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LHCb Experiment

e Experiment dedicated to flavour
physics

e Major upgrade of all subtectors
for Run 3 to collectdataatL =2
X 1033 cm? st

e Average pileup ~5

e Reconstruction at 30 MHz LHC
pp collision rate for the High
Level Trigger (HLT)

e New data acquisition system
and data center

RICH

new PMTs, readout
electronics, optics

40 MHz readout
software trigger

Muon chambers
more shielding, upgraded
readout electronics

Calorimeters
I —e ] i reduced PMT gain, new
. : electronics

CERN-LHCC-2012-007

SciFi Tracker
new pixel detector Upstream Tracker scintillating fibres

silicon strips


https://cds.cern.ch/record/1443882?ln=en

Run 3 DAQ

LHCb raw data (4 TB/s) at 30 MHz
Level 1 Trigger ~ 500 GPUs NVIDIA
RTX A5000 GPUs on EB nodes :
30MHz — 1MHz

Data sent to 40PB buffer

Level 2 ~3000 trigger lines run on
4000 nodes farm

J. Phys.: Conf. Ser. 878 012012
https://arxiv.org/abs/2105.04031
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40 HLT2 servers 40 HLT2 servers

40 HLT2 servers

40 HLT2 servers
Up to 100 HLT2 sub-farms (4000 servers)



https://iopscience.iop.org/article/10.1088/1742-6596/878/1/012012
https://arxiv.org/abs/2105.04031
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Level 2 Trigger Farm @ Interaction point (P8)

Level 2 trigger farm consists of ~4.5k nodes Num nodes Num cores HS23 (HS23 per core)
e ~260k cores of different HS233
e To be compared with Tier0! (not pledged to 1522 40 382 (9,55)
LHCb only)
o 11k nodes 2090 56 625 (11,2)
o 344k cores 565 48 468 (9,75)
o 3.2MHS23?
. 44 96 1851 (19,3)
e Level 2 trigger farm more than the whole
LHCb Grid CPU resources? 203 256 3819 (14,9)
4424 261232 3031689

1)  https:/monit-grafana.cern.ch/d/000000473/it-overview?orgld=1

2)  http://wlcg-cric.cern.ch/
3) https://cds.cern.ch/record/2924639/files/L HCb-PUB-2025-007.pdf

4)  https://w3.hepix.ora/benchmarking.html



https://monit-grafana.cern.ch/d/000000473/it-overview?orgId=1
http://wlcg-cric.cern.ch/
https://cds.cern.ch/record/2924639/files/LHCb-PUB-2025-007.pdf
https://w3.hepix.org/benchmarking.html

(S

Opportunistic usage
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Level 2 trigger farm - Example of a subfarm

User: a W System State ( | Wed 03-Dec-2025 10:54:14 |
e The farm consists of ~120 subfarms (40 | s <eeee 1] 00N woe (R A . A
?”' :I:;mme’ Sub-System State
servers each) o wre | omme  -|F)
. . . -~ LHC:CI:II:; HLT2 2 | OFFLINE -l g
e From the HLT2 operations point of view =l Wiz | omme -3
. . HLTS 2 | orune  -1§
a STATE is assigned to them LB ‘ et e
o . : :gzjg HLT8_2 OFFLINE - |
e Transitions between different states are =k Wonwer | meer -
. .. Messages
related to HLT2 processing activities
Close
e Possible states are OFFLINE, PAUSED,
ERROR, UNKNOWN, PAUSING,
RUNNING, READY
e States can be grouped into ldle states ldle states* Not Idle states
and Not Idle states
OFFLINE, UNKNOWN RUNNING, PAUSED,
READY, PAUSING,
> * Green light from RTA ERROR
outside MD and TS
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Opportunistic usage in the past

e The usage of the farm to run b EJET T T T ETET T
Grid jobs is not new S — ==========

e A special LHCbDirac pilot! code
has been developed by offliners
to submit simulation jobs on
level 2 trigger nodes

e The custom pilot code was (==
started on idle subfarms when a &

ICE Level (193 et
00 3] set

= e

large enough time window was e
foreseen (i.e. MD) and manually
enabled 7

,,,,,,

1) Note: A pilot is script that create the proper environment
to run a job and contacts LHCbDirac central services if there

are jobs to run. This is the same mechanism used on other g
grid sites



Improvements of this task

1)

The PRIORITY of the farm is to execute level 2 trigger jobs

o Reallocate resources as soon as needed by the experiment
Automate the previous mechanism, face future requirements of job
matching (i.e. multicore jobs, user analysis, shared storage)
Add a LHCbDirac service (Site Director?!) to submit jobs automatically
Scale up to the size of the farm

Enhance monitoring of the opportunistic usage of the farm

Site Director: LHCbDirac central service use to submit pilot to batch
systems (https://cds.cern.ch/record/2806286)



Improvements of this task

e HTCondor! fullfills flexible and automatic resource allocator
requests

e Added a 4PB Ceph? storage exposed through an xrootd?® instance
(thanks to Alexander Rogovskiy)

e Interms of Grid jargon itis Tier2D site

1)  https:/htcondor.org/ : Workload management
2) https://docs.ceph.com : A distributed POSIX opensource filesystem
3)  https://xrootd.org/: Low latency and scalable data access
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https://htcondor.org/
https://docs.ceph.com
https://xrootd.org/
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HTCondor

e HTCondor version 24.0.1 (latest as of installation
time) on RH9

e An HTCondor cluster is made of different
components: master (control the status of every
components), manager (decides where to run a
jobl), execution point (nodes that run the payload)

e Cluster configuration using puppet -> thanks to
Pierfrancesco Cifra

e Inclusion of the subfarms easily controlled by
puppet configuration

e Monitoring using prometheus exporter (tool to
publish metrics: i.e. num jobs, cpu load ...)

4 HTConddr |

Software Suite

https://https://htcondor.readthedocs.io/en/main/admin-manual/introduction-ad
min-manual.html.org/

1) In HTCondor terms a job is pilot in LHCbDirac terms "


https://htcondor.org/
https://htcondor.org/

ClassAds

e To match resources to submitted jobs HTCondor implements ClassAds (Classification
Advertisements):

o  Characteristic (owner of the job, memory required) or constraints (num cores...) of the job and
resources are exposed through ClassAds

e HTCondor uses a built-in ClassAd (STARTD) to decide when a node can run a job
If the STARTD of the nodes evaluates to TRUE than it can run jobs

e C(ClassAds can also be a custom feature defined by the administrator, for example by
mean of a script or a program

o Documentation:
https://htcondor.readthedocs.io/en/23.0/admin-manual/daemon-cron.html

e In this task | developed a script (CustomClassAd) that produces a customised
ClassAd (CustomStatus = 1 or 0) that extracts additional information in order to
determine if the HIt2 STATE is in an Idle or Not Idle state)

e The final condition to enable job submission is (S(STARTD) && CustomStatus == 1)
== TRUE

o  Thisis evaluated on every node of the cluster

12


https://htcondor.readthedocs.io/en/23.0/admin-manual/daemon-cron.html

(S

——» o CustomClassAd runs
PREVIOUS_STATE . .
- inside HTCondor as an
ead CURRENT_STATE external module and
determine the transition

¢ s>
among HIt2 statuses of the
Cowonn S Corne y Crotreavy > Crmror) Ceavsn ) Cravsive D Creapy ) CruwwinG machine

CustomClassAd logic

Read PREVIOUS_STATE

&3 ‘ ° if the state transitioned for
' Idle to Not ldle or viceversa
Vi then CustomStatus is

evaluatedto O or 1

° If the state switches to a not
Idle state grid jobs are sent a
linux SIGUSR1 signal that is
False understood by gaudi and let
current event complete
(killdiracjobs function)

13




LHCbDirac integration

e [ HCbDirac Site Director to submit pilots automatically (thanks
to Alexandre Boyer)
e The number of jobs that can be submitted is customisable
o At the beginning we configured the Site Director to
submit 1 job per pilot but after some tuning we chose 8
single core per pilot to fill the farm faster
o A fraction of the farm is dedicated so the minimum
number of pilots that can be submitted is set to 2000?

1) the number of dedicated nodes is 335 (48 cores each: total 16080 )

14



~ Operations

Jobs Number
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The new setup in action

Total Number of Jobs by FinalMajorStatus Total Number of Pilots by Site

O LCG.CERN.cemn 19073060.9
B LCG.CNAFit 12188792.7
56 Weeks from Week 13 of 2025 to Week 17 of 2026
56 Weeks from Week 13 of 2025 to Week 17 of 2026 N oach. L 102048103
LCG.CNAF.it O LCG.RAL.uk 7684841.6
B LCG.GRIDKA de 6420741.1
B LCG.IN2P3.fr 4847965.0
LCG.Manchester.uk 3082312.1
B LCG.NIKHEFnI 2767582.1
LCG.CSCS.ch O LCG.Beijing.cn 2153456.9
B LCG.NCBJ-CIS.p! 1860802.3
LCG.CERN.cef) DIRAC.UZH.ch 1741088.6
B LCG.GRIFfr 1476990.8
B LCG.NCB].pl 14721321
B LCG.PIC.es 1369975.8
O LCG.LZU.cn 1351940.3
B LCG.GLASGOW.uk 1269455.2
@ LCG.CBPFbr 10927123
B LCG Liverpool.uk 914130.9
B LCG.UKI-LT2-IC-HEPuk  898814.9
B LCG.LAPPfr 875963.8
| Done 504962605 B LCG.CPPM.fr 8200011
| Failed 10181954.8 LCG.DESYHH.de 760994.7
B Rescheduled  3902432.0 B LCG SARA NI 7480118
@ Completed 151407.0 B LCG.UKI-LT2-QMUL.uk 693181.5
B LCG.Krakow.pl 649790.0
B LCG.LPC fr 514440.7
B LCG.NIPNE-07.r0 485401.6
feschedlled B LCG.UKI-LT2-RHULuk 4365422
B LCG.MITus 312561.0
O LCGJINRru 286334.8
B LCG.CESNET.cz 260863.2
[ LCG.DURHAM.uk 254983.8
B LCG Bristol.uk 196530.3
LCGGRINKR dE [ DIRAC Vega.si 173014.6
O LCG.Sheffield.uk 134760.3
B LCG.PSNC.pl 134167.7
@ DIRAC.Monash.au 127653.2
LCG.IN2P3 fr @ LCG.Birmingham.uk 112801.7
LCG.Manchester.uk @ unknown 112699.0
@ LCG.BEER cemn 102748.0
B LCG.RAL-HEPuk 89138.5

Generated on 2026-05-06 12:44:57 UTC

plus 14 more

Generated on 2026-05-06 12:38:15 UTC

Total job run since April (Done : 50M, Grid jobs by site since April (~ 10% at
Failed 10M due to HLT?2 priority) HLT2Farm)
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Conclusion and next steps

e Setup a HTCondor cluster that exposes opportunistically the HTL2 Farm
resources

e Automated the inclusion of the nodes through custom ClassAds (cron like
scripts)

e Avoid sending SIGUSR1 signal to the pilot or properly catch it (to be followed
up with offline group)

e Plan to use farm during long shutdown

e Collecting use cases for HLT1 farm usage

17



Backup - Job Flow

Jobs by Site
57 Weeks from Week 12 of 2025 to Week 17 of 2026

jobs / hour
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17%
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13%
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0.8%
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LCG.CPPM.fr
DIRAC.UZH.ch
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Generated on 2026-05-06 12:53:19 UTC

winter shutdown
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HLT2 contribution during recen

Jobs by Site
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