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Belle Il experiment
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- HEP experiment for the intensity frontier
- Ongoing rich physics program (not only B, but Tau, dark matter...)
- Aiming at 50/ab corresponding to ~x50 of Belle ~60PB
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pTEp 2-0-13- 'OSAO'T"I' (20-1-3-) --------- ------- ----- (. Composed of 7 major subdetectors\
| ' - Hermetic detector
- Good particle ID

Asymmetric e*e” collider at KEK (e*:4GeV, e: 7GeV) - Excellent tracking efficiency and
Instant luminosity record of 5.2x1034cm-2s" (x2.4 of KEKB) improved vertex resolution

NEW at Mar 19 in this year!
2026/5/14 Belle Il computing

if - cal i N s R Sl

|




e e o LT

Belle ll collaboratlon

T T I R BT aRL oD B e e L g

‘nl'(‘o =, =T

Wﬂm@?
d the werl_d ((m» A@E, and N&))

2026/5/14 Jrr e —— . - . Belle Il computing



Belle |l collaboration
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High-speed network mesh is a key!
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«  Data is transferred from the
offline servers to the KEK
data center.

Raw data centers around the
world keep a second copy of
the full raw data set.

- Raw data is processed,
skimmed and distributed
over Raw Data Centers and
Regional Data Centers.
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MC production is performed
at all sites.

* Analyzers access data and
- MC sending jobs to the grid
and downloading the output
to local resources.
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Raw data storage
and processing

Raw data duplex.
processing

Data Center

mdst storage

_MC production and
Physics analysis skim
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Local resource
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user analysis,
(Ntuple level
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USER Communities
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éelle Il computing is based on DIRAC interware
originally developed by LHCb collaboration and
nowadays widely used by various communities,
as the computing framework

—>single interface to handle various resources

—>modular design: community can easily extend
@e functionality

———QODIRAC

THE INTERWARE

Similar framework used in
other communities

e PanDA: ATLAS
B JAIEn: ALICE

BAMmTvan ey

In Belle Il, two different DIRAC systems are utilized
- BelleRawDIRAC for “Core Computing”

/

2026/5/14

- BelleDIRAC for Distributed Computing
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Rucio N
Rucio is a highly-scalable policy-driven data management system \
Originally built for ATLAS experiment and adopted by Belle 1l since 2021 :RUCIO
In Belle Il, Rucio is used for several purposes ‘@mMaeMmanmmmbmmm
As Distributed Data Management System Rige) 444 AL
Transfers between site using policies engines (rules and subscriptions) T
Monitoring and transfers, deletions, SE occupancy ResTRulAPs § § )

rCore |—{Authentication & Authorization }

Account, scope, data identifier, namespace, metadata, replica
registry, subscription, rules, locks, quota, accounting

Provide coherent access to file replicas via LFN (logical file name)

As File Catalog

As Metadata Catalog —roeye B0
We have long used AMGA to store “data ofdata” T/ T S
Now in final phase to migrate to Rucio %‘_ .
Rucio Storage Element(RSE), FTS3, Networking
Monitoring |* { M::? | B2RucioDataManagement : a :
Successful transfers volume per activity (aggregation) : Fabrication | : z I : \\j Flle Catalogue Plugin
25PB : , [EreT— — 2 W5 e Catalogue
Rucio data transfer in past 1 year RUCIO o
Deletior ' ': .r'\" I oo
e . Lo )
User data transfer Raw data export 4 BapuASE fo-f "/

2026/5/14 Belle Il computing 8
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r Belle Il Rucio

'2

Firewall

- Belle Il Rucio is hosted by BNL Outside BNL | Inside BNL

blrucio01
192.33.128.96
LHCONE/Outside

SCIENTIFIC DATA MANAGEMENT

birucio.sdce.bnl.gov
10.42.34.116 biruciod -wrp
10.42.34.117 blruciod2-wrp
Virtual and Floating |ps
Local Metwark

nsade BNL Firawall

192.33.128.41 blrucic01-wrp
182.33.128.42 biruciod2-wrp

OpenShift in this year S
- 4 servers, 2 DB and 1 Ul

- Initially on RHEV, then moved {0  seiosccongor

Normal —— —— biruciodb01 blruciodb02
Backup— 10.38.5.25 10.38.5.26
Primary DB Backup DB

blrucio03

- In BNL OpenShift, conditions DB 19233.128.98

10.38.5.26

(e.g. calibration constant) is also ——
deployed e

N workers working

on N partitions blru_cioui
alias
Hermes2
R H blrucioui01
ﬁ — Providing Grafana 16595 126,43
for monitoring R0k S
Hermes2

Belle Il monitoring stack
2026/5/14 Belle Il computing 9
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Raw data transfer in Belle Il

DAQ UNITS Online-Offline Handshake
m \ (database based)
N (TEETTYC) % Online STORE disk
£ )
Belle Il Detector
RAWEOOT ROOT data t f
ata transrer
Offline (KEKCC) : :
Raw data transb‘er system Ofﬂ'f'e Gr_'d Sl
Registration

BelleRawDIRAC

%KEKCG FE SE

KEKCC Grid . Distributed Computing

1st Replica
RAW(ROO
! h copy to KEK
% % Rucio =215 Eamm—>
= copy to RDC’s  2nd Replica
— Raw data
replication %‘“’V{R 00T

(only ROOT)

KEK -TMP-SE RDC
(temporary grid storage)

Debug RAW(ROOT) <--"

BB R

(re)process

2026/5/14 Belle Il computing
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Belle Il “core co _putlng_’_ﬂ’__ system
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Most servers are hosted by KEKCC
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Online-offline
Transfer

el st T e il T

b2ccl Active Nodes

Ra\n_f files Raw Data
DIRA %W01 . -i belleraw1
Cllent T~ T \

\.\ |
BeleRawDIRAC ™ /| s
N — Rucio
AN ! BelleRaw |
% . Identical
7N ! Configuration L
N . - Rucio is hosted by BNL
e \ {olleraw2 (see later slide)

DIRAC | | - bZra@__i/
Client

hRaw files hRaw Data

Offline reg.

— b2cc2 |
Online-offline

Bare metal Transfer

Active Nodes

2026/8014__ : 7 7 Belle I computing




Kubernetes for core computing

We started to use Kubernetes (K3s) to host some core computing functionalities

- Centralized DIRAC log

- Centralized syslog
(OpenSearch, LogStash, RabbitMQ)

- Grafana

- DiracX (see later slide)

Infra for evaluation

4 \/Ms in 2 nodes
for now
(see later slide)
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Kubernetes | . S
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Data Node Master Node |
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Belle || computing

ConfigMap
traefik-ingress :

Ingress D
b2raw-monitord

DiracX

DIRAC Nodes Submitting System
Logs
b2raw-logmon.cc.kek. jp:15672

\ . Public .
A Endpoint
II'\

| \bzraw-monitm.cc.kek.jp:SIJOD

@

Grafana Monitoring

DiracX Instance
b2raw-diracx.cc.kek jp

N
S

AN

: .

Opensearch Dashboard
b2raw-monitor4d.cc.kek.jp
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After Raw data is transferred to Raw data centers, 1
apply various processing and filtering (“Skimming”)
toward final analysis result

Raw data (or MCProduction)

mDST Reconstructed event info

uDST mDST+ particle list
(high level objects)

nTuple Analysis results (only values)

Typically the last step is done by individual (or group) while the
others are processed by mass production system centrally

Belle Il computing 7 " 13




Belle Il distributed computing system

/— KEK

o

Main
DIRAC

WebApp
DIRAC

~

x10

X2

KEK
[ MySQL :

OpenSearch

x3

x4

2026/5/14

BNL

UVic

NDU

KEK DIRAC servers are on VM
MySQL and OS run on physical machine
No Kubernetes yet

DIRAC servers are maintained by Belle |l
KEKCC maintains other essential computing

(for SSH) resources hosted by KEK

Monitoring QFI, qusg
- Grafana+VictoriaMetrics at KEK CVMFES
- Grafana+InfluxDB+Elasticsearch at BNL - J

BNL hosts FTS, Rucio, and relevant services

BNL / KEKCC N
Rucio VOMS
FTS IAM

Belle Il computing 14



PPy, . = R SO - B R R TR S _— e = g >, -
= ﬁag‘_?r_‘—ﬂlw—'ﬂﬂ-_ T i TR T I e BT [ B TR BN Mg, T e e T T D L g L S - ol ey B e el W el " RO e el T egentl e S s il - TR

Sy~ B B R T W TR o ey

- Intermittent peaks are seen but generally consistent
- Comparable CPU usage by MCProduction and User analysis

Running jobs by JobType
52 Weeks from Week 19 of 2025 to Week 19 of 2026

User jobs
MC production

Raw data
processing

kjobs

2026 Apr 2026 May 2026

@ User 66.7% [ MCskim 1.1% M UserScout 0.0% @ unknown 0.0%
O MCProduction 30.0% @ Merge 0.1% W DataMerge 0.0%
O RawProcessing 20% @ DataSkim 012 M Test 0.0%
Generated on 2026-05-12 23:44:44 UTC
Belle Il computing
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Data Production

Operaton N

13 Wed [ e [TRT Tlls Fri B e s= 7 sun T
5 118 ' wihar "
13 Wed 14 Thu ‘u Fri 16 5at 17 Sun ‘

ion Expert

‘u Tue

Data Production Shift - Monitor DQ system and activities (e.g. DIRAC, Rucio...)
_ _ - Record shift log
- Daily shift - Report issues to operation expert

- Update current situation in Operation Status Page

Operation Expert - Support DP shift
. - Issue/manage tickets (GGUS, our issue tracking system...)
- Weekly shift - Escalate to DC experts if necessary

Free space accounting
(Monitors in Grafana)

Automatic Issue detector

ED Oowime  RanTims  PaTnd  PiocSumison  PlPocessng  PlWatng  sbTend  obSumus  RaulobSuns  Useckn

DC experts

2026/5/14 Belle Il computing 16



r f DlraCX The neXt DIRAC moarnatlon
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- Current DIRAC has been developed more than 20 years

- Many outdated technologies and house made tools/protocols ]
_ s B 3 & 4
- DiracX ———— — ;
- Completely different design il | Mff.,o [ 1
_J
- Standards based ( Diracx Tosks | o .
. I Po_ kRabbit :‘-E;:i-.:wa
A CIOUd natlve app DifaeX Client ke CELERY ) l My :mt;ﬁ;
- Providing transparent migration for users Yy 5 <
g f )
O Rec
»React D) Oﬂiarch
DiraeX 3 _ S
' I
"
ODIRAC —=1L Rucio
Legacy Installation L External Dependencies y
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Current challenges

Token based authentication

IAM server
Belle Il uses KEKCC instance (belle-auth.cc.kek.jp)

Job submission
Test is ongoing at validation environment
Plan to start it for production

File management

Sites getting configured to use token for file transfer/deletion
Plan to join Data Challenge 2026/2027

DiracX migration
DIRAC and DiracX run simultaneously, and gradually moving to only DiracX
DiracX is deployed in Kubernetes (e.g. K3s)

BelleRAWDIRAC: already having K3s evaluation cluster

BelleDIRAC: not yet
Main blocker: extension migration to DIRAC v9 (essential for DiracX)
Will start validation at BNL

2026/5/14 Belle Il computing
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Summary

Belle Il is collecting collision data steadily and our computing group is
processing those data

Belle Il computing group consists of two sub groups, “core computing” and
distributed computing and both are centrally managed by DIRAC and Rucio

Current status is good, and we are adapting new technologies, token based
authentication and DiracX

2026/5/14 Belle Il computing 19
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