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Introduction
❖ Why LLP searches are significant.

‣ Distinctive signature → Zero or Low SM Bkg 
‣ Sensitivity gain promised with accumulating luminosity 
‣ Unconventional / Dedicated reconstruction + trigger 
‣ Instrumental backgrounds: Beam-induced backgrounds, Cosmic rays, Fake, etc.
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Accelerator LLP searches Landscape
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Collider LLP Search Signature Classes
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Prompt Event Topology Long-lived Peculiar Obj’s/Feat’s
Trigger & Basic Event Selection Special Discriminants to Effecitve-Zero SM Background 

Emiss
T

Jets
e±

γ μ±( ) Short Track (Decay in Flight)

Displaced Vertices

Anomalous Energy Loss

Non-prompt Leptons / Photons / Tracks

Slow Time-of-Flight( )⊗

Just roughly speaking: details matter.
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This talk

❖ Attempts to explain selected showcase analyses of ATLAS LLP searches.

❖ Classic Examples

‣ Displaced Vertex + Jets 
‣ Multi-charged stable particles 

❖ Some Sophistication

‣ Displaced Heavy Neutral Leptons 
‣ Unit-charged massive particles (dE/dx + ToF) 

❖ “Prompt” lifetime frontiers

‣ Micro-displaced muons 
‣ Compressed Higgsino 
‣ Prompt reinterpretations 

❖ More Developments & Prospects for HL-LHC

5
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Decay Detection Search Example: DV+Jets
❖ Benchmark: targeting at an  R-parity 

Violating SUSY scenario.


‣ Direct EWK: 2x   

‣ 2-step strong: 2x ,  

❖ Signature: No-lepton multijet + DV


‣ Event Topology-#1: high-  multijet ( ) 
‣ Event Topology-#2: multijet w/ trackless jets 

❖ An inclusive secondary vertexing algorithm 
optimized for high-multiplicity displaced 
vertices with track post-attachment after 
vertex finding.


❖ DV selection:  and 

‣ ATLAS-standard material veto, quality cuts.  
‣ DV properties“tailored”: attached tracks 

trimming-out for optimization.

UDD

χ̃±
1 /χ̃0

1 → qqq
g̃ → qqχ̃0

1 χ̃0
1 → qqq

pT ≥ 4j

mDV > 10 GeV Ntrk ≥ 5
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g̃

χ̃0
1 → qqq

g̃

ATLAS Beam Pipe

DV

(2nd DV)

Possibly Trackless Jets

(PV)
Visible Jets

(RPV)

Beam Line
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Decay Detection Search Example: DV+Jets
❖ 3 major sources of background events.

‣ Non-vetoed hadronic interactions 
‣ Merging of near-by vertices 
‣ Random crossing irrelevant tracks with DV yielding rather high 

invariant mass (esp. large crossing angle) 

❖ Each background component is individually estimated, while an 
inclusive background estimation method is devised.


❖ Inclusive method chosen (smaller uncertainty)

‣ Component-based estimation is compatible within uncertainties. 
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Decay Detection Search Example: DV+Jets
❖ 3 major sources of background events.

‣ Non-vetoed hadronic interactions 
‣ Merging of near-by vertices 
‣ Random crossing irrelevant tracks with DV yielding rather high 

invariant mass (esp. large crossing angle) 

❖ Each background component is individually estimated, while an 
inclusive background estimation method is devised.


❖ Inclusive method chosen (smaller uncertainty)

‣ Component-based estimation is compatible within uncertainties. 

 

❖ Good agreement with background in two SRs. 




❖ Stringent limits on  RPV scenarios.UDD
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DV not 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Good DV

Good DV

JHEP 06 (2023) 200 SUSY-2018-13

https://link.springer.com/article/10.1007/JHEP06(2023)200
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-13/
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Direct Detection Example: Multi-Charged Stable Particle

❖ A generic multi-charged particles (MCP) produced in 
pairs via Drell-Yan or photon-fusion processes.


❖ Scope:   and .


❖ ingle muon trigger supplemented by the  trigger 
and the “late muon” trigger.


❖ Require at least one track with  in  
 identified as an isolated muon.


❖ Require anomalously large  significane, 
, in multiple subsystems:


‣ : , then 
 &  

‣ : TRT high-threshold hits fraction ( ) > 0.7 & 

z = 2 3 ≤ z ≤ 7

E miss
T

pT/z > 50 GeV
|η | < 2.0

dE/dx
𝒮(dE/dx)

z = 2 𝒮(dE/dx, pixel) > 13.0
𝒮(dE/dx, TRT) > 2.0 𝒮(dE/dx, MDT) > 4.0
z > 2 fHT
𝒮(dE/dx, MDT) > 7.0
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ATLAS DRAFT

In this paper, the muon transverse momentum measured by the MS after the energy loss in the calorimeters95

is denoted by p
µ
T, while transverse momentum of charged particles measured by the combination of the ID96

and MS is denoted by pT. Charged-particle trajectories are reconstructed using standard algorithms. Since97

these algorithms assume particles with unit electric charge, the momenta of MCPs are underestimated by a98

factor z, as the track curvature is proportional to pT/z.99

A two-level trigger system is used to select interesting events [19]. The first trigger level is implemented in100

hardware and uses a subset of the detector information to reduce the event rate to a design value of at most101

100 kHz. This is followed by the software-based high-level trigger, which reduces the event rate to about102

1 kHz.103

An extensive software suite [20] is used in the reconstruction and analysis of real and simulated data, in104

detector operations, and in the trigger and data acquisition systems of the experiment.105

3 Samples of simulated events106

Benchmark samples of simulated events with MCPs were generated for a range of masses between 500107

and 2000 GeV in steps of 300 GeV, for charges ze with z = 2, 3, . . . , 7. Muon-like pairs of MCPs were108

generated via two lowest-order processes implemented in M��G����5_�MC@NLO 2.6.7 [21]: Drell–Yan109

(DY) process with both photon and Z-boson exchanges included and the photon-fusion (PF) process as110

shown in Feynman diagrams in Figure 1.111

q

q

0*+Zγ

MCP

MCP

(a)

γ

γ

MCP

MCP

(b)

Figure 1: LO Feynman diagrams of MCP-generation processes: DY process (a), PF process (t-channel diagram) (b).

This implementation of the production processes models the kinematic distributions and determines the112

cross-sections. Cross-section values for MCP pair production range from a few tenths of a picobarn (mass113

of 500 GeV, z = 7, PF mode) down to a few tenths of an attobarn (mass of 2000 GeV, z = 2, PF mode).114

Events were generated using the NNPDF2.3LO [22] and LUX��� [23] parton distribution functions (for115

DY and PF modes, respectively) with the A14 set of tuned parameters [24], and P����� 8.244 [25, 26] was116

used for hadronization and underlying-event generation. Samples with events produced via DY and PF117

modes (with the same mass and charge values) were merged with production cross-section values acting as118

weights for each generated event. PF-mode cross-sections dominate at high charge values.119

Simulated samples with muons from Z ! µµ decays were generated at NLO using P����� B�� [27,120

28] interfaced to the P����� 8.186 parton shower model. The AZNLO tuned parameters [29] were121

employed, with the CTEQ6L1 PDF set [30] for the modeling of non-perturbative e�ects. The E��G�� 1.2.0122

program [31] was utilized for the properties of b- and c-hadron decays.123

29th April 2022 – 12:06 4

(*) Pixel dE/dx unused due to saturation and inefficiency.
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Direct Detection Example: Multi-Charged Stable Particle

❖ Backgound estimation: the ABCD method assuming 
two final discriminants are orthogonal each other.


‣ :  &  

‣ :  & 
z = 2 𝒮(dE/dx, TRT) 𝒮(dE/dx, MDT)
z > 2 fHT 𝒮(dE/dx, MDT)
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• Observed events in SR  well 
consistent with the estimation.


• Put stringent limits to MCPs

PLB 847 (2023) 138316 EXOT-2018-54

https://www.sciencedirect.com/science/article/pii/S0370269323006500?via=ihub
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-54/
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Lifetime Frontier Advancement (1): disp.HNL
❖ Heavy Neutral Leptons (HNL) : an intriguing 

model explaining the neutrino mass with type-I 
see-saw model.


❖ The W boson decay can probe a possible 
mixture of SM neutrino—HNL.


❖ A specific range of mixing  will have a 
displaced decay of HNL to neutrino + virtual 

 via — —  mixing: LLP regime.


❖ Focusing only decays involving ( ) 
→ 6 flavor permutations incl. prompt lepton.


❖ ID displaced vertexing employed lepton-
preselected vertexing → clean analysis!


❖ 4-vectors of 3 leptons can kinematically deduce 
the HNL mass assuming the mother is  boson:  
a peculiar discriminant than “just a dilepton DV”.

|U |

W/Z ν N ν

e, μ

W

11

Figure 30: BC6: Sensitivity to Heavy Neutral Leptons with coupling to the first lepton
generation only. Current bounds (filled areas) and near (≥ 5 years) future physics reach of
two PBC projects, FASER and NA62++ (solid lines). See text for details.

– 100 –

LLP!

La Thuile 2022 —Young Scientist: Forum 4Dominique Trischuk 

Displaced Heavy Neutral Leptons 

/

Displaced 
Vertex (DV)

Primary 
Vertex (PV)

μ±

νe
e±

HNL

μ∓
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Experimental HNL Signature:
— Prompt lepton (used for trigger) 
— Displaced vertex (DV) with 2 opposite 
charge leptons

α −β γ

Six signal regions (SR):  
μ-μμ, μ-μe, μ-ee, e-ee, e-eμ, e-μμ

prompt 
lepton

displaced 
leptons
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Lifetime Frontier Advancement (1): disp.HNL
❖ Event selection optimized so that the residual 

background dominated by random crossing of 
displaced leptons.

‣ Assumption validated by comparing SS and OS 

displaced vertices in no-prompt-lepton DV events. 

❖ Signal region background estimated by randomly 
pairing “prompt lepton” and “DV” from different event 
sets.

‣ Effectively inflate statistics with a caveat of reusing 

same objects multiple times in evaluation of the 
sample statistics impact on the background 
uncertainty. 

❖ 6 lepton permutations bins simultaneously fit to data: 
No significant excess wrt. background.

12

PRL 131 (2023) 061803 EXOT-2019-29

https://link.aps.org/doi/10.1103/PhysRevLett.131.061803
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-29/
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Lifetime Frontier Advancement (1): disp.HNL
❖ Event selection optimized so that the residual 

background dominated by random crossing of 
displaced leptons.

‣ Assumption validated by comparing SS and OS 

displaced vertices in no-prompt-lepton DV events. 

❖ Signal region background estimated by randomly 
pairing “prompt lepton” and “DV” from different event 
sets.

‣ Effectively inflate statistics with a caveat of reusing 

same objects multiple times in evaluation of the 
sample statistics impact on the background 
uncertainty. 

❖ 6 lepton permutations bins simultaneously fit to data: 
No significant excess wrt. background.


❖ Limits quoted to long-lived HNL with various flavor-
mixing senarios and Normal and Inverted neutrino 
mass hierarchies.
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PRL 131 (2023) 061803 EXOT-2019-29

https://link.aps.org/doi/10.1103/PhysRevLett.131.061803
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-29/
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Lifetime Frontier Advancement (2): charged LLP

❖ A high-  inner detector track with a significantly large  is a possible BSM particle for 
various scenarios.


❖ The pixel detector’s charge measurement offers a good  measurement, spanning from a 
few ns to detector-stable lifetimes.


❖ The full Run 2 analysis observed a 3.6 sigma (local) events at high mass range with no obvious 
instrumental pathologies, though a check of ToF did not indicate slowness of candidates.


❖ A past LLP Workshop had a dedicated discussion session for this result…

pT dE/dx

dE/dx
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JHEP 06 (2023) 158 SUSY-2018-42

https://indico.cern.ch/event/1128662/timetable/#b-463504-new-llp-search-result
https://link.springer.com/article/10.1007/JHEP06(2023)158
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-42/
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Lifetime Frontier Advancement (2): charged LLP
❖ As a follow-up, the tile-calo ToF is more extensively used on top of pixel , with a slight sacrificing of 

sensitivity in the short lifetime end, conserving most of event selections  consistent with Bkg.


❖ Advantage in estimating the mass using independent observable of  and ToF and much more 
stringent background rejection.

dE/dx
⟹

dE/dx
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ATLAS-PUB-2024-009

 Dedicated presentation: A. E. Mulski (Wed Morning)⇒
Averaged Mass Distribution Gluino R-hadron Interpretation Wino Interpretation

ATLAS-CONF-2023-044

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-009/
https://indico.cern.ch/event/1381368/timetable/#65-atlas-dedx-beta-calo
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-044
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Closing the Near-Prompt Frontier : Case-#1
❖ Targeting a slight displacement from PV is a hard analysis byte!


❖ Harsh contamination of SM backgrounds.

16

Example: Displaced leptons 
( )e+e−, μ+μ−, e±μ∓

PRL 127 (2021) 051802 SUSY-2018-14

Run2 round-#1 analysis 
|d0 | ∈ [3, 300] mm

Interpretation for ,  
and leptonic decays of 

ẽ μ̃
τ̃

LLP

LLP

https://link.aps.org/doi/10.1103/PhysRevLett.127.051802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-14
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Closing the Near-Prompt Frontier : Case-#1
❖ Targeting a slight displacement from PV is a hard analysis byte!


❖ Harsh contamination of SM backgrounds.

17

LLP

LLP

PLB 846 (2023) 138172 SUSY-2020-09

Run2 round-#2 analysis 
 channel only μ+μ−

|d0 | ∈ [0.6, 3] mm

Run2 round-#1 analysis 
|d0 | ∈ [3, 300] mm

Interpretation for  
(This Figure: case)

μ̃
μ̃L

123 Page 16 of 33 Eur. Phys. J. C (2020) 80 :123

(a) (b)

(c)

Fig. 7 Observed and expected exclusion limits on SUSY simplified
models for chargino-pair production with a W -boson-mediated decays
and b slepton/sneutrino-mediated decays, and c for slepton-pair pro-
duction. In b all three slepton flavours (ẽ, µ̃, τ̃ ) are considered, while
only ẽ and µ̃ are considered in c. The observed (solid thick line) and
expected (thin dashed line) exclusion contours are indicated. The upper
shaded band corresponds to the ±1σ variations in the expected limit,
including all uncertainties except theoretical uncertainties in the sig-

nal cross-section. The dotted lines around the observed limit illustrate
the change in the observed limit as the nominal signal cross-section is
scaled up and down by the theoretical uncertainty. The blue line in b
corresponds to the observed limit for ℓ̃L projected into this model for
the chosen slepton mass hypothesis (slepton masses midway between
the mass of the chargino and that of the χ̃0

1 ). All limits are computed at
95% CL. The observed limits obtained by ATLAS in previous searches
are also shown (lower shaded areas) [24,25]

degenerate sleptons. These results significantly extend the
previous exclusion limits for the same scenarios.
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Extended interpretation 
from the prompt slepton ( ) searchmT2

EPJC 80 (2020) 123 SUSY-2018-32

https://link.aps.org/doi/10.1103/PhysRevLett.127.051802
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-09/
https://link.springer.com/article/10.1140/epjc/s10052-019-7594-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200217
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-32
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Closing the Near-Prompt Frontier : Case-#2

❖ Mass-degenerated Higgsino is one intriguing DM candidate.


❖ Basic search strategy: ISR +  (mono-jet) + “some additional feature”


❖ So far devised “soft di-lepton” and “disappearing track”


❖ A gap is present between “prompt” and “long-lived”

Emiss
T

18

ISR

消失飛跡

「単ジェット探索」 「ソフト レプトン対探索」 「消失飛跡探索」
副次ジェット 副次ジェット 副次ジェット

消失飛跡

「単ジェット探索」 「ソフト レプトン対探索」 「消失飛跡探索」
副次ジェット 副次ジェット 副次ジェット

LLP

ISR

Disapp.Trk
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Closing the Near-Prompt Frontier : Case-#2
❖ A curious phase space is found in the  

range PRL 124 101801 (2020).


❖ Higgsino emits a track-reconstructible  while the 
mother chargino flies slightly.


❖ A unique “mildly displaced soft track” signature.

‣ Discriminant: combination of soft track 

( ) and a pronounced  significance.

Δm ≃ 1 GeV

π±

pT ≤ 5 GeV d0

19

（副次ジェット輻射）

（運動量欠損）

陽子・陽子
衝突点

ISR Jet

Primary 
Vertex

 Dedicated presentation: Y. Mino (Thu Morning)⇒

NEW

PRL 132 (2024) 221801 SUSY-2020-04

https://doi.org/10.1103/PhysRevLett.124.101801
https://indico.cern.ch/event/1381368/timetable/#57-atlas-higgsino-with-displac
https://link.aps.org/doi/10.1103/PhysRevLett.132.221801
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04
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Re-interpretation Derivarables: Strategy

❖ Usage of LLP reinterpretation material published in HepData has basic applicability 
limitations, provided the signature event phase space would be much broader than 
benchmark signal samples can effectively probe.


❖ Non-triviality of such limitations are attempted to be clarified as possible. 


❖ Detailed presentation on this topic in the 2018 LLP workshop.

20

Auxiliary information for paper SUSY-2018-42 by the ATLAS Collaboration:

Search for heavy, long-lived, charged particles with large

ionisation energy loss in pp collisions at
p

s = 13 TeV using the

ATLAS experiment and the full Run 2 dataset

This material aims to give people outside the ATLAS Collaboration the possibility to reinterpret the

results from the search for heavy charged long-lived particles (CLLPs), using only particles from Monte

Carlo event generators. The reinterpretation material is provided for signal regions SR-Inclusive_Low,

SR-Inclusive_High. The “long” lifetime regime of mass windows is used.

Model Assumptions

The CLLP is assumed to be produced promptly at the pp collision. It is assumed to deposit energy in the

calorimeter as an electrically charged particle with |q | = 1. Due to impact parameter requirements imposed

on the signal tracks, it is not adequate to apply the provided e�ciencies for signals with a significant

displacement.

Accuracy of the estimation by the following procedure is not satisfactory when the o�ine Emiss

T
reconstruction

value is largely determined by the resolution of the measurement and its magnitude is relatively small

compared to the Emiss

T
requirement threshold of 170 GeV. For example, in case of stau pair-production of

m(⌧̃) = 300 GeV and stable lifetime, the majority of events do not pass the o�ine Emiss

T
requirement, and

the estimated events passing the event selection does not accurately reproduce the full simulation. In the

following, it is assumed that the the decay process and position of CLLP are implemented and available in

the truth-level information.

Truth-level variables

• The decay transverse radius of the CLLP is denoted as rdecay.

• The true pT, �� and ⌘ of the CLLP are also used hereafter.

• Calorimeter-level true missing transverse momentum, Emiss

T,calo
, is the magnitude of the vectorial sum

of momenta of all particles interacting similar to or less than minimal ionising particles (MIPs)

with the detector material of both of SM and BSM particles, including muons, neutrinos as well as

neutralinos, charginos, staus:

– if such a particle is promptly produced and it does not decay before the end of the hadronic

calorimeter, the transverse momentum is included;

– if such a particle is produced as a decay product of a LLP before the end of the hadronic

calorimeter and it does not decay before the end of calorimeters, the transverse momentum is

included.

The outer surfaces of the hadronic calorimeter is approximately defined as a cylinder of r = 3.9 m

and |z | = 6.0 m. This variable is suited to estimate the trigger e�ciency. Some examples of particle

inclusion or exclusion to Emiss

T,calo
are illustrated in Figure 1.

1

https://indico.cern.ch/event/714087/contributions/2985944/attachments/1650832/2640237/ATLAS_LLP_reinterpretation.pdf
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Prompt Search Inference to LLPs

21
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1 Introduction

Supersymmetry (SUSY) [1–6] is a generalisation of space-time symmetries and provides an extension
to the Standard Model (SM) by introducing partners of the known bosons and fermions, referred to as
sparticles. Charginos (j̃±

1,2) and neutralinos (j̃0
1,2,3,4) correspond to the mass eigenstates formed by the

mixtures of winos, binos and higgsinos, the superpartners of the electroweak and Higgs bosons. In this
note, the lightest neutralino, j̃0

1 , is assumed to be the lightest supersymmetric particle (LSP). The scalar
superpartners of the left- and right-handed charged leptons are known as sleptons, represented by ✓̃L and ✓̃R
respectively. The sleptons can mix to form two mass eigenstates; in the case of the g slepton, the lighter is
referred to as g̃1 while the heavier as g̃2.

The most general superpotential introduces terms allowing for baryon- and lepton-number violation [7]:
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where 8, 9 , and : refer to quark or lepton generation indices. !8 (⇢8) denotes the lepton SU(2)L doublet
(singlet) superfields, &8 (*8 and ⇡8) is the quark (up- and down-type quark) SU(2)L doublet (singlet)
superfields, �D represents the Higgs superfield coupled to up-type quarks. Non-zero values of both baryon-
and lepton-number-violating couplings lead to rapid proton decay, which has not been observed. An
ad-hoc Z2 symmetry ('-parity) can be imposed to forbid these couplings in the potential. However, other
theoretical alternatives can prevent proton decay, while allowing '-parity-violating (RPV) couplings [8–10].
Furthermore, the existence of non-vanishing RPV couplings could accommodate neutrino masses [11,
12].

Non-zero _133 or _233 couplings result in an unstable LSP, decaying into two charged SM leptons, with at
least one being a g-lepton, and a neutrino. The lifetime of the LSP, denoted as gLSP, depends both on the
value of the RPV coupling and on the difference between LSP and stau masses in this study. If gLSP is
sufficiently large, the LSP decays beyond the detector volume, mimicking the presence of large missing
transverse momentum (⇢miss

T ), a common feature of RPC SUSY. Moderate values for gLSP, O(10�3
� 1) ns,

yields LSP decays inside the ATLAS detector and result in displaced signatures [13]. As the RPV coupling
becomes similar or larger than the gauge couplings, the LSP decays promptly and the next-to-lightest
supersymmetric particle (NLSP) decays directly to SM particles rather than undergoing a cascade decay to
the LSP.

The production of light higgsinos and staus are the focus of the reinterpretation presented in what follows.
Models with light staus can lead to a dark-matter relic density consistent with cosmological observations
through coannihilation with neutralinos [14–16]. Moreover, the naturalness argument for SUSY would
require light higgsino masses [17]. While sparticles can in general be copiously produced via strong
interactions [18], the strict constraints on strongly produced SUSY from the LHC make electroweak
production increasingly compelling. RPV models with non-zero _133 and _233 couplings have received
renewed interest through their potential to explain the (6 � 2)` anomaly [19], flavour anomalies [20], or
both [21]. Even if the anomalies are not confirmed, the models considered lead to interesting experimental
signatures stemming from various strengths of _133 or _233 coupling, which are under-explored.

This note presents a reinterpretation of two public ATLAS SUSY searches, the di-g analysis [22] and the
four-lepton (4L) analysis [23], to constraint models involving lepton-number-violating RPV with variable
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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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❖ Prompt searches are “indiscernible limit” of LLP searches!


❖ Re-interpretation of prompt searches effectively complements LLP searches  
where LLP techniques hit the “wall” of SM backgrounds.


❖ Illustrative examples: GMSB sleptons (from  search), gluino R-hadrons (from SUSY 0-lepton),  
R-parity-conserving (RPC) to R-parity violation (RPV) (from EWK di-tau search)
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❖ Reconstruction & Data Production workflow have largely changed from Run 1 to Run 3.


❖ Data flow scheme is largely determined by available computing resources.


❖ Major impacts on LLP search analysis timeline and available features.
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Technical Advancement: Track Reconstruction
❖ LLP-dedicated extended tracking (large-  tracking)  

 ATLAS Jargon: Large-Radius Rracking (LRT)

‣ An additional track finding only using the left-over hits. 

‣ Extending up to  (near the 1st strip layer). 

❖ LRT in Run 2: specially processed for exclusive RAW data samples 
reserved for LLP searches.

‣ While efficiency for real particles is high, both the CPU cost and the 

amount of fake track rate were high. 
‣ Acceptable in Run 2, as this “distilled” data sample size is small. 
‣ Somewhat vulnerable against pileup: CPU cost and fake rate. 

❖ Run3: re-optimization of the LRT algorithm.

‣ Strategy-#1: Find & quit seeking the fake tracks as early as possible. 
‣ Strategy-#2: Significantly reduce fake tracks by optimizing selections. 

❖ Significantly robust against pileup.

‣ “Standardizing” LRT as a part of the nominal reconstruction. 
‣ Opening up wide opportunities for LLP searches (also for Run 2 data!)

d0
⟹

|d0 | < 300 mm
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Fig. 5 The (a) processing time taken per event to reconstruct the same
data events and (b) event size of the LRT reconstruction output, ver-
sus average pileup, comparing the legacy LRT and updated LRT recon-
struction software. The high average pileup regime (open markers) with
⟨µ⟩ > 80 indicates data events taken from a 2018 machine development

fill not passing the full ATLAS data quality requirements and therefore
these are not included in the so-called ‘Good Run List’, GRL (‘Not on
GRL’). This range is included to provide an indication of the expected
performance in such extreme pileup regimes

hits compatible with the seed) used to extend the seeds within
the track finding stage are narrowed. These strict selections
reduce the acceptance of tracks from LLP decays by less than
5% but they significantly reduce the number of low-quality
tracks written to storage. Thus, they also lower the required
number of iterations of the ambiguity resolution and TRT
extension phases.

The resulting collection of tracks, whether they have a
valid TRT extension or not, form the LRT track collection.
The reduced total acceptance of LLP signal tracks compared
to the legacy implementation is between 5 and 10% inde-
pendent of the decay radius of the LLP. Detailed reconstruc-
tion efficiency studies of this new LRT pass are discussed in
Sects. 5 and 6. When performing measurements or searches
of new phenomena using the ATLAS data, the Poisson statis-
tics of a counting experiment often results in a sensitivity
related to Ns/

√
Nb, where Ns corresponds to the signal yield

and Nb refers to the number of background events. A sim-
ilar figure of merit, defined with the number of tracks orig-
inated from the LLP decays (NLLP

trk ) and from fake tracks

(N fake
trk ), NLLP

trk /
√
N fake

trk is used to quantify the impact of LRT
on physics analyses. This figure of merit has improved by
more than 400% for LHC Run 2 pileup conditions, mak-
ing this third tracking pass a highly efficient reconstruction
sequence. NLLP

trk (N fake
trk ) is strongly correlated with Ns (Nb),

however, this figure of merit here describes the LRT improve-
ment and does not directly translate to equal sensitivity gains
for LLP searches. Figure 5 shows the time to process8 the

8 All benchmark studies described in this work were run as the only
active user on a dedicated machine equipped with an AMD EPYCTM

7302 16-core processor, running the CERN CENTOS 7 operating sys-
tem. The processor was operated in ‘performance’ mode, with simulta-
neous multi-threading (SMT) and frequency boosting disabled.

LRT reconstruction and the output size of each event as a
function of the average interactions per bunch crossing in
2018 data sample (no trigger or event topology selections
applied). The processing time of the new implementation
has improved by more than 10 times compared to the legacy
implementation and the disk space usage per event for LRT
tracks has been reduced by more than a factor of 50.

4.3 Truth-matching in simulation and fake tracks

In order to match a generated particle in simulation to a
reconstructed track, a requirement (Rmatch) is applied that is
defined by comparing the number of measurements in detec-
tor elements which are common between the truth particle
trajectory and the reconstructed track:

Rmatch = 10 × NPixel
common + 5 × NSCT

common + NTRT
common

10 × NPixel
reco + 5 × NSCT

reco + NTRT
reco

, (1)

where NPixel/SCT/TRT
reco and NPixel/SCT/TRT

common are the num-
bers of hits in the different detectors which are present on the
reconstructed particle trajectory, and present on both the truth
particle trajectory and the reconstructed track, respectively.
The different weights applied to the different sub-detector are
motivated by the different number of hits available in each
sub-detector for the track reconstruction and the resolution
of those hits. Sub-detectors with fewer hits are assigned with
larger weights to ensure the truth matching does not favor one
particular sub-detector. Reconstructed tracks with high val-
ues of Rmatch are considered well-matched to a truth particle
and are used in efficiency calculations. Conversely, poorly-
matched tracks (low values of Rmatch) are referred to as fake
tracks. These tracks are dominated by incorrect combinations
of hits from multiple particles in the pattern recognition. In
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Fig. 8 Track reconstruction efficiencies as a function of ⟨µ⟩ for dis-
placed charged particles produced by the decay of long-lived signal
particles. (a) The primary, LRT and combined tracking efficiencies are
compared for the Higgs portal model. (b) The combined efficiencies

for the long-lived neutralino, Higgs portal and heavy neutral lepton sig-
nal models. Truth particles are required to fulfill the fiducial selection
criteria stated in the text

Fig. 9 A comparison of the radial distributions of reconstructed sec-
ondary vertices in a simulated LLP sample using the legacy and updated
track reconstruction configurations. The circular markers represent
reconstructed vertices that are matched to truth-level LLP decay ver-
tices (LLP). The dashed lines represent reconstructed vertices that are
not matched to truth-level LLP decay vertices (non-LLP). The radial
position of the pixel and SCT detector layers are indicated by verti-
cal lines. The lower panel shows the ratio of the number of vertices
reconstructed in the updated reconstruction to those reconstructed in
the legacy implementation for true LLP vertices (circular markers) and
non-LLP vertices (dashed lines). The uncertainties shown are statistical
only

ondary vertices consistent with the decays of K 0
S mesons

(Sect. 6.3).

6.1 Track properties

The distributions of the number of hits in the pixel and SCT
ID subsystems per LRT track are shown in Fig. 10, along
with the distributions of |d0| and the radius of the first hit
associated to the track. The largest deviations from unity in
the ratio of data to simulation are at the 10% level. This is
consistent with the performance of the Run 2 LRT configu-
ration [13] and indicates good agreement between data and
simulation. The peaks in the distribution of |d0| at 50 mm,
88 mm, and 122 mm coincide with the radial positions of the
three pixel barrel layers, and correspond to low-pT secondary
tracks with trajectories tangential to the detector modules.

6.2 Fake rate

The number of tracks corresponding to real charged particle
trajectories is expected to scale linearly with ⟨µ⟩, since it is
related to the number of charged particles produced in the
collisions. However, during reconstruction, it is possible for
the algorithm to reconstruct fake tracks not corresponding to
real charged particle trajectories. The number of these ran-
dom combinations is expected to scale with a higher power
as a function of ⟨µ⟩, since the increased combinatorics allow
for more track candidates to be formed. The average number
of primary tracks per event (⟨Ntrack,Prim.⟩) and the average
number of LRT tracks per event (⟨Ntrack,LRT⟩) as a function
of ⟨µ⟩ is shown in Fig. 11 for data and simulation. To account
for differences between the data and simulation in terms of
the overall number of charged particles per event, an overall
normalisation factor is used to adjust the number of tracks in
simulation to data. This scale factor is determined to be 0.94,
and is applied to simulation in both distributions.
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Technical Advancement: Trigger Development
❖ A number of strong initiatives towards Run 3 for devising LLP-dedicated triggers in High-Level Triggers.

‣ Combined with L1, these help to lower thresholds for conventional trigger signatures. 

❖ Much flexibility in implementation of filters for LLP derivation in Run3.
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HL-LHC Prospects (Brief)

25

HGTD

❖ Inner Tracker Upgrade will change the game.

‣ Layout change: lots of opportunities, but with caveats. 
‣ Readout change: high data rate acts differently to LLPs than ongoing Inner Detector (e.g. charge measurement)
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HL-LHC Prospects (Brief)

❖ Inner Tracker Upgrade will 
change the game.

‣ More advantageous for 

displaced decay tagging. 
‣ Less acceptance for short 

lifetime charged LLP searches. 

❖ HGTD timing pads at forward 
would offer more opportunities 
than pileup vertices 
discrimination.

26

Req. at least 4 
hits

ATLAS Run2 ID ATLAS ITk

Reconstructible range
(≥7 silicon hits)

ATLAS Run2 ID ATLAS ITk



Hideyuki Oide 2024-07-01

HL-LHC Prospects (Brief)

❖ Inner Tracker Upgrade will 
change the game.

‣ More advantageous for 

displaced decay tagging. 
‣ Less acceptance for short 

lifetime charged LLP searches. 

❖ HGTD timing pads at forward 
would offer more opportunities 
than pileup vertices 
discrimination.

27

Req. at least 4 
hits

ATLAS Run2 ID ATLAS ITk

Reconstructible range
(≥7 silicon hits)

ATLAS Run2 ID ATLAS ITk

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
 / [ns])τ(

10
log

2000

2200

2400

2600

2800

3000

3200

3400

3600

3800

4000

) [
G

eV
]

g~
m

(

)expσ1,2 ±Expected Limit (
thσ1 ±

 evidenceσ3
 discoveryσ5

 (observed)-1ATLAS 13 TeV, 33 fb
Phys. Rev. D 97 (2018) 052012

ATLAS  Simulation Preliminary

) = 100 GeV0χ, m(0χqq→g~Gluino R-Hadron, 

-0.9 
 +1.8, All limits at 95% CL, nB=1.8-1=14 TeV, 3000 fbs



Hideyuki Oide 2024-07-01

Summary

❖ Many LLP searches in ATLAS have bloomed in the middle of Run2.


‣ A number of productive and interesting results have been released. 
❖ Not just signature-driven! 

‣ Can probe many of promising BSM scenarios. 

❖ Not only riding on growing integrated lumi! 
Continuous evolution and sophistication of search techniques.

‣ Large-radius tracking 
‣ Vertexing 
‣ Trigger 
‣ Reconstruction 
‣ Derivation 

❖ LLP searches will continue to gain search sensitivity in HL-LHC. 
(as this community all aware of) Well anticipated to discover BSM.
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(Wed Morning) dE/dx + ToF(Calo)
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A.M. Rodriguez Vera 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We have a rich menu of

Dedicated talks within LLP2024
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