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Overview

Introduction to Long-Lived Particles

LHC/ATLAS Trigger system

LLP Detector Signals

Phase-l upgrades to the calorimeter trigger: gFEX
Emerging Jets Trigger

Phase-Il Global Trigger Upgrade
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What is a Long-Lived Particle?

The probability that a particle will decay at a time t is given by an exponential

istribution .
distributio Detector “Long Lived”
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LLPs arise in many theoretical models Riaperilifefimei ]

Figure from [1]
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Some Canonical Standard Model LLP Examples

Decays via a heavy particle

e Muons decay primarily to an electron and

: ) Detector “Long Lived”
two neutrinos via a W Boson 5

Detector-Prompt = = E‘ Detector-Stable
St
Limited decay phase space I 180

e Kshort (long) commonly decays to two
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Small couplings. | | 2 o ;
e B quarks within a B meson decayviaaW ; j ; e
Boson and c quark, which is suppressed 0% 0% 10 105 100 107 100 190 150
by an off diagonal CKM Matrix element SEpSHEESSEE )

Figure from [1] 4
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The ATLAS Detector at the LHC

ATLAS is a general purpose detector,
one of the 4 main experiments at
CERN'’s Large Hadron Collider (LHC)

Muon Spectrometer

Covers almost all of the solid angle
around the LHC beam collision point

Comprised of
e Inner Detector
e Liquid Argon Electromagnetic
Calorimeter
e Steel/Scintillator Tile Hadronic
Calorimeter I
e Muon Spectrometer
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The ATLAS Trigger System

The LHC provides proton collisions at a rate of 40 MHz (40 Million Events/sec)
Impossible to save all these events (and in fact, most are “boring!”)
ATLAS trigger system is two-tiered:

e Level-1 Trigger - Hardware - reduces rate to ~100 kHz
e High Level Trigger - Software - reduces rate to ~ 3 kHz -> data we save!
(~64 Tb raw data/sec) (~160 Gb raw data/sec) (~4.8 Gb raw data/sec)

Everything

Combined
else

/other
B Physics
jets

—)
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How do we find LLPs at detectors?

LLP Signatures at Colliders

Anomalous lonization
Delayed Detector Signal
Disappearing Tracks
Displaced Tracks
Displaced Vertices
Emerging Jets

Old strategy: use standard triggers
and look for these signatures offline

Can we utilize trigger upgrades to do
better?
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Upgrades to the ATLAS Trigger: L1Calo Architecture
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Hardware trigger upgraded for LHC
Run 3

New FEXes responsible for different
physics signatures

e Electron Feature Extractor (eFEX)
e Jet Feature Extractor (JFEX)
e Global Feature Extractor (gFEX)

All FEXes utilize FPGAs to run custom
firmware algorithms, allowing for
more complex selections at the
hardware level
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gFEX: Providing Global Event Triggers at Level 1

One ATCA board covers the
entirety of the ATLAS detector
(upto |n| 4.9) '

Very coarse tower granularity: 2“ iz
0.2x0.2 in n/¢ space compared g

to 0.1x0.1 in jJFEX and
0.025x0.1in eFEX

3 FPGAs cover different
regions of space

Allows for global event
calculations quickly

FCAL

IPE

].EM C, FCAL
T F

FPGA-A
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Physics Case for gFEX Large Radius Jets

Goal: Bring sensitivity to Lorentz

. _e. T T 17T | LI I T 1T | T T I T T 1T | T 1T T T_]

boosted ObJeCtS to L1 sl ATLAS Preliminary Simulation — Anti-k,R=1.0 i
-5_ 2 flevent, m., = 1.75 TeV ¢ Calorimeter clusters |

Standard Hardware Level Jet: 0.4 " my, =773 GeV, m,,, =428 Sy .
Radius (Small-R) in n/¢ space 2 M Top raciation ~
In Run 2: only chance to save this il -
event is triggering on the high energy - .
center 1 .
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y

0
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Physics Case for gFEX Large Radius Jets

Goal: Bring sensitivity to Lorentz

. _e. T T T°T | T 171 | T 1T I T 17 | | L | L I | L L
boosted ObJeCtS to L1 ~ ATLAS Preliminary Simulation — Anti-k,R=1.0
2.5 - 2 fevent m..= 1.75 TeV ¢ Calorimeter clusters
Standard Hardware Level Jet: 0.4 [y =773GeV, my,=1865GeV  suolets, CIAR=02
Radius (Small-R) in n/¢ space 2 ' = Top radiaton
m |SR
In Run 2: only chance to save this s

event is triggering on the high energy
center

In Run 3: can trigger on an overall
“softer” event by capturing all energy  °5
in a large n/y radius: 1.0 (Large-R)
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gFEX Large-R Jet Algorithm in a Nutshell

Offline Large-R Jets are “easy” -
just anti kT algorithm with a
radius of 1.0

Hardware level is harder - need to
be able to run jet finding
algorithm on FPGA architecture

For an assumed Large-R Jet
center, add all the towers around
it and find the one in each region
with highest energy
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gFEX Performance in Run 3

Per-Event Trigger Efficiency
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Providing reliable Large R Jet triggers with a faster turn on and a lower
rate than equivalent legacy Small R Jet triggers
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The Emerging Jets Prompt Track Fraction Trigger

Software based HLT Trigger in Run 3

e Large-RJet with pT > 200 GeV
e Fraction of track pT of prompt tracks in jet <0.08

Level 1 seed decides which events this trigger looks at

e 2022-2023: Legacy Small-R Jet

e 2024: Several new seeds, such as gFEX Large-R Jet
- can gain sensitivity to a wider range of LLP
lifetimes

Studied in active ATLAS LLP analyses

e New trigger gives up to 50% more signal
efficiency for simulated H->aa processes
e Largest Sensitivity increases for heavier LLPs

14
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Looking Towards Run 4: High Luminosity LHC

. — 100077
Summer 2026: Run 3 ends and upgrades S O atlas omine 3
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environment
e Lower trigger thresholds Exciting Hardware Trigger Upgrade:
e Maintain/decrease current trigger Global Trigger (Developed here at BNL!)

rates
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Global Trigger - Diphoton Algorithm

Take advantage of calorimeter cell A
information to do photon pointing at e
hardware level

Pri ocesso

MDTT gge E dcap
Sector Log

ldentify two photon candidates that
come from the same vertex

Lower trigger threshold: Help in
sensitivity to both SM (diHiggs) and
BSM (LLPs)

ATIAS LAr
calqrimeter

Currently under development by the
team here at BNL!
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Conclusions

The search for Long-Lived Particles at colliders can be challenging

New upgrades to triggers are allowing us to gain sensitivity by saving events
with LLP signatures

e Access to new signatures like boosted topologies at hardware level to
help seed LLP signatures like emerging jets
e Allows greater sensitivity to new lifetimes of LLPs

There is much more data to collect and analyze with LLPs in mind!

17
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Thank you for your attention!
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