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Caveat:

1) Alguns slides estdo em inglés e outros em portugués

2) O LHC e LHCb néo serdo introduzidos (detalhes técnicos estdo no backup)
3) Essa apresentacao é uma tentativa de atingir o objetivo do Workshop
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Historia
2014

Inicio da participagcédo do grupo no desenvolvimento do HLT1 para GPU

2018 (Dezembro)
Real-time analysis project € aprovado pelo LHCb Collaboration Board (CB)

2019
Inicio do projeto e organizacao de tarefas entre os institutos

2020 (Maio)
LHCb CB aprova o uso de GPUs no primeiro nivel do trigger (HLT1)

2021 (Fevereiro)
Assinatura do collaboration agreement, excluindo a parte que envolve
financiamento (5 kKCHF / ano Cat B).
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http://cds.cern.ch/record/1443882?ln=en

LHCb Upgrade |
CERN-LHCC-2012-007

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

# New front-end electronics compatible with 30 MHz readout RETTT AIRTTTIT TR, (I )
-Software High Level Trigger
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*#¥ Remove hardware trigger stage and operate software trigger [ Full event reconstruction, inclusive and )
at 30 MHz input rate with 5 x more pileup than Run 2. SxeluslveXinamatic geomettlc Selactions

¢ Data volume to be processed in the software stage
32 Terabits per second Buffer events to disk, perform online
similar to ATLAS/CMS for HL-LHC

detector calibration and alignment

L

s Upgrade numbers r N

HLT1 output' from 100 kHz to 1 MHz Add offline precision particle identification

. ’ f and track quality information to selections

Disk buffer Contlngency. from Leks to d_a)LS Output full event information for inclusive

HLT2 output: from 0.6 GB/s to 10 GB/s triggers, trigger candidates and related
primary vertices for exclusive triggers

\ J

2-5 GB/s to storage
LHCB-PUB-2014-027
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GPU in LHCb Trigger

Comput.Softw.Big Sci. 4 (2020) 1
https://arxiv.org/abs/2105.04031
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The demonstrated event throughput shows that the full HLT1
sequence can run on about 500 of either one of the
RTX 2080 Ti, V100 or Quadro RTX 6000 Nvidia GPU cards.



#R7A LHCb Real Time Analysis Project

1 Aim

It is proposed to form a real-time analysis (RTA) project covering software trigger,
reconstruction and calibration activities for Upgrade | onwards. The project will start in January
2019, pending ratification in the December LHCb week.



ARTICLE 2 - CONTRIBUTIONS

The RTA project is defined in full analogy to a sub-detector project. The primary way to
contribute to the project is by taking responsibility for an RTA deliverable or parts of it. A
deliverable designates a piece of software to be used in the trigger sequence during datatak-
ing. Maintenance is considered as a component of each deliverable, and an institute which
contributes in this way will define upfront the period over which it can take responsibility
for the relevant deliverable (or part of) it and for its maintenance.?

In addition, each RTA institute may contribute to the RTA project in one or more of the
following ways:

e By basing developers at CERN during data-taking. These will be responsible for
the “day-to-day operation” of the RTA software, including any necessary time-critical
maintenance and dcvelopment.

e By making developers available during and out of datataking for the “gencral main-
tenance” of those software components defined as the direct responsibility of the RTA
project in Annex 2.

e By providing local infrastructurc which cnables RTA software development. Examples
of this infrastructure are monitoring algorithms, automatic nightly tests or computing
power to develop and test the trigger software.
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rR7A LHCb Real Time Analysis Project

Nossas responsabilidades

Reconstrugao de jatos
Implementagao da selec¢ao dos inputs, clusterizagao (FastJet), jet
tagging, calibracao, indentificacao, ...

Selecao D-meson (3-body)
Implementacao de MVA, testes throughput, ..

HLT1 (GPU) reconstrucao de clusters do calorimetro e selecao de
di-photons
Validagdo com CPU e HLT2, implementagao do algoritmo, ...

Shifts
Manutencao do LHCb's software
10



- titulo do projeto: Analise em tempo real no experimento LHCb
- instituigées/grupos envolvidos no projeto: UFRJ, PUC e CBPF

- cronograma aproximado:
2021-2022 finalizar o desenvolvimento do software para RTA
2022-2024 comissionamento e operacao dos deliverables
2022-2025 montar infraestrutura para testar software para Run 47

- estimativa de custos e possiveis fontes de recursos
Idealmente, precisamos de 5k CHF / ano para assinar o collaboration agreement
Em 2021, contribuimos 3k CHF para compra de 2 placas GPUs com bolsa de bancada JCNE/FAPERJ
Em geral, a infraestrutura local e viagens estdo sendo suportadas por bolsas de bancada

- possiveis sinergias com atividades experimentais de outros grupos/experimentos
Provavelmente, a maior barreira € a diferenca entre os frameworks dos experimentos
Podemos tentar usar infraestrutura ja existente para verificar a compatibilidade para projetos futuros

- possiveis spin-off (aplicagdes) do projeto
Treinamento de estudantes em computacio de alta performance.
?

11



Refletindo ...

High Energy Physics has a large investment in software
--- Critical part of the physics production pipeline: real-time and offline analysis software

--- LHC experiments use about 1M CPU cores every hour of every day
++ 1000 PB of data with 100 PB of data transfers per year (10-100 Gb links)

--- Estimated to be around 50M lines of C++ which would cost more than 500M to develop commercially

--- There are vast challenges ahead of us to support our ongoing physics programme

https://hepsoftwarefoundation.org

12


https://hepsoftwarefoundation.org

Concluindo

Desde 2019, o experimento LHCb possui o projeto Real-Time Analysis (RTA) para atender a
necessidade de unificar a coordenacao do desenvolvimento e manutencao de software para
reconstrucéo, alinhamento, calibragdo e monitoramento em tempo real.

O projeto permite um maior nessas tarefas e um nivelamento das
estratégias utilizadas, resultando em ganho das analises do experimento.

A possibilidade de um projeto com outros experimentos pode ser estudada com a infraestrutura
atual para verificar se diferentes frameworks e realidades de cada instituicdo serdo uma barreira.

13






LHCDb is a single arm spectrometer fully instrumented in the forward region (2.0<n<5.0)

Designed for heavy flavour physics and also exploited for general purpose physics
[Int. J. Mod. Phys. A 30, 1530022 (2015)]

Collision

15



Integrated Recorded Luminosity (1/fb)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018 LHCb Integrated Luminosity in Pb-Pb in 2018

‘ ®  Delivered Lumi: 236.92 /ub

- 2018 (6.5 TeV): 2.19 /b

Recorded Lumi: 212.95 /ub

a 2017 (6.542.51 TeV): 1.71 /fb + 0.10 /fb -—————————— -
2 2016 (6.5 TeV): 1.67 /fb ]

2015 (6.5 TeV): 0.33 /fb 1
- 2012 (4.0 TeV): 2.08 /fb |
5 2011 (3.5 TeV): 1.11 /fb '

2010 (3.5 TeV): 0.04 /b
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Run 2 trigger
LHCb Run Il Trigger Diagram (2015 - 2019)

40 MHz bunch crossing rate

L I b Trigger structure:

LO Hardware Trigger : 1 MHz
readout, high Etr/Pr sighatures

¢ Hardware: energies deposited in calorimeters and muon
stations hits are used to bring 40 MHz to 1 MHz

450 kHz 400 kHz 150 kHz

Software High Level Trigger(HLT) :
[ Partial event reconstruction, select ] § Software: events built at 1 MHz ("‘27000 physical COI'GS)
et i ot HLT1: fast tracking and inclusive selections

Buffer events to disk, perform online 1 MHz to m kHz
detector calibration and alignment HLTZ2: complete event reconstruction and selections

of inclusive and exclusive triggers

o O

JINST 14 (2019) no.04, P04013

( Full offline-like event selection, mixture)
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https://doi.org/10.1088/1748-0221/14/04/P04013

LHCDb Trigger Run 2
[ Bunch crossing rate ]
40 MHz

([ LO Hardware trigger

high pr/E7 signatures

>

[ High Level Trigger 1 |
kpartial event 1‘(3(7()115tru(‘tionJ
¥ 110kHz

10 PB Alignment &
buffer Calibration

Software trigger

[High Level Trigger 2

full event reconstruction

12.5kHz
Storage

JINST 14 (2019) no.04, P04013

Run 2 trigger

1 .
Lol e

-% 0.7}k Disk buffer usage

s to 28/11/2017

< 0.67

S 0.5

2 0.4}

~ 0.3f

A 0.2

O

20 25 30 35 40 45 50
Calendar Week

# HLT Farm with 10 PB disk space
# At an average event size of 55 kB with 100 kHz: up to 2

weeks before HLT2 has to be executed
# 2x trigger CPU capacity since Farm is used twice for
HLT (excess used for simulation)
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LHCDb Trigger Run 2
[ Bunch crossing rate ]

40 MHz
( L0 Hardware trigger |

high pr/E7 signatures

J
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partial event reconstruction
- 7
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Storage
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Run 2 trigger

LHCb Preliminary

~50% improvement in
mass resolution
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# Real-time alignment and calibration
# Dedicated HLT1 trigger lines supply samples for the

alignment
# Alignment & calibration tasks run in parallel while events
are are being processed by HLT1
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Run 2 trigger: Turbo

Bandwidth [GBs™'] o< Trigger output rate [kHz] x|Average event size [kB]!
I

|
___________________ 1

HLT2

candidate

Turbo data processing model

# Analyses that can be done using trigger objects can
profit of reduced event size and higher trigger rate.

# Event size can be reduced from 70 kB to 7 kB
depending on the persistence level

# Calibration samples increased, reducing systematic
uncertainties on efficiency measurements

Increasing persisted event size
Decreasing information

# 50% of HLT2 trigger lines are Turbo counting 10% of
the bandwidth

JINST 14 (2019) no.04. P04006
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Run 2 Trigger: Turbo Analyses

Observation of the Doubly Charmed Baryon Z.. *

R. Aaij et al. (LHCb Collaboration)
Phys. Rev. Lett. 119, 112001 — Published 11 September 2017

Study of J /4 Production in Jets

R. Aaij et al. (LHCb Collaboration)
Phys. Rev. Lett. 118, 192001 — Published 8 May 2017

oy oy 7 ) ]
Ph)/SICS See Viewpoint: Probing Quarkonium Production in Jets PhyS|CS See Viewpoint: A Doubly Charming Particle
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Phys.Rev.Lett. 118 (2017) no.19, 192001

Phys. Rev. Lett. 119, 112001



https://arxiv.org/abs/1701.05116
http://arxiv.org/abs/1707.01621

Efficiencies

Run 2 trigger
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http://arxiv.org/abs/arXiv:1812.10790

Dimuons per GeV/c?

Run 2 trigger: Plots

LHCb-CONF-2016-005
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https://cds.cern.ch/record/2200233/files/LHCb-CONF-2016-005.pdf

rate (MHz)

LHCB-PUB-2014-027

Run 3 Trigger

Rates as a function of pT cut for part. reco. candidates

10%‘ i LHCb Simulation
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1 I
8 10
pt cut (GeV/c)

2018
stream | event size | event rate rate throughput | bandfwidth
(kB) (kHz) fraction (GB/s) fraction
FULL 70 7.0 65% 0.49 75%
Turbo 8a 3.1 29% 0.11 17%
TurCal 85 0.6 6% 0.05 8%
total 61 10.8 100% 0.65 100%
Upgrade

stream | rate fraction | throughput (GB/s) | bandwidth fraction

FULL 26% 5.9 59%

Turbo 68% 2.5 25%

TurCal 6% 1.6 16%

total 100% 10.0 100%
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http://cds.cern.ch/record/1670985
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Run 3 Trigger: HLT1

LHCB-PUB-2017-006
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# Optimisation for both selections is expected
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http://cds.cern.ch/record/2244313?ln=en

# Same strategy as in Run 2 increasing Turbo

stream usage

Max. signal eff.

Run 3 Trigger: HLT2

LHCB-PUB-2017-006

# To cope with many (> 500) trigger lines, a
genetic-algorithm based on bandwidth division

is used.
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Max Luminosity [10%/cm%s]

LHCb Upgrade

arXiv:1808.08865 [hep-ex]
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https://arxiv.org/pdf/1808.08865.pdf

LHCb Upgrade
CERN-LHCC-2012-007

New mirrors and
photon detectors

uT
(new silicon tracker) Magnet SciFi

New readout electronics
for the entire detector
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IUpgraded LHCb Detectcll

To be UPGRADED
Detector Channels R/O Electronics To be kept

SciFi
(new scintillating fibre tracker)
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http://cds.cern.ch/record/1443882?ln=en

GPU in LHCDb Trigger

Comput.Softw.Big Sci. 4 (2020) 1

s GPU will be use in the first trigger level

s# One GPU should process events at roughly 60 kHz
++Reduce data rate by factor 30 based on single and
two-track selections
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. Velo on GPUs

++ 26 planes of silicon pixel detectors
. ++ Parallel algorithm for cluster finding
. using bitmasks

. ++ Pattern recognition finding seed

: triplets in parallel

: ++ Primary vertex finding using cluster
. finding in a histogram
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GPU in LHCb Trigger Comput.Softw.Big Sci. 4 (2020) 1

https://arxiv.org/abs/2105.04031
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Status of software

Allen project

Implemented on C++, CUDA and python

Running also for CPU, and HIP (AMD, experimental)

It can run standalone and on Gaudi /' e BCAL PIGAL ”
Still improving: [ Magnet SciFi  RICH2 M2
v0.9 released last week & Tracker e

[ /[ricEr ]
..... V9 UT

Vertex )

¥ 3 1
VELO decoding l E
and clustering ! SCiFi decoding v
Global Event i v T Muon decoding
Cut T di
VELO tracking UL desoding R ae ! Selected
' 7 . T Muon ID event
v : UT tracking _1_
Simple KALMAN T Parameterized e
v : KALMAN R,
vertices
Find PV i
' v Y %

v
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Table 2. Overview of GPU usage for real-time analysis in various HEP experiments.

Experiment Main task Event / data rate Number of GPUs Types of GPUs Date for References
processed on GPU tested employment
NA62 RICH ring pattern | 10 MHz/ 2.5 Gbit/s 1 Nvidia K20c, P100 | Tested in 2017 & [7,8]
reconstruction 2018, planned for
2021
Mu3e Track- & vertex 20 MHz / 32 Gbit/s 0 (10) Nvidia GTX980, 2021 [9]
reconstruction in GTX1080,
the pixel tracker, RTX1080Ti
data selection
CMS Decoding of raw 100 kHz / - Nvidia RTX2080, Planned for 2021 [10, 11]
data, clustering, K20
pattern recognition
in the pixel detector
ALICE Track < 500 Hz Pb-Pb or 64 Nvidia GTX480 2010-2013 [12]
reconstruction in <2kHzp-p/
the TPC < 100 Gbit/s
ALICE Track < 1 kHz Pb-Pb or 180 AMD S9000 2015-2018 [12]
reconstruction in <2kHzp-p/
the TPC < 384 Gbit/s
ALICE Track 50 kHz Pb-Pb or 0O (2000) 2021 [13, 14]
reconstruction in <5 MHz p-p/
three sub-detectors 30 Thit/s
LHCb Decoding of raw 30 MHz /40 Tbit/s O (500) Nvidia Possibly in 2021 [15]
data, clustering, RTX2080Ti,
RTX6000, V100

track

reconstruction in
three sub-detectors,

vertex
reconstruction,

muon
identification,
inclusive selections

D. vom Bruch 2020 JINST 15 C06010
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Efficiencies

Run 2 trigger
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http://arxiv.org/abs/arXiv:1812.10790

LHCb Run Il trigger

Beam-beam crossing
30 MHz

LO

Hardware trigger
1 MHz
HLT1

Partial reconstruction

l 110 kHz
Buffer D Alignment &
10 PB calibration

1kHz HLT?2 3kHz
TurCal — . —_— Turbo
50 MB /s Full reconstruction 100MB/s
8 kHz l 420 MB/s
Full

JINST 14 (2019) no.04. P04006
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https://doi.org/10.1088/1748-0221/14/04/P04006
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Run 3 Trigger: HLT1

LHCB-PUB-2017-006
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- =& 1-Track +m 2-Track —e— 1- OR 2-Track . . . . .
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= and Tight (T) with different p.. thresholds
3 # Optimisation for both selections is expected using
E more realistic ghost rate
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http://cds.cern.ch/record/2244313?ln=en

Run 2 trigger: Real-time alignment
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»

VELO alignment (~7min)T

Tracker alignment (~12min)

OT global calibration
RICH calibration
(every 15 min)

TCanrimeter Calibration

MUON alignment (~3h)

RICH 1&2 mirror alignment (~2h)

((~7min),(~12min),(~3h),(~2h)) - time needed for both data accumulation and running the task
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