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Motivation
Core-collapse supernova(CCSN) are rare, short-duration, and unpredictable transient events. Once a supernova candidate alert is issued, JUNO 
DAQ must immediately identify the alert time and preserve the relevant detector data around it.
The JUNO DAQ system has a total throughput of about 40 GB/s. The TQ data stream is about 6 GB/s under normal conditions, while most of the 
remaining data are waveform data. TQ data, namely hit time and charge information, are essential inputs for supernova event 
reconstruction. For supernova neutrino observation, the key requirement is to preserve and process TQ data in a 120 s window, covering 60 s 
before and 60 s after the alert time. Under normal conditions, this window corresponds to about 720 GB of TQ data. Around a supernova alert, 
the TQ data volume is expected to increase, reaching the order of 1 TB per alert window. This amount of data is difficult to transfer fast to the 
offline computing cluster, so JUNO needs an on-site fast reconstruction framework inside the DAQ system.

1. Framework Overview 
From Alert to Supernova Data Products
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3. Metadata and Data 
Buffer Management 

4. On-site Reconstruction Framework

Multi-source alerts are merged into one event with a
unique SN-ID and a unified time window.

2. Alert Merging and 
SN-ID Generation

Supernova alerts from JUNO DAQ are recorded and merged in PostgreSQL, 
where the SN-ID, selected TQ fragments, and task status are maintained as 
metadata. The TQ data are stored in the on-site MinIO data buffer. 
Reconstruction and packaging services retrieve tasks from PostgreSQL, 
read data from MinIO, process the selected fragments, and update the 
task status after completion. 

n Receives alerts from CTU, MM and the online CCSN monitor. 
n These alerts may correspond to the same physical event, but they can 

arrive from different sources with slightly different timestamps.

n For one event, the final unified time window is the union of all alert-
centered windows. 

n The SN-ID and unified time window are used in subsequent steps.

Generate one SN-ID

PostgreSQL: Metadata and 
Status Tracking
n alert records
n SN-ID and unified time window
n TQ fragments within the time window
n processing status

MinIO: On-site Data Buffer
n Store TQ data objects
n S3-compatible access
n Object organization by timestamp

PostgreSQL tracks the workflow metadata, while MinIO 
buffers the selected TQ data inside the DAQ system.

On-site reconstruction avoids immediate TB-scale data transfer

1、获取文件(协程异步 IO)
2、软件触发(调用C函数)
3、调用重建算法(RPC调用)
4、在数据库中标记为已重建
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On-site Fast Reconstruction 
framework for Supernova data
n Use containers to run the 

offline environment
n Use Remote Procedure Call to 

physical algorithms, achieving 
separation between task 
scheduling and computation

n Event correlation analysis 
adopts a redundant design to 
meet availability requirements 
under single-node failures

1、获取文件(协程异步 IO)
2、软件触发(调用C函数)
3、调用重建算法(RPC调用)
4、在数据库中标记为已重建

1、Get task from PostgreSQL
2、Get data from MinIO
3、Call physics algorithm (RPC)
4、Mark as reconstructed in 
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1、获取⽂件(协
程异步 IO)
2、压缩打包(标
准 tar 包)
3、打包信息写
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The core objective of this 
framework is to acquire and 
process TQ data within a 120-
second window, covering 60 
seconds before and 60 
seconds after the alert.

This design separates workflow control from data storage, 
enabling traceable and reliable on-site processing.

Kubernetes-based Deployment

n Deployed with Kubernetes to 
provide basic availability 
guarantees

n Reconstruction and packaging 
tasks run with lower priority to 
protect routine DAQ readout.

Workflow Validation
n Multiple alerts from 

different sources were 
correctly merged into a 
unified SN-ID.

n The subsequent workflow, 
including data selection, on-
site reconstruction and 
status update, ran correctly.
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Current tests use DAQ direct disk 
writing for TQ data storage, 
while MinIO is being evaluated 
as an object-storage prototype. 

Physics algorithm under development; tested with a dummy algorithm.

n A 420 nm laser at 45 kHz for 1 s was used to simulate a supernova event, which was successfully processed by the system.

n The framework has been validated end-to-end and provides a practical basis for future integration of distributed storage and physics algorithms.
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