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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)]
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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
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LHCb Upgrade
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https://arxiv.org/pdf/1808.08865.pdf

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
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( Full offline-like event selection, mixture)
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LHCDb Trigger Run 2
[ Bunch crossing rate ]
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([ LO Hardware trigger
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Storage
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Run 2 trigger
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# 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)



https://doi.org/10.1088/1748-0221/14/04/P04013

LHCDb Trigger Run 2
[ Bunch crossing rate ]
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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
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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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Rare events: high efficiency
Copious production: high purity
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https://cds.cern.ch/record/2200233/files/LHCb-CONF-2016-005.pdf

LHCb Upgrade |

LHCb Upgrade Trigger Diagram

¢ Increase instantaneous luminosity: 0 L UL QT T S0
h ' full rate event buildin
4x10% - 2x10¥ cm? s ( 9)

oooooooooooooooooooooooooooooooooooo

:Software High Level Trigger

¢ Replacement of tracking detectors :
# finer granularity to cope with higher particle density [ Ful" e_"enlt(_re°°“:_""°ti°"r it"F'"S‘;’e :’_"d )
# new front-end electronics compatible with 30 MHz ks i

readout U’

Buffer events to disk, perform online

% Remove hardware trigger stage and operate software e e
trigger at 30 MHz input rate with 5 x more pileup than Run 2.

s HLT1 output: from 100 kHz to 1 MHz )
Disk buffer contingency: from weeks to days ::: ;’,E!;“:,ﬁ;ﬁi;s::?of.?,’:;fli 'f'ﬁ:'.f;ﬁ?.ﬂﬁ's‘

HLT2 OUtp'Jt: from 0.6 GB/s to 10 GB/s Output full event information for inclusive

triggers, trigger candidates and related
primary vertices for exclusive triggers
\ J

2-5 GB/s to storage
LHCB-PUB-2014-027



http://cds.cern.ch/record/1670985

rate (MHz)

LHCB-PUB-2014-027

Run 3 Trigger

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

10%‘ i LHCb Simulation
1;! i ",
g - L
:oooono..="..
10.15_ AA ........
E A "n 0 g m
C o\ "
102 A
E 7>0.2 ps % '
10'3:5— —@— beauty hadron candidates f + f f f 11
; —®— charm hadron candidates T T
10-4E —— light, long-lived candidates
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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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Run 3 Trigger: HLT1

LHCB-PUB-2017-006
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: ] # Loose (L) track selection: 1 MHz
IL LT TL TT L LT TL 1T L LT 1L 1T " # Tight (T) track selection: 0.5 MHz

500 MeV 750 MeV 1000 MeV

# Inclusive selection using combination of
WD)~ K’k ED'- KK @ED'-K'Kwr  ED'- KKK WL AT Loose (L) and Tight (T) with different p_
@ 2-Track —e— 1- OR 2-Track thresholds

-4 |-Track

# Optimisation for both selections is expected
using more realistic ghost rate

ILL LT TL TT LL LT TL TT LL LT TL TT
500 MeV 750 MeV 1000 MeV
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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.

% 1 I1..1..1 L
oYY eee e s s BT o0 | o LAGD
’MM"’F’ ' g 0 Simulation bﬁw%
A 2 0. # -y
g ot
] 0.6 ¥
0.4 —— D;—> K'K n* ] 0.4 )’ﬁ; —— D;—> K'K =* il
—e— D K’ K- 7 —e— D K‘ K- 7
3 LHCb i — DO: K'K n*tn N W — Do:)) K'K n* 7 d
0.2} Simulation — D°—> KS n* ki ] 0.2 —— D°—> K3 n* k3 R
OE"- 0 N RS BT BT BT i
0 200 400 600 800 1000 200 400 600 800 1000
Bandwidth Limit [MB/s] Bandwidth Limit [MB/s]
N C s ot
T ®FLHCB ]
B g Simulation :
E‘g —— D> K'K n* /L/ \/ ]
—— D' K'K ]
15" - D K'K n* ; A s ]
—— D> K"s ot ]
10 Ay .
5 F“ e ]
—o—0—0—0—4 ]
0 200 400 600 800 1000

Bandwidth Limit [MB/s]

16


http://cds.cern.ch/record/2244313?ln=en

Summary

# Success of Run 2 trigger paved the way to design Run 3 Trigger

# No hardware trigger will allow great improvement in the trigger efficiencies
Genetic-algorithm to cope with many (> 500) trigger lines

# Larger use of reduced event size changes the trigger performance parameters
rate » bandwidth
signal efficiency ~ analysis sensitivity

# Great potential for LHCb Run 3 physics program — Great challenge to achieve it

#7A LHCb Real Time Analysis Proiect
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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
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Run 3 Trigger: HLT1

LHCB-PUB-2017-006
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Run 2 trigger: Real-time alignment
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TIME FILL
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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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