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Why Long Lived Particles (LLPs)

 ATLAS has a broad LLP program,
targeting a wide range off LLP
signatures and lifetimes.

 Why do we look for LLPs?

| | Ps breaks the conventional
prompt ATLAS signature searches
opening up a new sea of particle
signatures

* |t is an uncharted territory

* Requires dedicated approach for
triggering, reconstruction and
background handling.
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Introduction

 Today we have two ATLAS talks on these LLP signatures,
* This talk that will try to give a broad view of the LLP signatures
* Another talk on LLP signatures with displaced vertices.
* JToday we will be covering three new results:
» Search for LLPs with Large dE/dx
o Search for light neutral LLPs

* Reinterpretation SUSY searches with
Tau final states

.
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Search for LLPs with Large dE/dx




Search for LLPs with Large dE/dx

* The goal of this search is to detect the masses LLPs in ATLAS using:

* Using the ionisation energy loss (dE/dx) in ATLAS Pixels we can
extract the fy

» Using ATLAS calorimeter to measure the time-of-flight to extract the
velocity

 Reconstruct the mass of these tracks using p/fy = M

* |t’s sensitive to majority of charged LLPs with life-times longer than 1ns.

* Considered models are charginos, sleptons and R-hadrons.
* Joday new chargino results will become public.

* This analysis is a continuation of the analyses:
ATLAS-CONF-2023-044, JHEP 2306 (2023) 158
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Analysis Strategy
* The search strategy of this analysis is:

* |dentifying isolated tracks with high

transverse momentum (py), large specific
lonisation and a long time-of-flight.

* Reconstruct the mass using the p/fy = M

» (Generate data-driven background
distributions

MdE/dx

Target
mass_ |

* |dentity 2-D trapezoidal mass windows
containing good signal over background
ratio.

Search for LLPs with Large dE/dx

Events are triggered with a E;"°° Trigger

(" )
Good quality , high p; > 120 GeV, central |5| < 1.6 tracks are selected.

The quality is ensured by hit requirements.

AN

(. : iy
Tracks associated with jets, w bosons, tau’s and electrons are removed by

various isolation and m(Track, EITmSS) requirements

An ionization cut dE/dx > 1.8 is applied in-order to identify particles that
have low fy which is correlated to large dE/dx. The ionization cut varies
across signal categories.

4 ~
A frr < Peut(n) where f.ui(n) = 1 — 20, is applied to detect particles

that are slow moving.

\_ J
trapezoid parameters, cone angle ®=22 degrees
o target mass [GeV] lower edge mass [GeV] | upper edge mass [GeV]
700 530 1390
° X Trapezoid 800 570 2380
® upper edge 900 620 5340
1000 720 6170
" trapezoid 1100 780 6170
™~ lower edge 1200 860 6170
0 1300 950 6170
1400 960 6170

| >
Target
mass
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Search for LLPs with Large dE/dx
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* |n total 9 events are observed over an expected background of 5.1 events.

Six of these events are inside the mass compatibility cone containing the trapezoid
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Search for LLPs with Large dE/dx
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Results

* With this search, we have expanded our existing chargino limits above lifetimes of 10 ns setting the mass limits upto 1.327 TeV

~ 0

Search for LLPs with Large dE/dx
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* With combination of other ATLAS analysis, we have good coverage of Wino like charginos.

* Our sensitivity drops short lifetimes which we plan to improve on with future studies that target disappearing or displaced

tracks
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Search for light and neutral LLPs

* |f the LLP candidate is neutral and when they decay inside the muon /
or calorimeter system we can have a jet like structure. . S
t ﬁ, HLSP
* These can come from the dark-sector. R <
_ < HLSP
* In this paper EXOT-2022-15, dark-photons (FRVZ model) are f \“x
searched 0 \ :
f

* These dark photons are mixing with the SM hypercharge.

 The decay of dark photons produces collimated fermions, similar
to a jet, called a dark photon jet (DPJs)

* This search targets dark photons from generated by the Higgs
boson decays.

LLP particles that

Disappearing Tracks
decay inside detector Detector Stable Particle:

Prompt Decays Displaced Vertices

Emerging Jets
(Dark Photon Jets
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earch for light and neutra S

Analysis Strategy

In this work these Higgs boson are generated via the
VBF process.

 Where Higgs decays into dark-fermions
which then decays into dark photon jets.

AS

< ee,qq

muonic DPJ calorimeter DPJ

Other production mechanisms were investigated in_ EXOT-2019-05 (WH) EXOT-2017-28 (ggF)

The analysis tries to identify DPJs in either the ATLAS muon or calorimeter system and categorises the signal region accordingly:

« 1uDPJ: Reconstructed from stand-alone tracks in the MS that lies in a fixed-size cone of AR = 0.4

» caloDPJ: Reconstructed from energy deposits where with low electromagnetic fraction (EMF<0.4)

« EMF = E (EM Calorimeter) / E(Total)
Ismet Siral, CERN EXOT-2022-15 13
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Search for light and neutral LLPs

Analysis Strategy

First categorise the event into DPJ flavor

Triggered MET trigger or for uDPJ specialised triggers.

Signal Sensitivity Cuts
MET cut increase signal sensitivity

2L AR=05 p,LGeV ] scalar sum of of all momenta around the DPJ

uDPJ charge to be neutral

Calo DPJ tagger to differentiate multi-jet events from CaloDPJ
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Cuts to select VBF Processes
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Search for light and neutral LLPS Selection  CRB CRC  CRD SR expected
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* The expected BG in the SR is estimated using the ABCD method.

 The BCD regions are defined by changing the isolation, #DPJ charge
and caloDPJ tagger score.
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Search for light and neutral LLPS Sclection CRB. CRC CRD SR expected | SR observed
Unblinded Results SR*g S 2=
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* The expected vs observed events agree within uncertainties.
* No significant excess has been observed.

 New limits are set for the Dark-photon production
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Search for Ilght and neutral LLPs
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* This search alone excludes wide range of dark-photons with varying masses and life-times
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Search for light and neutral LLPs
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 When combined with other production modes, branching fraction above 10% can be excluded
for decay lengths between 173 and 1296 mm for 10 GeV dark photons with the new VBF results
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Reinterpretation SUSY searches with Tau final states
Analysis Strategy

The PUB note ATL-PHYS-PUB-2024-007 reinterprets the two old results for LLP decays

27 final states: JHEP05(2024)150 with hadronically decaying Tau’s

e > 47 final states: JHEP07(2021)167 with upto two hadronically decaying Tau’s

i ) , ) /l’.’.k o
Wrpy = 12’ LiLjEp + A} LiQ;Dy + ’2J U;D;Dy + k;L;H,

In this reinterpretation we use this general supper potential with a focus on mass-degenerate
higgsino pairs and staus

» When 4,33 and 4,33 are non-zero results in a non-stable LSP that decays into SM leptons.

 Depending on the choice of RPV couplings and LSP and stau masses the LSP particles:

 Becomes long-lived and decays beyond the detector momentum resulting in MET signature

* Decays inside the detector resulting in displaced signatures

Ismet Siral, CERN ATL-PHYS-PUB-2024-007
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Stau masses in the range of 180 GeV to 340 GeV are excluded at 95% confidence level for
neutralino lifetimes exceeding 10-1 ns
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Reinterpretation SUSY searches with Tau final states
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The exclusion limits on higgsino masses reach up to 800 GeV in scenarios with lifetimes below 10-3 ns.
Ismet Siral, CERN ATL-PHYS-PUB-2024-007 23
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Where Do We Stand In Other LLP Searches?




Prompt Decays
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Displaced Vertices
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Detector Stable Particles
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ATLAS Preliminary

Status: March 2023 [£dt = (32.8-139) fo! Vs =13 TeV
Model Signature  [£dt [b™] Lifetime limit Reference
T T T T 1111 T T T T TII1 T T 1T T TTII71 T T 1T T TTIIT T T 1T T TIrIr T | I |
RPV t — uq displaced vix + muon 136 t lifetime ! I I I 0.003-6.0 m I m(t)=1.4 Te{/ 2003.11956
RPV j/? — eev/euv/uuy displaced lepton pair 32.8 ,\7‘1’ lifetime 0.003-1.0 m m(g)= 1.6 TeV, m(¢?9)= 1.3 TeV 1907.10037
RPV 9 — qqq displaced vix + jets 139 )2‘1’ lifetime 0.00135-9.0 m m(79)= 1.0 TeV 2301.13866
GGM ¥ - ZG displaced dimuon 329 )2‘1’ lifetime 0.029-18.0 m m(g)=1.1TeV, m({?)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 | ¥} lifetime 0.24-2.4 m m(7°, G)= 60, 20 GeV, By = 2% 2209.01029
GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(7)= 600 GeV 2011.07812
§ GMSB 7 — G displaced lepton 139 7 lifetime 9-270 mm m(7)= 200 GeV 2011.07812
@ AMSB pp — 7i{%, ¥ ¥7  disappearing track 136 /?f lifetime 0.06-3.06 m m(¥7)= 650 GeV 2201.02472
AMSB pp — ¥idd, ¥ ¥1 large pixel dE/dx 139 ,\71* lifetime 0.3-30.0 m m(¢7)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519m B(g — ?Sg): 0.1, m(g)= 500 GeV 1811.07370
Split SUSY large pixel dE/dx 139 | g lifetime >0.45m m(g)= 1.8 TeV, m(¢})= 100 GeV 2205.06013
Split SUSY displaced vtx + E}“iss 32.8 g lifetime 0.03-13.2 m m(g)=1.8 TeV, m(¢?)= 100 GeV 1710.04901
Split SUSY 0¢(,2-06jets +E1“.1iss 36.1 g lifetime 0.0-21m m(g)= 1.8 TeV, m({?)= 100 GeV | ATLAS-CONF-2018-003
H—ss 2 MS vertices 139 s lifetime 0.31-72.4 m m(s)= 35 GeV 2203.00587
° H—-ss 2 low-EMF trackless jets 139 [ s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
S VH with H —» ss — bbbb  2{ + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
é FRVZ H — 2y4 + X 2 u—jets 139 | yq lifetime 0.654-939 mm m(yq)= 400 MeV 2206.12181
‘é FRVZ H — 4y4 + X 2 u—jets 139 | 4 lifetime 2.7-534 mm m(y4)= 400 MeV 2206.12181
T H— 2,24 displaced dimuon 32.9 | Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H— ZZ, 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2 m m(Zy)= 10 GeV 1811.02542
C $(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o X B=1 pb, m(s)=50 GeV 1902.03094
© ,
§ (600 GeV) — ss low-EMF trk-less jets, MS vitx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
e (1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o X B=1pb, m(s)= 150 GeV 1902.03094
W — Nt,N — ty displaced vix (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — Nt,N — £ty displaced vix (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
% W — Nt,N — tty displaced vix (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — Nt,N — £ty displaced vix (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
| a3 aaul a3 1l a3l sl o aaul a1l
0.001 0.01 0.1 1 10 100 cT [m]
Vs =13 TeV Vs =13 TeV
partial data full data | L gl L el L1 el Lol L 1 gl L1 a1
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100
T [ns]

Ismet Siral, CERN
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Other Mentions

Multi-Charged Particles

EXOT-2018-54

SUSY dE/dx + Beta Calo:
ATLAS-CONF-2023-044

Magnetic Monopoles:

EXOT-2019-33

25



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-54/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-044
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-33
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-09

Conclusion

* As the ATLAS LLP community, we have been working hard to cover variety of LLP
signatures.

* Uncovering each of these signatures comes with unigue challenges.
 Joday we presented a small subset of these.

» Although we have not discovered any new physics, we are optimistic for Run-3 so
stay tuned for new results.

Thank you for listening!
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Where do we Stand in LLP Searches?

Hidden Sector

Prompt Decays
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* For Higgs decaying Iinto
neutral spin-0 bosons, we
cover a large sector of
different LLP masses and

life-times.
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Searches: ;
—..=— Muon System (2 Vix Only), 139 fb"

Phys. Rev. D 106 (2022) 032005

Muon System (1 Vtx + 2 Vitx), 36 fb™
Phys. Rev. D 99 (20191)9152005
Calorimeter, 139 f

JHEP 06 (2022) 005

. Tracker+Muon System, 36 fb "

Phys. Rev. D 101 (2020) 052013

. Tracker, 139 fb~

JHEP 11 (2021) 229

® Tracker (b-tag), 36 fb™
JHEP 10 (2018 0311
—.— Monojet, 139 fb"
ATL-PHYS-PUB-2021-020
m H-inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052
Tracker, 37.5-140 fb™
arXiv:2403.15332
LLP masses:
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SUSY dE/dx Analysis Backups
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Selections
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trapezoid parameters, cone angle ®=22 degrees
target mass [GeV] lower edge mass [GeV] | upper edge mass [GeV]
700 530 1390
800 570 2380
900 620 5340
1000 720 6170
1100 780 6170
1200 860 6170
1300 950 6170
1400 960 6170
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Dark Photons Backups




Validation regions for Dark photon

Requirement / Region CRB CRC

CRD

H H H
—uDPJ charge— 1,5) 1,5) 0
> Apr—osPr |GeV] 0,2.0) [2.0,20) [2.0,20)
Requirement / Region CRBS/ H CRC{;/ H CRD{;/ H

caloDPJ QCD tagger score 0.9,1] [0.8,0.9) ]0.8,0.9)

> ARr—os b (GeV] 2.0,20) (2.0, 20)

0, 2.0)
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Distributions
Signal MC
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Systematics

FRVZ model

pp — Hjj(VBF) — 274 + X + jj process
74 mass [GeV | Channel Normalisation Trigger Muon Jet NN taggers Total
SRﬂ 5.3 6.0 9.6 5.8 0.6 13.8
0.017 SR 1.8 4.7 - 2.1 13.6 14.6
SR!! 5.0 - - 12.1 11.2 17.2
SRﬁ 1.8 6.1 9.6 5.0 0.6 12.6
0.05 SR, 2.1 4.6 - 2.6 13.7 14.8
SRy 3.3 - _ 14.6 15.1 21.4
SRﬁ 3.2 6.0 9.6  10.8 0.2 15.9
0.1 SR 1.8 4.5 - 4.6 14.9 16.3
SR 3.2 0 - 14.9 13.8 20.6
SRE 2.4 6.0 9.6 7.5 0.9 13.8
0.4 SR 2.7 4.5 - 3.2 14.2 15.5
SR 2.1 0 - 24.3 12.9 27.6
SRﬁ 2.0 6.0 9.6 6.0 1.3 13.0
0.9 SR, 2.0 4.4 - 5.2 12.4 14.3
SRy 3.0 0 - 19.3 11.9 22.8
SRﬁ 2.7 6.0 9.6 6.0 1.6 13.2
2 SR, 2.6 4.7 - 4.0 12.8 14.4
SR 3.7 0 - 13.5 12.5 18.7
SRfj 2.6 6.0 9.6 6.2 2.8 13.5
6 SR; 2.5 3.9 - 3.9 12.5 13.9
SR 2.0 ; _ 15.5 13.9 20.9
SRE 1.9 6.0 9.6 4.0 4.0 12.8
10 SR, 2.6 4.5 - 9.8 14.5 18.3
SR 4.5 - - 213 16.9 27.6
SRﬁ 4.1 6.0 9.6  11.9 3.6 17.3
15 SR, 2.6 3.8 - 11.9 6.7 14.5
SR 4.1 - - 212 15.5 26.6
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Reinterpretation SUSY searches with Tau final states




Distributions of the number of events presenting the two highest-pT thad
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Signal Models

Ismet Siral, CERN

Stau model

Higgsino model

Decays

R -0
7T — 7X1
. -0 ~0
T — 7X1, X1 = {tv/TTVU

T — TV

~ I ~U

X1 — qq (fv)X1

-+ 0 -0

X1 — qq (fv)X1, X1 — btv/TTV
~ 1T
X1 — lr71/lvv/TVV

X2 — qq‘(ﬁ[?)i(l)

-0 ~ <0 -0

X2 — qq(0l)X1, X1 = ltv/TTUV
X2 — (tv/TTUV

Other sparticle

~

m({) = 5 TeV

m(7) = 2 TeV

~

IMASSEes m(/) =5 TeV
. . . ~U
. L0 higgsino-like X1
bino-like X1 -+ -0
LSP Am(X1, X1) = 0.25 GeV

111()2(1)) = 50 GeV

Am(Xz2, X1) = 0.5 GeV




2 Tau Signal Selection

Ismet Siral, CERN

Medium 7,4 | Tight 7.9 | b-tags | Z/h B requirement | Representative cuts
> 1 veto | veto | € [60, 150] GeV mTo > 80 GeV
=2, 05y, > 85 GeV,
b - veto | veto > 150 GeV T ‘
Mrsnm > 400 GeV
> 1 veto | veto | € [60, 150] GeV mro > 70 GeV
> 2. 08 > 85 GeV.
N b2 - veto veto > 150 GeV i ‘

Mrsym > 400 GeV




4 Lepton Signal Selection

Light leptons | Medium 7,4 | b-tags Z boson Representative cuts
veto | require 2 candidates EXS > 100 GeV
veto | require 2 candidates | ER™ > 200 GeV

>4 > ()
veto veto Mg > 600 GeV
veto veto Mg > 1250 GeV
veto veto Mg > 600 GeV
=3 > 1
veto veto meg > 1000 GeV
veto veto Mg > 600 GeV
= 2 > 2
veto veto Mg > 1000 GeV
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