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Particle detectors In experimental physics

Nuclear physics: Grand Raiden and Large Particle physics: : KOTO Experiment, JPARC
Acceptance Spectrometers, RCNP, UOsaka
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Introduction from the K-program side

In the JST K-program project TMAEAINIEXE S Z LT DEIFDEL T — & JLIBFLAIT -
RENER  KH B, fiRoiEE % RAEB. % FE1 , we are developing DAQ

technology for air shower detectors. One task is the development of all-in-one cards.
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Introduction from the K-program side

In the JST K-program project TMAEAINIEXE S Z LT DEIFDEL T — & JLIBFLAIT -
RENER  KH B, fiRoiEE % RAEB. % FE1 , we are developing DAQ

technology for air shower detectors. One task is the development of all-in-one cards.
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Introduction from the K-program side

The development is ongoing also with the collaboration of SPADI (Signal Processing
And DAQ Infrastructure) Alliance.
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Introduction from the LAS upgrade side

Large Acceptance
Spectrometer (LAS)
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Introduction from the LAS upgrade side

Amp-Shaper-Discriminator (ASD)
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Introduction from the LAS upgrade side
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@The all-in-one STAG Board

The STAG (STreaming readout with AGASA for Gaseous detectors) board is designed
by Lakmin.W and M.lkeno (RCNP-DAID).

Analog FE: AGASA analog ASIC developed by M.Miyahara (KEK), R.Honda (KEK), et al.
FPGA: Artix Ultrascale+
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AGASA ASIC

AGASA comprises of a Charge Sensitive Amp, Pole-Zero cancellation, Shaper Amp, and

Comparator (i.e Discriminator).
Meant to be a generic ASIC, to be used in different gas detectors.

Hence, the parameters shown in Orange are configurable. In other words, you can
change the gain, phase, comparator thresholds, etc. Also you can monitor the analog

output.
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& The all-in-one STAG Board

Other specifications decided by a questionnaire to the SPADI-A community.

DAQ rates = 1 Gbps (~16 Mcps/board) TDC Resolution = 100~300 ps
Output = Mostly ToT, with pulse monitoring. Communication = SiTCP
Triggering = Through , 120.00 mm s
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STAG board development timeline

Several development steps are outlined in the timeline below.

STAG v1 board design & production is done, and just arrived in Osaka.

We are putting effort in the documentation as well = Creating a knowledge base
in all-in-one card designing.

June | July | Aug. Done
Board design .
Production E Delayed OngOing
V(R B Firmware :
Evaluation : “Firmware” also
Docume”tation : includes software
AGASA v2 Packaging development

: We are here now

Since we didn't get the STAG board in time to evaluate, we built a test bench to
evaluate the AGASA ASIC.
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Evaluation of the AGASA v2.0 ASIC

Designed a test bench to test the AGASA v2.0
ASIC. This test bench has several purposes,

To develop the STAG board control software.

To test the ASIC's that before placing on the
STAG board.

Eventually expand as a QA/QC test bench.

AGASA v2.0 . PC
Test Bench Raspberry Pi .
Control
Panel
. AGASAV2.0
SPI@ 1.25 MHZz Ethernet - ASIC

Oscilloscope
Pulse Generator

AGASA v2.0 Test Bench
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The development towards STAG control panel

Developing as a prototype for the AGASA v2 test bench, and then expand to the
STAG control panel based on user feedback.

Channels

Developed USIng ¢ o ch.1 @ ch>2 @ chs3 @® cha ® chs @ che @ ch7
@® cho @® ch10 @® chn (. Ch.12 @® ch13 ® chia @® c¢ch1is @® chis

°
Vue S Enable All Disable All ISelected Status: idle
.J

(Front-end Ul) Channel Channel 12
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The demonstration of the control panel

Oscilloscope Control Panel (for AGASA test bench)

Not Secure — lakmins-raspi4.rcnp.osaka-u.ac.jp
A\ NotSecure 172.16.205.229/control I.htmi

1.25GSa/s 10.00kpts e A
RIGOL AUTO (B 100.00ns/| (A )L Norm D) 200.00ns | () @\ -10.00mV A

Channels
Waveform View X

3 U ® ch1 @® ch2 ® chs3 ® cha ® chs ® che @® ch7 ® chs
vn ® cho ® ch10 ® chmn ® ch12 ® chi3 ® chua @® chis ® chie

] Disable All F;Sdm

20.00mvV/ :l 3 4 01 2 3 M
60.00mV RN e | LXI & Rmt

Still very much under development = Any feedback towards improvement of the tool
is welcome!
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Pulse Height
VS
Injected Charge

Pulse height (mV)
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STAG board development timeline

STAG v2 development is planned to start soon.
STAG v1 is developed as a prototype, so STAG v2 will be the production version.

After the STAG v2 evaluation, we aim determine the final version to be mass produced.

Feb. |March| April | May | June | July

Board design

1
1
I .
Production -:: Ongomg
1
Firmware E
Evaluation _

Documentation

STAG v1

Packaging - 1

: Mass
Board design : _ d £

' roauction
Production : ] P

YA cRP I Firmware . _
We are here now: >

Evaluation [ ]

AGASA v2

1
1
|

“Firmware” also includes software development
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summary & remarks

As a part of the JST K-program, we are developing an all-in-one readout boards for
different air shower detectors.

In RCNP, we are developing an all-in-one readout board for gaseous detectors.
Combine the ASD and TDC in one board, while being compact and generic.
Ability to handle 1 Gbps data rates, 100~300 ps TDC resolution, etc.

Development ongoing as a part of the SPADI alliance WG1 task force,

People who are interested are welcome to join!
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