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13. 8 billion years



Misteries of our Universe…  

1/10 billlions

Matter 
Antimatter 

What is dark matter?      Where is antimatter?     Which particle is describing gravity?             
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Introduction  

(Extracted from) ATL-PHYS-PUB-2023-025
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Overview of CMS EXO results

(Extracted from) CMS Twiki

Contact interactions

R-Parity Violating

Excited Fermions

Heavy Fermions

Heavy Gauge Bosons

https://cds.cern.ch/record/2871728/files/?ln=ca
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#CMS_Exotica_Summary_plots_for_13


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

Introduction  

Unexplored 
region ? 

Effect of LHCb trigger in Run2:
[Front. Big Data, ’22 Big Data and AI in HEP ]

Long-lived particles in the SM and Beyond
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https://doi.org/10.3389/fdata.2022.1008737


Introduction  

The dark sector: 

Portal examples: 
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Long-lived particles Beyond the SM?



LHCb ATLAS

LHC: the proton-proton collider at CERN with an energy of 13.6 TeV

The LHCb experiment
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The LHCb experiment



● The bb cross section in pp collisions is large, mainly from gluon fusion 
~ 300 μb @ √s=7 TeV
~ 600 μb @ √s=13 TeV

b, b

b, b

● The LHCb idea: to build a single-arm forward spectrometer: 
~ 4% of the solid angle (2 < η < 5), 
~30% of the b hadron production

The b quarks hadronize in B, Bs, B*(s), b-baryons… 
 average B meson momentum ~ 80 GeV

Letter of Intent, 1995

[PRL 118 (2017) 052002]
[JHEP 02 (2021) 023]

The LHCb experiment
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The LHCb experiment

Taking data since 2011: 
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The LHCb experiment

PRL 135 (2025) 161802 

Nature 643 (2025) 1223 
LHCb-PAPER-2025-041 

(in preparation) 

LHCb-FIGURE-2025-004
15

https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://www.nature.com/articles/s41586-025-09119-3
https://cds.cern.ch/record/2925726
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Spectroscopy 

The LHCb experiment
[PRL 115 (2015) 072001]



The LHCb upgraded detector (operating since 2023):

New pixel detector

Silicon strips

Scintillator fibers

And a new fully software trigger 
based on GPUs!  

[Com. Softw. for Big Sci. 6, 1 (2022)]
[LHCB-TDR-021]

[JINST 19 (2024) P05065]

The LHCb experiment
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https://arxiv.org/abs/2105.04031
https://inspirehep.net/literature/2707802
https://arxiv.org/abs/2305.10515
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The LHCb experiment
The LHCb trackers:

SciFi: Scintillator fibers

UT: Si Strip detectors

VELO: Pixel sensors

52 modules. Average: 42 hits/module.

4 layers. Average: 350 hits/layer.  4 layers x 3 stations. Ave: 400 hits/layer 
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It is impossible to select all the data: need to select the events of interest 

Traditional trigger systems:

First level 
(L0/L1)

First High 
Level 
(HLT1)

Second High 
Level 
(HLT2)

Custom electronics (FPGAs), 
Information from calorimeters 

and muon stations 
Processors farm, 
fast Information 

from tracking

Processors farm, 
detailed information

to reconstruct the event

Y/N Y/N

The new LHCb trigger



The new LHCb trigger

● Aim of LHCb Run3: Increasing the luminosity x 5 as compared to Run2 (L = 2 x 1033 cm-2 s-1) 
● The problem: the trigger rate saturated for b and charm physics

We were already selecting all the possible signals in our Run2 trigger scheme! 
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Removing our bottleneck:

First level 
(L0/L1)

First High 
Level 
(HLT1)

Second High 
Level 
(HLT2)

Custom electronics (FPGAs), 
Information from calorimeters 

and muon stations 
Processors farm, 
fast Information 

from tracking

Processors farm, 
detailed information

to reconstruct the event

Y/N Y/N

The new LHCb trigger

Removed!
Full software trigger with 

detector readout at 30 MHz



The new LHCb trigger

20m
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Exploiting hardware accelerator technologies in event reconstruction:

 Use more than one kind of processor or cores to maximize performance or 
energy efficiency. 

 Exploit the high level of parallelism to handle particular tasks.

Graphic Processor Units (GPUs) Field Programmable Gate Arrays (FPGAs) 

- Programmable and flexible devices
- Low latency
- Low power consumption
- Ideal for compute- and data-intensive workloads

- Multicore processors, highly commercial
- High throughput 
- Ideal for data-intensive parallelizable applications

The new LHCb trigger
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Allen: the LHCb high-level trigger 1 (HLT1) application on GPUs. 

[LHCB-TDR-021]

[Com. Softw Big Sci 4, 7 (2020)]

 Fast detector reconstruction in O(500) Nvidia RTX A5000

 Portable: executed on several architectures: CPU, GPU 
 Modular: design allows various execution sequences 
 Total of approx. 250 algorithms used in data-taking 
 It has to reduce in real time 40 Tbits/s by a factor 50

[Allen project]

The new LHCb trigger
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https://gitlab.cern.ch/lhcb/Allen


Trigger schemes:

Comparison to other LHC experiments:

The new LHCb trigger

25



Track types at LHCb:

Included in HLT1 trigger for 2025 data taking period ! 

Downstream tracks
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- Algorithm design  very high throughput

- Fake track suppression  fast ML approach

 Tracking detectors have very high occupancies:

 The UT detector has 4 layers of strip detectors, and 
each layer may have up to 1000 hits per event.

- Tracks reconstructed from incorrect hit combinations 
are named fake tracks (or ghost tracks).

Challenges:

 The SciFi detector has 3 stations of fibers with an average of 400 hits per layer
(4003 combinations) in each event.  

 Until now it was impossible to reconstruct and select downstream tracks at the 
first level of the trigger (very low efficiency for long-lived particles!).

Downstream tracks



The new Downstream algorithm:

Downstream tracks

Reconstructing and vertexing downstream tracks at the
first high level trigger (HLT1), taking into account the
magnetic field in the UT. These tracks are then paired
using a streamlined NN to select the proper vertices.

[Comput. Softw.Big Sci. 9 (2025) 1, 10]

Throughput decreases ~ 5 kHz, very fast algorithm!  

[R
TX

 A
5

0
0

0
 c

ar
d

]

Throughput (kHz)
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- Bias for  decays ~ 1 cm

https://arxiv.org/abs/2503.13092
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Performance:

Track momentum resolution: Efficiency:

1-2 % ~ 80 % 

 Independent of the physics channel.
 Efficiency also flat in other variables such as angular acceptance, track multiplicity, etc.. 

Downstream tracks

Less than 20% 

Ghost rate:
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M ~ 15 MeV (Ks) M ~ 4 MeV (0) 

Performance:

Mass resolution after pairing two downstream tracks:

Downstream tracks



Very high impact on physics with  and Ks! 

Enhancing LHCb capabilities

[Comput. Softw.Big Sci. 9 (2025) 1, 10]
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https://arxiv.org/abs/2503.13092


Enhancing LHCb capabilities
Potential of the Downstream algorithm for LLP searches:

New scalar boson in the dark sector coming from B or H decays:
[Eur.Phys.J.C 84 (2024)6, 608]

https://doi.org/10.48550/arXiv.2503.23087

Sensitivity extended 
two orders of 
magnitude!

(similar for HNL or ALPs)

32

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


Enhancing LHCb capabilities

G. Dalla Valle Garcia and M. Ovchynnikov,  
arXiv: 2503.01760 [hep-ph]

Di-decays signaturs: B or H decays into a couple of scalars (BsSS, BSSX, HSS)

Open an unexplored 
phase-space window  

for high masses  

Scalar boson decay rates:

33

https://arxiv.org/abs/2503.01760


The new RTA trigger scheme at LHCb:

BuSca: monitoring histograms & 
create HLT1 lines for BSM searches  

+ New Downstream
algorithm 

BuSca (Buffer Scanner)

~10–30 
PB/week

[EPJ Web Conf. 337 (2025) 01161]

[V. Kholoimov MSc] 34

https://inspirehep.net/literature/3065086
https://repository.cern/records/chdq9-arp15


Online Monitoring HLT1DownstreamBuSca 

 HLT1_BuSca_Mass
 HLT1_BuSca_PID 
 HLT1_BusCa_Multitrack
 HLT1DownstreamBuSca_prescaled    

(bkg studies)

Create HLT1 lines 

High performance NN to select good track candidates at 30 MHz:

(non-persisted data)
(data stored)

BuSca (Buffer Scanner)
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Data is stored in two 2D histograms: di-pion hypothesis mass vs flight-distance of the 
particle and Armenteros-Podolanski plot* (now also simplified helicity).

hypothetical BSM particle

[LHCB-FIGURE-2024-018]

BuSca histograms (monitoring):

*Transverse momentum versus the longitudinal momentum asymmetry            

BuSca (Buffer Scanner)

36



Mass and Flight Distance binning schemes:

Binning is adapted according to the expected mass and FD resolution:

[LHCB-FIGURE-2024-036]

BuSca (Buffer Scanner)
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BuSca design



BuSca selection algorithm

Neural network, trained to select 

true pairs based on their 

reconstruction quality

- 9 inputs

- 12 nodes

- [0, 1] output

Trained on MinBias using MC 

information.

pp collision PV

Track 2

Secondary 

vertex

p bunch direction

[LHCB-FIGURE-2024-036]

BuSca (Buffer Scanner)
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New version: 8 inputs (no kinematic info) and 32 hidden nodes.



Throughput (# events/s) HLT1 bandwidth

BuSca (Buffer Scanner)

Performance:
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 It allows to monitor LLPs (downstream track pairs) at 30 MHz !
- Mass and flight distance (FD) info: allows the study of material interaction 

(crucial for bkg. understanding). 
- Armenteros-Podolanski info: PID orientation (important for models).

 Phase-space corners never explored before, it is just based in high quality track pairs. 
 Full model independent (not even needed B production, higher mass range for new 

particles!).

 It allows to create HLT1 lines with specific conditions
(PID, mass region, multi-track vertexing, prescaled…). 

 It provides a selection at the 2nd High Level Trigger (HLT2) based on BuSca HLT1 lines, 
allowing the detailed analysis of the BuSca selected data. 

 It allows to perform exclusion limits, and it can be adapted for any model.  

BuSca (Buffer Scanner)

40
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[LHCB-FIGURE-2024-018]

First downstream data! 
(2 weeks in October ’24):

Ks and  from pp collisions

BuSca (Buffer Scanner)
[V. Kholoimov MSc] 

https://repository.cern/records/chdq9-arp15


1- Strange candidates: 

SM particles with large lifetimes (Ks , Λ)
→ Mass region can be vetoed

- No SM candidates for masses above 1.2 GeV
- No other two-prong LLP decays in the SM  

Background events (key for searches!):

BuSca (Buffer Scanner)
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LHCb simulation 

LHCb simulation 

2- Hadronic resonances 

► J/ψ, ψ, φ(1020), ψ(2S), ψ(3770), ψ(4160) decay in the VELO detector (< 1m) and 

do not contribute to the BuSca background.

► Light resonance (𝜌, 𝑓2, 𝜂, 𝜔…), can be 

created from material interaction.

BuSca (Buffer Scanner)



- Data in the region 800-1300 mm   

- From simulated events without FD cut 
(MC Minimum Bias, 10M)

PDG ‘25

[LHCb-FIGURE-2025-002] 

Large contribution of hadronic resonances 
below 2 GeV: it may be not suitable for BSM 
searches in hadronic channels. 

BuSca (Buffer Scanner)
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[LHCB-FIGURE-2024-036]

Ks





3- Combinatorial background 

► Random combinations of two tracks: 
It can be controlled using tracks with the same sign.  

► Combinatorial background decreases with mass. 

BuSca (Buffer Scanner)
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[LHCb-FIGURE-2025-002] BuSca data (2 weeks in October ’24):

Mass (hh) > 600 MeV 

BuSca (Buffer Scanner)
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The difference between the original and reconstructed data can be used 
as an effective anomaly score in monitoring.

Aiming to suppress the combinatorial background using an autoencoder
trained on same-sign track-pairs data. 

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

BuSca (Buffer Scanner)

47



Conclusions & prospects

● BuSca is a LHCb model independent LLPs search algorithm at HLT1 level in real 
time over 30 MHz of data.

● Based on a new performant algorithm (downstream) and possible thanks to the 
new trigger scheme of LHCb based on GPUs.

● It allows to guide HLT1 & HLT2 trigger lines in new phase space corners.

● Already tested with 1fb-1 data-taking in October 2024: background studies. 

● A lot of developments ongoing (new features to be included!)

● Searching for new observables and combinations of them. 

● Stay tuned, 11.8 fb-1 2025 data already taken with BuSca!
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Thanks!



Detector response 

50

LHCb data 
center at Pit 8

Event builder
& event filter 1

Event filter 2

30 MHz 
(non-empty pp) 

5 TB/s 

1 MHz  
100 GB/s 

10 GB/s 
100 KHz 

The new LHCb trigger



[ T. Colombo]

We cannot save the information of all the event! 
(Scouting, TLA & Turbo techniques: persisting partial information) 19

The new LHCb trigger
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Downstream tracks
Downstream algorithm design:

[Comput. Softw.Big Sci. 9 (2025) 1, 10]

C++/CUDA tricks for acceleration:

https://arxiv.org/abs/2503.13092

