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DAQ and triggering for C O D E X – b



Objective is full integration with LHCb
30 MHz inelastic event rate 

(full rate event building)

Software High Level Trigger

10 GB/s to storage

Full event reconstruction, inclusive and 
exclusive kinematic/geometric selections

Add offline precision particle identification 
and track quality information to selections 

Output full event information for inclusive 
triggers, trigger candidates and related 
primary vertices for exclusive triggers

LHCb Run 3 Trigger Diagram

Buffer events to disk, perform online 
detector calibration and alignment

CODEX-b is a similar distance to the IP as LHCb’s muon spectrometer
From Run 3 onwards LHCb will operate a triggerless full detector readout @ 30 MHz
Therefore go for the simplest solution: integrate CODEX-b “as another subdetector”



Consequences
Integrating CODEX-b as a subdetector* enormously simplifies 
the work to be done on the software and/or trigger 

1. Reuse LHCb software, not only the Gaudi framework but also the 
reconstruction and physics event model. A particle in CODEX-b is just 
like a particle in another part of LHCb. 

2. From the CODEX-b side have to provide algorithms which decode the 
front-end output into a format readable by the LHCb framework, and 
of course an algorithm to reconstruct tracks inside CODEX-b. 

3. Can transparently “trigger” on activity in CODEX-b or a combination 
of CODEX-b and LHCb activity. Same for activity in the shield veto. 

4. For events selected as interesting by CODEX-b, the LHCb fragment of 
the event comes for free for future analysis.

*For the technical implementation not organisation, collaboration structure, etc.



Estimated trigger rates
CODEX-b is designed to be a 0 background experiment 

The preliminary estimates from the original CODEX-b paper have been roughly validated using 
2018 data taken in UX85A and will be verified further using the CODEX-𝛃 demonstrator. 

Once the active shield is installed particle rates inside CODEX-b are expected to be below 1 Hz.  

Therefore baseline assumption is to keep any events with tracks in CODEX-b for offline analysis. 
Preliminary tracking studies look good, first proper implementation for CODEX-𝛃 in 2022.
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beginning approximately 5m from the IP and several me-
ters in depth. (One may also consider other shielding
materials such as tungsten, but the qualitative conclu-
sions remain the same.) As a proof-of-concept, based on
the quoted PDG nuclear interaction lengths for energetic
neutrons, respectively 18 cm and 42 cm [73], we further
focus on the following shielding configuration: 3.6m of
Pb, corresponding to 20�; a shield veto comprising RPC
or scintillator layers with e�ciency "veto; an additional
0.9m of Pb, corresponding to 5�; and finally the UXA
concrete shield, comprising approximately 7�. We refer
to this as a “(20+5)�” Pb shielding configuration and
consider it as our benchmark in the following. Further
optimization of the shield design is beyond the scope of
this study.

We model the shielding response to backgrounds –
propagation of primary muons, pions, kaons, neutrons
and protons and secondary production of these and neu-
trinos and photons – with a preliminary Geant4 [74–
76] simulation which includes propagation in lead, air
and concrete. We simulate the initial muon flux for
Eµ . 7 GeV with Pythia 8; pion, kaon and heavy flavor
decays in minimum bias events produce the dominant pri-
mary contribution in this regime. Based on the geometry
of Fig. 1, we conservatively include secondary muons pro-
duced by pions or kaons that decay within 5 m transverse
of the IP, and within 3 m forward of the IP. The resulting
estimated muon flux for Eµ & 3 GeV is typically O(few)
larger than a naive estimation of the same from inclusive
muon spectra measured at ATLAS [77]. To estimate the
spectrum for Eµ > 7 GeV, we use the shape of measured
muon inclusive spectra at ATLAS [78] and rescale them
to match onto our simulated results, assuming the muon
spectrum is roughly flat in the |⌘| < 2 regime and mod-
ified by only O(1) factors upon mapping from 7 to 14
TeV, the latter verified using FONLL [79, 80]. Primary
fluxes and spectra of kaons, pions, protons and neutrons
in the box acceptance are generated from a minimum
bias sample produced with Pythia 8.

The simulation of the (20+5)� shielding response pro-
ceeds as follows: All primary fluxes are propagated
through 20� of Pb up to the shield veto, then partitioned
into intermediate charged and neutral fluxes, since only
charged fluxes can be rejected by the active veto. We
then propagate these charged and neutral fluxes through
the remaining lead, air and concrete layers separately
and refer to them as the reducible and irreducible fluxes
respectively: The veto has power to reject secondaries
produced from charged states downstream – in the mat-
ter between the veto and the detector – but not neutral
secondaries produced upstream – in the matter between
the IP and the veto – or produced by neutral fluxes.

In Fig. 2 we show the kinetic energy distributions for
the flux of muons, neutral kaons and neutrons enter-
ing the box, after propagating through the shield. Both
neutrons and kaons are quite soft, so that only a small
fraction are kinematically capable of producing multi-
ple tracks and are su�ciently boosted to do so within

BG species

Particle yields

Baseline Cutsirreducible by
shield veto

reducible by
shield veto

n+ n̄ 7 5 · 104 Ekin > 1GeV

K0
L 0.2 870 Ekin > 0.5GeV

⇡± +K± 0.5 3 · 104 Ekin > 0.5GeV

⌫ + ⌫̄ 0.5 2 · 106 E > 0.5GeV

TABLE II. Particle yields in CODEX-b from the prelimi-
nary Geant4 background simulation. Yields are classified by
particle species and calculated for 300 fb�1 of integrated lu-
minosity using the (20+5)� Pb shield. Separate yields for
(ir)reducibility by the active shield veto are indicated. The
irreducible ⇡±, K± yields can be vetoed by the box track-
ing layers themselves. The yield of ⇠ 7 irreducible neutrons
corresponds to . 0.4 BG events, assuming the box volume
is filled with air. The applied cuts conservatively select the
kinematic thresholds necessary for producing charged tracks
in the box.

timing constraints. In Table II we show the results of
this preliminary analysis, including approximate energy
thresholds to produce charged tracks and/or satisfy tim-
ing constraints. The dominant contributions in both
shield reducible and irreducible populations arise from
neutrons. (The neutrinos have a sub-pb cross-section, re-
sulting in ⌧ 1 scattering event for a population of O(106)
size.) The neutron incoherent cross section on nitrogen
⇠ 1b, so that the probability of a neutron scattering on
air somewhere in the box is ⇠ 5%. From Table II, the
number of neutron scattering background events is then
⇠ 0.4. Moreover, if needed, any surviving unvetoable
neutrons can be further suppressed with a marginal in-
crease in the Pb shield, or based on the event morphol-
ogy given their softness. The vetoable neutron popula-
tion suggests "veto ⇠ 10�5 is required, which is used in
Fig. 2 (bottom) for the neutron and KL fluxes. These re-
sults broadly agree with a simplified propagation model
making use of the muon average energy loss h�dEµ/dxi
for Pb and standard concrete, taken from PDG data [73],
the quoted neutron interaction lengths [73], the mea-
sured neutral kaon absorption cross-section in Pb at low
energies [81, 82] and the inclusive muoproduction cross-
section for neutral kaons [83–87].

The muon flux entering the box is shown in Fig. 2
(top). To conservatively account for dangerous muon-air
interactions, we (over)estimate the cross-section via the
total muon-proton cross-section with energy exchange
�Eµ > 0.1 GeV. This cross-section includes contribu-
tions from: elastic pair-production, µp ! µe+e�p; in-
elastic photonuclear processes, µn/p ! µX, with X
a hadronic final state containing at least one baryon;
bremsstrahlung, for which the radiated photon has low,
but non-zero conversion probability; and ionization. Be-
tween 10 and 100 GeV, this cross-section is roughly con-
stant, being O(mb) [70, 88]. Keeping only muons above

After 300 fb-1 (roughly 3⋅107 s of datataking)
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8 m3 demonstrator based on RPCs for the 
ATLAS Muon system upgrade

Send data via GBT link to same backend 
FPGA readout board as the rest of LHCb. 

Data formats & integration in the LHCb 
simulation are WIP (a preliminary 
simulation exists).

Unlike CODEX-b no shield, so expect 
higher particle rates. But volume is 1% 
of full CODEX-b and instantaneous 
luminosity is 10% of that assumed for 
LHCb U2, which will largely compensate. 

Therefore expect that the same trigger 
strategy outlined for the full detector 
will also work for the demonstrator.

 



Scaling from CODEX-𝛃 to CODEX-b
CODEX-𝛃 will be read out by a single FPGA card (cost O(5) kUSD) 

We probably will not use the full capacity of this card, but this is something we will learn as we 
go along with CODEX-𝛃. May be able to perform the track reconstruction directly in the 
readout card if there is spare capacity. 

The data volume scales with detector surface area and number of RPC layers in each detector 
side. CODEX-𝛃 has 3 layers per side, for CODEX-b may go up to 6 (optimisation ongoing). 

CODEX-b would also have additional internal stations, again the optimisation of this is ongoing. 

So for the full CODEX-b could expect O(50) current generation readout FPGA boards to suffice. 
Not a very significant contribution to the overall detector cost, in particular if we can do the 
reconstruction on the readout boards. DAQ design for LHCb Upgrade 2 is still under discussion, 
but no reason why CODEX-b shouldn’t be able to follow whatever LHCb decides to do.

 



Conclusion
The CODEX-b design minimizes the reconstruction and 
triggering challenges ahead. 

Straightforward integration with LHCb DAQ&HLT brings 
physics benefits — LHCb tags the signal. Studies ongoing 
to quantify benefits in e.g. Higgs associated production. 

The reuse of LHCb software and its quality assurance 
framework enormously reduces the workload. 

Expect to learn lessons about all the fine print associated 
to these statements with CODEX-𝛃 and iterate from there.

 


