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LHCb experiment
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[CERN-LHCC-2014-001; LHCB-TDR-015]

e LHCb is one of the four main experiments at the
LHC, focused on precise measurements in the
beauty and charm sectors.

e For Run 3 data-taking, LHCb must handle an
instantaneous luminosity x 5 larger than Run 2
( Linet. = 2 - 1033em=2s71), with a average pile-up
of 52 ( < pu>=52).

e The LHCb detector has been upgraded to handle
higher radiation damage and increased track
multiplicity, and an upgraded trigger system has
been developed to manage it.

For details on the upgraded tracking and PID performance, see Giovanni's talk
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LHCb trigger system

For details of real-time alignment & calibration, see Miguel’s talk
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e The hardware trigger (LO) in Run 2 reached saturation at higher luminosity — Removal of LO in Run 3 and HLT1 operating at 30 MHz.
e HLT1and HLT2 are fully software-based triggers that perform Real-Time Analysis (RTA) to reconstruct events and make trigger

decisions based on the reconstructed objects.
e To handle the high throughput requirements, HLT1 now runs as a GPU-based application called Allen during data-taking.

For details of luminosity determination, see Fabio's talk For details of the trigger system, see Dorothea’s talk 4


https://cds.cern.ch/record/2730181
https://iopscience.iop.org/article/10.1088/1742-6596/878/1/012012
https://indico.in2p3.fr/event/33627/contributions/155243/
https://indico.in2p3.fr/event/33627/timetable/?view=standard#198-performance-of-the-real-ti
https://indico.in2p3.fr/event/33627/timetable/?view=standard#200-tracking-and-pid-performan
https://indico.in2p3.fr/event/33627/timetable/?view=standard#200-tracking-and-pid-performan

LHCb tracking system

q e g Search for A'>u*u” Decays
¢ In the LHCb tracking system, reconstructed tracks are classified based on their [PRL 124 (2020) 041801]

Search for Hidden-Sector Bosons in
B%>K*%u*u" Decays
[PRL 115 (2015) 161802]

detector hits: /

o Long track: Hits in VELO and SciFi, optionally UT.

o Downstream track: Hits in UT and SciFi only. Upstream track

o T track: Hits in SciFi only.

e Both Downstream and T tracks can reconstruct LLP decays occurring beyond the -

VELO, significantly extending the effective decay volume (2m for Downstream tracks ~ VELO
[l
and 8m for T tracks):

T1 T2 T3

Downstream track

VELO track
2 The LHCb detector is well-suited for BSM LLP searches!

e In Run 3, LHCb introduced a new downstream tracking and vertexing algorithmin
HLT1 for the first time. It makes it possible to trigger on BSM LLP decays at 30 MHz

i/J T track

[CERN-LHCb-PUB-2021-005]

by reconstructing highly displaced decay vertices from these tracks.

[Comput Softw Big Sci 9, 10 (2025)]

For BSM LLP searches with T tracks in LHCb, see Simone’s talk
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Discovery potential of Downstream

Potential of the Downstream algorithm for LLP searches:

[Eur.Phys.J.C 84 (2024)6. 608]

[doi.org/10.48550/arXiv.2503.23087]

Sensitivity extended two orders of magnitude! (similar for HNL or ALPs)


https://link.springer.com/article/10.1140/epjc/s10052-024-12906-3
https://doi.org/10.48550/arXiv.2503.23087

What is BuSca?

e After LO removal, all detector readouts are temporarily stored in a buffer while waiting

for HLT1 processing.
o  The BuSca project gets its name from “Buffer Scanning for BSM LLP searches”.
» ’ e BuSca consists of several components running directly at 30 MHz:
Z : ﬂ‘ o  Areal-time, histogram-based monitoring system:
a \A}" m  Trigger-less histograms at 30 MHz enable real-time anomaly detection.
V, } .i -‘ m  Provides hints for trigger line development.
ol o Asetof HLT1 + HLT2 trigger lines to select general BSM displaced vertices:
L - m  Model-independent - LLPs don't necessarily originate from B mesons.

m  Focuses on two-body decays with different end states.

m A more general trigger line is also available for future analyses, including

BuSca means 'search' in Spanish

multi-body decays.

e  Currently, BuSca targets only downstream tracks for a better momentum resolution with respect to T tracks but will be
extended to other track types in the future. 7



BuSca monitoring
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e In 2024, two different 2D histograms are set up for each HLT1 BuSca trigger line:
o Mass vs. Flight Distance - Directly visualizes highly displaced mass peaks.
o  Armenteros-Podolanski Plot - Identifies two-body decays independent of mass assumptions.
e In 2025, a third 2D histogram, helicity vs mass, is added. 8


https://cds.cern.ch/record/2914404
https://cds.cern.ch/record/2914494

BuSca trigger lines

e HLT1 trigger lines were developed to select high-quality displaced

downstream vertices: 2 902.196.,....,....,....,....,....,....,....,l..:
. _ ) 5 LHCD preliminary 3
o  HItIDownstreamBuScaSameSign: Combinatorial background study. 5 80 HLT1 BuSca Prescale
© 70 | 13
o  HItIDownstreamBuScaPreScaled: General selection. S 2 117 5
8 60 5 FD = [800; 2500] mn; =
o  HItIDownstreamBuScaMuon: Di-muon decays. é 50 F- M =600 5000] Mevie =
= E_ 3
o  HItIDownstreamBuScaElectron: Di-electron decays. z “ : 3
30 =
o  HItIDownstreamBuScaHighMass: Di-muon and Di-hadron lines to s L
trigger up to 50 GeV. wE 3

e The HLT2 lines was developed to store events triggered by HLT1: 00015002000 250030003500 400045005000

M (MeV/c?
o Requires the HLT1BuSca trigger decision. (MeV/c)

. : LHCb-FIGURE-2025-002
o  Stores all relevant downstream vertices for offline background [ ]

studies. 9


https://cds.cern.ch/record/2914404

Physics backgrounds

Detector-Prompt
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Detector-Stable
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Proper Lifetime 1 [s]

[Prog. in Part. and Nuc. Phys. 106 (19)210]

BuSca background studies

e Strange decays:

o KO K andA°.

o (Can be vetoed using kinematic and mass cuts.
e Another hadronic resonances:

o |y, g, $(1020), w(25), w(3770) ... etc.

o  Short lifetimes, can be vetoed using flight

distance cuts.
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BuSca background studies

Material interactions [LHCb-FIGURE-2025-002]
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BuSca background studies

Combinatorial backgrounds
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BuSca background studies

Combinatorial backgrounds
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Summary

(@)

The LHCb detector is sensitive to BSM LLP searches via Downstream tracks
and T tracks.

The upgraded LHCb trigger system and new real-time reconstruction
algorithms have enabled the possibility of triggering BSM LLP decays at 30
MHz.

The BuSca system is set up in Run 3 to search for general BSM LLP decays
using Downstream tracks in the LHCb experiment:

The real-time monitoring system can detect anomalies in key variables such
as mass, lifetime, helicity, and Armenteros-Podolanski observables.

It currently focuses on general very displayed two-body decays and is
expected to be extended to multi-body decays in the future.

Background studies show that physics backgrounds, material interactions,
and combinatorial backgrounds can be controlled.
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Thanks for
listening!

Any questions?
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Downstream for BSM LLP

LHCB-FIGURE-2024-036
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LHCb experiment
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Fig. 4. Decay probabilities of a dark scalar into different chan-
nels as a function of its mass and normalised to unity [22].
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LHCb potential to discover long-lived new physics particles with
lifetimes above 100 ps
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Downstream for BSM LLP
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[Eur. Phys. J. C 84, 608 (2024)]

e Another example of sensitivity improvement with
downstream tracks is the search for dark photon.

e This signature is unrelated to b-decays:

o Trigger Independent of Signal (TIS) on b-decays
is not longer helpful.

o Dedicated HLT1 trigger lines are required.
o Background studies are essential.

e For more details, see the second part of this talk: the
BuSca project.
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Autoencoder

Aiming to suppress the combinatorial background using an autoencoder DE%!DER
trained on same-sign track-pairs data. LOPMENT
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The difference between the original and reconstructed data can be used
as an effective anomaly score in monitoring.

Trying to define regions where new physics is
more probable: open HLT1 lines to collect and
analyse these data.

(] Reconstruction loss 1 20
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