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Why long lived particle searches?
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LLP mass vs lifetime vs production

The bigger the mass, the smaller the required coupling to get a long lifetime 

Production & decay heavily depend on the LLP and the portal used to access it. 3

Why interest on Long-Lived Particles?

• Much phenomena with no apparent explanation:

� Nature of Dark Matter?
� Origin of matter-antimatter asymmetry?
� Dynamics of weak scale?

• Answer in Hidden-Sectors beyond the Standard Model ! where?

• Long-Lived particles are generic and cover a huge theory and parameter space of well-

motivated scenarios.

• Lots of proposals ! CODEX-b.
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CODEX-b experiment

• ATLAS and CMS are limited to relatively heavy LLPs due to trigger performance.

• LHCb limited to low lifetimes and low transversality.

• Other kinematic restrictions may apply to other proposals.
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Coverage of transverse experiments

No single “golden” experiment — need complementary capabilities!

ANUBIS
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The CODEX-b experiment
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Minimal shield & veto design

First part of the shield attenuates muon & neutral hadron backgrounds which could 
enter the detector volume and scatter or decay within it. A thin active veto layer 
eliminates secondary production of backgrounds within the shield itself.
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FIG. 5: Preliminary from Ref. [58]. Top: Schematic of
the baseline detector geometry, decomposed into 2⇥2m2 RPC
sextets on the six external faces (green squares) and 2⇥ 2m2

RPC triplets at four internal stations (blue squares), for a
total of 400 triplet panels. Bottom: An estimator-optimized
configuration with only 150 panels (excluding the x = 26m
sextet for background rejection), that achieves ⇠ 50–90% rel-
ative e�ciency compared to the baseline, depending on the

LLP benchmark.

IV. BACKGROUND AND SIMULATIONS

A. Background Analyses and Shielding
Optimization

The LHCb interaction point produces a large flux of
background primary hadrons and leptons. Of these,
primary neutral long-lived particles—e.g. (anti)neutrons
and K

0
L’s—can enter the detector and decay or scatter

into tracks resembling a signal decay. Suppression of
these primary hadron fluxes can be achieved with a suf-
ficient amount of passive shielding material: for a shield
of thickness L, the background flux suppression ⇠ e

�L/�

where � is the material nuclear interaction length. In
the baseline CODEX-b design, the 3m of concrete in the
UXA radiation wall, corresponding to 7� of shielding, is
supplemented with an additional 4.5m of Pb shield, as
shown in Fig. 7, corresponding to an additional 25�.

However, this large amount of shielding material may

��������������

� �� ��� ��� ��� ��� ��� ��� ��� ���

LQKBM�H +QM};X
"2M+?K�`F@�p2`�;2/
?Bi r2B;?i Q`/2`BM;

ᅻ ։

ԝ (T�M2Hb)

ӷ ݂ ԢԈ
 Ԉ ݂ �Ԕ
yX8 :2o
RXy :2o
kX8 :2o
9Xy :2o

��������������

� �� ��� ��� ��� ��� ��� ��� ��� ���

LQKBM�H +QM};X
"2M+?K�`F@�p2`�;2/
?Bi r2B;?i Q`/2`BM;

ᅻ ։

ԝ (T�M2Hb)

ԗ ݂ Ӷ஥Ӷ஥
 Ӷ஥ ݂ �Ԕ
yX8 :2o
RXk :2o
8Xy :2o
RyXy :2o

FIG. 6: Preliminary from Ref. [58]. Relative vertex re-
construction e�ciencies (1� CL bands) as a function of num-
ber of panels, as determined by a hit density estimator aver-
aged over an array of dark Higgs and Abelian hidden-sector

benchmarks. All uncertainties are from MC statistics.
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FIG. 7: Cross-section of the shielding configuration of the
Pb shield, active shield veto (gold), and concrete UXA wall
with respect to IP8 and the detector volume. Also shown are
typical topologies for production of secondary backgrounds,
that are suppressed by shielding or rejected by the veto [4].

act in turn as a source of neutral LLP secondaries, pro-
duced mainly by muons or neutrinos that stream through
the shielding material and scatter. The most concerning
neutral secondaries are produced < 1m from the back
of the shield by muons that slow down and stop before
reaching the detector. Such muons are therefore invisi-
ble to the detector, while their neutral secondaries, such
as K0

L’s, may reach the detector volume. An example is
shown in Fig. 7.
Refs. [4, 5] have shown that this problem may be solved

with the incorporation of an active veto layer in the shield
itself—the gold layer in Fig. 7—placed at an optimized
location to veto most muons that produce secondaries,
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CODEX-b backgrounds
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CODEX-b backgrounds

• Main background sources: Flux of n and µ from IP and recombination of KL on UXA

wall.

• Shielding: 20� (Pb), 5� (veto) and 7� (UXA wall).

• Particle fluxes reduced to  1 ! simulation verified with measurements in situ.

• CODEX-� demonstrator to validate background estimations.
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CODEX-b physics reach
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Physics Reach

ESPPU:[https://indi.to/vcSMb]
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CODEX-b physics reach
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Physics Reach
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Optimized geometry

We can optimize the layout reducing cost by ~x2 maintaining most sensitivity for many benchmarks
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act in turn as a source of neutral LLP secondaries, pro-
duced mainly by muons or neutrinos that stream through
the shielding material and scatter. The most concerning
neutral secondaries are produced < 1m from the back
of the shield by muons that slow down and stop before
reaching the detector. Such muons are therefore invisi-
ble to the detector, while their neutral secondaries, such
as K0

L’s, may reach the detector volume. An example is
shown in Fig. 7.
Refs. [4, 5] have shown that this problem may be solved

with the incorporation of an active veto layer in the shield
itself—the gold layer in Fig. 7—placed at an optimized
location to veto most muons that produce secondaries,

Road ahead for CODEX-b 
Snowmass 2021 LOI 
https://inspirehep.net/literature/2051244
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CODEX-b baseline design

Figure 4: E�ciency relative to nominal
configuration (c⌧ -averaged).

• Link to the ESPPU update:

https://arxiv.org/pdf/

2505.05952

(a) 500 RPCs (b) 350 RPCs

(c) 350 RPCs 9

Optimized geometry
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RPC technology

• ATLAS BIS-78 technology (3 independent
detectors per chamber):

� 5mm of spatial resolution.
� 300ps of timming resolution.
� 10 kHz/cm2.

• Detection through electron avalanche.

• Triplets ! 3 RPCs working on coincidence

mode.

• Assembly from zero with ATLAS expertise:

� Glueing strip pannels and resistoring.
� Front-End electronics installation.
� Faraday cage development.
� Gas and electric lines prepared.

10

Baseline detector technology
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Installed in the old LHCb HLT server room, 2x2x2 metre cube

The CODEX-𝛃 demonstrator
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FALSE FLOOR

LOADBEARING RAILS

A demonstrator: CODEX-�

• Small proof-of-concept detector ( 2⇥ 2⇥
2 m3) to validate CODEX-b:

� Detector design.
� Background estimations.
� RPC technology.
� Integration in LHCb DAQ.
� Develop hardware expertise.

• 14 RPC triplets + inner tracking

face.

• Built in the same area where full

CODEX-b is planned to be.

• D1 barracks equipped with all

necessary services (electrical,

gas, data)
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Physics with CODEX-𝛃

14

Physics with CODEX-�

• Distribution of background components in D1 barracks.

• Relatively high sensitivity to multitrack hadronic LLP decays.

• K 0
S lifetime measurement.
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Status of CODEX-𝛃
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Building a demonstrator: CODEX-�

• 14/14 Triplets already assembled and

tested.

• Triplets inserted in corresponding mechan-

ical frames.

• Tests with muon succesfull, comprising:

� Noise rates.
� False triggers.
� Hit correlations.
� E�ciency curves.

• No gas leaks after full assembly.

13

The support superstructure has been fully assembled 
at D1 barracks. Full connection to electrical services 
(HV and LV) and Gas recirculator is established. 

RPC tests with muons succesfull, comprising:  
◦ Noise rates. 
◦ False triggers. 
◦ Hit correlations.  
◦ Efficiency curves 

No gas leaks after full assembly.  
Now validating RPC performance in situ. 



The CODEX-b collaboration advances towards first data 
Proposals for the "big" detector are advancing well

Road ahead for CODEX-𝛃 & conclusion
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• Fully develop Sim/Reco framework. 
• Demonstrate integration with LHCb. 
• Slow control framework being developed. 
• Data Collection and Transmission (DCT) 

modules will be in hand in August. 

Aim to record >1fb-1 of data during Run 3!

The road ahead for CODEX-�

• Fully develop Sim/Reco framework.

• Demonstrate integration with LHCb.

• Slow control framework being developed.

• Data Collection and Transmission (DCT)

modules will be in hand in August.
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Backups
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