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Streaming DAQ and Computing
u Compute–Detector Integration to Maximize & Accelerate Science

u Capture every collision signal, including background
uEvent selection using all available detector data for holistic reconstruction

u Rapid turnaround of 2-3 weeks for data for physics analyses
uTimeline driven by alignment and calibration

u We need to deploy real-time reconstruction and real-time calibration/alignment
u Joint efforts between detectors, DAQ, and computing 
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Markus Diefenthaler



Focus at the workfest
u This workfest was focused on the near-term goals of the SRO group.

u Finalizing the requirements document for streaming computing.

u Building testbeds
uStreaming Orchestration

u Developing Echelon0 (E0)-Echelon1 (E1) streaming workflows utilizing Rucio and PanDA.

uAlignment and Calibration workflows
u Executing complex calibration workflows with their dependencies.

uStreaming Reconstruction
u Raw data stream to collision event identification to reconstruction and analysis

uStreaming analysis, and potentially others
u Demonstrate simulation data production streaming to Echelon2 (E2)  site.
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Rucio: Distributed data 
management (replication, 
transfer, catalog)
PanDA: Distributed 
workload management
(job scheduling, execution, 
recovery)

https://docs.google.com/document/d/1OmAGzFgZgEP6ntuRkP51kiOqF_0uh_RPjq8wgdTwb2A/edit?tab=t.0


Agenda of the workfest 4

Streaming computing R&D in Japan

Alignment and Calibration workflows

Streaming Orchestration

Streaming Reconstruction



Streaming computing R&D in Japan 5

• Toward the scalable system covering from table top to the EIC
• Common framework for Observability
• Orchestration of the distributed (and sub) Containers
• Runnable over errors

•Will contribute to the testbed for orchestration, reconstruction 
and observability.

Shinsuke Ota



Streaming Orchestration objectives 6

u Unified data flow
u Move bulk and monitoring data from 

E0→E1, trigger prompt processing on 
arrival.

u Streaming processing
u Process data in E1 continuously, not by 

run/job/file units.
u Low-latency feedback

u Continuous detector and accelerator 
monitoring with automated workflows.

u State-aware orchestration
u Use detector/data state machine to 

coordinate calibration and 
reconstruction. Work has begun in all the areas except 

• E1 calibration orchestration
• E2 extension

Maxim Potekhin, Torre Wenaus



Design and implementation 7

• Code and core services (PanDA, Rucio, etc.) are ready at 
BNL, and integration on the testbed has begun.
• Next steps: integrate and operate components, enable full 

monitoring, and test prompt and concurrent STF/TF 
workflows. Then extend to calibration, fine-grained 
streaming, and multi-site operation (E1–E2 links).



Streaming Reconstruction 8

u JANA2 updates
u Extend functionalities to cope with multilevel events to gain the flexibility

Supporting Timeframe

Supporting Run information, Slow Controls, etc

Many different information are interleaved with or bundled 
in timeframe 

Nathan Brei



Streaming Reconstruction 9

u Development of algorithm for Event-Building from streamed data
Takuya Kumaoka



Streaming Reconstruction 10

u Look for the coincidence



Streaming Reconstruction 11

u Online selection

Next step:
• improving the efficiency of the baseline algorithm and testing it with a blind analysis.
• Include detector (timing) response and evaluate based on fully digitized information 
• Full tracking and PID reconstruction for time-splited data
• Import tracking / PID reconstruction algorithms in streaming reconstruction 

Close collaboration with 
detectors, tracking, and PID 
teams will be crucial. 



Alignement and Calibiration 12

u Autonomous alignment and calibration will be crucial to achieve a rapid turnaround 
to full reconstruction (2-3 weeks)   
u Several WG meeting last years focused on calibration procedure of subsystems (Jin’s table)

Marco Battaglieri

We will discuss with each subsystem soon and see if they have some updates on their calibration plans.
After understanding the interdependences, we will start prototyping workflows (ex, tracking and calorimeters as use cases). 



Use cases : Backward ECal 13

Carlos Muñoz CamachoCalibration with p0

Methods successfully used with EMCals at JLab
Based on NIM A566 (2006) 366

Allen Framework

We will investigate more on how we can advance 
Allen framework for ePIC: Adapt ePIC geometry, data 
format, streaming  architecture, routines as in EICrecon



Use case: Tracking 14

Our next steps: 
• Discussion with central tracking team
• Prototyping of workflows (close 

relation to streaming reconsturction)
• Estimation of required  Nevt or Ntrack

Joe Osborn



AI assisted calibration/control 15

Autonomous monitoring and control workflows, which 
significantly reduces calibration resources 

Torri Jeske



Summary and Outlook 16

u We started integrating basic components (orchestration, reconstruction, etc) for SRO. 
u Next steps: 

u Streaming Orchestration
u Integrate data flow control, monitoring, and prompt processing workflows 
u Move toward fully automated, low-latency workflows

u Streaming Reconstruction
u Implement realistic detector response and develop event identification and reconstruction
u Communication with central tracking and PID team to integrate real-time tracking and PID 
u Optimize GPU/CPU hybrid processing for scalability at EIC

u Alignment and Calibration workflows
u Start contacting with subsystems to clarify requirements  
u Develop real-time calibration pipelines tied directly to streaming data
u Use detector/data state models to trigger updates dynamically

u We are laying the groundwork —let’s push forward together to build and realize a 
fully streaming and computing model for the EIC!



Summary and Outlook 17

u Upcoming events related to the development of the full computing 
model, from E0 through E2
u 09/17 Echelon 2: Roles and Resources; Ongoing Activities @ Software & 

Computing meeting 

u 10/08 Mini-Workshop at JLab on Echelon 0-1 Data Flow and Processing.



Backup slides
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Streaming DAQ and Computing 19

Collider Characteristics
• 1260 Bunches arriving at 98.5Mhz 

(10.15ns bunch separation)
• 1.015us abort gaps (100 bunches)
• 𝒔 ⇒ 20 – 141 GeV
• 𝓛max ⇒ 1034 cm-2 s-1

• Electron, proton, and light nuclei 
beams can be polarized

• Each bunch can have different 
polarization states
• DAQ must tag data to 

specific bunch crossings
• Need to track luminosity for 

each bunch crossing

Physics Performance
• Maximum DIS rate ~500kHz
• Large number of Channels
• Low occupancy



Streaming Computing model 20

u Echelon 1 sites perform the low-latency streaming workflows consuming the data stream from Echelon 0

u Echelon 2 sites fully participate in use cases and accelerate them:

u EIC International Computing Organization (EICO) formed

https://zenodo.org/records/14675920

https://zenodo.org/records/14675920


Design and implementation 21

• Code is in GitHub in the BNL NPPS group organization
•Needed service infrastructure has been established at BNL 

(PanDA, Rucio, Postgres, ActiveMQ etc)
•We are presently working on gathering the pieces 

together on the testbed server and starting integration 
of agents and services into an operating whole. 



Next steps for Streaming Orchestration 22

u Near-term plans
u Integrate the components and operate them as a system on our dev/deploy platform

u Complete the visibility of the full system in the monitor

u Start creating and exercising processing scenarios starting from basic prompt processing

u Introduce concurrent STF workflows for bulk data processing and TF workflows for fast monitoring

u Address more complex workflows, like calibration,

u Address fine grained streaming processing below the STF level

u Extend the testbed… (E1-E2 connection to Manitoba, Japan)



Streaming Reconstruction 23

u Timeframe splitter 



Streaming Reconstruction 24

u time-slice size dependence 



Use case : Backward ECal 25Carlos Muñoz Camacho

PWO crystals (2x2 cm2) with SiPM
(16 3x3 mm2or 4 6x6 mm2 per crystal)

Calibration with p0 Methods successfully used with EMCals at JLab
Based on NIM A566 (2006) 366

1-2 days of data should be sufficient



Use case : Backward ECal 26

Allen Framework: Proven at the LHCb Experiment

Allen replaces hardware triggers using 
GPUs and high-performance software. It’s 
portable, open-source, and energy-
efficient. Perfect candidate for EIC-style 
real-time computing.

We will investigate more on how we can 
advance Allen framework for ePIC: 
Adapt ePIC geometry, data format, streaming  
architecture, routines as in EICrecon


