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The problem
TPC readout at increasing rates

• High-intensity beams require higher-throughput TPC readout.


• Active-target TPCs need many channels and online background rejection.


• GET electronics is becoming obsolete.


• Towards streaming-capable TPC front-end electronics.
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The SAMIDARE board
What is it

4 x SAMPA chips  
(32 Ch, 10 bit @ 10 MHz)


FPGA: Artix UltraScale+


8 ch. GPIO


SFP+ 10GbEthernet


MIKUMARI SFP+

[1] R. Honda - Wednesday @ 14:30
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SAMIDARE
Roadmap

FPGA FW 
prototype and 

testing

Prototype 
benchmark

Mass 
Production Lab Benchmark

1st 
Measurement

Board 
development

Fall 
2026

Full feature 
FPGA FW

Now2025
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A bit of context

23 institutes

Main goals:


- Common systems


- Standardization


- Reducing costs of development of 
DAQ systems
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OS-like layering
SAMIDARE Firmware

Operating System

Data Transmission

App Unit

Hardware abstraction layer

Hardware

FirmwareSoftware Operating System
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OS-like layering
SAMIDARE Firmware

Data Transmission

Ha

SAMPA

Stream Receiver

GPIO

Run Controller …

Trigger Logic Samples collection …

Packaging Transmission …
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OS-like layering
SAMIDARE Firmware

Data Transmission
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• Facilitate development of 
specialized firmwares


• Separate application-specific 
modules from infrastructure 
modules


• Maintainable and upgradable 
Firmware
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Firmware description
Datapath
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Packaging

Fakernet

TCP
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[1]

[1] H. T. Johansson, A. Furufors and P. 
Klenze, Fakernet (2020) 

[2] DAS = Direct ADC Serialization

[2]

10 bit @ 320 MHz cycling 
through 32 channels

320 bit @ 10 MHz
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Firmware Description
Datapath

Packaging

Fakernet
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[1] https://claus-92.github.io/clavis

Firmware description
Slow control
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Config Registers
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Fakernet

Start 
MUX

Run 
Controller

Event 
MUX

Clock 
MUX

UDP

[1] 
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Firmware description
Synchronization

RinRing Buffer
Data

Timestamp

Start MUX 

GPIO_0

CFG_reg

Mikumari 
Pulse

Accumulator

Timestamp 
counter

Clock MUX 

GPIO_7

Internal

Mikumari 
Clock

D
AS_Rx

Async FIFO

Trigger MUX 

Trigger 
Manager

Mikumari 
Pulse

GPIO_1
Threshold

1 kHz

SAMPA
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Pedestal and RMS
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Trigger Rate

Current bottleneck


- 1 GbE Fakernet


- Zero suppression

Number of event blocks acquired for 10 s acquisition as a function of trigger rate.

Event block:


32 ch x 10 bit + 
Metadata
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Single board assessment
experiment

Courtesy of E. Fumitaka

60 readout pads
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Single board assessment
experiment

Courtesy of E. Fumitaka

60 readout pads
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3.3s synchrotron operation cycleあ 
beam intensity: < 1 kHz. あ
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Single board assessment
experiment

Courtesy of E. Fumitaka

60 readout pads
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3.3s synchrotron operation cycleあ 
beam intensity: < 1 kHz. あ
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Multiboard benchtest
Start = GPIO_0, Clock = Mikumari, Trigger= 1kHz
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(201_n, 202_n)
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Multi board assessment
Fall 2026

Recoil TPC SAMIDARE x32

MiniTPC x4 SAMIDARE x2

SSD x12 SAMIDARE x12

Switch x2

Storage

Mikumari x3
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Clock = Mikumari, Trigger = self
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Multi board assessment
Fall 2026

Recoil TPC SAMIDARE x32

MiniTPC x4 SAMIDARE x2

SSD x12 SAMIDARE x32

Switch x2

Storage

Mikumari x3

RIBF Trigger
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Clock = Mikumari, Trigger = GPIO/Mikumari
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What’s next

• 10 Gb Data transmission


• Zero suppression


• Online beam induced 
background suppression


• Streaming Readout


• Specialized FW (PHA, PSA, SRO)

Data Transmission

Ha

SAMPA

Stream Receiver

GPIO

Run Controller …

Trigger Logic Samples collection …

Packaging Transmission …
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Take-home messages
SAMIDARE board 
• 128 channels/board: 

4 SAMPA + FPGA + Ethernet + Mikumari
Validated 
• Readout chain operation

• Bench tests

• Detector data

• Mulit-board synchronization
Next Step 
• Scale up in Fall 2026

• Improve firmware

• Toward streaming readout
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