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Long Lived Particles
(LLPs)




Long-Lived particles (LLPs) -
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Long-Lived Particles at the LHC P2 QP
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Limitation of currents detectors for LLPs :

= Difficulty to reach LLPs with lifetime ~ 100m

= | ack of sensitivity for difficult region of
lifetime/kinematics/background

= Finite size of General Purpose detectors
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Partll :
An overview of
ANUBIS




The ANUBIS Detector P21

= Official sub-project of ATLAS.

= Planned to be located in the ATLAS cavern attached to the
ceiling.
= ~ 20+ m from IP.
» Large solid angle ( ~2 sr).

Singlet layer (optipnal)

oL w— __% = Uses the ATLAS Phase Il RPCS as detector technology

» Reduced-scale prototype (proANUBIS) in the cavern.
| = Currently taking data since April 2024.
R = 104 b~ of pp data collected

| = Allows us to perform a background study in situ.

Triplet layer A
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The ANUBIS Detector

= Unique sensitivity to Long Lived Particles (LLPs) for
Particleswithm;;p > 1 GeV and ct > 100 m

= Complementary with other LLP experiments

= Excellent timing resolution of the RPCs allows for timing

synchronisation with ATLAS
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Part 111 :
Sensitivity studies




SET-ANUBIS framework ’

HNL
MUl D arkPhoton
choice SUSY,
etc.

Parameters
input

Branching

Ratio Events Acceptance Sensitivity

generation calculation

calculation

The main goal of the SET-ANUBIS framework is to provide an automated tool\
for making sensitivity prediction on new models.

A lot of steps like branching ratio calculation, event generation and

\_

acceptance can be automated for every models using this framework. )

Analytical calculation, Madgraph
Tables, Mathematica Pythia
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SET-ANUBIS framework A,

Nobs

Npip = Lyp—1pc -0pp - B(LLP) N
gen

CMND » . .
/ Geornetry
MadGraph/Pythia Kinematic o;rp . LLP Production cross section
Distributions LLP
/

DM & 1 # Signal . .
GlobalsM |/ UFOModeI Events B(HNL) : LLP Decay Branching Ratio
Parameters

Total Decay Width \
Math ti
\ ?piTSn'“ }—*/ ividual ey Widths / Nops and Ny, are the number of LLP
—* passing the cuts and the total number
of events generated respectively.
FevnRuIes Decay Width
/ Model / / Formula /

# Background
Events

Ni;p ~ 90 (Conservative data-driven [1]
Background estimate)
N p ~4 (0Background)
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Higgs Portal Model P21 G
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S f In the Higgs Portal Model, only the Higgs interact with
g o\ v BSM particles. These BSM particles (S) can be long-
) lived. S and H can mix which then create an interaction
B term in the Lagrangian (in red) between SM fermions
/ and scalar.
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Higgs production and decay

Gluon-Gluon Fusion, 54.7 pb Vector-Boson fusion, 4.28 pb

Higgsstrahlung & ttH channels are not
considered in this study (neglected
compared to ggF and VBF)
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Higgs portal simulation P2

LHE files of Higgs production

Higos Production Mechanism | LLP Mass (GeV) | Number of LLPs  [1]
from ggF and VBF (MC 8 (GeV)

. - . goF 10 76444000
simulation) were provided by ooF 20 75944000
ATLAS experiment. B 30 76112000

ggk 40 76104000
VBF 10 17976000
VBF 20 17916000
. VBF >
Pythia8 was then used to VBF . oo

simulate LLP production from
Higgs and decay to bbbb.

EPS HEP 2025 [1] Thomas Peabody Satterthwaite, thesis, 2022 Page 12



Higgs portal limits ipla i
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HNL Production P21 P

CC & NC Drell-Yan WYy fusion
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HNL Decays el G

Majorana HNL, electron couplings only

ANUBIS detector will be sensitive to every HNL
decay, except invisible one (Vvvv)

~ il

—— Invisible

—— v+ hadr.

S —— |* + hadr.
; — ¥+ mes.

' — |* + mes.
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Br(HNL —X)

Mesons are accessible for larger HNL masses.
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HNL Simulation a1 G

Nominal Selection:
= p>0.1GeV, pr(track) > 5 GeV, pr(jet) > 15 GeV, EF**° > 30 GeV,

Calculation using Generation of N events Applying low-level AR(LLP: jet/tr) >0.5.
Python, Mathematica for each points of the selectionrepresenting ®  Require hits in 2 RPC layers.

or Marty scan backgroundremoval w1009 Hit efficiency in RPCs

Branching Scan over a range of masses and
Ratio couplings for HNL, using different
Calculation production and coupling (e and u) :

+ Pythia for HNL decays " MmyyL € [0.01 10] GeV

= |V =10), i €{-5-4,-3,-2,—1,0}, p € {e, u}

2
p |HNL
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HNL Limits
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PartlV :
Data taking/analysis




Current prototype in ATLAS ipi2i G

b, ez

Started taking data since 2024
Ongoing data analysis
= Track and Vertex reconstruction
= Timing Corrections
= Cosmics Study
Inclined to align with IP
Three RPC modules (Triplet + Singlet + Doublet)

Four main goals

Proof of concept

Measure expected Develop analysis Evaluate detector
background level pipelines performance

EPS HEP 2025

Page 20



Ongoing Data Analyses i1

Track i o Real data from proANUBIS!
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ATLAS Synchronisation N,
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ANUBIS and ATLAS BCR's aligned: Offset ~114 bx = 2850 ns between ATLAS and ANUBIS

ATLAS Luminosity / 10e30

Bunch crossing ID matching between proANUBIS and
ATLAS bunch crossing, and the readout time and ATLAS
global time.

ANUBIS is able to measure the same muons as ATLAS.

Hit-to-Hit synchronisation allows for very precise study
on Background, Slow-muon and basic spectroscopy.

EPS HEP 2025

Page 22



Ongoing Data Analyses
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Around 100 000 events involving muons has been
seen in both ATLAS and proANUBIS detector. Making
cuts on the muons transverse momentum allows for
proANUBIS geometry reconstruction

Muon ¢

WRII @

32¢pt<35 GeV

0.8 09 1.0 1.1 1.2

Muon n
70<p1<80 GeV

8 &

=]
Muons in synchronized events

Muon ¢

Muons in synchronized events

50<p;<60 GeV

'- E
0.8 09 1.0 1.1 1.2

Muon n

90<¢pi<1000 GeV

Muon n

EPS HEP 2025

Page 23

Muons in synchronized events

10

o

L=
svnchronized svents

@
nnNs in

=

n



ERNY — ERN

Summary P21

= ANUBIS’s potential for LLPs discovery seems excellent, given the last study
on HNL and Higgs portal.

= proANUBIS has demonstrated its capacity to take relevant data and
synchronise with ATLAS in an event-by-event basis.

= Data analysis is still ongoing and will provide new results on background
soon.

= Additional sensitivity studies are ongoing for other BSM models.

If you’re interested and want to get involved, contact one of us'!
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Bonus Part :
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Higgs portal limits (10 + 40 GeV) ip2i,
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Ongoing Data Simulations . -
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ANUBIS Organisation e o

Co-Spokesperson (theory) Co-Spokesperson (expt) ~ Outreach coordinator

Martin Bauer Oleg Brandt Louie Corpe
martin.m.bauer@durham.ac.uk oleg.brandt@cern.ch l.cor rn.ch
Physics Coordinator Simulation Coordinator ~ Technical Coordinator R&D Co-coordinator R&D Co-coordinator
Michael Revering Paul Swallow Aashag Shah Giulio Aielli Luca Pizzimento
M.Revering@cern.ch paul.nathaniel.swallow@cern.ch aashaq.shah@cern.ch giulio.aielli@cern.ch luca.pizzimento@cern.ch
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