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2Overview of readout/DAQ/SRO computing system

Challenges: Integrating 𝑂 10 Tbps  streaming data flow from 𝑂 15,000  FEBs to global Echelon facilities 
requires seamless alignment of hardware interfaces, timing systems (GTU), and distributed workflows 
(Rucio/PanDA) without hardware trigger throttling.



3Workfest Outlines and Objectives

• Goals of these sessions

• Communication between groups with very different perspectives

• Updating collaboration regarding the specific progress being made

• Feedback from collaboration
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4ASIC Development Status

• ASIC Selection: 
• 6 ASICs (CALOROC, ALCOR, EICROC, FCFD, 

FCFD Variant, SALSA) + 1 Discrete COTS 
across 26 subsystems.

• Progress: 
• Testing actively ongoing with various 

sensors (AC-LGAD, SiPM, MPGD, HRPPD). 

• CALOROC QA/QC plan established as a 
template.

• Key Issues:
• ALCOR: Resolving BGA packaging (UBM 

process).

• EICROC / CALOROC: Porting designs away 
from 130 nm node to 110nm or 65nm.



5CALOROC developments

• CALOROC-1A (Low SiPM capacitance)/ 1B (wide 
dynamic ranges, High SiPM capacitance) available 
for testing.

• CALOROC-A analog measurements underway, 
first results similar to H2GCROC

• CALOROC-B first measurements are encouraging:
• High Gain / Gain switching
• Linearity
• Charge Resolution
• Timing 
• Time to baseline
• Crosstalk
• SiPM measurements
• Single Photo-electron measurements

• Discussed some issues seen and possible 
solutions will be deployed in the next PCB design 
to suppress digitial noise coupling etc..



6Discussion on 130 nm or new 65 nm/110 nm

• The fabrication issues with TSMC 
stopping the 130 nm production 
line
• Tape out before Sept. 2026 remain 

possible but not possible since then. 

• Production of exiting products 
continues. 

• Very informative as regards steps 
towards changing the fabrication chain

• Discussion about moving to 65 nm 
regardless of the availability of 130 
nm lines due to the risk of losing 
them in the future



7Generic RDO development

• The cencept: to design a FPGA module 
that is common, scalable, easy to 
maintain, and replaceable
• The selected FPGA family is from AMD – 

UltraScale+ Aritx / Kintex, 16nm

• Relatively small daughter board (DB)

• Motherboard (MB)

• Testing DB and replacing KCU-105

• CALOROC – calorimeter full chain test - 
4:1 aggregation will be done

• Rack mounting (planned for SVT): 
it's in the brainstorming phase. 
Discussions are needed

• If you need test article and if you would 
like to join testing, please let us know

module size is: 60.5 x 50 mm



8dRICH RDO development

• A lot of progress made so far using RDO 
and DAM emulator setup
• Recovered clock quality and phase stability 

• This could be common in many ePIC 
subsystems. Centralized common FW 
development? (to be followed)

• Protocol and dataformat considerations 

• centralized ePIC standards?  

• RDO-DAM (Felix 182)-GTU communication 

• ALINX+FADE as GTU emulator

• RDO radiation tests

• All components individually validated

• Full RDO card exposure → (December 2026)

• By end of 2026, RDO v1.1 will be ordered.



9GTU development

• System & Testbed Status 
• GTU design based on custom DAM/ProtoGTU FPGA boards.

• BNL and JLab testbed established

• Verified Performance
• Ultra-Low Clock Jitter

• Clock recovery and distribution measured at < 2 ps RMS 
jitter,

• Downlink Control & Triggering

• Stable broadcast of timing frames, triggers, and slow-
control packets achieved.

• Next Steps
• implement the GTU downlink receiving firmware in DAM

• DAQ software development, subsystem run-control test

• connect with real RDO (with or without LpGBT chip);

• make a clock phase monitoring board.



10E0 DAQ middleware development

Streaming DAQ Middleware
• Read out detector data and build detector 

payloads (e.g. GTU, FELIX) 

• Construct TimeFrames (0.6msec) based on 
heartbeat triggers

• Aggregate detector TimeFrames into Super 
TimeFrames (STFs, 0.6sec) 

• Buffer STFs/TFs at Echelon-0 (Sink)

• Interface to Run-Control, etc

Ongoing developments
• RCDAQ (sPHENIX) 

• NestDAQ (SPADI-Alliance, Japan) 

• CODA/JANA2 /ERSAP (JLab)

We’ve set up meetings (at first with 
conveners) to try to detail what the 
collaboration will look like



11E0-E1 interface discussion

• E0-E1 interface notes under evolving for the 
next SC review (Oct. 2026)
• Interface requirs a robust design encompassing:

• raw data/sub-time-frame structures

• message-based control flows

• conditions database synchronization for online/offline 
calibration

• state machine definitions

• scalable AI (MCP) integration for operational monitoring 
and feedback.

• Main open questions
• Raw-data and STF definitions

• Evolution of the state model and transition rules

• Latency requirements

• Calibration and conditions databases

• Information and control interfaces between E0 and E1

• AI readiness and AI-enabled control



12E1: Streaming Orchestration testbed

• Handles data / process execution after 
data is written to buffer-boxes

• Combines:
• Panda for initiating jobs

• Rucio for data management

• Communication with Echelon2

• Snakemake for evaluating tasks & dependencies

• ActiveMQ agents to with interface via command 
lines or MCP control

• DAQ emulator with simplified state-model

• “Prompt” tasks are on full reconstruction tasks

• “Fast” tasks are on partial STF for rapid turn-
around (monitoring) purposes

• Integrate these components on a 
common infrastructure with the testbed

-



13E1: Streaming Orchestration testbed

Agent Orchestration and communication

MCP integration allows to control and 
inspect testbed state with AI agents 
Agents are connected to ActiveMQ
messaging bus
Agent-to-agent communication in a
Echeloned environment (BNL  Osaka)

Prompt STF file processing 
workflow

Fast processing workflow

Full chain from STF to PanDA workers
is now working with a real EICrecon 
payload in ZMQ server mode

Testing with mock STF data files, 
but operation with real EICrecon 
payload was demonstrated



14E1: Streaming Reconstruction

• Example of STF processing. Current focus is for identifying events from BG. 



15E1: Background rejection using AI

• Development of an AI-driven analysis of streaming-like frame-based data

• Integrate models within JANA2. 

An AI background filter for streaming tracker data — built, validated, and running inside EICrecon

    – keeps 99% of signal hits while rejecting background at the hit level; all models ONNX on CPU: ~1 
MB of weights, +34 MB RAM, ~12 ms per frame



16Streaming reconstruction workshop 

• https://indico.bnl.gov/event/33464/

• August 19th – August 21st at JLab

• The main objective is to align project contributors from SRO WG and Reco WG, evaluate 
current technical capabilities, and establish a clear roadmap for future development.

• Key goals across the 3-day workshop include: 
• Defining Scope & Requirements: Identifying the unique needs of streaming reconstruction, required 

downstream processes, and necessary computing infrastructure.

• Reviewing Technical Progress: Evaluating the latest updates on reconstruction status, timeframe 
simulations, datasets, and performance benchmarks.

• Planning Next Steps: Formulating a concrete task list, setting project timelines, assigning team 
responsibilities, and outlining the next steps for publication.

• Your participation is more than welcome (and important)! 

https://indico.bnl.gov/event/33464/
https://indico.bnl.gov/event/33464/


17E1: Streaming Calibration

• We aim for a rapid turnaround from data to full calibrated/reconstructed data 
Link to google spreadsheet 

Updates from SVT, MPGD, TOF, dRICH, bEMC, fEMC

Implement and benchmark the framework using detector use cases

https://docs.google.com/spreadsheets/d/1Rb5Cdjthkfh4IWWxFwHgiHNtMs5cDxcahTTUN394cJ8/edit?usp=sharing


18SPINDLE project in JLab  

• Streaming Physics INtelligence and Data Lifecycle Engine

• Vision & Demonstration: The SPINDLE project highlights 
the integration of Jefferson Lab's High Performance Data 
Facility (HPDF) with Nuclear Physics (NP) experiments, 
building on successful demonstrations of real-time 
streaming data transfer and processing between BNL and 
JLab

• Core Technological Focus: It addresses key technology 
gaps like streaming orchestration and workflow 
management, utilizing AI-driven closed-loop systems, 
FAIR data principles, and automated online calibration 
pipelines. 

• Implementation Strategy: Using a 7-step scaling roadmap 
starting with a Mini-HPDF testbed, the team aims to 
enhance NP data pipelines while using nuclear physics 
requirements to guide the future evolution of HPDF.



19Summary and Contacts

• We are seeing active progress across all layers—from custom ASIC development and 
front-end electronics, all the way to Echelon 0, 1, and 2, including large-scale 
workflow orchestration and streaming reconstruction.

• Looking ahead, as we move into the next phase of integrated detector tests, close 
collaboration will be absolutely vital. We must work hand-in-hand with the 
individual detector groups and the Reconstruction Working Group to ensure 
seamless end-to-end integration.

• Please join our regular meeting
• SRO Readout and Computing: Tuesday 9 am 

• Electronics and DAQ: Thursday 9 am.

• Please subscribe (we usually use two mailing lists):
• eic-projdet-compsw-l@lists.bnl.gov

• eic-projdet-daq-l@lists.bnl.gov
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  O  ( 15 , 000 )

