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@ Jiangmen Underground Neutrino Observatory (JUNO)

L
o

¢ Proposed as a reactor neutrino experiment for mass ordering in 2008 (PRD78:111103,2008; PRD79:073007,2009)

¢ Project approved 2013, Construction started 2015, data taking started late August 2025
¢ Located Kaiping, Guangzhou, south of China (west of HongKong)

¢ JUNO baseline distance optimized to determine neutrino mass ordering
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@ JUNO physics program

¢ JUNO is a multipurpose Neutrino Observatory with a rich program in neutrino
physics and astrophysics studying neutrinos over a large energy range

¢ Include solar, supernova, atmospheric, geo-neutrinos, proton decay, exotic searches

Supernova v

Solag.y 104 evts at 10 kpc >~100 evts
~ DSNB : 2-4 evts/year

l.r«,

8B : |1 6 evts/day
7Be : 490 evts/day/kton

Proton decays : p—>v+K~*
Indirect Dark Matter Searches

45 evts/day
—Neutrino mass ordering

—Precision measurement of solar oscillation parameters 400 evts/year C. Jollet

Geoneutrinos



.) JUNO Detector 20 kton liquid scintillator, >30K PMTs, 700m underground A

* Designed to achieve 3% energy resolution at 1 MeV
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@ Computing Model :

» Raw data volume: ~2-3
PB/year.

Online System
OEC

Computing power needed:
~300 kHS25 ﬂ

» Hierarchical Model: Tier O
(IHEP) for primary
storage/reconstruction;  Tier | Rawdaafow y \%
1s (CNAF, IN2P3, JINR) for — ——

replicas, re-reconstruction, | MC dataflow Centers

and simulation.

» Raw data flows from Online to IHEP which then distributes to other centers
+ KUP (Keep Up Production, 15t reconstruction)* and Calibration will run in IHEP

+ MC Simulation, PP(Physics Production, 2"d reconstruction) and Analysis runs in data centers



@ Distributed Computing Infrastructure (DCI)
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WMS: Workload management system, DMS: Data management system

JUNO DCI was built based on DIRAC,
using both WMS and DMS

¢ Use WLCG middleware as much as possible
¢ Software Distribution: CVMFS
¢ Condition Data: FroNTier/Squid; reduces

central DB load by 99%.

Transitioning from VOMS to token-based
TAM.

Develop JUNO-oriented application
systems

= Data production system (ProdSys)
= Data analysis tool (JSUB)
= Raw data transfer system

= Data operation tools



‘) Data rate and offline processing flow

¢ KUP (Keep Up
Production): Automated
pipeline using Kafka for
converting RAW to
RTRAW (ROOT

format) and producing
ESD.

¢ SPADE: Automated
transfer from the
detector site to IHEP.

¢ Replication: Automated
registration in DFC and
parallel replication to
Tier 1 sites.

JUNO onsite

THEP

JUNO Data centers
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RAW data Volume: ~2-3 PB/year
RTRAW data Volume: ~2 PB/year

S

100 Gbps network

ibps network

(t/q, waveform)

DAQ Event Rate:
1kHz

Data Volume:

~60 MB/s

Each file size:
5GB

N (Events) per file:
83,333 (=5GB/
60MB/s * 1kHz)

one year data
reconstructed within 2
months
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* KUP: Keep up production PP: Physics Production




@ International network Juno joined LHCONE in April, 2021 g

¢ THEP < Europe upgraded to 100Gbps in 2023
= LHCONE 80Gbps (JUNO up to 35Gbps), LHCOPN @20Gbps
¢ THEP < JINR is 10Gbps, CNAF < JINR is 100Gbps
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@ Re-Production (ReProd 25) Campaigns
Results

* Analysis of campaigns ReProd
25A, 25B, 25C, 25D

Cumulative Jobs by Site

¢ SUCCGSS rates: 9503% to 98%0 38 Days from 2025-10-01 to 2025-11-08
I : v% ReProdC
 Scale: ~1 Million files, 0.6 PB O
replicas, and peak of >20k e
concurrent jobs. . =

200,000

2025-10-06 2025-10-13 2025-10-20 2025-10-27 2025-11-03
Max: 1,248,561, Min: 1.77, Average: 359,747, Current: 2.62

W GRIDIHEPCn 7762419 @ GRID.IN2P3 fr 1619139
B GRID JINR-CONDOR ru 1915366 @ GRID.INFN-CNAF.it 1188869.1
Denerated on 2025-11-26 08:41° 57 UTC



Resource Consumption & Site Contributions

* Total CPU used: ~8k HSO06-year for the major campaigns.
* Normalized contributions: IHEP:JINR:CNAF:IN2P3 = 13:7:5:4.5.
* Support for multi-core jobs to optimize HPC usage.

ReProdB

Normalized CPU used by Site
38 Days from 2025-10-01 to 2025-11-08
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Normalized CPU used by Site
7 Days from 2025-11-01 to 2025-11-08
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|dentified Bottlenecks and Solutions

e Strains on the Configuration Service (CS) and JobStateUpdate when
exceeding 10,000 concurrent jobs.

* Memory and Disk I/O spikes in the SandboxStore during simultaneous
job completions due to SandboxStore contention.

* Solutions: Scaling out services to multiple machines, extending CS to
Tier 1 sites like IN2P3.
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Summary and Future Plans

* DCI is stable and ready for full detector operation.
* Ongoing transition to full token-based AAl.

* Future: Supporting large-scale user analysis and metadata-driven
queries.



Any question?

Thank you



Backup



@ J U N 0 p hyS i CS g Oal ¢ JUNO expects to achieve ~3% energy 15

resolution @ 1MeV

¢ Neutrino Mass Ordering (NMO) @ 30

Neutrino Oscillation with 6.5 years of DAQ time (reactors only)

| ) . .
. . . A e 7 € Combined reactor and atmospheric
= ; solar
¢ Mixing matrlx(PMNS) - 5 — neutrino analysis would further improve
A Ei the NMO sensitivity
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¢ Determine Neutrino mass ordering*

Relative Precision [%]

¢ Precise measure solar oscillation parameters

* We already know v1 lighter than v2, which is the lightest neutrino, vl or v3? w2 . .. .. 0 L.
JUNO Data Taking Time [days]

Chin.Phys.C 46 (2022) 12, 123001
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