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SUAD! Alllance

Signal processing and data acquisition infrastructure alliance
» Since ~2022.

» Developing a next generation DAQ/FEE system for nuclear/hadron
physics experiments.

o Standardisation, in Japan and beyond.

. Earticipation from majority of nuclear/hadron physics institutes in
apan.

« RCNP, KEK

 c.f. Collider Electronics Forum. OpenlT

» very active, relatively a small number of developers
https://www.rcnp.osaka-u.ac.jp/~spadi/



SUAD! Alllance

Signal processing and data acquisition infrastructure alliance

WGI
Frontend Electronics
Streaming type

Charge ASD bocrd
Voltage ASD board

WF Digilizer board
Control Firmware dev.

WG5S
User Interface

Control, Moniter, Configure,

Trial with
SlowDash

WG2

Clock synch. / Data

Transfer

General Clock Synch.
High throughput
Infra-board fransfer

WGé
Computing infrastr.

High throughpul
Large volume
Flow and Archive
Power consumption
Interconnect
Networking

WG3
Acquisition software

framework
(NestDAQ + ...)

Streaming type
FarMQ-based Scalable DAQ
Sampling, Time frame build,
Event build, Mcenitoring...
Format

WG7
Packaging

Standalone syslem
Popularization
Standardizalion
Market research
User feedback

No ASIC Development (so far)

WG4
Event processing

Acceleration using GPU/FFGA
Zero suppressicn
Cadlibration, Clustenng,
Tracking, PID,

Analysis

Trial with
Artemis



NestDAQ on GitHub

eoee® [] -~ & github, oomisnsdi-s lanosp-sstdeg

O spad-allance | nestdaq

Code (°) Issups & 11 Full requests ¥} Action: (= Projects (U Securty

. nestdaq Funix O Wsich £ ~

¥ 1Branch 2 Tags Q. Gotofile About

A streaming DAQ implementation for the
particle mesurements

. tntakahashi Marge pul requast #35 whukobal/ma renths 2go 14 46 Commits
controler - a0d TelemetryPlugin, which outputs log to stdout > months 8go e
examnples - ada ametryPlugin, which autputs leg ta stdout
plugins
scripts acd TelemetryPlugin, which autputs log
share
gitigrare

| CMakelists.txt Releases 2
NSTALL.md » RCNP202307
LICENSE
README . md
Packages

README 7% MIT license

Contributors 3

. tntakahashl Tommonor Takahasnl

A streaming DAQ implementation for the particle measurements m igalashi

NestDAQ

Tested system @ rovuscns




NestDAQ Dependencies

NestDAQ

A streaming DAQ implementation for the particle measurements

Tested system

System  Version Compiler CMake
CentOS 7 GCC 8.3.1 (devtoclset-8)  3.14.6 or later (epel: crake3)

External packages used with NestDAQ

Packages Version
Redis 8.0.10
Redis TimeSeries 1.418

Grafana

Dependencies to build NestDAQ

Packages Version
boost 172.0 or later
FairLogger 19.0 or later
FairMQ 14.26 or |ater
hiredis 100

1.2.1

redis-plus-plus .
(recipes branch)

Streaming DAQ based on FairMQ Redis on memory database



NestDAQ Features

* Continuous Readout (based on FairMQ)
« Scalable
* Clock synchronisation (MIKUMARI)
e Data transfer with SiTCP* (TCP implementation on FPGA)

« 10 Gbps /1 Gbps
« data stream, divided into a time interval, Heart-Beat-Frame (HBF)

« 125 MHz, 16bit = 524.288 ps
« CPU/GPU
* Replayer

*https://www.sitcp.net/



https://www.sitcp.net/

DAQ Controller
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Slow Dash

e “slow” communication with FEEs using RBCP

 Remote Bus Control Protocol, a simple memory access
protocol for SITCP

e (Get scaler information implemented on FPGAs, show data rate,
hit patterns, time trends, independently from DAQ
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E.g. SIPM Gain Calib.

transition edge

thres = 3.5 p.e.

baseline noise
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.g. SIPM Gain Calib.

32ch (CITIROC) x 4 (on one FEE card) x 18 2304 ch.
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E.g. temperature monitor
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Test with the MARQ Spectrometer@J-PARC

Apr.-May 2024

e Full version @20 beam line e Test @K1.8BR beam line
30 MHz 20 GeV/c - beam, K- beam (<1 MHz)
* (7 MHz 6 GeV/c p beam)  ~5k channel (how)
e ~25k channel (future) e 4.2s spill, 2.0 extraction

Highest requirements among anticipated NestDAQ use cases

[2"0 online filteiJ

T —

\\

2n¢ Filter

///
n;. mr ) LogicFilter 2™ Fllter
er.
P | LogicFilter g ll ¢ Filter n" Z
A 20 Filter D o

Logcfllter . Q
/‘7 | Lochllte & H 2R ¢ Filter & S
T8 LogicFilter W
/- Ry o o
To test
e Improved clock/timing system
* Improved communication format

* higher-level online filtering
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MARQ-E50: charmed
baryon spectroscopy,
internal structure of
charmed baryon,
diguark correlations

nm4+p—=>Y.T+D"

20 GeV/c - beam (30
MH?Zz)

15kW Loss Target

Magnet:
D : Dipole

Q : Quadrupole
L

S Sextupole

meter In future
o , ES0

Beam RICH gy .

'
3

Ring Image
Cherenkov detector

RPC TOF wall

FM magnet \

Barrel DC

LH, target %/ :

T . @
Beam RICH \

s

Fiber tracker

T

Collimatar (IF)
[

Dispersive Focal Point(DP) Expl.' TGT(FF)“ ‘ |

Ap/p~0.1%

High momentum resolution Ap/p~0.1% with dispersion anaIyS|s



Test assembly for the 2024Apr BT

000 e —
(SFT ] v '_' O'H]Dl' ’
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Detector Front-end electronics Number of Number of
modules channels
Clock/time system (MIKUMARI) 4 128
TOF FPGA HR-TDC (AMANEQ) e 128
Drift chamber FPGA TDC (AMANEQ) 15 1920

Fiber tracker MPPC readout FEE (CIRASAME) 18 2304




Key Components

. 26
Front-End-Electronics (FEE) CIRASAME  [amaNEQ| €n AT
% Total detector channel ~25,000 ch i LR -"‘ﬁ i
= Streaming DAQ: Only timing data (TDC) el e | ”?ffﬁi‘o“?;ﬁ?.ﬁﬂﬁ

* FEE: 1G/10Gbps network (Optical link) 8 e e L | ‘
* Timing synchronization (MIKUMARI) Wmm . :
* MPPC detector: ~20,000 ch g s F S - e ’;“;"h"f':h
* Scintillating fiber trackers AR Sl 2 i o025
° RICH, Beam-RICH, Vth AC = : _ NIMI;)
= CIRASAME (ASIC: CITIROC) G oena 2o - (;1:*11
* 128 ch Low-resolution TDC (AT, (g ~ 1 ns) Ot ™ 4, O, Rl }
SO L e remnand ; = :'
* Timing detector: ~1,000 ch Bk JFLEL R g

* TO, RPC, TOF: Amp/PMT + Discriminator

= AMANEQ (HR-TDC mezzanine)
* 64 ch High-resolution TDC (AT, g ~ 20 ps)

e Drift chamber: ~4,000 ch

= ASAGI(ASD) card + AMANEQ (DC mezzanine)
* ASD card 32 ch — TDC 128 ch
* Low-resolution TDC (AT, (g ~ 1 ns)

Shirotori, ES0 Collab. Meeting 2023



Other key components

* 7?7 RAYRAW
* TPC readout w/ SAMPA chip (SAMIDARE)
* No-delay-cable QDC

* Slow ADC -> TDC

 LPF and slow WF digitiser

 WF digitiser



DAQ

NestDAQ configuration ( |

Sampler
(data reader)

(TimZFFE;ame b LogicFiIter v EB ‘ I an Filter \ o
uilder 'H\/M 4"H FileSink
- \\'j( \\'l/ B ﬁttv’iliu/{ ond Filter ‘ recor

t " LogicFilter &§ S E / (Data recording)

S ———— N Y Z—————Pby
K XXX Zr¥eS ondFilter )
Vl‘v LogicFilter SRS EB S 4;0,'%,’/' ' A \
25 4;/’&\\ %D - /) A ileSi
"‘{ LogicFilter 2 D O EB XA XK ond Filter o F"es'”'; :
ata recording

e P ) S —
%} LogicFilter ///A\\ EB ‘ 2nd Filter '

2nd Filter

m TimeFreamBuilder ||| LogicFilter EventSlicer ..' e i FileSink
Sampler X 39 X 4 X 4 X8 High-Level Filter X 2
(Online Filter)

SubTimeFreamBuilder X 39

* No Filter: Sampler — STFB — TFB — FileSink
* Filtered: TFB — LogicFilter — EventSlicer — High-level Filter — FileSink

Ultimately we want 1/1000 data reduction
Shirotori, SPADI Meeting June 2024



General HPC nodes
Multiple PC study: DAQ Server performance

- DAQ PCs

1. eS0server03 (192.168.2.51)

AMD EPYC 74F3 24-Core Processor
64 GB Memory

2. eyst-daq01 (192.168.2.54)

AMD EPYC 7313P 16-Core Processor
64 GB Memory
Intel 82599ES 10-Gigabit SFI/SFP

+ Network Connection (rev 01)

3. eS0server01 (192.168.2.55)

Intel(R) Xeon(R) CPU E5-2630 v4 @ 2.20GHz
20-Core
24 GB Memory

Intel(R) Xeon(R) CPU E5-2640 v4 @ 2.40GHz
10-Core

32 GB Memory

5. nlabdaq5 (192.168.2.20)

AMD Ryzen 9 3900XT 12-Core Processor

16 GB Memory

1
From Y. Igarashi

W

AMANEQ LR X8

AMANEQ HR X 2

AMANEQ LRX7 |

CIRASAME X 6

CIRASAME X 12

10Gbps Network Switch Data 10G
FS S5860-20SQ Data 1G

10Gbps Network Switch

| » S3EESZERIERCNI

1Gbps/10Gbps Network Switch
FS S3900-24F4S

L]

DAQ servers

2. eyst-daq01

3. e50server(1

5. nlabdaq5

Shirotori, SPADI Meeting June 2024



DAQ Server performance (Passmark bench CPU)

- DAQ

PCs

e50server03 (192.168.2.51)
+ AMD EPYC 74F3 24-Core Processor
64 GB Memory

eyst_daqg01 (192.168.2.54)
+ AMD EPYC 7313P 16-Core Processor
64 GB Memory

. InteIOCorporation 82599ES 10-Gigabit SFI/SFP+ Network Connection

(rev 01)
e50server01 (192.168.2.55)
« Intel(R) Xeon(R) CPU E5-2630 v4 @ 2.20GHz
+ 20-Core
« 24 GB Memory
e50server05 (192.168.2.53)
+ Intel(R) Xeon(R) CPU E5-2640 v4 @ 2.40GHz
+ 10-Core
32 GB Memory
nlabdag5 (192.168.2.20)
+ AMD Ryzen 9 3900XT 12-Core Processor
16 GB Memory

CPU Mark Rating

As of 1st of June 2024 - Higher results represent better performance

AMD Ryzen 9 3900XT

AMD EPYC 74F3

AMD EPYC 7313P

Intel Xeon E5-2630 v4 @ 2.20GHz

Intel Xeon E5-2640 v4 @ 2.40GHz

PassMark Software © 2008-2024

Price

Socket Type
CPU Class

Clockspeed

Turbo Speed

# of Physical Cores

Cache

TDP

AMD Ryzen 9
3900XT

/
AM4
Desktop
3.8 GHz
Upto 4.7 GHz
12 (Threads: 24)

L1: 768KB, L2:
6.0MB, L3: 64MB

105W

AMD EPYC
74F3

/7
SP3
Server
3.2GHz
Upto 4.0 GHz
24 (Threads: 48)

L1: 384KB, L2:
3.0MB, L3: 32MB

240W

AMD EPYC
7313P

/7
SP3
Server
3.0 GHz
Up to 3.7 GHz
16 (Threads: 32)

L1:1,024KB, L2:
8.0MB, L3: 128MB

155W

Intel Xeon E5- Intel Xeon E5-
2630 v4 @ 2640 v4 @
2.20GHz 2.40GHz
7 7
FCLGA2011-3 FCLGA2011-3
Server Server
2.2 GHz 2.4 GHz
Upto 3.1 GHz Upto 3.4 GHz

10 (Threads: 20)

L1: 640KB, L2:
2.5MB, L3: 25MB

85W

CPU Single Thread Rating

As of 1st of June 2024 - Higher results represent better performance

32,727 AMD Ryzen 9 3900XT

60,666 AMD EPYC 74F3

42,032 AMD EPYC 7313P

11,663 ntel Xeon E5-2630 v4 @ 2.20GHz

12,374 ntel Xeon E5-2640 v4 @ 2.40GHz

2assMark Software © 2008-2024

10 (Threads: 20)

L1: 640KB, L2:
2.5MB, L3: 256MB

90W

lgarashi, SPADI Meeting June 2024



Beam

Beam flux: K1.8BR scaler information Beam TOF w/ UTOF

10

h101
primary-beam-condition-8-hours scattered-¢ 1800 [~ f‘ Lot
100 k t o . »
240 k 1600 |~
98 k -
% k ’ 220 k r r 1400 2
o ‘ { 200 k E
92 k 122 : 1200
w90 k n E T ( B e—)
T ssk R 1000 - Mo
8 86 k 8 120 k =
84 k 100 k 800 |~
82 k Wyl iy \ WWMMW s o
80 k l 60 k 600 = ® K/TCN 1/11
78 k 40 k vl -
76 k . 20 k 400 3 K- e AT~ 2.38 ns
01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 01:00 02:00 03:00 04:00 200 =
W SYIM*10 ™ B CDH1 q C
All charged —— : e s e e B
beam-1intensity-8-hours calorime B TOF
~1.6 M/spill | = vant cam TOF [ns]
. spi iy
1.7 M 1.6M |
s L e HFT Counting rate
; i: : A At e - , L2m .
£ Iin £ rom g . After calorimeter
o o
o 1.1 M | R o 0.8 M °
1.0 M A ~1.0 M/Splll
0.9 M A R ’
8.8 M 0.4 M \
8.7 M g 8.2 M ... Id BDC1 X1
0.6 M : > h21
01:00 082:00 03:00 04:00 85:00 06:00 07:00 08:00 01:00 02:00 03:00 04:00 05:00 06:00 67:00 C ——
[l BeamAsBHTxTO [0 BeamAsTOxT1 B BeamAsT1xDEF @ pionl B pion2 W Calori [ veto W BTC O Ne r Mean 59.11
. . || 2500 Std Dev__ 1912
bean-intensity-2--hours BDC hit patter: Wire ID :
600 k1 30 k [
28 k 2000p=
ot 2i = Mean ~20 (~20 mm cell) :
24 k L
o
. = = Beam size ~400 mm 1s00f-
4 w18 k L
£ 0k £ 16k roro¢ :
S e S M 1000
200 k o -
PE 8 k B
160 k 6 k e 500~
4k [
~ 2 k L
® o100 02:00 03:00 04:00 85:00 06:00 07:00 08:00 01:00 02:00 03:00 04:00 05:00 06:00 067:00 A T T T T T I
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Shirotori, SPADI Meeting June 2024
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NestDAQ process implementation T,,ggw,nd}; r_[

TWINDOW

Enlries  1.835441e+07
Mean x 2.296
5.341

* TFB: Reconstruction of time frame from HBF 4

* Free streaming data (w/o reduction by any selections) -
* All 1-M/spill data can be taken. 10

= LogicFilter: Timing coincidence :
e “Trigger timing” generated w/o reduction =

 UTOF X LTOF timing 2 [ UTOF {
* Coincidence rate: ~200 k/spill (Reduced by detector size) ... ..

Y00 -80 60 -40 -20 """

* After time offset
adjustment in software

Coincidence

= EventSlicer: Event finding from “Trigger timing”

« Slicing window applied according to “Trigger timing”: 1000 ns
* “Trigger timing” is used as reference timing.
* Timing group in Slicing window = “Event” generated w/ reduction

= High-level Filter: Event selection using “Event”

* Event selection like an off-line analysis can be performed.
* Beam TOF filter: K beam selection using (T 11.veamTime — X UTOF:MeamTime )

Shirotori, SPADI Meeting June 2024




Data flow with multiple computers

oftware raidO
SATAX2 ~450MB/s
10Gbps

Sampler x39 STFB x39 TFB x4 LogicFilter x4 TFS x8 Sink x2

Sampler x39 STFB x39 TFB x4 LogicFilter x4 " Sink x2

~950 MB/s

Sampler x39 STFB x39 LogicFilter x4 Sink x2

lgarashi, SPADI Meeting June 2024



Data flow with multiple computers

Sampler x21

Sampler x18

Sampler x21

Sampler x18

STFB x21

STFB x18

STFB x21

STFB x18

TFB x4

LogicFilter x4 Sink x2

TFB x2

TFB x2

LogicFilter x4

Sink x2

LogicFilter x4

lgarashi, SPADI Meeting June 2024



High-level Filter status = To be reported by Furukawa-kun "

* Beam TOF filter: K beam selection using (T .veamTime — 1 UTOF:MeamTime )
* All timing combinations in “Event” (Timing in Slicing window) are used.

* Correct Beam TOF selection = High-level filter worked well !

c 9 . .
Raw” data: TTI:MeamTime - TUTOF:MeamTime Beam TOF: TTI:MeamTime _ TUTOF:MeamTime
h1
(ltdc_t1_I+ltdc_t1_r)/2.-(Itdc_utof_I|+ltdc_utof _r)/2. 3500~ Eniries 555613
2000 Filtered reei : Entries 3711912 - Mean -2.055
3 iltered region ; Mean 127.1 — Filtered data Std Dev_ 0.9744
ssoof-  (No reduction) Seber 1298 3000 |
< > - Decimation data
3000f— | 2500 — 1
2 < S - 1/10 sampling
2500f— AN . d —
- Edge of w peak Cut region 2000 =
2000E" que to timing cut (Reduced) -
1500 ~ Decimation data
- o e 1500 — X
1000F- Préliminary - 10 scaled
500 T 1000
00 ied i iz i iz s i s i -
 TDC offset collection -
3 3 s [l 1 L1 11 I L1 11 L1 11 L1 1 N *d"’do—*‘l*'.l ol_.l el le )
+ TDC timing cut ‘ 0 Bttt T el Lot isd
* 15t hit selection [ns]

Shirotori, SPADI Meeting June 2024



Summary

* NestDAQ under active development by the SPADI alliance

e Just had a test BT with MARQ spectrometer (with the highest
demands)

* Gained a lot of experiences to run a continuous readout in practice
* Flexible and scalable system
* low/high level online filtering

* Next steps:

 higher-level filtering, GPU, full system (x5), storage (CfphFS/SSD
caching)



