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The upgraded LHCb detector for Run 3
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The upgraded LHCb detector for Run 3
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Unprecedented conditions in Run 3:

» Instantaneous £ = 2 x 10%°cm %s ™+

— 5 X Run 2

Vertex
Locator

» Redesigned tracking detectors &
improved readout electronics @

pp bunch crossing rate of 30 MHz
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The LHCb Run 3 trigger system

[CERN-LHCC-2018-014, LHCB-TDR-018]

500X reduction

LHCb raw data
— e 30 PB/year

15000 PB/year

= LHCb trigger: real-time data reduction: 5 TB/s — 10 GB/s

|mage not to scale
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LHCb storage capacity
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The LHCb Run 3 trigger system
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LHCb-FIGURE-2020-016
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All numbers related to the dataflow are
taken from the LHCb

Upgrade Trigger and Online TDR

Upgrade Computing Model TDR

Fully software, two-staged trigger: select only interesting events
via combination of expert systems and machine learning
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ML for trigger decisions

Criteria for reliable real-time & irreversible trigger decisions:

» Robustness: mitigated sensitivity to detector instabilities and deficiencies in simulation
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Criteria for reliable real-time & irreversible trigger decisions:

» Robustness: mitigated sensitivity to detector instabilities and deficiencies in simulation

> Interpretability: the capacity to encode domain-specific inductive biases, eg the
heuristic: “the higher the p; and longer the lifetime, the better”
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ML for trigger decisions

Criteria for reliable real-time & irreversible trigger decisions:

» Robustness: mitigated sensitivity to detector instabilities and deficiencies in simulation

> Interpretability: the capacity to encode domain-specific inductive biases, eg the
heuristic: “the higher the p, and longer the lifetime, the better”

Solution:

a) certified robustness and interpretability, /e via formal guarantees
—reliable performance on unseen data

o) expressiveness and reduced complexity for deployment in the trigger
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Constraining the Lipschitz constant

» A formal guarantee for robustness is realised constraining of the gradient ot the learnt
decision boundary, f(¥), in any i’ feature direction,

[Mach.Learn.Sci.Tech. 4 (2023) 3, 035020]
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.. Learn smooth functions at a scale above detector resolution
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Interpretability by way of monotonu:lty

[Mach.Learn.Sci.Tech. 4 (2023) 3, 035020]
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Background rejection
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The topological triggers @ HLT2

[2306.09873, 2312.14265]

> Higher-level (HLT2) trigger for inclusive selection
of beauty decays

= select multi-body candidates with b-hadron

decay topologies: qQV _
: L .-
e B mass O(5 GeV) — high transverse P
+
momentum, pr D D
P
o Litetime of O(1 ps) — displaced decay g
vertex
Beauty decay topology

e Boosted in forward direction = O(1 cm)
betore decay vertex (DV)
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The topological triggers @ HLT2

[2306.09873, 2312.14265]

New in Run 3: Monotonic Lipschitz NN to identity 2- and 3-body b-candidates using

» Kinematics

> Decay topology

------------------------------------------------------------------
g

"> Monotonically increasing features:

a) candidate p; Sensitivity to:

, , , » Beauty candidates
b) candidate tlight distance

» Potential feebly interacting BSM

c) x° of the impact parameter (IP)

v
------------------------------------------------------------------
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The topological triggers @ HLT2

Efficiency Ratio

[2306.09873, 2312.14265]
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Summary & outlook

> Lipschitz monotonic NNs offer a prescription to perform physics-
informed (irreversible) decisions:

- certified robustness and interpretability: formal guarantees at
the level of the architecture design

- expressiveness enabling deployment in high-throughput
environments, such as the fully software LHCb Run 3 trigger

» Commissioning with 2024 LHCb data squarely in progress
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The LHCDb Trigger

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~ > >

LO Hardware Trigger : 1 MHz

readout, high Et/Pr signatures

450 kHz 400 kHz

H/HH

150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

.

Full offline-like event selection, mixture
of inclusive and exclusive triggers

12.5 kHz (0.6 GB/s) to storage
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LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

-Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

Buffer events to disk, perform online
detector calibration and alignment

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

2-5 GB/s to storage
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