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JUNODetectors & FReadout

(Top Tracker (TT) A

A Plastic scintillator array from OPERA|
A Local TDAQ, merged to global DAQ

LPMT:1 GS/s waveform readout with
global trigger + triggetess T/Q data

SPMT :trigger-less readout of T/Q
A

\_  before storage /) "
£

£

-

Wat

Central Detector (CD)
A 20kton liquid scintillator
A{LKSNAOIf | ONBtAO @S35
A 17,612 26inch PMTs (LPMT) and 25,66h8h

\_

PMTs (SPMT)
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Al s r'43.5m, H= 44 m
A 2.400 26Ginch PMTs

er Cherenkov Detectc}

J

v
LPMT readou

Same as CD




JUNODDAQIHIghlghts

3 channels/UWB for LPMTs of CD and WCD : ~6800 UWBs

18000 * 1GHz sample * 2 Bytes *1 us window *1 kHz trigger rate = 36 GB/s 128 channels/UWB for SPMTs: 200 UWBs Surbace
triggerless TQ data rate: 18000 * 30 kHz dark rate * 10 Bytes = 5.4 GB/s 500 Hz dark rate * 25600 * 30 Bytes = 375 MB%
Custom HV (JINR) Custom ADC (Tsinghua) | FPGA for Trigger and L;:
(0-3kV)/300uA 12bit, 1Gsps Signal Processing 8x Underwater Clek
16 channels Connectuﬁ-‘ UnderWater Box i
Signal + HV Under Water Box 5/10 meters l{nderwater ‘:.l I., A
Global Control Unit Up to 80m CATSe Comc Loty s, \ | .=| 2xSplitter Board 64 channels
siowmpednce [ N g T 5
power cable sded— ) :..:: [ Fodundarey v
> TIA1LG) @- ‘ | HighVOrfaEE =
chip (1A G Hapc] a 5ync link - CLK | :l: <_—> Siohal Control Link
— 1 I
Frore A (LG @- " FPGA Back End Card 128x | D_' Crl
Eh.p il {anc| e TRG \ /3-inch PMTs | Data PWR .
— | Front-End Board 128 channels Kintex7 | | Spartan6
— E ﬂ IT : <—_ll> FPGA FPGA
. Up to 80m CAT5
el HaDC|: DOR3 i Gbit : 16 channels Data
Async link Enterprise — DAQ : CATIROC ctrl
Switch , Readout |Data Kintex7 Clck
1.5-2m cable | Chip  [Piscrl] FPGA T
HV+Signal 2GB RAM | 8x ASICs
for SN burst R e—————— o
Large PMT electronics scheme Small PMT electronics scheme

E > 40GBytés triggered waveform data and triggéess time and charge data
E ~7000 readout linksvith interface: 1 Gbps Ethernet + TCP protocol
E Process events vianline Event Classificatioto reduce data rate byD 500 times

0TS TEo 5



JUNODDAQSoftwarerArchitecture @

Process Algorithm Plug Modules

Read Out Plug Modules

Radar heteRogene.ousArchitecture of Dat.a Acquisition angRocessing@swr] [T Re:c;nit::::n | ::::s |
V1.deployed in LHAASQrunning for ~ 5 years coomr | [ we CCSN Online Moritor
V2:upgraded for JUNO e

L Data Flow Software

Generalpurpose distributed framework | |
Transport | ayen ZeroMQ Modole = Assgrf‘ltgling > DiE[:?;ich —> St[c:?;Ze
Serviceg Kafka /ZooKeepebased Distibuted Framework

Data Acquisition Utility Modules

Divided into two parts:
Data flow software process data streams
Online softwaremanagement and services

HTTP Interface

Process
Configuration| Run Control | Message
. ] . Management
Service Service Service .
Service

Process |
Management
Interface

Configuration| Run Control | Message
Interface Interface Interface

* Large High Altitude Air Shower Observato}y

Online Software

2024/4/25



Harcware | implementaton

E Most onsite devices deployed for over a year, used for onsite testing
E Network dual redundancy desigto avoid single point of failure

160 x Access Switches 8 x Aggregation Switche

104 x Computing Nodes
2x2.9G 16C CPU

Z

48x1Gb + 4x10Gb 48x10Gb +4x100Gb
L o eeammR~ 2. 384GB Mem. 2 x 25Gb
i ‘ === LU 4 nodes/ZU) .
e <V T ' 4 x Manage Switches Hardware
x 11760 e x40 48 x 1Gb +4 x 10Gb
Y| e - ‘ p—— . 2 x Core Switches Deployment
108 x 100Gb ’ oLl
s
: 1Gb
- (EEESLNOND | 0Gb
6 4x25Gb to
o
6878 x . W | —— 110%0(%
GCUs
EEEmaam T e o e

1Gb .

port . |
:x #7
. |

Storage Servers Q
‘// .
7 L (4U x4) 2
'x:l -y 810
. . Control x 3
= 2 - ' Disk Array
-; \ e 200TB
',:‘ 8 4 -
: Underground electronics room Ground online computer room control roon
2024/4/25

Total CPU cores: 3328
Computing node

CPUintel(R) Xeon(R) Gold
6226R CPU(16 cores) @
2.90 GHz x 2

Memory:384 GB

Network: 2x% Gb/suplink

T>o I>
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Data IFlowsSoftware

([ Readout Elec. ]
............. >

Radar data flow

J
zzzzzzzzz:zgp
Data Online
P - Assemble -
Data | ey
MFIOW Data Processors Process o -
anager rrnrrnnnns »> (Farm) Algonthm
PR » | Data Storages
~ Radar Data Flow é \ /
A ROSReadOusSystem
A DA:Data Assemble
A DP:Data Processor
2024/4/25 A DS:Data storage

1
i

I

il
L i D'

Lightweightstructure
ROS+DA+DP+DS —

Plugin modules deS|grior ROS & DP
Integrate customized readout /

processing modules



JUNODDAQ DatasAssemble

10 ms

—A
DFM message [[ Readout EIec.] Raw data stream .. | L ' '

—_— Raw data Raw data Raw data

channel 2 | -
' J D ,
1 ‘.' ‘,’ ‘,’ I | channel n-1

RO § ROS | | Raw data Raw data channel n
Fragments
FM i F
-: Fragment
DA | . ,,
] Timed Fragment TF Fragment

~

A Support cita assemidd by ID or timestamp

~

A Uniform processing both triggered and triggess data

A 2 level assemble by time fragmem@fROS + DA

2024/4/24 9




JUNOIDAQ DatarPrecessing @")

: Preprocessing Algorithm Customized algorithm , 2_Stage data processing:
| Eva;f;’g;;e”i [ i vent ] [smwaremgg% [ ] Data preparation / preprocessing

Data Input —)[ Pref)\;::ion ]—)Event Process —)[ Coalspéss ]—) Event Qutput Supportpara”el proceSS”’]g
Processing interface provided

! | | | '/ Plugin algorithmdeployment

Core event processing algorithms

Data processing is flexible, configura

Customized algorithm

t

|

1

I

I

, SV JAldl = CCSN Monitor
| Reconstruction Process

I

I

1

Core Processing Algorithm 1

A CCSNCore Collapse SuperNova
202414125 A MM: Multi-Messenger 10




T

Online IEvent_ Glassification

D

P

Raw data stream @

Data
[ Assemblers High LeveEvent

I (assification -
L Full shammel dat ~40 GB/s Including two levels:
STHErEEeers 2o Lefeslli O svsnl e A Distributed parallel computing (LEC)
Data ;E e OEC A Globalserializedcomputing (HEC)
Processers Qassification
|

OE(Dt\Adﬁmﬂr‘

Event Compress
4. Compressed datal - P

————————————————————————————_,

e
Interlayer between DAQ and offline
Data Sorages , Data to storage y _ Q _
JUNO OEC Processin ~60 MB/s T Reuse offline software online
{ » rawdata

message

é OEC based on online reconstructoauppress waveform data
A Offline code directly embeddedmaking development and deployment easier

2024/4/25 11



PerformanceNerifieation

:‘With OEC

Data source 15 nodes
ROS Num 30 processes 15 nodes
DP Num 40 processes 40 nodes
DA Num 80 processes 40 nodes

DS/DFM 1 nodes
Channel Num 17612 (CD waveform)

OECAIlg V0.28/V0.211
Event Rate 1 kHz /1.5 kHz

Performance test with baseline OEC algorithm
Mix data source test
Continuousunning for weeks

Run stably with OEC, with0% performancenargin
Room for integrating more customized algorithms

2024/4/25

60.00

40.00

Total Throughput

GB/s

20.00 J
o

08/23

~ throughput

80.00

Recovery after a core switch failune

Bandwidth test:
40 GB/s Readout

08/25 08/27 08/29 08/31 09/02 09/04 09/06 09/08
GB/s
== sum(oec{label=~"juno_cectest.df socket.input_data.rate"})/ 1000000000
Total Throughput
I“' ar e g ,i., - .,._J,,l.'.l.w'n" e S TR R _n'r'.. e w,-'.'l..i'. L S e RN T PR L AN »1'-||.'{'r, ai'l" T AT 'J'».
| 1 y

60.00

50.00

GB/s
I

|
|
|
|
|
|
|
: With OEC
|
|
|
|
|

sumoec{label=~"juno
sumoec{label=~"junao

10/25 10727 10/29
GB/s
_oectest.df.socket.input_data.rate™})/1000000000
_oectest.df.daida-. *.input_ros_volume.rate”})/ 1000000000

Total Throughput

| U ol e Bda Flldd e bl o W ol AR Y dnll kLU LD TR LR

Extra 50% margin test;
60 GB/s Readout

L NI PO ol Wl R T R TN

1 kHz CD waveform

18:00

19:00 20:00 21:00 22:00 23:00  00:00 01:00 02:00
GB/s

== sum(oec{label=~"juno_oectest.df socket.input_data_rate wave"})/1000000000
sum(oec{label=~"juno_oectest df da:da- *.input_ros_volume rate"})/ 1000000000

== sum(oec{label=~"juno_oectest df socket.input_data rate.tq"})/1000000000

== sum(oec{label=~"juno_oectest df socket.input_data rate.spmt’})/1000000000

03:00

020 30 kHz CD T/Q
400 Hz WCD waveform
500 Hz SPMT T/Q

12

Dummy waveform data sourcey

)ﬁ o optical module replacement

Mixed dummy data source



Online Software.Ovendew

Online Software: provide management, interfaces and service

Online
Software

HTTP Interface

Configuration
Service

Configuration
Interface

Run Control
Service

Run Control
Interface

Message
Service

Message
Interface

Process

Management Service

Process
Management
Interface

Data Flow Software

A Microservices architecture
A Kafka /ZooKeepebased services

A Kubernetesnanagedcontainerized operation(online + data flow)
A

A

202

Featurerich interface design

A B
& Ihgr s

T e ) ¢ IEEE

Implementation of the JUNO DAQ Online Software u

i ments

/- 30 years running for JUNO Iifetin|1

Failover mechanisndesign based on Kubernetes\ _ _
——| Reliable for supernova detectiol

414125
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Online SoftwarerArchitecture

U Centralized messaging topologgwessage brokers decouple online and data flow
U Microserviceskeep independence between services
U Layered desigq interface, message, online services and supervisor

WEB/CLI Data Flow Software HTTP interface layer: provide external interfac
Layer scheduler, for :
i Supervisor
global management
i APl Gateway Run Control INF Configuration INF Message INF ! Interface laver Interlayer between data
1| _<<Java App>> <<C++ library>> <<C++ library>> <<C++ library>> |, y flow and message brokers
Zookeeper Kafka ' [Message Brokers | | Message data transfer
To o | T Process | [ o . | :
0 Run Control Configuration Message i i i
_" <<Java App>> <<Java App>> <“2323§°A",;§T> <<Java App>> |, Online Services

Major online services module '




D

Online SoftwarerRelability Gonstderations

Faillure Detection| Failover |

Heartbeat Detection 3. Redundancy + Maste3lave Election
1. Inter-Process: Based afooKeeper 4. Takeover scheme based on Kubernetes
2. Inter-Node: Based on ICMP Protoco 5. Solutions for rapid restart of services

104 high-density
computing nodes

3 manage servers

( n -
tection a :
Anomaly €2

§ E heartbeat connection

: ] oo >

E E HTTP connection
202414125 : : ~

ompute not

onfiguration Process
anagemen
de ompute node
b ”
~
-

15
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DAQConsele GUI

Run parameters

CDSPMTs

200

WPLPMTs

801

TTs

1
1
: Namespace Group GCUs CDLPMTs
! juno oectest 6,873 5,872
1
I -——
i Total Throughput
Node Pro
120.00
1 1
100.00
Node Pro
80.00 40 120
é 60.00 Node Pro
40 80
40.00
Node Pro
20.00

30 75

St o \gling g

T

05:00 05:30 06:00 06:30 07.00 07:30 08:00 08:30 09:00 09:30 10:00 10:30
GB/s
== sum(oec{label=~"juno_oectest.df.socket.input_data.rate.wave’})/1000000000 == sum(oec{label=~"juno_oectest.df.da:da- *.input_ros_volume.rate’})/ 1000000000
== sum(oec{label=~"juno_oectest.df.socket.input_data.rate.tq'})/ 1000000000 == sum(oec{label=~'juno_oectest.df.socket.input_dala.rate.spmt’})/1000000000

DP Total CPU (cores)

67 cores

DS Total CPU (cores)

0 .2 cores

ROS Total Memory

1277 Gis

© 2024 JUNGSTI I PiMF 28l
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DFM RUNNING
1

DP RUNNING
120

DA RUNNING
80

ROS RUNNING
75

Ds RUNNING

DA Total Memory

71 GiB

Run Status
Run Number
Start Time

Run Time

DP Total Memory

283 Gis

455

2024-04-15 15:50:52

42:45:46

DS Total Memory

Ocis

un control

16




Visualization Monitoring

ROOT-based generabnline daa visualization systenfROBOT)

2024/4/25

20000

| x 12673147

"0 [| y:15944156 /
z 2251774 {

PMT Information

PMT ID: V-5-01-20-8

GCU 1D GU3252

PMT SO: N

Detector: Veto

GCU IP- 10.7.12.180

BOX ID: V-5-01-20-7
BOX CH: 1
N

GCU_STATUS: null

% HIT RATE 28620 Hz




