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Why LLPs?

Long lived particles are generic consequence of theories with: E- (m) B. Shuve, CERN 2017
e Small couplings ‘ ‘ D
40 €
e Scale (or loop) hierarchies 10
: v
e Phase space suppression 1010
m < M, typically n > 4
broken sym loop factors
weak mixing/ marginal operator
technically natural \ 1
m n
I- ™~ 62 (M) PS squeezed spectra
% approx sym 10-10
multibody decays
SM provides a template in weak decays of n or K}: 10-20
Multiple scales (Aqed, GF_1/2) |
Approx symmetries (e.g. isospin)
—10 -3 N\
10 10 o | 10° M (GeV)

3-body final states

Mass & lifetime are correlated, small masses often come with longer lifetimes..
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KEY DRIVER OF DESIGN: LHCb Upgrade Il aims to collect 300 fb-1 at IP8!

No longer a low pileup/low luminosity interaction point.



One slide physics motivation

LHC coverage
(ATLAS, CMS, LHCb)

LHC coverage
(ATLAS, CMS, LHCb)
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| (CODEX-b,
(FASER, SHiP, MATHUSLA, AL3X, ...)
NA62, ...)

Forward

SCHEMATIC SCHEMATIC

+ lighter (< 10 MeV)
£
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O
+ lighter (< 10 MeV)

<near ~m far— +lighter ~ cc, bb, TT h,t heavier —

CT N

Complementary to other LLP experiments (existing or proposed)

Easy integration into LHCb's triggerless readout gives additional
information in case we see any interesting signals!




Timeline

2020 2021 2022 2023 2024 2025 2026

CODEX-3

CODEX.b| T e Productiion
N S U NS U S U SO U SO U SO SO SN U SN S SN S  Partial Install__

CODEX-b | PI‘OdU.CthIl | Remamlng Install

Begin with a demonstrator to validate backgrounds & tech, then scale up.



xample model 1 — b—sX
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A parametarizes the off-shell Higgs boson contribution to the decay rate
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b—sX complementarity with LHCb
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Example model 2 — H-A'A’
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Example model 3 — ALP

ALP w/ universal fermion couplings, A=1TeV
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Example model 4 — HNL
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CODEX-b backgrounds

CODEX-b UXA wall

“O
& Agyo
Oéb &Q)’
/\>Q /\)Q
INI(— _)I
L4
0
K" n,...

‘upstr@n’ s@ped%renrsecond‘ary
SUppressed by passive shield

condary

shield veto
Pb shield P8



Background estimates from simulation

Particle yields
BG specics Net (Ervl = 0.4 GoV) Shield veto rejection Shield veto rejection Net vield
(total) (£/0 correlation)
0.54 £ 0.12 (8.06 % 0.60) x 10 (2.62 + 1.03) x 103 -
n 58.10 £ 4.63 (4.59 4+ 0.15) x 10° (3.44 £0.51) x 10*
n (> 0.8GeV) 2.78 £ 0.25 (1.03 £ 0.06) x 10° (7.45 +£1.92) x 10° Sl
n (no cut) (3.24 £0.72) x 107 34.40 £ 25.80 (7.12 £ 2.19) x 102 < 1
K? 0.49 +0.05 (1.94 4+ 0.74) x 10° 54.40 £ 19.20 < 0.1
K3 (6.33 £1.39) x 107 93.90 +£ 45.80 0.74 +0.19 < 1
v+ (5.69 % 0.00) x 1013 (7.35 £ 0.12) x 10¢ (7.31 £ 0.11) x 10¢ =
p* (2.07 +£0.26) x 107 (9.24 +0.36) x 10° (9.24 £+ 0.36) x 10° —
e* (4.53 +£0.02) x 10° (4.38 +0.02) x 107 (4.38 +£0.02) x 107 -
Tt 34.70 £ 2.27 (2.96 4 0.20) x 10° (2.96 4 0.20) x 10° -
T 31.40 £2.12 (2.68 +0.19) x 10° (2.68 +0.19) x 10° —
K™ 0.83 + 0.30 (3.08 £1.24) x 10° (3.08 £1.24) x 10° —
K- 0.23 £ 0.12 (1.12 + 0.63) x 10° (1.12 + 0.63) x 103 -
+ (1.04 4 0.00) x 10° (1.04 £+ 0.00) x 10 (1.04 £+ 0.00) x 10 -
B (8.07 +£0.01) x 10° (8.07 +£0.01) x 10” (8.07 +£0.01) x 10” -

Zero background environment achievable with active veto!



Data driven background studies
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Use setup with two scintillators to measure backgrounds in 2018



Data driven backgrounds, results
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Lower than expected from simulation!



CODEX-f demonstratcr
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To be installed in the old LHCb HLT server room, 2x2x2 metre cube

Use RPCs designed for the ATLAS upgrade (NSW) 14 triplets in total



Integration with LHCb readout

'| 1 3x2 34-wires flat cables MAX 5m lenght
L /
= DCT TTC RPC DATA
DCS
CONFIGURATION
B4 . MONITORING

GBT
SCA
- RPC RPC HIT DATA EPGA
FRONT-END

DCT BOARD

Old server room naturally contains required space for readout+power

One single backend FPGA card is sufficient to read out the whole detector



Demonstrator backgrounds

S (20 + 5)\ Pb shield Run 3 (CODEX-3) Run 3 (CODEX-3)
1 — ot = 1074 Kg contribution
1 53.90 &= 5.51 (3.87 £ 0.11) x 10° (2.94 £ 0.07) x 10°
) 0.21 + 0.02 (4.09 + 0.13) x 107 (3.74 + 0.13) x 107
3 (1.36 + 0.34) x 1072 (5.96 + 1.01) x 10° (2.92 + 0.45) x 10°
4 (1.51 + 0.30) x 1073 (6.78 + 1.22) x 10" (5.12 + 1.19) x 10
5 (3.80 + 0.87) x 10~ (1.69 + 0.50) x 10 (1.42 + 0.50) x 10"
6 (1.09 £ 0.27) x 10~* (3.23 £ 0.79) x 10° (2.21 £ 0.79) x 10°
7 (1.84 + 1.41) x 10~ (4.23 + 2.30) x 10 (1.75 + 0.77) x 10
8 (2.98 £1.31) x 107° (1.04 £ 0.63) x 10° (8.45 £ 6.11) x 107
9 (1.07 £ 0.33) x 107° (2.41 £ 0.43) x 102 (1.37 +0.35) x 107

No active shield so substantial backgrounds dominated by KOL decays

Use this data to precisely optimise the active shield design!



Obligatory reach plot
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Expect the demonstrator to nevertheless have some limited sensitivity



Progress on detector mechanics

ii=2 |

) u
|| 1 L

For the full-size CODEX-b mechanics are the biggest challenge!
Detailed design study ongoing to see how to fit it into the available space.




Conclusion and plans

CODEX-b is an affordable detector which complements LHCb's reach for LLPs in
the transverse direction, as well as that of other proposed LLP detectors.

We have not been immune to COVID, but work is progressing towards the
construction and installation of the CODEX-B demonstrator such that it can take

data during Run 3.

We have made significant progress on the mechanics since the EOI, and are
discussing with LHCb about the possible ways CODEX-b could realistically fit into
the available space in UX85A.

The data collected from the demonstrator will be of crucial importance to
optimize the active shield and ultimately detector design. Stay tuned!






