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Introduction

Expression of Interest

Expression of Interest for the CODEX-b Detector

Giulio Aielli,' Roberto Cardarelli,? Matthew John Charles,* Xabier Cid Vidal,! Victor
Coco,” Biplab Dey.,® Raphael Dumps,® Jared A. Evans,” George Gibbons,® Olivier Le
Dortz,?* Vladimir V. Gligorov,? Eli Ben Haim,? Philip Ilten,® Simon Knapen,? Jongho
Lee,> !0 Saul Lépez Solifio,* Benjamin Nachman,'! Michele Papucci,'''*? Francesco Poldi,?
Robin Quessard,'® Harikrishnan Ramani,'"»* Dean J. Robinson,'! Heinrich Schindler,?

2 Michael D. Sokoloff,” Paul Swallow,® Riccardo Vari,'? Nigel Watson,® and Mike Williams'

« 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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https://arxiv.org/abs/1911.00481

Introduction

CODEX-b in a Nutshell

+ A Compact Detector for Exotics at LHCb

DELPHI CODEX-b box
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Introc

Why CODEX-b?

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

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

® integration with LHCb trigger-less readout

@ compact size and modest cost with ability to extend
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Introduction

A Picture is Worth . ..
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® ATLAS/CMS/LHCDb: heavy LLPs with wide lifetime range
® FASER/SHiP/NA62: light LLPs with medium/long c¢r and low v/§
® MATHUSLA /CODEX-b: light LLPs with long ¢r and high v/3
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Minimal Models

Model Overview

Vector (4’)
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Scalar (.5)
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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

Portal

A=1.6x10"3
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Minimal

Fermion Coupled ALPs

ALP w/ universal fermion couplings, A=1TeV
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Minimal Models

Gluon Coupled ALPs
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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)
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Complete Models

R-parity Violating Supersymmetrs

« study from Helo, Hirsch, and Wang in JHEP 07 056 (2018)
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https://arxiv.org/abs/1803.02212

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.

1072

1078

Sin 6

104E

Tlten E 3

9 15/ 22



Experiment

Backgrounds

10 neutrons and K9 per 300 bt

this requires 32\ of shielding

7A from UXA wall, 25X\ from lead shield

expect ~ 10° muons per 300 fb~! which can produce secondaries
10® K9 per 300 fb~! pass through the shield

need active layer in shield for vetoing

update of previous studies with detailed GEANT4 study
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Experiment

Shielding

CODEX-b UXA wall
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Experiment

Background Simulation
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Experiment

Background Measurement

DELPHI CODEX-b box am line
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» (.2 Hz hit rate at point 2 indicates GEANT4 prediction of 10 Hz is
conservative
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Experiment

CODEX-5

« 2x 2 x 2 m? with central layer, each layer with triplet of RPCs
- each layer made of 2 x 1 m? RPC block, 42 such layers
» expected hardware cost of 150k EUR

@ 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.

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

® 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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Conclus

Timing is Key

2020 [ [ [ 2024 [ 2025 2026
CREE T is3 B
CODEX-f Production: Install _ Removal
_ : ! k [ (. o * Production
CODEX-b Partial Install ¢ 0

2033 —>‘

2032

2031

GO REE I tsa [ Res

« significant progress has been made

« priority is finalising CODEX-f design and plans
« letter of intent forthcoming shortly

» more detailed design informed from CODEX-j
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