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Introduction

Expression of Interest

• letter of interest released last Friday, arXiv:1911.00481 [hep-ex]
• letter of intent in progress
• collaboration growing: 28 contributors and 16 institutes
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Introduction

CODEX-b in a Nutshell

• A Compact Detector for Exotics at LHCb
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Introduction

Why CODEX-b?

1 probes a wide range of LLP models; complementary or
competitive with existing/proposed detectors

2 accessible zero background location with necessary services,
DELPHI/UXA cavern

3 integration with LHCb trigger-less readout
4 compact size and modest cost with ability to extend
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Introduction

A Picture is Worth . . .
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ŝ

m
L
L
P

←
li
g
h
te

r
(.

1
0

M
eV

)
h
ea

v
ie

r
(&

1
0

G
eV

)
→

←lighter ∼ cc̄, bb̄, τ τ̄ h, t heavier →

LHC coverage
(ATLAS, CMS, LHCb)

Forward
(FASER, SHiP,

NA62, . . . )

Transverse
(CODEX-b,

MATHUSLA, AL3X, . . . )

SCHEMATIC

1 ATLAS/CMS/LHCb: heavy LLPs with wide lifetime range
2 FASER/SHiP/NA62: light LLPs with medium/long cτ and low

√
ŝ

3 MATHUSLA/CODEX-b: light LLPs with long cτ and high
√
ŝ
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Minimal Models

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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Minimal Models

Dark Photon

• no sensitivity to inclusive production from EM currents
• sensitive to production from H → A′A′ decays
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Minimal Models

Higgs Portal
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Minimal Models

Fermion Coupled ALPs

CODEX-b, 300/fb

LHCb, B→Kμμ

LHCb, B→K*μμ

CHARM

REDTop, 1017 pot

E949

FASER2, 3/ab

KLEVER, 5·1019pot

MATHUSLA200, 3/ab w/ ϵfloor=10-5

0.05 0.10 0.50 1 5 10
10-7

10-6

10-5

10-4

10-3

10-2

10-1

100

10-7

10-6

10-5

10-4

10-3

10-2

10-1

mA[GeV]

c f g Y

ALP w/ universal fermion couplings, Λ=1TeV

Ilten CODEX-b 9 / 22



Minimal Models

Gluon Coupled ALPs

CODEX-b, 300/fb
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Excl. 1811.03474
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Minimal Models

Heavy Neutral Leptons
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Complete Models

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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Complete Models

R-parity Violating Supersymmetry

• study from Helo, Hirsch, and Wang in JHEP 07 056 (2018)
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Complete Models

Neutral Naturalness

• consider fraternal twin Higgs model and search for glueball
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Complete Models

Dark Matter Models

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

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

Ilten CODEX-b 16 / 22



Experiment

Shielding
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Experiment

Background Simulation
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Experiment

Background Measurement

  

0º (1) to beam line

0º (2) and 90º (3) to beam line

0º (4) to beam line

0º (5) and 45º (6) to beam line

Beam line

1
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D3 platform
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Experiment

Background Measurement

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

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
• expected hardware cost of 150k EUR

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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Conclusions

Timing is Key

2020 2021 2022 2023 2024 2025 2026

LS 2 Run 3 LS 3

CODEX-β Production Install data taking Removal

CODEX-b Production
Partial Install

2027 2028 2029 2030 2031 2032 2033

Run 4 LS 4 Run 5

CODEX-b Production
data taking

Remaining Install data taking

• significant progress has been made
• priority is finalising CODEX-β design and plans
• letter of intent forthcoming shortly
• more detailed design informed from CODEX-β
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