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Still no New Physics?

Maybe…

The New Physics scale is higher than expected?

We need bigger colliders working at higher energies, with higher precisions…. large 
technological and financial requirements…
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July 2012, John Ellis’ old office at CERN
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New Physics operates in “Stealth” mode?

New Physics exists at the electroweak scale, could be discovered in colliders, but 
with heavy mediators, tiny couplings, large backgrounds…
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Still no New Physics?

Maybe…

The New Physics scale is higher than expected?

New Physics operates in “Stealth” mode?

New Physics requires of unconventional search strategies?

New phenomena does not happen strictly around the interaction point in colliders, 
or will not happen at such high energies?
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LHC-based

Non-LHC based



Search for feebly interacting 
long-lived particles (LLPs)

Small coupling with SM → large lifetime 
(e.g. dark sectors).

LHC conventional searches typically 
focused on shorter lifetimes, higher 
masses.
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Complex and diverse model space → sometimes very complicated signatures.
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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)



Complex and diverse model space → sometimes very complicated signatures.
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arXiv:0805.4642 “Macroscopic 
strings and quirks at colliders”

https://arxiv.org/abs/0805.4642
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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 design
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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.
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LHCb

CODEX-b

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

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

Relatively cheap detector, O(10) M€



A background-free detector: shielding

19

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,
● Shield veto,
● Pb shield (post-veto) ~ 5λ,
● UXA wall ~ 7λ.

Expect 1014 neutrons and KL0 in 300 fb-1.

https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481


Physics reach
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Unveiling the undiscovered



An overview of minimal models

21

https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481
https://arxiv.org/abs/2203.07316

(Only published
studies)

https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481
https://arxiv.org/abs/2203.07316


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://arxiv.org/abs/1902.00134
https://cds.cern.ch/record/2654518/files/ATL-PHYS-PUB-2019-002.pdf
https://doi.org/10.1103/PhysRevD.99.052005
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~sin2θ:

~λ2:

Scalar-Higgs portal
From b-hadron decays



An overview of (minimal) models
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⭐

https://arxiv.org/abs/1911.00481

https://arxiv.org/abs/1911.00481


CODEX-β
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CODEX-b v0.1 



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 and validate our simulations,
● 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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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 UC workshop.

Designing the origins



Assembling and testing the RPCs
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Target: assemble 14 panels, with a RPC triplet each → 42 RPC singlets.
Today: built 22 of 42 singlets, starting triplet characterization.

Began at BB5, but space needed by ATLAS start of 2024.
Migrated to B904 site, adjacent to CMS RPC workspace:

≻ Gas from CMS RPCs,
≻ Electronics and grounding ready to go,
≻ Trigger boards arrived and fully functional.

Huge thanks to ATLAS,
CMS and ANUBIS! 👏

Plan to complete installation 
and commissioning this year, 

and start the data-taking 
campaign by 2025.
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Assembling and testing the RPCs
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Target: assemble 14 panels, with a RPC triplet each → 42 RPC singlets.
Today: built 22 of 43 singlets, starting readout attachment.

Began at BB5, but space needed by ATLAS start of 2024.
Migrated to B904 site, adjacent to CMS RPC workspace:

≻ Gas from CMS RPCs,
≻ Electronics and grounding ready to go,
≻ Trigger boards arrived and fully functional.

Huge thanks to ATLAS,
CMS and ANUBIS! 👏

Plan to complete installation 
and commissioning this year, 

and start the data-taking 
campaign by 2025.

Coming NEXT WEEK to the arXiv! Stay tuned!

A similar document on the physics plan with CODEX-β will be 
released as well in the next months!
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LHCb

CODEX-β
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LHCb

CODEX-β

● RPCs readout by DCTs (Data Collection & Transmission).
● DCT readout design being finalized by ATLAS experts. 
● Control, communication, and synchronisation with LHCb are 

challenging → need for FPGA expertise to make DCT readout 
LHCb-compatible.

● Additional data bank to the LHCb Hlt → negligible data size.



Summary
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https://codex-b.web.cern.ch/

https://codex-b.web.cern.ch/
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Summary

● Intense and fruitful year for the CODEX-b team (and for everyone).
● Finalize the construction and installation of CODEX-β by 2024.
● Take data by the end of 2024/beginning of 2025.
● Challenges ahead: DAQ/readout design, LHCb integration.
● Collaboration in a healthy status → 10 talks in 2023 (EPS, LLP13, Higgs…), 2 

talks in 2024 plus 1 poster and 2 secured talks (LHCP @ Boston, LLP14 @ 
Tokyo).

However, we would benefit from personpower to cover specific gaps
we need to reinforce (see above), if you would like to join us let us know!
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Thanks!
39

Thank you! Questions? Coffee?



Backup
40



Physics
41
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https://arxiv.org/abs/1911.00481

https://arxiv.org/abs/1911.00481
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https://arxiv.org/abs/1911.00481

https://arxiv.org/abs/1911.00481


44https://indico.cern.ch/event/1340162/contributions/5809466

https://indico.cern.ch/event/1340162/contributions/5809466


45https://indico.cern.ch/event/1340162/contributions/5809466

https://indico.cern.ch/event/1340162/contributions/5809466
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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

https://arxiv.org/abs/1708.09395
https://arxiv.org/abs/1911.00481
https://arxiv.org/abs/2203.07316


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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Multitrack production from LLPs
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KS0 lifetime measurement
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(Ks0 lifetime measurement)



Goals and roadmap from reconstruction

Three main goals:

1. Trigger on interesting events → no need to be reconstructed (anomaly detection),
2. Provide a set of tracks for physics analysis,
3. Provide estimates of efficiencies and resolutions on physics quantities.

Goals 1 and 2 can be decoupled if we use different techniques, but 
dependent on memory storage – can we afford to store triggered events 
offline.

Personpower much needed to help with reconstruction efforts!
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Physics with CODEX-β: Background studies
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Physics with CODEX-β: Trial NP analysis
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Physics with CODEX-β: KS0 lifetime measurement
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Simulation and reconstruction software

We had some hackathons during our first CODEX-b week:

These are the first steps towards developing a full analysis
framework embedded in the LHCb software stack. 66

Simulation: 

Implementations in Detector and 
Gauss. Still need to validate CODEX-

β geometry, and write the 
digitalisation in Boole.

Reconstruction: 

Prepare simulation samples → set of 
tracks for physics analyses, and 
obtain quantities of interest from 

these. Still in early phase.



Coverage mockup plots

67



68



69



Heavy neutral leptons
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Not the whole picture…
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Technologies
72



A tale of triplets and singlets
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RPC singlets rely on BIS-78 
technology (ATLAS muon 
upgrade).

RPC triplets (2 x 1 m) with 1 
mm spatial
resolution and 100 ps timing 
resolution.

More details later…



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://arxiv.org/abs/1912.03846


Preparing the D1 barracks

D1 barracks are empty now, power supply available.
Working now on:

● Providing a gas line for RPCs, 
● Preparing the safety procedure for working in D1.
● Transport from B904 to P8 (300 kg/frame), use of PZ lift.

Gas system:

● Mixer + recirculation system ordered and underway. 
● GHG emissions not scalable for CODEX-b → R&D in search for an ecomixture.
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Transporting the frames to the barracks
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Moving the frames to D1 barracks.



Transporting the frames to the barracks
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● Shipped from B904 to P8.
● Weight per triplet inc. cart  ~ 300 kg. 

Transported with PZ lift.



Assembling CODEX-β
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Once assembled, test the chambers: 
repeat all RPC testing after installation, 
plus cosmics, powering, etc.



Assembling and testing the RPCs
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Assemble one RPC singlet: prepare the panels, attach readout cards (solder LV 
and readout connections), add the gas gap and close the Faraday cage.

Test that one RPC singlet: test each resistor in the panels, the LV, the readout, 
the Faraday cage, an IV test with external power supply, and a gas and HV leak 
test.

Target: assemble 14 panels, with a RPC triplet each → 42 RPC singlets.
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Assembling and testing the RPCs

83

1. Assemble and test RPC 
singlets individually.

2. Assemble three RPC 
singlets, and then one 
RPC triplet: insert three 
singlets into a frame → 
each triplet weighs 150 
kg. 

3. Test the RPC triplet.

Target: assemble 14 panels, with a RPC triplet each → 42 RPC singlets.



Preparing the D1 barracks

D1 barracks are empty now, power supply available.
Working now on:

● Providing a gas line for RPCs, 
● Preparing the safety procedure for working in D1.
● Transport from B904 to P8 (300 kg/frame), use of PZ lift.

Gas system:

● Mixer + recirculation system ordered and underway. 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.
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DAQ, readout and integration with LHCb

● RPCs readout by DCTs (Data Collection & Transmission).
● DCT readout design being finalized by ATLAS experts. 
● Development with LHCb experts on slow control (LV, HV, 

Gas, monitoring).
● Control, communication, and synchronisation with 

LHCb are challenging:
○ Firmware for RPCs to be developed to make the 

output LHCb compatible.
○ Need for FPGA expertise to make DCT readout 

LHCb-compatible.

85



Locations
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CODEX-b locations from LHCb perspective

Would the active veto/Pb shield block access to VELO/RICH1/UT/Magnet?
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On D1-D3 counting rooms:

● D1/D2 housed event-filter farm and 
control system during Run 1 and 2.

● System will be relocated to UX85 
during Upgrade Ib/II.

● Refurbishment of D1/D2 during LS3, 
D3 will be used for electronics rack.

Wishful thinking: can we come up with an 
idea to prevent the need to refurbish D1/D2?



CODEX-b locations from LHCb perspective

On UGC1 gallery:

● Unused but in an unfinished state. Not 
planned to be used by LHCb.

● Require civil engineering, ventilation, 
safety systems, access (cost estimate).

● Not accessible when beam is on.
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https://edms.cern.ch/document/2487833


CODEX-b locations from LHCb perspective

Between shielding wall and counting rooms:

● Position of shielding wall must be compatible with handling of detector parts, 
e.g. transport between PX84 shaft and UX85B cavern through TX84 gallery.

● Moving the concrete blocks would create a gap that needs to be covered.
● Metallic structure, supporting services and cable/trays have to stay.
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Must leave some passing way, for instance, underneath the detector!



CODEX-b locations from LHCb perspective

Dismantling Delphi: likely to be unviable in terms of safety and operation.

Using Delphi’s visitor platform: 

● 11 x 3 m surface area with possible height limitations.
● Metallic structure needs to be reinforced.
● Might also be needed in LHCb for Upgrade II (e.g. cooling plants).
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CODEX-b locations from LHCb perspective
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CODEX-b locations from LHCb perspective
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