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DISCLAIMER (@ slide 3 already, new record!): 
I am not a theorist, but I will attempt to 
motivate why BSM long-lived particles.



Still no New Physics?

Maybe…

New Physics operates in “Stealth” mode? 
EW-scale but tiny couplings and large backgrounds…

The New Physics scale is higher than expected?
Bigger colliders, higher energies, more money!

New Physics requires of unconventional search strategies?
These phenomena does not strictly happen at IP in colliders? 
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Propose new, dedicated LLP detectors to cover the 
inaccessible gaps of the parameter space.

Rely on simpler reconstruction and tracking systems, much more 
flexible to accommodate unusual signatures.
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CODEX-b
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Forging a new detector



A COmpact Detector for EXotics at LHCb: CODEX-b
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CODEX-b is a 10x10x10 m cube, with hundreds of 
Resistive Plate Chamber (RPC) detectors assembled 

in triplets and mounted in mechanical frames.

Expression of interest for the 
CODEX-b detector
Eur.Phys.J.C 80 (2020) 12, 1177

https://www.google.com/url?q=https://link.springer.com/article/10.1140/epjc/s10052-020-08711-3&sa=D&source=editors&ust=1763563579841983&usg=AOvVaw0DQ7uLuVhLMjAWT4c21ceu
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LHCb

CODEX-b

Located 25 m away from the IP8 (LHCb).
Near zero-background: wall + shield veto.

No civil work needed → will make use of existing facilities in the UXA85 cavern. 

Relatively cheap detector, O(10) M€



An (almost) background-free detector: shielding
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https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481

Main backgrounds: 
● n, KL0 (main) and μ,
● penetrating the wall,
● or from secondaries or 

stopped-parent decays.

Shielding of 32λ/300 fb-1:
● Pb shield (pre-veto) ~ 20λ,
● Active (shield) veto,
● Pb shield (post-veto) ~ 5λ,
● UXA wall ~ 7λ.

Expect 1014 neutrons and KL0 in 300 fb-1           Pb shielding validated with G4 for all 
species.

https://www.google.com/url?q=https://arxiv.org/abs/1708.09395&sa=D&source=editors&ust=1763563580153254&usg=AOvVaw0_3YP4kzyMdxLWNoDoi7J-
https://www.google.com/url?q=https://arxiv.org/abs/1911.00481&sa=D&source=editors&ust=1763563580153349&usg=AOvVaw252xQYzmUFNMRPQvQbX6Fy


Sensitivities with the nominal detector

12

CODEX-b ESPPU submission,
arXiv:2505.05952

https://www.google.com/url?q=https://arxiv.org/abs/2505.05952&sa=D&source=editors&ust=1763563580391204&usg=AOvVaw2H-I8gdAmoiprVC8cUD_Jp


But…
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LHCb

CODEX-b

Located 25 m away from the IP8 (LHCb).
Near zero-background: wall + shield veto.

No civil work needed → will make use of existing facilities in the UXA85 cavern. 

Relatively cheap detector, O(10) M€

Interior of D1 barracks
not available anymore



Searching for a new location

15

● Trigger farms moved to surface for Run 3, but, LHCb Phase-2 upgrade would 
require again this space. Impossible for system to cope with higher latency and 
increased bandwidth during Run 5.

● Original CODEX-b location not feasible anymore…
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● Trigger farms moved to surface for Run 3, but, LHCb Phase-2 upgrade would 
require again this space. Impossible for system to cope with higher latency and 
increased bandwidth during Run 5.

● Original CODEX-b location not feasible anymore…
● But we knew this already since 2022 – 2023 (1st CODEX-b week) 😊



Crisis = opportunities?
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● Sensitivity depends on detector volume and 
angular coverage.

● CODEX-b does not need to be hermetic, fully 
instrumented… or even have cubic shape.

Based on different optimization criteria using 
an optimization algorithm developed by our 
LBNL colleagues: granularity, minimum 
momentum, 6 hits/track, vertex resolution, 
etc. [T. Gorordo et al, JINST 18 P09012]

Various new scenarios discussed in our 
ESSPU submission [CODEX-b collaboration, 
arXiv:2505.05952]

https://www.google.com/url?q=https://iopscience.iop.org/article/10.1088/1748-0221/18/09/P09012&sa=D&source=editors&ust=1763563580591962&usg=AOvVaw2kk2cB7JihDJsZ-NQIvP8E
https://www.google.com/url?q=https://arxiv.org/abs/2505.05952&sa=D&source=editors&ust=1763563580592048&usg=AOvVaw0Wkw8XM9_f6Y3J2s45cjtJ
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● Conversations with the LHCb management in summer 2025.
● Conclusion: the CODEX-b collaboration will prepare a complete, well studied 

proposal with various alternative locations.
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● Conversations with the LHCb management in summer 2025.
● Conclusion: the CODEX-b collaboration will prepare a complete, well studied 

proposal with various alternative locations.
● Now leading a joint project with industrial engineers (CITENI@UDC).
● First meeting with LHCb LEXGLIMOS* and MSO**: technical documents and 

cavern specifications now under study by our team: now LHCb members.
● Iterative process where design will change to be adapted to the potential 

new locations, developing a hazard score map. 

*LEXGLIMOS (Large Experiment Group Leader in Matters of Safety)
**MSO (Mechanical Safety Officer)
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● Conversations with the LHCb management in summer 2025.
● Conclusion: the CODEX-b collaboration will prepare a complete, well studied 

proposal with various alternative locations.
● Now leading a joint project with industrial engineers (CITENI@UDC).
● First meeting with LHCb LEXGLIMOS* and MSO**: technical documents and 

cavern specifications now under study by our team: now LHCb members.
● Iterative process where design will change to be adapted to the potential 

new locations, developing a hazard score map. 
● Target a negligible impact on LHCb operations and UX85 safety. 
● Aim to converge by summer 2026, with a series of proposals to be studied by 

the LHCb management after the end of Run 3.



Crisis = opportunities!!
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● Not only a redesign and relocation… but also a change of technology?
● Gas cartridges and a gas system are the the most expensive budget items.
● Also, very high warming potential, very bad for the environment….
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● Not only a redesign and relocation… but also a change of technology?
● Gas cartridges and a gas system are the the most expensive budget items.
● Also, very high warming potential, very bad for the environment….
● Move from RPCs (gas flow) to sealed RPCs (no flow)? arXiv:2502.14672
● sRPCs are not usually considered by LHC experiments because of gas 

degradation, but they could be for cosmic-ray experiments.
● CODEX-b will suffer from the equivalent fluence of a cosmic-ray experiment.

https://www.google.com/url?q=https://arxiv.org/abs/2502.14672&sa=D&source=editors&ust=1763563580833984&usg=AOvVaw0zZq93OFuVghWQJv8H0km_
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● Not only a redesign and relocation… but also a change of technology?
● Gas cartridges and a gas system are the the most expensive budget items.
● Also, very high warming potential, very bad for the environment….
● Move from RPCs (gas flow) to sealed RPCs (no flow)? arXiv:2502.14672
● sRPCs are not usually considered by LHC experiments because of gas 

degradation, but they could be for cosmic-ray experiments.
● CODEX-b will suffer from the equivalent fluence of a cosmic-ray experiment.
● sRPCs experts in FiTNAE + plans to build a gaseous detectors facility.

This would reflect as a reduction on gas expenses and emissions.
CODEX-b would become the cheapest (10M), green detector.

https://www.google.com/url?q=https://arxiv.org/abs/2502.14672&sa=D&source=editors&ust=1763563580852208&usg=AOvVaw2t3WQ7I1Ju1WctCrYwzULy


The Physics Beyond Colliders process

● LHCC tasked PBC-BSM with an evaluation process of the transverse detectors.
● Process ongoing for various months already (X. Cid as PBC representative).
● Only one (or none will be funded): joint agreement among detectors.
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D. Curtin, SEARCH conference



CODEX-β

29

The need for a demonstrator



The need for a demonstrator

CODEX-b will be a O(10) M€, near zero SM-background detector, composed by 
hundreds of RPCs arranged in a 10x10x10 m cube.

Purpose of a demonstrator:

● Test the technology, design and integration with LHCb.
● Measure the backgrounds accurately, validate our simulations, and develop 

data-driven simulations based on an actual detector element response.
● Perform physics measurements and update sensitivities projections.

CODEX-β, a smaller version of CODEX-b, with 42 RPCs, integrated with LHCb 
and taking data during Run 3 (2025), costing ~1% of the full CODEX-b detector.
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Integration with LHCb: simultaneous trigger 
allows to expand the LHCb search program 

on BSM models (transverse region).
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CODEX-β is a 2 x 2 x 2 m cube: 

● Each side is composed by 2 panels,
1 x 2 m each → 2x6 = 12 panels,

● 2 panels inside → 12+2 = 14 total panels.
● Each panel consists of a RPC triplet (3 

singlets),
● Design from BIS78 ATLAS upgrade project 

(as for CODEX-b).

Mechanical frames completely redesigned by
the CODEX-b team, built in the University of 

Cincinnati workshop.

The need for a demonstrator
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CODEX-β



Road to data-taking (I)
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● Installation completed,
● Now fixing a few minor issues,
● Commissioning comes later.

Construction and installation100%
● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%



CODEX-β installation
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● Installation completed,
● Now fixing a few minor issues,
● Commissioning comes later.

Construction and installation100%

Installation TDR [JINST 20 (2025) T07007]

https://www.google.com/url?q=https://iopscience.iop.org/article/10.1088/1748-0221/20/07/T07007&sa=D&source=editors&ust=1763563582735890&usg=AOvVaw07Jcvf8W8v8kgYJRJ89y9_


Road to data-taking (II)
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready,
● Run DAQ after testing, take “data”.

Firmware dev. within LHCb95%

● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%

Details on backup



Road to data-taking (III)
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready,
● Run DAQ after testing, take “data”.

Firmware dev. within LHCb95%

● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%

● DAQ decoder
● Hlt1 clustering and coincidences
● Hlt1 and Hlt2 selections
● Output data stream

Core software development75%

Details on backup
Targets mid-Dec ‘25



What about simulation?

Geometry almost completely implemented. But still needs to be validated. We are 
able to obtain hits from Simulation, but, we still need to model the complete 
infrastructure: CODEX is in a side of the cavern never fully considered for G4.

For now – fast simulation and digitisation frameworks fully functional. Plan to 
make them public and available in conda in the next months.

39

Contribute to this and help the LHCb simulation project 
with the development of the infrastructure in DD4hep (Run 4 
and 5). Digitisation also to be developed. Planned for 2026.



Road to data-taking (IV)
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready,
● Run DAQ after testing, take “data”.

Firmware dev. within LHCb95%

● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%

● DAQ decoder
● Hlt1 clustering and coincidences
● Hlt1 and Hlt2 selections
● Output data stream

Core software development75%

● Specifications clear and documented
● Discussing with engineers for a team
● Development for Jan 2026

Experiment Control System25%



Road to data-taking (V)
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready,
● Run DAQ after testing, take “data”.

Firmware dev. within LHCb95%

● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%

● DAQ decoder
● Hlt1 clustering and coincidences
● Hlt1 and Hlt2 selections
● Output data stream

Core software development75%

● Specifications clear and documented
● Discussing with engineers for a team
● Development for Jan 2026

Experiment Control System25%

● Final overall testing and 
commissioning: RPC chambers,  
DAQ, firmware, ECS as a whole.

● Request a partition and integrate.

Commissioning and integration25%

Coordination

Six PhD students from USC contributed to 
construction and installation!



Road to data-taking (now)
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready.

Firmware dev. within LHCb100%

● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%

● DAQ decoder
● Hlt1 clustering and coincidences
● Hlt1 and Hlt2 selections
● Output data stream

Core software development75%

● Specifications clear and documented
● Discussing with engineers for a team
● Development for Feb 2026

Experiment Control System25%

● Final overall testing and 
commissioning: RPC chambers,  
DAQ, firmware, ECS as a whole.

● Request a partition and integrate.

Commissioning and integration25%

Have CODEX-β fully commissioned and integrated by Feb 2026, 
ready for the last months of data-taking – enough to fully validate 
the backgrounds with the statistics considered, obtain data-driven 
corrections, test the full integration with LHCb and the RPC-based 

tracking technologies.



Road to data-taking (now)
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready.

Firmware dev. within LHCb100%

● Installation completed,
● Now fixing a few minor gas issues,
● Commissioning comes later.

Construction and installation95%

● DAQ decoder
● Hlt1 clustering and coincidences
● Hlt1 and Hlt2 selections
● Output data stream

Core software development75%

● Specifications clear and documented
● Discussing with engineers for a team
● Development for Feb 2026

Experiment Control System25%

● Final overall testing and 
commissioning: RPC chambers,  
DAQ, firmware, ECS as a whole.

● Request a partition and integrate.

Commissioning and integration25%

Sounds too ambitious? This was the 
situation by Jan 2025…



  No personnel, halted5% Experiment Control System

Road to data-taking (the past)
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No personnelFirmware dev. within LHCb0%

Construction and installation40%

No clear planCore software development0%

No detectorCommissioning and integration0%

Missing installation



Final considerations
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Report of the first FIPPAN review on CODEX-β by LHCb (Sep 2023):

The CODEX-b collaboration follows and enforces the minimal-impact-on-LHCb rule, as well 
as complies with LHCb technical guidelines and operations, trying also to find solutions to 

the environmental issues caused by the employ of RPCs using gases with warming potential.



The collaboration
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Organigram and contributions
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Contributions from Spanish institutions

USC [Xabier Cid as PI, 2020–2022 + CVS as co-PI since 2023] → 180k€ in total (45% for 
PhD students expenses and salaries, 55% for instrumentation). Various funding sources 
(XuntaGal, PID2023, IGFAE MdM).

UDC [Carlos Vázquez as PI, 2025 only] → 24k€ in total (almost full spent in 
instrumentation), from RyC, InTalent, XuntaGal. Around 6k€ from XuntaGal FiTNAE GPC.

Rest of the expenses mostly funded by University of Cincinnati (approx. 50%), having 
the other half funded by USC and UDC. Contributions from ELTE, Paris-Saclay and 
Birmingham, among others.

One PhD thesis defended (first CODEX thesis in Spain), second one to be defend in 
December, and four more ongoing (all USC). One MSc on CS ongoing, and two BSc in 
Nanoscience next year (UDC), one BSc and one MSc in Physics (USC). Highly prolific!
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Summary
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50https://codex-b.web.cern.ch/

Growing team with 18 institutes and 60 members, including 
theorists, engineers, and members of ATLAS, CMS and LHCb

https://www.google.com/url?q=https://codex-b.web.cern.ch/&sa=D&source=editors&ust=1763563584151780&usg=AOvVaw2jmVHO0SehaEfwTvW53QyT


Summary

● New design and location studies for CODEX-b. All efforts towards 
minimising the impact on LHCb, on the environment and on the wallet. All 
transverse detectors under PBC/LHCC scrutiny.

● CODEX-β to be completed for the end of the year, and commissioned for 
2026 mid-Q1. Data-taking from then until the end of Run 3 (July 2026). 

● Enormous effort from collaborators (especially PhD students) on both 
hardware and software task. Coordination efforts are also crucial.

● Leading contributions (personnel and equipment) to CODEX from UDC and 
USC. Spain as one of the top hubs on LLP searches and dedicated LLP 
detectors: CODEX-b, MoEDAL, MATHUSLA, etc. 
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CODEX has an enormous potential to become one of the 
cheapest, green dedicated LLP detectors, allowing for not 
only BSM searches in the transverse region with near-zero 

background, also for combined LHCb+CODEX searches.



Thanks!
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Thank you for listening!



Backup
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Road to data-taking
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready.

Firmware development adapted for LHCb100%

● Installation completed,
● Now fixing a few minor issues,
● Commissioning comes later.

Construction and installation100%

LHCb 
Run3/4 
TELL40 
dataflow
Credits to Paolo Durante



Road to data-taking
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● DCT firmware developed,
● Works with TELL40 via PCIe40,
● Raw bank format ready.

Firmware development adapted for LHCb100%

● Installation completed,
● Now fixing a few minor issues,
● Commissioning comes later.

Construction and installation100%

CODEX-β
TELL40 
dataflow
Credits to Paolo Durante



Core software: data processing and triggers
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Hlt2 (CPU)

● Passthrough trigger 
lines for CODEX, 
perhaps with some 
specific cases saving 
also LHCb data.

● Own output data 
stream, small (1-5 Tb) 
of data expected.

● Last, very easy step.

DAQ decoder

● Convert the raw bank 
information into an 
meaningful, usable 
object in the Hlt1 level.

● Prototype ready, need 
to come up with a final 
output version of the 
decoder.

Hlt1 (GPU)

● Develop a CUDA 
algorithm to form 
clusters and obtain 
coincidences.

● A complete CUDA 
algorithm has been 
developed, now being 
integrated in the Allen 
framework.

Target: mid-December (xmas break)
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LHCb

CODEX-β
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LHCb

CODEX-β



Optimization algorithm
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● Algorithmic optimization, 
provides best possible 
detector design, averaged 
over different BSM models. 
Branch-and-bound technique.

● Includes fast tracking and 
detector simulation

● AI (MODE) approach also 
under study

arXiv:2211.08450

https://www.google.com/url?q=https://arxiv.org/abs/2211.08450&sa=D&source=editors&ust=1763563585731211&usg=AOvVaw1m2gmAEAB3i1dHaQ5IjY_1
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LHCb-U1 (2022-2032): 50 fb⁻¹ (A)
LHCb-U2 (2035-2041): 300 fb⁻¹

Experiments and timescales

A = approved.  

CODEX-β (2025-2026): >10 fb⁻¹ (A)
CODEX-b (2036-2041): 300 fb⁻¹
SHIP (2031-2046): 6×1026 ppot (A)



Complex and diverse model space → sometimes very complicated signatures.

62

Huge efforts at major 
collaborations (ATLAS, CMS, 

LHCb) required to design and 
develop dedicated triggers, 

reconstruction algorithms, and 
even complicated simulation 

models. 

These detectors were not 
originally designed for these 

kind of searches. 

CMS schematic,
J. Antonelli (ICHEP 2016)
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Curtin, Peskin, https://arxiv.org/abs/1705.06327

https://www.google.com/url?q=https://arxiv.org/abs/1705.06327&sa=D&source=editors&ust=1763563586731213&usg=AOvVaw0E_ijDQvLyqOKFlmEp55wt


An overview of minimal models
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https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481
https://arxiv.org/abs/2203.07316

(Only published
studies)

https://www.google.com/url?q=https://arxiv.org/abs/1708.09395&sa=D&source=editors&ust=1763563586886646&usg=AOvVaw2DU_wWvuVn6nWri-A20fZG
https://www.google.com/url?q=https://arxiv.org/abs/1911.00481&sa=D&source=editors&ust=1763563586886755&usg=AOvVaw0Vh7zSOwoVlUGx_tkt2aw8
https://www.google.com/url?q=https://arxiv.org/abs/2203.07316&sa=D&source=editors&ust=1763563586886806&usg=AOvVaw1Xc00lXrL-_AGE_Nv3fm-w


Abelian hidden-sector: dark photon
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Higgs to invisible (HL-LHC) limit
arXiv:1902.00134

ATLAS (3 ab-1)
ATL-PHYS-PUB-2019-002
Phys. Rev. D 99, 052005

https://www.google.com/url?q=https://arxiv.org/abs/1902.00134&sa=D&source=editors&ust=1763563586994056&usg=AOvVaw3YKyIriZUxYM_cThAnV3dQ
https://www.google.com/url?q=https://cds.cern.ch/record/2654518/files/ATL-PHYS-PUB-2019-002.pdf&sa=D&source=editors&ust=1763563586997000&usg=AOvVaw3OigojR7r08LS8mnKLilZ4
https://www.google.com/url?q=https://doi.org/10.1103/PhysRevD.99.052005&sa=D&source=editors&ust=1763563586997084&usg=AOvVaw1Y51mU7naYCvqnQOOhPM1Y


An overview of (minimal) models
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https://arxiv.org/abs/1911.00481

⭐

https://www.google.com/url?q=https://arxiv.org/abs/1911.00481&sa=D&source=editors&ust=1763563587074844&usg=AOvVaw1DbXOsG_xH54O9kXOizISN


Physics with CODEX-β: Background studies
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Physics with CODEX-β: Trial NP analysis

68

Example of NP sensitivityKs meson lifetime measurement



Preparing the D1 barracks

Gas system:

● Mixer + recirculation system. Extensive discussions with CERN gas group. 64% 
R134a, 30% CO2, 5% isobutane, 1% SF6.

● GHG emissions not scalable for CODEX-b → R&D in search for an ecomixture.

69



Multitrack production from LLPs
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KS0 lifetime measurement
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(Ks0 lifetime measurement)
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~sin2θ:

~λ2:

Scalar-Higgs portal
From b-hadron decays
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arXiv:2306.02830

https://www.google.com/url?q=https://arxiv.org/abs/2306.02830&sa=D&source=editors&ust=1763563587999397&usg=AOvVaw1EeqSFGNr8U2RHqWq4SXS5


Heavy neutral leptons
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Not the whole picture…



Heavy neutral leptons
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Not the whole picture…

arXiv:2402.02580

https://www.google.com/url?q=https://arxiv.org/abs/2402.02580&sa=D&source=editors&ust=1763563588266522&usg=AOvVaw3tYRM-zq-EbBuKBldo4vUM
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A background-free detector: shielding
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Measurement campaign of 
backgrounds in D1 
barracks during 2018.
https://arxiv.org/abs/1912.03846

Detailed simulations with 
Pythia, consistent with 
FLUKA predictions by 
CERN Radiation 
Protection.

https://www.google.com/url?q=https://arxiv.org/abs/1912.03846&sa=D&source=editors&ust=1763563588493913&usg=AOvVaw1YIy7UIskUEJc0LlJJeAPX


Background studies
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Background studies

● Fluxes of SM LLPs from IP over log(Ekin) with Pythia + G4 for shield response.
● Measure fluxes of primary plus secondary backgrounds versus simulation.
● Generate data-driven background sim framework → optimize shielding design.
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