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CODEX-b in a Nutshell
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Why CODEX-b?

1 we need a transverse detector at the LHC
2 probes a wide range of LLP models; complementary or

competitive with existing/proposed detectors
3 accessible zero background location with necessary services,

DELPHI/UXA cavern
4 integration with LHCb trigger-less readout
5 compact size and modest cost with ability to extend
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CODEX-β

• 2× 2× 2 m3 with central layer, each layer with triplet of RPCs
• each layer made of 2× 1 m2 RPC block, 42 such layers
• hardware cost of ≈ 150k EUR, fully funded

1 Demonstrate the ability to detect and reconstruct charged particles
which penetrate into the DELPHI cavern as well as the decay
products of neutral particles decaying within the DELPHI cavern.

2 Detect and reconstruct a reasonable rate of neutral particles
decaying inside the hermetic detector volume.

3 Show that CODEX-b can be integrated into the LHCb DAQ and
demonstrate an ability to give a trigger to LHCb to retain an event
that looks interesting in CODEX-b.
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Triplet Support
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Outside Support
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Full Structure
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Mockup

overview sliding chamber open to access interior working inside

removing chamber 
using roll-out guides top view

View of rail network, 
working inside Installing new eco-friendly chamber
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Top View
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Overhead - Schematic
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Overhead - Perspective
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Install - Sides
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Install - Lower
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Site Visit - Stairs to D1
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Site Visit - Stairs to D1
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Site Visit - Door to D1
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Site Visit - D1 Floor
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Site Visit - D1 Rack Removal
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Site Visit - Gas Systems

Ilten CODEX-b Update 21 / 25



Updated - Outside Support
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Updated Design - Perspective
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Updated Design - Side
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Near Future

• full TDR in progress, aiming for end of January
• detailed studies for CODEX-b coverage underway

• chamber frame prototype finalized
• mockup and test in early 2022
• need expertise in confined rigging

• agreement in place with ANUBIS to lend FE chips and boards
• additional foundry run for more FE chips
• gas gaps should be produced spring 2022
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Additional Material
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Backgrounds

• 1014 neutrons and K0
L per 300 fb−1

• this requires 32λ of shielding
• 7λ from UXA wall, 25λ from lead shield
• expect ≈ 109 muons per 300 fb−1 which can produce secondaries
• 103 K0

L per 300 fb−1 pass through the shield
• need active layer in shield for vetoing
• update of previous studies with detailed Geant4 study
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Background Simulation
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Background Measurement

  

0º (1) to beam line
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Background Measurement

• 0.2 Hz hit rate at point 2 indicates Geant4 prediction of 10 Hz is
conservative
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Model Overview

Vector (A′) hA′A′ F ′F

F ′F yes no reach

Scalar (S) SH†H S2H†H

SH†H yes yes

HNL (N) HLN

HLN yes

ALP (a) ∂µaq̄γ
µγ5q aG̃G aF̃F a(WW̃−BB̃)

yes yes pending pending

Production portal
Decay portal
UV operator
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Dark Photon

• no sensitivity to inclusive production from EM currents
• sensitive to production from H → A′A′ decays
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Higgs Portal
λ = 1.6 × 10−3
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Gluon Coupled ALPs
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Heavy Neutral Leptons
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Higgs Portal

λ = 0 λ = 1.6 × 10−3
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Fermion Coupled ALPs

CODEX-b, 300/fb

LHCb, B→Kμμ

LHCb, B→K*μμ
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REDTop, 1017 pot

E949
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Heavy Neutral Leptons

10−10

10−8

10−6

10−4

10−2

0.2 1 10

|𝑈
𝑒𝑁

|2

𝑚𝑁 [GeV]

NA62
DUNE
SHiP
MATHUSLA(200)
FASER2
CODEX-b

Ilten CODEX-b Update 13 / 18



Heavy Neutral Leptons
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R-parity Violating Supersymmetry

• study from Dercks, Vries, Dreiner, and Wang in PRD 99 055039
(2019)

benchmark coupling production decay products
1 λ′122, λ

′
112 D±s → χ̃0

1 + e± η, η′, φ,K0,± + νe, e
∓

4 λ′131, λ
′
121 B0,± → χ̃0

1 +X0,± D±, D∗± + e∓
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R-parity Violating Supersymmetry

• study from Helo, Hirsch, and Wang in JHEP 07 056 (2018)
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Neutral Naturalness

• consider fraternal twin Higgs model and search for glueball
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Dark Matter Models

• a number of models considered including inelastic, co-scattering,
co-annihilation, etc.
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