8,13 TeV
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Cannot be the ultimate theory
Several open questions in HEP

What is Dark Matter?
Neutrinos have a mass # 0
Matter and antimatter are not symmetric


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-009/fig_01a.pdf
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary Composite Higgs
. _ 1 confining
Status: July 2022 f‘L dt = (3.6 — 139) fb 1 \/_ =8,13 TeV RelaXlon sectors
miss -1 .
Model {,y Jetst ET™ [Ldi[b] Limit Reference _ ALPrcc===o=
T T LI | I T T L] T T T LI | ' T T T T T L] LI | I L] T T T H B N = = W= .
@ | ADD Gkk +g/q Oeputy 1-4j Yes 139 [Mp 11.2TeV n=2 2102.10874 Asymmetrlc DM EFT 1
9 ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n =3 HLZNLO 1707.04147 1
2  ADD QBH - 2j - 139 | My, 94TeV n=6 1910.08447 Freeze-In DM '
©  ADD BH multijet - >3]j - 36 | My 9.55TeV n =6, Mp =3 TeV, rot BH 1512.02586
E  RS1Gkk -y 2y - ~ 139 | Gwmass 4.5 Tev k/Mip = 0.1 2102.13405 SIMP/ELDER ———t 1
i) Bulk RS Gy - WW/ZZ multi-channel 36.1 Gy mass 2.3TeV k/Mp; = 1.0 1808.02380 SM+S 1
8 BukRS Gkk —» WV - fvqq 1epu 2j/1J  Yes 139 | Gkk mass 2.0 TeV k/Mp = 1.0 2004.14636 D k M tt CO-DCCEly
£ BukRS gk — tt Tew >1b>102 Yes 361 | ek mass 3.8 TeV F/m— 15% 1804.10823 ar atter 1
W™ 2uep/rPP leu 22b,23] Yes  36.1 KK mass 1.8 TeV Tier (1,1), B(A®D — ¢1) =1 1803.09678 CO- Annihilation 1
SSM Z’ — (¢ 2ep - - 139 Z' mass 5.1 TeV 1903.06248 D . 1 DM 1
SSM Z’' - 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242 1 .
@ Leptophobic Z’ — bb - 2b - 36.1 |z mass 2.1 TeV 1805.09299 ynamica SM+V (4S)—s exotic Z
o Leptophobic Z" — tt Oe,p >1b,>2J Yes 139 Z' mass 4.1 TeV r/m=12% 2005.05138 ( )
§ SSM W’ — ¢v 1eu - Yes 139 | W’ mass 6.0 TeV 1906.05609 decays
SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025 :
S SssMwW - - 21b>1J - 139 | W mass 4.4 TeV ATLAS-CONF-2021-043 WIMP BaryogeneSIS
S HVT W’ - WZ — fvggmodel B 1 e,u 2j/1J Yes 139 W’ mass 4.3 TeV gv =3 2004.14636 . . . .
S HVTW - WZ—(v0¢'modelC 3eu  2j(VBF) Yes 139 [wmass 340 GeV gven=1.g =0 ATLAS-CONF-2022-005 B arvoeenesis Exotic Baryon Oscillations
HVT W/ — WH — fvbbmodelB 1e,u  1-2b,1-0j Yes 139 W’ mass 3.3 TeV gv =3 2207.00230 y g .
HVT Z/ - ZH — ¢t/vvbbmodel B 0,2e,u  1-2b,1-0j VYes 139 Z’ mass 3.2 TeV gy =3 2207.00230 . .
LRSM Wg — uNg 2 1J - 80 | Wg mass 5.0 TeV m(Ng) = 0.5 TeV, g, = gr 1904.12679 LeptogeneSIS exotic nggs
Cl qqqq - 2] - 37.0 |A 21.8TeV 7, 1703.09127
— Clttqq 2eu - - 139 A 35.8 TeV /m 2006.12946 .. . decays
S Cleebs 2e 1b - 139 |a 1.8 TeV g =1 2105.13847 Minimal RH Neutrino =
Cl pubs 2u 1b - 139 A 2.0 TeV g =1 2105.13847 .
Cl tttt >lep 21b,>1) Yes  36.1 A 2.57 TeV |Carl = 4n 1811.02305 Wlth U(I)B L Z’
s Axial-vector med. (Dirac DM) Oeu, 1,y 1-4j Yes 139 Mined 2.1 TeV 84=0.25, g,=1, m(y)=1 GeV 2102.10874 th SU 2
Pseudo-scalar med. (DiracDM) O e,i,7,y 1-4]  Yes 139 | Mmea 376 GeV go=1, g=1. m(x)=1 GeV 2102.10874 . ( ) \%Y, .
O vVectormed. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 | Mumed 3.1 TeV £an o1, g2=0.8, m(y)=100 GeV 2108.13391 Neutrln o W1 R R exotic Hadron
Pseudo-scalar med. 2HDM+a  multi-channel 139 | Mmed 560 GeV tanp=1, g,=1, m(y)=10 GeV ATLAS-CONF-2021-036 long—lived scalars — d
Scalar LQ 15t gen 2e >2]j Yes 139 LQ mass 1.8 TeV p=1 2006.05872 M asses . . ecays
Scalar LQ 2™ gen 2 >2j  Yes 139 |LQumass 1.7 Tev B=1 2006.05872 with Hi £gs pOI’tal
G  ScalarLQ 3 gen 17 2b Yes 139 LQE mass 1.2 TeV B(LQ§ — br) =1 2108.07665 iy oductio I .
3 Scalar LQ 34 gen Oep  >2j,>2b Yes 139 [LOQymass 1.24 TeV BLQS - tv) =1 2004.14060 from ERS s i e e i S an m
Scalar LQ 3'3 gen >2e,u, 217 21j,>1b - 139 LQ7 mass 1.43 TeV BLQY - tr) =1 2101.11582
Scalar LQ 3" gen Oeu,>170-2},2b Yes 139 | LQZ mass 1.26 TeV B(LQ? - by) =1 2101.12527 . .
Vector LQ 3™ gen 17 2b Yes 139 | LQY mass 1.77 TeV BLQY — br) — 0.5, Y-M coupl. 2108.07665 Discrete Symmetrles
® VLQTT - Zt+ X 2e/2u/>3eu >1b,>1j - 139 T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024
< 2 VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
I (<) VLQ Ts/3T53| Ts/3 — Wt 4+ X 2(SS)/>3 e,u>1b,>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Tsy3 = Wt)=1, c(Ts;3Wt)=1 1807.11883
S E VLQT - Ht/Zt Teu >1b, >3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040 o
83 VQY - Wb leu  21b>1] Yes 361 |Ymass 1.85 TeV B(Y > Wh)=1, cg(Wh)=1 1812.07343
=" VLQB - Hb Oeu >2b,>1j,>1J - 139 B mass 2.0 TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018 , °
VLL 7 — Z7/Ht multi-channel  >1]j Yes 139 7’ mass 898 GeV SU(2) doublet ATLAS-CONF-2022-044
8 @ Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u" and d”, A = m(q") 1910.08447
= O Excitedquark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u” and d*, A = m(q") 1709.10440
§<> £ Excited quark b* — bg - 1b,1]j - 139 b* mass 3.2 TeV 1910.0447
Ly @ Excitedlepton ¢* 3e,u - - 20.3 A=3.0TeV 1411.2921
*=" Excited lepton v* 3eut - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw 234eu  22]  Yes 139 | NOmass 910 GeV 2202.02039 . . .
LRSM Majorana v 2u 2] - 36.1 Ng mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
S Higgs triplet H** —» W*W=* 23,4 e,u (SS) various  Yes 139 H** mass 350 GeV DY production 2101.11961
L Higgs triplet H** — ¢¢ 23,4eu(SS) - - 139 | H** mass 1.08 TeV DY production ATLAS-CONF-2022-010
S  Higgs triplet H** — (7 Beut - - 203 |H**mass  400GeV DY production, B(H;* — (1) =1 1411.2921
Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130

B T Signatures in ATLAS and CMS not visible

*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). i n Sta n d a rd Sea rc h es! !
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-034/fig_01.png

How can we look for LLPs in collider experiments?

That depends on:

LLP lifetime

Standard HEP detector structure

m Figure by distance travelled
H. Russell
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How can we look for LLPs in collider experiments?

That depends on:

prT—

Is it charged?
Does it leave a standard track?
Is it highly ionising?

Is it neutral?
which decay mode (hadronic,
leptonic, photons, invisible)?

e None of these signatures would be

‘seen’” by a standard HEP search!

£

EXPERIMENT

E. Torro ICNFP 2023 July 2023
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How can we look for LLPs in collider experiments?

That depends on:

1P et

. combination of hardware + software that must decide very quickly whether to save an event or lose it forever

Standard triggers have no sensitivity to LLPs

Displaced leptonic vertices

DeveIOp Displaced

vertices +
MET
y N

Displaced jets
in the ID

Disappe

tracks
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How can we look for LLPs in collider experiments?

That depends on:

prT—

Small or unusual backgrounds play a key role:

SM particles with material interactions

cosmic muons beam halo muons

relatlvely |Ong Ilfetlme =300 .A.T{".q.s, _ | I\“§|=‘8]T|e\{,]201.3lfb"
“Z - is B I o
> i leptons 2001 ]
o strange hadrons i ]
— 10 >harm hadrons . )\ Ol
o F D | beauty hadrons 100 \ \\® 1
£ i o NG | | =10
o s - 0 net.Jtron
- Ks KK_
-100- &\ o
107 : b -200]
L .I".)I_“._’I ' .I16I_1;I ' 1118_7.I ' .111(;_311 ' ..I ‘.'I(?.I ool 1|05 L
vetme L2] e TR
For most of them, no good simulations
All searches rely on data-driven methods
E.Torr6  ICNFP 2023 July 2023 I
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LLP lifetime object identification “ background rejection

Latest results
on

Searches for LLPs
in ATLAS

£
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Micro-displaced muons ANA-SUSY-2020-09

L
’ 4

b G
Search for pairs of opposite charge muons with O(mm) impact parameter >}::
<
GMSB SUSY with nearly massless gravitino LSP and long-lived slepton ("7, e, ‘u NLSP) P
)
due to small coupling to the LSP
Di-muon trigger
Very simple Signal Region selection: two muons with large transverse impact parameter ldol > 0.6 mm
110 < My.+p- < 200 GeV My+p-> 200 GeV
£ 3 &3
£ £
Dominant SM background: semileptonic B-hadron % :
decays, bb -> u u
Other SM processes with prompt leptons are negligible
(ZIW+jets, tt, single top, di-boson) 06 06
0.10.3 0.6 Ido p+| mr: 0.10.3 0.6 |d0 u+| mr;
@3) ldol > 0.1 mm to reduce SM processes

E.Torr6  ICNFP 2023 July 2023 9
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-09/
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15 Validation regions to test the ABCD method

General good agreement

One region has a 20 non-closure

Micro-displaced muons

Systematic uncertainty assigned in the signal region.

B IAITLAISI | ¢ IObserved Data

Vs =13 TeV, 139 fb’! NS

\ \ Expected Background
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Region
Excluded lifetimes
down to 1 ps for
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ANA-SUSY-2020-09

No excess observed

pn—=uGuG

::t | | L | L | L | L | L | L | L L I_ | |
- ATLAS . <10°
— 4 =" Expected limits =
E_EIT 3.tT e\i’ 9153/9 ];?L —— Observed limits . 5 —
- Imits a % _
_ Slepton Signature = 10 8
= Displaced, PRL 127 051802 (2021) 7
; Intermediate, this work = 1 04
| Prompt, EPJC 80 (2020) 123 -
- =10°
= = 107
; \ =410
c . ER
- =10~
L 1 | L 11 1 | L 111 | L 11 1 | L 111 | L 11 1 | L 111 | L 111 | L 11 1

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

Closing the gap between

and large displacement
searches

Excluded lifetimes
down to 10 ps for
m(~u) ~ 520 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-09/

Large-Radius Tracking

Standard tracking in ATLAS optimized for particles pointing back to IP
tight requirements in number of silicon hits and impact parameter
would reject tracks from displaced decays

£

ATLAS

EEEEEEEEEE

E. Torro ICNFP 2023 July 2023

IDT1R-2021-03
b

a
-
5‘(% b
p
7 b
P|X&ay\e< Track
Pixel La\yer—1
5\
WA
<\‘ Track ——

11


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/

Large-Radius Tracking DTR-2021-03

= g
b

h a/
<
Jj b
Standard tracking in ATLAS optimized for particles pointing back to IP p
tight requirements in number of silicon hits and impact parameter 7 5
would reject tracks from displaced decays ,
Pixel I—ayer'z Track Track ® Secondary Vertex
/ ® Required Hits
Large radius fcracking (!_RT) | | Pixel Layer-" O Allowed Hits
Relax requirements in number of hits and impact parameter + Forbidden Hits
Re-run with hits not associated with standard tracks
Pixel B-Layer Track—0_
IBL X
S AP,
R
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/

Large-Radius Tracking ATL-COM-DAQ-2022-023

=

Standard tracking in ATLAS optimized for particles pointing back to IP
tight requirements in number of silicon hits and impact parameter

would reject tracks from displaced decays & L T T T
s "L ATLAS Simulation Preliminary ]
s - Vs=13TeV V HLT FS Standard Tracking 7
i 1-2[ R-hadron AHLT FS LRT -
Large radius tracking (LRT) S 1:—mtf 1.2 TeV, ct =300 mm O HLT Combined (Std + LRT) -
Relax requirements in number of hits and impact parameter g pldf=2mm ® Offline Reconstruction -
: : : : e - Efficiency wrt Truth -
Re-run with hits not associated with standard tracks o 0.8 -
Improves reconstruction for displacements up to 300 mm S ogoe -
X — O |
| . . - S 0.45AR0 _®e
LRT running at HLT trigger level in Run 3!! S T 2ARg Tee -
— B @@ 0o
0.2/A AR
O: 'V'V'V' VAVAVAvAVAVAvAvAvAvivAvAvAvAviwiviviivliviis
0 100 150 200 250 300

R-hadron transverse decay radius [mm]

Efficiency to reconstruct
@ displaced electrons, muons and

E.Torr6  ICNFP 2023 July 2023 disappearing tracks in backup 13


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2021-03/
https://cds.cern.ch/record/2807744

Displaced vertices + jets

=

Long-lived particles decaying into hadrons in the ATLAS inner detector

SM (MSSM) R-parity-violating (RPV)
mean proper lifetimes 7 up to O(10) ns

Using LRT in events with multiple energetic jets and a displaced vertex

Vertexing:

1. two-track seed vertices, where at least one track with Idol > 2 mm

iteratively merged to form n-track vertices & .-,/ assmaion _
. _ _ 2 - Strong RPV: m(@) = 1800 GeV, m(%.) = 850 GeV,t=1ns
2. additional tracks with looser selection E 1;::%.“%* ‘ o Slndar Teckng
itari B 0.8 ‘i
criteria are attached to the reconstructed S 080, “ **+#*+*+*+‘*++++++#
. Cé) - ® +
vertices 5 08p ¥, s ++
o — . |
> 0.4 ’%’n t b
() B ¢ *
0.2] W s M
4 * A
/‘....|....|....|.¢..".¢¢P¢."¢.+’.’q¢
requirement on % 50 100 150 200 250 300
R [mm]

two-track seed

@) vertices must have

E.Torr6  ICNFP 2023 July 2023 ldol > 2mm

Full SR Selection Efficiency

SUSY-2018-13
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eoq _
B .. —e— w/ Track Attachment
0.8 7, oo o %% w/o Track Attachment
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0.6 ° —
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0.2 "0....“ ]
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_ | | | | | ""m
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/

SUSY-2018-13

ATLAS Vs=13 TeV, 139 fb™

Displaced vertices + jets

£ ' R
3200 41 ¢
- 1 410°°
Three main sources of background: 100 3
hadronic interactions: detector material 0 =
accidental crossings: low-mass displaced vertices crossed by an unrelated track 100
merged vertices: close-by low-mass displaced vertices - 1 10
-200[— ]
- R R R i cloo oy by 1 1
Reject them with DV selection: T
DV at least 4 mm away from any collision vertex N RV L5 (o e
imits at 95% w X X (—qdq
DVs must satisfy a material map veto < 2000pr——rrm m AL A S
- © - ATLAS “=2 Obs. limit (1 0550")
DVs m:Jgt(;]a\\;e at least five tracks go 1800 eV, L 130 1 T e it Oe:p)y :
mpy > € £~ 1600 P L —
14003— —f
Data-driven technique that predicts the rate of DVs from all 1200 =
three sources above 1000F- -
 oach ook 1 analve Neutralinos with 800}~ E
edch ~2ET10 background analysis m=1.5TeV excluded with 600}~ -
lifetimes in the range of 400 =

@ 0.02 nsto 4 ns 0°
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/

¢ ATL-PHYS-PUB-2022-007

Displaced jets

Prompt search

reinterpretation nner f Decays
Prompt MET-based Tracker Muon outside the
DV based search searches Bl

using LRT

N \14TLAS F reliminary (March 2022) 13 TeV, 36-139 fb” /Hidden Sector, m, = 125 GeV Prompt decay
=L ' y : Selected ATLAS results
: 95% CL observed limits

Contributing searches:
Muon System (2 Vix Only), 139 fb™
arXiv:2203.00587
Muon System (1 Vix + 2 Vix), 36 fb™
Phys. Rev. D 99 (2019) 052005
Calorimeter, 139 b’
arXiv:2203.01009 .
: Tracker+Muon System, 36 fb ™ d ecay In 1D
1072 oS R S — Phys. Rev. D 101 (2020) 052013
: Tracker (LRT), 139 fb "
::_HEP k11 (%321) 2)2936 .
® racker (b-tag), i N
JHEP 10 (2018) 031 decay N Ecal
Monojet, 139 fb™
ATL-PHYS-PUB-2021-020

H— inv, 7-8-13 TeV combination - d ecay | N H Ca |

ATLAS-CONF-2020-052

LLP masses: deca Yy
Bsecev [ 1520Gev | |25:35 Gev in MS

] " 40Gev [4se0Gev [Any

search Calorimeters  Spectrometer detector

B(H—ss

decay in Pixel

e sssmssssssssssnmanmn Wl . s s EE e

107"

IR
(1

Prompt,

N L R R I I R I I I I IR I I

10°°

10° 10* 10° 102 10" 1 10 10> 10°
ct [m

@ Calo/MS displaced

| objects searches Neutral LLP, Traveled Diskanc
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-007/

Charged LLPs JHEP06(2023)158

- q

Pair production of different long-lived sparticles of charge |g| = 1 D q
Isolated tracks with high transverse momenta (pT) and anomalously large ’,-"-‘-‘-u X5
specific ionisation losses (dE/dx) "’55“ S
particles are expected to move significantly slower than the speed of light D S q
Use q

Fully data-driven background estimation!

EXPERIMENT
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https://link.springer.com/article/10.1007/JHEP06(2023)158

Charged LLPs JHEP06(2023)158

Pair production of different long-lived sparticles of charge |g| = 1 D )
. . . gaLp)
Isolated tracks with high transverse momenta (pT) and anomalously large _gg@ ==
specific ionisation losses (dE/dx) L o D0
. L | g(LLP)
particles are expected to move significantly slower than the speed of light D
Use
. . . > 106 EI I I I | I I I I | I I I I | I I I I | I I I Ié
Fully data-driven background estimation! G 10°E ATLAS o o B
— -Inclusive_Hig T ev, mi <. =
8 102? mE@'Z):Z.ZTeV, mE’;ZO))=1OOGeV,r@=1OnS +Ob ) E
: 10 ;? _-_:r"-mzq_ﬂ.s Tzv,z';g _=1onr;s serve ?;
global excess!! 8o Seouen 3
£ 10E4 %=
' ' UCJ OE y =
Is this New Physics??? g E
= N __|
Maybe, though... from TOF measurements: none 107 g
- . 102 & — =t
of the candidate tracks are from charged particles s Bl R T =
mOVing Significantly Slower than the Speed Of Iight w -O .IO E_' [ |+I I * y W A T 1 [T 1 1 7 © 11 I_E
O 3 E
2 1
AnaIySiS OngOing in Run 3! _SE 10—1 ihl_"l vl oo lw e | ws w w1 w
@ CDU 0 1000 2000 3000 4000 5000
m [GeV]

E. Torro ICNFP 2023 July 2023
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https://link.springer.com/article/10.1007/JHEP06(2023)158

Multicharged particles

EXOT-2018-54

q MCP
Y*/ZO
Search for heavy long-lived multi-charged particles (MCP) with high ionization
(higher electric charges and lower velocities)
_ q MCP
range of electric charges from Ig| = 2e to |g| = 7e
live long enough to traverse the entire ATLAS detector
z=2 z>2
< Vg7 71— S L AL B rrrrr 1T = < 102§ """" AL L r~rrrrrrrr e = |
5L : ATLAS 3§ o Amas S 5 s =
- - E - Vs = 13 TeV, 139 fo = = (5=13TeV, 139 b I Sonal (metdo0GeV. st
Triggers: Muon, MET, late-muon trigger g w0k T T e
S 107 ;s — S e T E
Select high-pT muon-like tracks with high 2 e oz vwsmimn 5 2 E 5
. 107 ? ° ;;alﬂl;qjgé% GeV, 2=2) E% ? ?
dE/dx values in several subdetector 10° - B~ 3 E
10 k- : 3 E
systems: pixel ID, TRT, MDT 107 n e 3 : E
RIS v Suyry | O T8 2 N n—
91_0 0 10 20 30 40 50 60 7_0 I | I I 10 15 20 25 3_0
@ S(pixel dE/dx) S(MDT dE/dx)
E.Torr6  ICNFP 2023 July 2023 19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-54/

Multicharged particles

Background mainly consists of:

high-pT muon reconstructed from several muons losing their energy
In the same detector elements

sporadic-noise

All background estimated by using a data-driven technique.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/

LRT at HLT trigger level
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EXOT-2018-54

q MCP

Multicharged particles
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