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Long-Lived Particles

e Conventional LHC searches focus on a

small range of cr

® SM backgrounds make LLP searches at

current LHC detectors very difficult

® A transverse detector would have access
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CODEX-b

CODEX-b: COmpact Detector
for EXotics at LHCb

® Transverse long-lived
particle detector.

® |[ocated at LHC interaction
point 8, next to the LHCb
detector.

® 10m cube of resistive plate
chambers (RPCs).

® Near zero-background
experiment, achievable with
a combination of active and
passive shielding.
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Detector Design

e Composed of 500 RPC triplet modules

® Arranged into a 10 meter cube with 4
internal faces

® Potential BSM particle would pass
through the shielding unimpeded

X.Y ReadOut

® Would decay into charged SM tracks ——

— HV

® Vertex would be reconstructed within [ — 4
Resistive Electrodes
the detector volume i

. Graphite layer
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Sensitivity

CODEX-b offers a competitive
sensitivity to a number of BSM
models at a relatively low cost
O($10 M):

L]

L]

Jake Pfaller

Abelian hidden sector
Dark Higgs
Axion-like particles
Heavy neutral leptons

R-parity violating
supersymmetry

Relaxation models
Neutral naturalness
Inelastic dark matter
Dark matter coscattering

Dark matter from sterile
coannihilation

Asymmetric dark matter
Baryogenesis
Hidden valleys

And many more!
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Lower limit on the branching ratio of Higgs decay to two dark photons, where
the dark photons decay to leptons.
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Alternative Designs

® | HCb to start using underground
servers for run 4

® Original detector design can't fully be
used

® Simulations show partial installations
still yield similar reconstruction
efficiencies ! _

0.8 -

® Details on new design still need to be £ 06
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Backgrounds

® LLP signal should be a
displaced vertex

® Neutrons and K¢ produced at
the interaction point can mimic
the signal

CODEX-b UXA wall

® Secondary interactions in the
shielding layers can produce
neutrons and K?, mimicking fon
signal

shield veto

® Active veto embedded in the Postied s
shield to remove most
primary-produced backgrounds

® CODEX-$ demonstrator to
validate background estimates

Jake Pfaller University of Cincinnati
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Backgrounds

Particle yields

Net (Epestral > 0.4 GeV)

Shield veto rejection

(total)

Shield veto rejection

(/0 correlation)

Net yield

n (> 0.8GeV)
7 (no cut)

L)

K2

v+rv

0.54+0.12
58.10 + 4.63
278 +0.25
(3.2440.72) x 107
0.49+0.05
(6.33 +1.39) x 10~
(5.69 % 0.00) x 10

(8.06 = 0.60) x 10*
(4.59 £ 0.15) x 107
(1.03 £0.06) x 10°
34.40 £ 25.80
(1.94 £0.74) x 10°
93.90 £ 45.80
(7.35 £0.12) x 10°

(2.62+1.03) x 10°
(344 +0.51) x 10*
(7.45+1.92) x 10*
(7.12+2.19) x 1072
54.40 £ 19.20
0.74 £0.19
(7.31+0.11) x 10°

Pt

et

x+

T

K+

(2.07 £ 0.26) x 10*
(4.53 £0.02) x 10°
34.70 £2.27
3140 +2.12
0.83 £0.30
0.23+0.12
(1.04 % 0.00) x 10°
(8.07+0.01) x 10°

(9.24 £ 0.36) x 10°
(4.38 £0.02) x 107
(296 £ 0.20) x 10°
(2.68 4 0.19) x 10°
(3.08 £ 1.24) x 10°
(112 £0.63) x 10°
(1.04 £ 0.00) x 10*
(8.07 £0.01) x 10°

)

(9.24 £ 0.36) x 10°
(4.38£0.02) x 107
(2.96 £ 0.20) x 10°
(2.68+0.19) x 10°
(3.08+ 1.24) x 10°
(112 £0.63) x 10*
(1.04 £ 0.00) x 10*
(8.07+0.01) x 10°
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Background simulation done using Pythia + Geant4 for (20 + 5)A
shielding, active veto after 20 \ shield. £ = 300fb—!.
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CODEX-3

Time-limited LHCb R&D project (approved!), with opportunity for
non-LHCb members to collaborate.

® Scaled-down version of
CODEX-b

® 2 meter cube, 14 RPC
triplet modules

PRELIMINARY

® Goals include:

® Validate background
estimates

® [ntegrate with LHCb DAQ

® Test the suitability of
RPCs

® Validate the mechanical
support structure of the
modules and detector

Jake Pfaller University of Cincinnati
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Resistive Plate Chambers

® BIS7 model for the
HL-LHC upgrade of
the ATLAS muon
spectrometer

® Imm gas gap

® Electronics include a
custom SiGe
discriminator,
sensitive to signals
O(fC)

® Timing resolution
O(100 ps)

® Spacial resolution
O(1 mm)

Jake Pfaller
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Commissioning

® Initial commissioning tests . - Lo
done with cosmic muons
® No need for commissioning M: f
in a high-radiation , i .
environment or o e
e Test for: °im s O w0
Noise rates
o False triggers AL Frod Claml TOP E0T oo,
® False muons -
® Hit correlations 5
® Efficiency N

Jake Pfaller University of Cincinnati
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Mechanics

® Module frame and detector
superstructure machined at the
University of Cincinnati (US), shipped
to CERN

® Frame is based on the BIS7 frame
design, modified for our structural and
rigidity needs

® Uses aluminum shims and skins to

provide uniform pressure across the
surface of the RPCs

® Interior components position the RPCs
within the frame

® 3 frames currrently at CERN,
remaining frames being produced

Jake Pfaller University of Cincinnati
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Installation

Viable path to D1
verified by Augusto
G
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Installation

® Modules can be brought underground via
personnel elevator

® Rather tricky path to get from the
elevator to the server room

® Specialized cart has been designed to
transport our modules

e Partial installation targeted for October
technical stop

e Full installation to take place in the
coming YETS (December 2024 - March
2025)

e Data will be taken for the remainder of
run 3

Jake Pfaller University of Cincinnati
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® | HC needs a zero-background transverse LLP
detector

e CODEX-b offers a competetive sensitivity to
a number of minimal models at a relatively
low cost

® Relative easy of construction and installation
compared to other proposed LLP detectors

e CODEX-( is the demonstrator detector for
run 3

e Will validate background estimates and
integration with LHCb

® Construction is full-steam ahead!

Jake Pfaller University of Cincinnati
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Collaboration

CODEX-b Spokesperson
e | Phil liten
M Deputy spokesperson

Vladimir Gligorov

]
| I \

Physics coordinator Technical coordinator/ - (t] ications coordi
Xabier Cid Vidal CODEX-beta project leader Juliette Alimena

Daniel Johnson

Deputy technical coordinator

Titus Mombacher

Deputy physics coordinator
i Carlos Vazquez Sierra

Biplab Dey cor::l:)nni:::)er:ing
Michael K. Wilkinson

Simulation convener g, Installation and

Reconstruction
convener
Louis Henry

Future design
convener
Dean Robinson

Technical Design Report recently uploaded to the
arXiv:2406.12880, submitted to JINST. Constitution and physics
paper coming soon!

iversity of Cincinnati
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Paid Advertisement

We are welcoming new collaborators, come join us!

N Foune QIGFAE g

) iSU g unversimvor 4
I @ Berkeley :m:c:‘;w, BIRMINGEEAM %

e MM ) Deriele

(E )] TOR VERGATA ")
..... ‘ INFN
CINCINNATI g% Caltech '

(=

Thank you!
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Dark Scalar

Decay of b — sS via penguin diagram. Mixes with SM Higgs as
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Axion-like Particles

ALP w/ universal fermion couplings, A=1TeV/
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ALP w/ gluon couplings, A=1TeV/
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Heavy Neutral Leptons

Jake Pfaller

(a) Uex > Upn, Ury (Channels)

(b) Uy > Upy

¢ (Combined)

o G

(€) Uux > Uex,Urx (Channels)

(€) Urx > Us. Upn (Channels)

(£) Urx > Uon, Uy (Combined)
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