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A standard metric for particle identification performance is comparing
the kaon identification efficiency (red) and the pion misidentification
rate, which represents the most abundant particle species [2].

The current algorithm performs very well, however, its complexity is
not well applicable to parallelisation on multi-core computing
architectures, as foreseen for the LHCb computing infrastructure
[3,4].

The LHCDb (Large Hadron Collider beauty) experiment is one
of the four major experiments at the LHC (Large Hadron
Collider) at CERN (European Organization for Nuclear
Research). A schematic is shown on the right. LHCDb is
dedicated to high-sensitivity searches of Charge-Parity
violations in beauty hadron decays and further high-precision
heavy-flavour studies [1].

The two Ring Imaging Cherenkov (RICH) detectors in LHCb
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momentum ranges, with 1 GeV/c bins up to 20 GeV/c and10 GeV/c bins above. For each By orange.
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momentum range the network is trained and assessed separately. < (o]

Around each extrapolated track centre, a radius range is defined. The hits in this range are
polar-transformed to 64 x 64 images, which represent the input to the neural network. : : '

In the figures below, the radius ranges for the momentum range 19 - 20 GeV/c are shown Hyperparameter Opt|m|Sat|On
(left) and the polar transformation demonstrated for a RICH 1 event with a single primary | | | | 2
vertex (right). The colour separation of signal and background is for the benefit of the reader, A simple neural network is used as a starting point, | opt. s, Images

the network receives monochrome images. using exclusively RICH 1 input images [5]. The O Yo whigbts
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Several parameters on the network performance are
assessed, such as the dataset size, batch size and
batch normalisation, loss function weights, additional
CN N P| D performance network layers and inputs, and further regularisation
options. The effect of each optimised parameter (top) \
is compared to combining them in an new version of o2 2
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images is duplicated to include inputs from both
RICH detectors. Their output is concatenated and
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/‘ | The optimised network structure for RICH 1

processed by an additional fully connected layer RedUCing COmbinatOriaI baCkg roOu nd
before the final particle ID output (top left).
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neural network (bottom left) achieves an average combinatorial background may be reduced by | o 20%noise

kaon ID efficiency of 87 % with a simultaneous the introduction of timing information [6]. The J0/% nofse
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e conventional algorithm (bottom right), with an combinatorial  background by randomly

| o excellent performance below 50 GeV/c. removing a fraction of the hits which do not
belong to the signal of a given track.

=
O]
1

90 % noise
100 % noise

Pion misID efficiency [%]
=
(@)

u
1

100

s B B S e While the scenario of zero combinatorial I IV S S
% : | | : ' ' background is idealistic, a clear trend towards

optimal kaon ID and pion misiID is observable,
S\ DU N NS NN SN O S showing the potential of the network to
VNN RN T TN S SRS S P operate in future detector environments. TS —— ©50% @30
30— — — — — T— e . . .
00 __________________ __________________ __________________ ___________________ ___________________ __________________ Details about the presented study can be
- L S SR N N S e e S o found in [7].

0 ( ( =< = 0 T
0 10 20 30 40 50 60 70 80 Momentum [GeV/c] (f) 100 % (g2) 70 % (h) 50 % (1) 30 %
Momentum [GeV/c]

yo) H— H— S— — — S——] :

60 A— A— A— S— S— AU S—

> KID (87.19)
< mmisiD (10.44)

Efficiency [%]

Efficiency [%]

[1] LHCb collaboration. “LHCb PID Upgrade Technical Design Report”, CERN-LHCC- 2013-022. November 2013. https://cds.cern.ch/record/1624074 51 C P D. and J C. Pr eation. 2018 I {efe re n CeS
[2] Gambetta, S. et al. “The LHCb RICH detectors: Operations and performance.” Nucl. Instrum. Meth. A, 2020. doi: 10.1016/].nima.2019.02.009. [6] Ka.mporFa “Nerezi r.]an ones, .h r!vate qomhmuLnI—IICCaScl)'\?l,CH ' g « httos//cd Y 42770576
[3] Aaij, R. et al. “Allen: A high-level trigger on GPUs for LHCb.” Comp. and Softw. for big Science, 4(1):1-11, 2020. doi: 10.1007/s41781-020-00039-7. [6] Keizer, F. “Novel photon timing techniques in the LHC upgrade programme”. https://cds.cern.ch/recor o76.

[4] LHCb Collaboration. “LHCb Upgrade GPU High Level Trigger Technical Design Report.” May 2020. https://cds.cern.ch/record/2717938. [7] 5'890’ M. “Convolgtlonal neqral net‘\‘Norks and photqnlc crystals for particle identification
CERN-LHCC-2020-006. at high energy collider experiments®. Doctoral Thesis. October 2021

'ﬁ UNIVERSITY OF 20t International Workshop on

iil

n Ad dC ti d Anal Tech (ACAT)
' CAMBRIDGE O Physics Research - 20 Nov - 03 Deo 2021



https://cds.cern.ch/record/1624074
https://inspirehep.net/literature/1775496
https://link.springer.com/article/10.1007/s41781-020-00039-7
https://cds.cern.ch/record/2717938
https://cds.cern.ch/record/2770576

