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* FairMQ, Redis #1# -7z DAQ (A TEATAND =7 N4EE)
e J-PARC E16 ERRDE

o TURDORIE R

e Upgrade plan

BROMENSZNTT
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ABRT —IRBNT—7 70— RETSLHDYTI2TIL—LT—7
o TIRIE: VIal—Yar, T IR (X751, A>F51>), DAQ
o JERAHAAVE— YRk TFTERERX B AT R M. (ZeroMQ, shared memory,
OFI(InfiniBand etc.))
e BET LAYV (T—I) DFFIFAI—H -0 BHICER
* https://github.com/FairRootGroup/FairMQ

FIRFHRERTERAINTS

» ALICE (CERN, & 14> %%, QGP)
* CBM (GSI/FAIR, Bl EAZHI N EA A > %2, &% E QCD)
* PANDA (GSI/FAIR, RIGFE— L& {7/ \FO )

* etc.
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https://github.com/FairRootGroup/FairMQ

VAN ENG: 177

FairMQ 71219540

o 1—H—9J%EFTT 5 Device (+ state machine)
e Device(~process) fBIEN7=HD MQ

o SMERYY—IL (UI, database) ¥i&$#F %7z D plugin
RRICEHLET/—Ra2—FEEL

8% device % RBFICHIET S
controller (operator) I3/ $y/r—

[ Controller, etc. ]

‘E plugin ; plugin
user task MQ usertask

FairMQDevice

‘ plugin ‘ plugin ’
user task user task

‘ plugin I plugin /
user task user task 3/31




EPDTOLREqBNTILLELSE

TOv AR L DERRE FHEIITV AW

e ltol
e 1toN
* NtoM
SNETHRD R DH S DAQUINFHIER ) Tl

« HDDAQ : bind R— F&S %R THWT connect 5L 1232k
o DAQ-MW : iK— h& S 13405 % T\ AY InPort-OutPort DEEHEIE—DF Dk %

ZeroMQ T3 socket D 7KL R (IP 7 KL R + R—+&ES, UDS name) 2R E LAV LWL TR
10 ECS W S5EFHIKIBTES. 100 18, 1000 BH 75

— service discovery D& X
431



Service discovery

(database)

* service registry: 7Ot 2NDHKZ (IP 7 KL R), K—

Service Registry

S, RERALEDEREEERTSET —IN—2 P— To bddrese
1P192. 168,22, | %45
(Key-Value store) bind port33333
© F70ER bind port 33333
s BRBEDERY registry ISBEEL. b T O 205 RO T
5NBLHTS IP 192.168.22.1 T

s BRDBEHEFOERY registry DPHSIFT
B %Y 5: ZooKeeper, etcd, Consul
Redis T service discovery # ¥ L TH 7=

* bind AIOKR— FESIIBENRINUL TV T LIZENY B TT
bind IZEI L7 5 registry |ISR— bESOIFEREBET S

5/31



HorBICERELW

s BlrnT Ot ABMDEMREE—D2T OAHLTWAELSZITIFR S5
e TOERANITIL—TRLEDERMBREEEAID LT IL—TIBTBEDTOL ANEREEA
BERKTEHIL—ILERDS
c NfEd)1tol
e 1toN,Nto 1 (#£i#E7 KL Z, 57 KL Z=subsocket)
e NtoM
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DAQ service plugin (1) : topology configuration

o Instance: 2 =—77% ID ¥#~7/-7"0+t X (FairMQDevice)
* Service: [E U FairMQDevice 2 ¥ H7=:mEIIL—7
e Endpoint: service (instance) @ MQ channel (MQ socket)
* Link: endpoint [ D i@fz
service B DIEFEFEIEIR * Redis |TESET 5 X instance M DEFEFTIER * B BYE X

deivee=TdcSampler Service=TOF_FileSink
id=TOF_TdcSampler-0 Service=TOF_Merger

device=TdcSampler

id=TOF_TdcSampler-1 id=TOF_Merger-0

I device=Merger

=FileSink

device=TdcSampler id=TOF_FileSink-1
id=TOF_TdcSampler-2

SeryicesT (T deSampler Service=T0_Merger Service=T0_FileSink

device=TdcSampler

id=T0_TdcSampler-0 device=Merger device=FileSink
id=T0_Merger-0 id=T0_FileSink-0

device=TdcSampler

id=T0_TdcSampler-1
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DagqgServie plugin (2) : Web-based controller GUI

Redis pub/sub channel % {7 R &85l

DAQ controller
o Redis DAYE—YFa—70—hH—r L TOKEEE F| RUN number

New value: 1
Latest : |

o 327 L% web-based GUI % B %

State transition command

e RUN number DX E, E# e~ Running
o JREEEBHITN (Idle — Running, etc.) dle e o DeviceReady = mins = Ready = mn > Running
. . Idle < Running
* HTML + JavaScript + WebSocket + THttpServer (civetweb). Tested M= oo Do Renty  —onros Koy < 0~ Roning
with ROOT 6.18 - Bait
PO —

Plugin

Select command target
HTML FairMQDevice
JavaScript | THttpServer I E—

J _—

.
[ ] WebSocket — d FairMQDevice
Redis client reais Q My Connection ID: 2730090810 (Date: 2021-03-31 18:42:21)

Connected ID: Date
2730090810 : 2021-03-31 18:42:21

FairMQDevice Messages
Connected

bt

Web-base GUI
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Metrics plugin

e DAQ state (Idle, DeviceReady, Ready, Running, ...) #¥ Granfana dashboard in E16 Run-0
EH B EIC Redis ITRFL TS state DIEE BHT RN

5 :

* Metrics plugin D& )7 — % | Redis L3RI EED
TimeSeries data % {& F

« CPU &7, RAM {# A & (reading /proc/stat and
/proc/self/stat)
o AvE=IL—b (BYEBEAY BYOAVEL-IHAX)

o Grafana 75 Redis IC7 7€ AL TT—9 %28 1#1b




Redis % {# -7z FairMQ O plugin (F¥ &)

topology ~ parameter
dad ccmmmin

« service discovery (70t 2 #E#EIRED T . A
) & redis T

© 27— b3 HI# — Redis PUB/SUB '\

o run HERE . .

‘ DAQ service ‘ ‘ parameter config ‘ metrics
Parameter config A
.« A—HF—FIRITIEI /S A— I DR . rocian
‘ state machine ‘ ‘ PrOgOptIOHS‘ logger ‘ /proc/self/stat
L T T I
Metri v
[FeirMQChannel] | wertask |

o CPU/RAM D &7, T — Fénik 8 DEF FairMQDevice

e Grafana TN 181k
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A>hagsva>

NnrFovEERRORER

o NAZILHFRED BRENOEN — SEERE =RF%) THETE

s RFRZFNORI9— X‘//@Egl/\7NI/”"WI:O)?\%E‘J,E'Jm‘(uﬁ’\“é
* p+A(C, Cu, Pb, etc.) RIS. p/w/¢p — ete”
« BUFMT & AXVETHIEN > RILEE TOBREANS MR ECTL

o KEK-PS E325: EZE R THHRIEIZL S FRYEERTKE EHI excess

s HEXLBHR DML, RFBEANT+— 75, 28R - afist S0 MELERNILE

]

| |
decay outside nuclei decay inside nuclei

Pe

musml/[!JMnV/e’]__
=]

3

_y*/ndf=83/50
)] 1 11 [an}]z
. KEK-PS E325

¢ NEBRARIML B



J-PARC /> % SEE)EE—LF51> (high-p BL)

o SBVWVERY H L 1 spill = 2.0 sec, #Y3RL 5.2 sec (2021)
o IEREGICIZARYIE L AEIAEL % B TR
* 30 GeV 1 JRBFFE—LD—ER (10'%spill) % 5k L TRERIZRY
F Tk

Hadron Experimental Facility

306

o Mg Ring
P Primary Proton Beam

- X, . D = 2 — protons
Extraction for Hadron Exp. - ’ A ; m m m
13 20 3C 47 5C
B 5.2 sec time

Branching Point

0.5 W ¢ Gt Bom carvent vavefom ot F-lire B (1.5, 10 1401

Experiment area

Ty (P
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J-PARC E16 EERDIR L 25

o RISL—F10" Hz TO ete” BERE

o BABREBIGHIZ 26 ENEY2—ILE/NLILRICERE

TR i 25

¢ SSD (silicon Strip detector) ~53,000 ch (2,048 ch/module)
* GTR (GEM Tracker) ~58,000 ch (2,232 ch/module)

BFRERRLS

e HBD (Hadron blind detector) ~36,000 ch (1,400 ch/module)
¢ LG (leadglass EMCAL) ~1,100 ch (3842 ch/module)

staging strategy

¢ Run0 (2020, 2021) :
6 (SSD) + 6-8 (GTR) + 4-6 (HBD) + 6 (LG) — 2 Iyva=>7 [C=1=))
e Runl (2022-): 8 + 8 + 8 + 8 — ¥ FE, C/Cu 1EHY

e Run2 (77?) : 26 + 26 + 26 + 26 — #3IEAIE, C/Cu/Pb 1ZE9

Beam

Leadglass
Carolimeters

13/21
13751




Run0 ® M) AH— A E LEER

b —ERR

o discri-out — TDC % &3& ") 7ILERik TEK — N AH—HE
e e-track candidate = GTR-ASD x HBD-ASD x LG

* vector meson = 60 deg A _ERA Mz e-track % 2 1B
* LI request ~1 kHz

* B2TT <& 5/2 598 (250 Mbps, 8b10b ) 71LT—5)
s 7E—/NL7ay7: 125 MHz -
e kA= 4bit: L1, spill-start/-end, monitor, ...

-y &2
N - LAN DAQ PCs - -
o N)AH =257 96 bit: timestamp (48b), spill count (16b), event count (32b)

» BUSY IR&

i

BESEYV2-IL1EHEEYD

trigger primitive {25 D ¥

B UEE: 7+ AT LB RS TY>T

e GTR-ASD : 24 ch
e SSD (APVDAQ, VME) : APV2S5 40 Msps, 8(9) samples
e HBD-ASD : 36 ch
* GTR, HBD (SRS-ATCA) : APV25 41.66 Msps, 24 samples
e LG-discri : 3842 ch
* LG (DRS4QDC): DRS4 960 Msps, 200 samples
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ERT)T7O¥kTF

» APV25, GTR-ASD, HBD-ASD |3#& i 883 1%, APV25 O repeater 7~ — Fld LA R E
o EVSN (TVIAH—, M)A —aP V7, slow control, HV EiB, LV &R, etc.) |dFHEI—7
DHOERIVIIRE

« Xilinx 6/7 series ® FPGA I35 #8335 ¥ LT SEM 7% £ % (config RAM 1 bit D T5—F T4 5ETIE)
o E—LIUTITHWTYZIERE L7 Spartan-6 T — A" RELLT 1 -7

e RHZE (7O MU NEIR)-ERTYY : 15-20m

« EIE&Sv7-DAQ st EM (/\FOYBRERIR) : ~150 m DAT7 A/ =Tkt

e LILALDERERD ACI00V EIRIZERRT On/Off TE5LS12L7

?"\ ; == —» q ﬁ‘ !x A ‘m L k. . g - - IS L
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DAQ in E16 Run-0c

FPGA FPGA
Spartan6 LXI6  Virtex6 LX240T  trigger, clock, busy

* Trigger, DRS4QDC, SRS-ATCA — 1 PC (Xeon E5-2630v4 10 cores X 2)

FairMQ 2402023

s x5 s
GTR-ASD x 5 =
HBD-ASD — [TRG-MRG|-{ tresumpler |—{ MiraDivider

[Gdiser Trghilder

L E—{_scaler monitor
[Bellc2UTS - Trwsampier_|— viibivider

24+ APV2S]

7 7
LG —[DRS4QDC ]

EventBuilder FileSink

Filesink — )

Evenibuilder f——_rilesink_— )

EventBuilder

.
GTR _ [saican]
HBD

DAQ-MW
x2 2 DAQLogger|—(—]
MRPC —» [HUL HRTDC | —-{ JOGFRDC L™ Merger |—{ Brmm
Monitor
GP-10 RM |1 P52t
[
APVDA(
Monitor
XVBG02

HDDAQ

Streaming DAQ soft. for COMET extinction meas. was used for time structure of trigger signals. (not shown)




DAQ software for SRS-ATCA using FairMQ + Redis

GTR __|

HBD

 push-pull connection
e 10 samplers, 3 event builers, 3 file sinks : up to ~1 Gbps/sampler (GbE from SRS-ATCA)
e Spill-ID based round robin

* Multithreaded in FileSink to compress data with ZSTD

Monitor path

e pub-sub connection

* 1 data converter (raw data to DSTO hit/event object data), 1 data quality monitor

push

SRS-ATCA Sampler
SRS-ATCA Sampler

[sRs-

UDP GoE

——[ Splitter thread (= main)

sub pub sub
RawToDST0 |—{ DamSTO
pull pub
EvenBuiie Fiesink =
Ecnbuiac Ficsink =
Evenuilder Facsink =
TaskProcessorMT

Merger thread |

inproc, PAIR

Worker thread |7

spill

FE > sampler
sampler = Ex

0

sampler = EvB-1
sampler > EvB-2
EvB-0 > FileSink-0
1

EvB-1 > FileSi
EvB-2 > FileSink-2

EvB-0 = RawToDSTO
EvB-1 > RawToDSTO
EvB-2 > RawToDSTO

RawToDST0 ~ DQM

spill-on  spill-off
T P

max 1 Gbs * 10

-2GB.
2GB
-2GB
20-30 MB
2030MB
2030 MB
70-100 MB/spill
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» Low DAQ live time : 15% (RunOc) for L1 trigger & beam: 5 ms structure
request rate of 1 kcps single hit of GTR T —
e Caused by beam structures? %N\JWWW ”“m M “m " “ “
* 5ms « MR power supply? single hit of LG

e 5.2us (=191 kHz J-PARC MR freq.)
« dispersion @ Lambertson magnet?

single hit of HBD

Countermeasure
ee-trigger request E

* Firmware update to reduce dead time

. . . beam proton
* Bug hunting of trigger logic (measured by BL group) WWW

« Hardware upgrade trigger & beam: 5 us structure
Time difference between
* Long term plan : gradually move to (el TMe difference between | ““""Jeach ee-trigger requejtswlz
streaming DAQ T == - ==

“m | from exciter?

s gl

o0 oo i oo oo oo dse0 doooo [NS]



Upgrade of silicon strip detector and readout electronics

e SSD and APVDAQ in Run( was temporarily borrowed
from J-PARC K1.8 group 195

BABLFvTXE

SSD in Run0 APVDAQ

Runl: Use CBM(GSI/FAIR)’s SSD

« double-sided SSD : 62x62 mm?
e 1024 chx2
e stereo angle : 7.5 deg.

CBM STS sensor

e strip pitch : 58 um

62x62 mm?>
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SSD frontend C : SMX2 (STS-MUCH-XYTER?2)

e UMC 180 nm CMOS

input 128 ch (+ 2 ch test)
* CSA gain switchable (STS=0-16 fC, MUCH=0-100 fC), polarity select(positive/negative)
e cf. CBM-STS(Silicon Tracking System) = 1.8M ch, CBM-MUCH(Muon Chamber, GEM) = 249k ch
Self-triggered readout of hit data
e 14 bit TDC (fast shaper + leading-edge discri.), LSB = 3.125 ns @ 160 MHz clock
* 5 bit peak ADC (slow shaper)
LVDS/SVLS link (AC coupled 8b10b)
¢ down-link (input, multi-drop) : 160 MHz, control
e up-link (output) : 1-5 links, 320 Mbps/link, 9.4 M frames/sec/link

e Power consumption: <10 mW/ch (~1 W/chip)

Digital Back-End

STSMUCH-XYTER2 ASIC <+ [timestamp counter
La 2

>
Register file

>

°
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New SSD readout system of J-PARC E16

ASIC (SMX2)

FEB-8 GBTXxEMU board GERI (GBTXEMU Readout Interface) board
Sensor ~ e

Microstrip cable

Closer to BM@N(JINR)’s system rather than CBM’s GBTx-based CROB + BNL712

. . To do
* low-mass and low capacitance microcable

X * Cooling system
e FEB-8 (Frontend board) : SMX2 8 chip, 2
* Cable adatper for long transmission from FEB-8 to

up-links/chip GBTXEMU
e GBTXxEMU : FMC carrier + SoM (TE0712)
¢ Self-triggered readout from SMX2 to GBTXEMU

 Hit selection by ADC value and timestamp
* GBT 4-5 Gbps x 1-2, IPbus

* global clock + trigger I/F (B2TT, CDCM)
¢ Firmware customization

* DAQ with trigger (Runl)
 Streaming readout (Run2?)

e GERI board : COTS PCle readout board 21/31



GEM readout proble DAQ bottlenecks

incident particle incident particle

Data (analog) transfer: APV25 — FPGA (SRS-ATCA) s .
Id.in gap / 1dnn gap /

GEM GEM

e 60-80 ps for 24 samples readout Il iy N iy

GEM \\ pes
e A drift time measurement is important to achieve good J anod J ‘m-—.

position resolution. (u-TPC reconstruction method)

w/o magnetic field w/ magnetic field
* slower drift velocity — better position resolution but
. . P FPGA (Virtex6)
longer drlft time APV25  60-80us/event ,ﬂ‘ 0 = . _| Gog ~£S::‘; u}\/c»cl‘l:(\/\{;ls/fh)
= R

e A time window of at least ~430 nsec (18 samples N samples * 140 ycls

@41.66 Msps) is needed to keep good detection 60 for wit Fikeibe |

32 cells for read max. 8192 samples/APV
efficiency.

Data transfer: FPGA (SRS-ATCA) — PC

e (0-1.5 msec: depends on number of hits, buffer
occupancy in FPGA
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GEM readout in Runl: Firmware modification of SRS-ATCA

APV25 — FPGA

* Optimize number of samples per event (and sampling speed)

e <15 samples — The read buffer in APV25 can hold multiple events.
* 0-70 ps

FPGA — PC

¢ Attach DDR3-SODIMM modules to SRS-ATCA
* 1 GbE (UDP) — 10 GbE (XAUI, UDP)

* No deadtime

DAQ live time: 10-20% — 50-70% (expected)
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Streaming readout of GEM: Run2(?)

SMX2 for GEM

* Pros: R&D work is shared with SSD readout upgrade.

* Cons: Cooling system, cables — more installation space, background source

MPGD ASICs

» Waveform: SAMPA (ALICE), WASA (CEPC, in progress)
* HR-TDC(50-100 ps TAC) + ADC (or ToT): VMM3 (ATLAS), TIGER (BES III)

How about the development of a new ASIC (low power, high throughput, high performance) in
Japan?
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Upgrade of EMCAL readout (1)

Problems with DRS4QDC

4

Production

 High failure rate of board assembly
* EOL of Xilinx Platform Flash PROM. We can still purchase but ...

Performance/specification

e 2us L1 trigger latency due to analog memory depth v
* Dead time due to data transfer from DRS4 to FPGA = 6-10 ps (Rol DRS4QDC
100-200 samples)

* Runl:
* Max throughput = 100 Mbps. .
e Complicated data correction Continue to use
* Cell-by-cell offset correction DRS4QDC
e Cascading capacitor arrays e Run2:
* Removal of symmetric spike noises (Cells around the end of Rol are biased by Up grade if pos sible

read-address-line)
e Offset of cells in Rol are shifted. Recovery time ~100 msec.
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Upgrade of EMCAL readout (2)

Still under discussion within E16 group

Plan 1: fast ADC (—next page)

 Continue to use the existing LG. Waveform readout is essential.
* 500-1000 MSPS, 10 bit ADC

—femxeeszzy

AL

Examples of LG s1gnal (DRS4QDC RoI~200 nsec)

Plan 2: Fine segmented EMCAL (not included in this talk)

* Reduce the hit rate per channel
o ~150x150 mm? — e.g. ~20x20 m2. increase of number of channels : x50

* LG — XXX

* Collaborate with J-PARC HI (Heavby Ion)? 26/31



A candidate for fast ADC: MAT (Openlt)
TIAMAT present status (Miyahara-san,
Hamada-san)

TIAMAT test boad (FMC LPC) + Nexys

e TSMC 65 nm CMOS

* Time-interleaved sampling, input 1 ch

e Sampling freq: 1 Gsps
(800 Msps confirmed)

 Resolution: 10 bit

e Data output I/F: 10 LVDS (data 8 pairs, clock 2
pairs)

e Control I/F: SPI

e Low Power consumption: ~300 mW/chip

* Option of 500 Mspsx2 ch? \
e Advantages compared to COTS ADC(ADI, TI)? il

* RESoC s too expensive... A test with LG is planed.
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N

o J-PARCEI16 ZERNEHAIV R T A - Bt HERBIETD ete” BHHAIE

¢ Run0 (2020/Jun, 2021/Feb, 2021/Jun) : 23v¥a=>7

* APV25, DRS4QDC 2L % g RZER S
* DAQ V7 b= 7: FairMQ + Redis (service discovery, control, etc.) %5 #9121E A

=]
. E— LB DAQ live time 2ME T LTV 2 T AEMEAE L

%

514
o BEEEED fimrware 2X B 2L % deadtime Hll 38

o J$3RAYIZ1T streaming DAQ N7 L7\ (AADRRAETY)
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Backup
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VZANENS: > A @A=R P AL 159

. FairMQDeVice FairMQDevice FairMQDevice

o 7—77U—%HET S HAL (7QD t ) { Sampler P{Processor}\ FairMQDevice FairMQDevice

° 1&;*555#(% override LTJ—*T—0)§7X7E¥?‘.—F¢% ) ) ) ) [ Merger )_’{ Smk }
¢ FairMQChannel (FairMQSocket) EairMQDeyice F”"MQD“'CV

+ Device DT — S BIEEAT. | Sampler —{Processor

BEAREIZIE ZeroMQ socket 72 &

* Plugin ‘ plugin ‘

* state machine DHIfH, B8

- ProgOptions /<5 X—9 D3, B8 ‘ ‘ S TR ‘ ‘ ProgOptions ‘ ‘ logger ‘ ‘

o SMERY—IL (UI, database) ¥ D& N

 FairLogger
s TOLRANETOTEER ‘ FairMQChannel ‘ ‘ user task ‘
o« EEE, B, HAH% (console, file, MR TTER)

FairMQDevice

user task ¥ plugin O THTF—FDZIFELIL, EAREIZIE
ProgOptions #7z1d logger TiTH 5.
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FairMQDevice: State machine

s KBENSZ state TEITINSREEAEDHEDT, TNSEARITART 5.

Device and channel (socket) config/reset

Task config/reset

ResetDevice()

Resetting Reset Device

ResetTask()

Resetting

Device

Task

, PostRun()
F stop
qﬁi’ “ﬁlnlliaﬂb
Task
.
Task Run

Init() Bind()

Connect() 1InitTask()

T em  PreRun()
O State with an Run()
() umsse ConditionalRun()

@ Final state

— Automatic Transition

— Manual Transition
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