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JUNO | Jiangmen Underground Neutrino Observatory

A iw T o
= ‘ Guang Zhou
i Shen Zhen @..- - ®
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JUNO .. Hong Kong
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¢ <~ 53 Kkm
53km /| s
Tl ® JUNO-TAO Y.
o Taishan NPP 7~
Yangjiang NPP

: . : : Feb. 2024
e Location optimized for neutrino mass ordering

e 700 m underground to suppress muon-induced background

130401 (2016) 2
J.PhVS-GA?\{O?)\O Phys. 123/ 103927 (2022)
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JUNO Detectors & Readout

(Top Tracker (TT)

\_  before storage

e Plastic scintillator array from OPERA
* Local TDAQ, merged to global DAQ

~

£

Water Cherenkov Detector

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

SPMT: trigger-less readout of T/Q

.

("Central Detector (CD)

e 20 kton liquid scintillator
* Spherical acrylic vessel: ®=35.4 m
e 17,612 20-inch PMTs (LPMT) and 25,600 3-inch

\___PMTs (SPMT)

j.
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« | ®=43.5m, H=44 m

e 2,400 20-inch PMTs
\ _ J

v
LPMT readout

Same as CD




JUNO DAQ Highlights

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 Surface
trigger-less TQ data rate: 18000 * 30 kHz dark rate * 10 Bytes = 5.4 GB/s 500 Hz dark rate * 25600 * 30 Bytes = 375 MB/s /\;
Custom HV (JINR) Custom ADC (Tsinghua) | FPGA for Trigger and '2::
(0-3kV)/300uA 12bit, 1Gsps Signal Processing 8x Underwater Clek
16 channels Cnnnecturs. UnderWater Box i
Signal + Hv 'Under Water Box e .""\ [, %
Global Control Unit Up to 80m CATSe Fome %5 \ | .= 2xSplitter Board 64 channels
+ low impedance LV S = <
\f power cable : ) Data —i— m— v
PWR | | High Voltage

TIA (LG)
1

- Global Control Unit

=

ADC
E

TIA (HGIH

128x

TRG | \_/3-inch PMTs

= )|

I Data PWR

Sync link CLK
Back End Card E

J[R18)

|
|
|
Vv = ' .
: Front-End Board 128 channels Kintex7 | | Spartan6
-rmuc: ADC] Up to 80m CATS | <__:> FPeA FPoA
T HORIAC - . Z Gbit : 16 channels Data
\/~ Async link Enterprise = DAQ | CATIROC cirl
Switch . Readout |Data Kintex? Clek
1.5-2m cable I Chip [Discri] FPGA FWR
HV+Signal 2GB RAM | 8x ASICs
for SN burst R e—————— o
Large PMT electronics scheme Small PMT electronics scheme

€ > 40 GByte/s triggered waveform data and trigger-less time and charge data
€ ~7000 readout links with interface: 1 Gbps Ethernet + TCP protocol
€ Process events via Online Event Classification to reduce data rate by ~ 500 times

CcUCHTSCcd 5




JUNO DAQ Software Architecture

Process Algorithm Plug Modules

Read Out Plug Modules econstruction ompression
Radar heteRogeneous Architecture of Data Acquisition and pRocessing [cospur T Reconstrucion | | Comp |
Event Build IMI
. E 3 .
V1: deployed in LHAASO', running for ~ 5 years coeur | [ we CCSN Online Monitor
Software Trigger
V2: upgraded for JUNO -

Data Flow Software
I

Tra nsport Iayer —_ ZerOMQ I:;elca)glcj’luet e Assgrf‘ltlgling =P DiE;:ich m St[c:?;z]e

General-purpose distributed framework |

Services — Kafka / ZooKeeper based istributed Framework

Data Acquisition Utility Modules

Divided into two parts:

HTTP Interface

Data flow software: process data streams

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

Online software: management and services

Process
Management
Interface

Configuration| Run Control Message
Interface Interface Interface

* Large High Altitude Air Shower Observatory

2024/4/25 Online Software



Hardware Implementation

€ Most onsite devices deployed for over a year, used for onsite testing
€ Network dual redundancy design to avoid single point of failure

160 x Access Switches 8 x Aggregation Switche 104 x Computing Nodes /
48x1Gb +4x10Gb  48x10Gb + 4x100Gb ZX 250 10C CPEI
L TR '\1 R 384GB Mem. 2 x 25Gb
A, ‘v [ (4 nodes/2U) 4 x Manage Switches Hardware
‘x 1760 * x40 /'\. . ===} 48 x 1Gb +4 x 10Gb
B | riis. A‘ e I T 2 x Core Switches Deploynlent
. L \ 108 x 100Gb e e o
: | l (I v . — 1Gb
S °x 104 e _____ 10Gb
“he '..) \ : 4x25Gb to
g X ' 100Gb
6878x | - : 7 St Pl | e 100Gb
GCUs
e
ElsToTIELELT e e e T
1Gb .
port - !
:x #7
- |
Storage Servers Q
‘// .
Z B (4U x4) P
.":] =1 91111
. . Control x 3
e 2 ; : Disk Array
\ [ r— 20078
i Underground electronics room Groand oslinc comunter room i
2024/4/25

Total CPU cores: 3328

Computing node:

* CPU: Intel(R) Xeon(R) Gold
6226R CPU(16 cores) @
2.90 GHz x 2

* Memory: 384 GB

* Network: 2x25 Gb/s uplink
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Data Flow Software

Readout Elec.

Data
Flow

Manager |«:ssse- .|7

Data

Assemble

A 4

Data Processors
(Farm)

Process
Algorithm

.

Data Storages

. Radar Data Flow é

2024/4/25

] ............. >

Online

Radar data flow

1]

ROS: ReadOut System
DA: Data Assemble
DP: Data Processor
DS: Data storage

& TEatxitFiais L J—

-Bé_;\an-a.;&_Developmem of JUNO DAQ Data Flow Software
3 Ohs0 o4 0n et of e ANO DAQ Grong.
fre=i Tt g ot
| & woosutin | : e

Lightweight structure
ROS + DA + DP + DS =

£
37
i

Plug-in modules design for ROS & DP
Integrate customized readout /

processing modules



JUNO DAQ Data Assemble

DFM message

Readout Elec. ] Raw data stream .. ..11 L

——— Raw data

10 ms
[ [
Raw data Raw data
| |
| | Raw data Raw data

channel 2 |

I J !
’
1 i
1 I’

LI}

1y

L]

Iy

ry

Iy

ROS
Fragments

DA, -
Timed Fragment TF Fragment

I
I
1
L
'
!
;.
,
L) i ” .
s - L
. .
. .
.
.
.
.
.
.
- .
DFEM ) : ,
L
’
L
1
; Fragment
1 =
-
1 -
1 ’——

B Support data assembled by ID or timestamp

B 2 |level assemble by time fragments — ROS + DA

B Uniform processing both triggered and trigger-less data

2024/4/24

channel n-1

channel n



JUNO DAQ Data Processing

Preprocessing Algorithm Customized algorithm

: E 2-stage data processing:
: E\/aveform Eveni [ MM Event ] [SOftware Triggeﬂ [ ] : Data prepa ration / preprocessing

Assemble Assemble
Core event processing algorithms

Data Input —)[ Prei\;?‘g:ion ]—) Event Process —)[ Coaspéss ]—) Event Output SU pport pa ra”el processing
Processing interface provided

l l l l ' = Plugin algorithm deployment

SV JAldl = CCSN Monitor
Reconstruction Process

Data processing is flexible, configurable

[ Igorith
Core Processing Algorithm Customized algorithm |

* CCSN: Core Collapse SuperNova
2024/4/25 e MM: Multi-Messenger 10




T

Online Event Classification

P

1
Data : i
[ Assemblers High Leve] Event | | Raw data stream | OEC
I Classification b |
1 Full channel data > LEC resuld | 3. Event ¢ i 40 GB/s Including two levels:
- dgpdionk B ELEALLL (o i * Distributed parallel computing (LEC)
Data ;E Low Level Event i OEC * Global serialized computing (HEC)
Processers Classification :
I |
4. Compressed data 1 Event Compress i | OEC Adaptor
. |
|
: ' | Data to storage Interlayer between DAQ and offline
Data Storages ! : .
1| ~60MB/s — Reuse offline software online

/

% JUNO OEC Processing

> raw data

message

B OEC based on online reconstruction — suppress waveform data
B Offline code directly embedded, making development and deployment easier

2024/4/25 11



Performance Verification

Data source 15 nodes : With OEC roriThosatet Dummy waveform data source
L tical module repl t
ROS Num 30 processes / 15 nodes = 40.00 }ﬁ 14 optical moaule replacemen I
DP Num 40 processes / 40 nodes o J Recovery after a core switch failure Bandwidth test:
: ° 08/23 08/25 08/27 08/29 08/31 09/02 09/04 09/06 09/08 40 GB/S ReadOUt
DA Num 80 prOcesseS / 40 nOdeS I — sum[oec{label=k"juno_oectest.df.socket.input_data.rate'}).f‘lOUGDDD[{UVOV7VV%B:S
DS/DFM 1 nodes ' ~ throughput
I Wlth OEC Total Throughput
Channel Num 17612 (CD waveform) : e el RN VT PP PP I TR VAWV DY Y ¥ BOTRORPINRY
. 60.00 Illl.r." el "i.‘ ""'-"'.'l'|""_ Ll Sk N L e e S I L L il A R T
OEC Alg V0.2.8/V0.2.11 : " o0 ” Extra 50% margin test:
I ?C,-"ZS 10/25 10/27 - 10/29 10/3| 60 GB/S Readout
Event Rate 1kHz /1.5 kHz [ e ouso
Performance test with baseline OEC algorithm i Total Throughput Mixed dummy data source
Mix data source test
Continuous running for weeks o 5000 L ANMIATA A AL Lo AN A B A UM M AL A L AAL A M bed  Wil f
1 kHz CD waveform
i ] ] 1800 1900 2000 2100 2200 2300 o000 o100 o200 o300 od0 30 kHz CD T/Q
Run stably with OEC, with 50% performance margin _ | 68/s 400 Hz WCD waveform
. . . . == sum(oec{label=~"juno_oectest.df socket.input_data_rate wave"})/1000000000 500 HZ SPMT T/Q
Room for |ntegrat|ng more customized a|gor|th ms 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

2024/4/25 12



Online Software Overview

T e ) ¢ IEEE

ementation of the JUNO DAQ Online Software u E

Online Software: provide management, interfaces and services

HTTP Interface
Configuration Run Control Message Process
Online Service Service Service Management Service | —m e
Software

Configuration Run Control Message Process
Interface Interface Interface Management
Interface

Data Flow Software

e Microservices architecture
» Kafka / ZooKeeper based services

* Kubernetes managed containerized operation (online + data flow)
* Failover mechanism design based on Kubernetes —_——

e Feature-rich interface design

-

2024/4/25

30 years running for JUNO lifetime

Reliable for supernova detection

13



Online Software Architecture

» Centralized messaging topology: message brokers — decouple online and data flow
» Microservices: keep independence between services
» Layered design — interface, message, online services and supervisor

WEB/CLI

Data Flow Software

HTTP interface layer: provide external interfaces

r S

A

Layer scheduler, for
global management

Supervisor

3

»| APl Gateway
! <<Java App>>

Run Control INF
<<C++ library>>

Configuration INF
<<C++ library>>

Message INF
<<C++ library>>

Interface layer

Interlayer between data
flow and message brokers

1 1

i Zookeeper Kafka i

1 1
e e

: . Process :

Run Control Configuration Management Message :

. '| <<JavaApp>> <<Java App>> <<Java App>> <<JavaApp>> |,

Major online services modules

Message Brokers

Message data transfer

Online Services

14




Online Software Reliability Considerations

Failure Detection | Failover l

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

104 high-density
computing nodes

3 manage servers

ompute not

onfiguration Process
anagemen
de ompute node
”

-
~ -
= -
-
-
-

g E heartbeat connection

3 . >

E E HTTP connection
2024/4/25 : ] >
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DAQ Console GUI

Run parameters

Namespace Group GCUs

juno oectest 6,873

GB/s

Total Throughput

60.00 Node

CDLPMTs

5,872

CDSPMTs

200

WPLPMTs

801

TTs

Pro

DA RUNNING

Node Pro DEM RUNNING 1" "Run Status 1

120.00 I | — 1

1 1 1 H 1

100.00 1 !
Node Pro bP RUNNING i I Run info

- 40 120 120 | Start Time 2024-04-15 15:50:521

1

1 RunTime 42:45:46 ]

L Jd

40

40.00

Node
30

20.00

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

80

Pro

75

80

ROS RUNNING
75

Ds RUNNING

un control

DP Total CPU (cores)

67 cores

DS Total CPU (cores)

0 .2 cores

ROS Total Memory

1277 Gis

DA Total Memory

71 cis
APPs resource usage

2024/4/25 16

DP Total Memory

283 Gis

DS Total Memory

Ocis
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Visualization Monitoring

&
o
£

AggACore  Becworics!  Bectronics 2

24 2245 2250 2255 o s — il 236N 2710550

a Ik
j Lo k8s cluster status
[ -
N Gontainers Running ANl Gontainer GPU usage (5m avg) Al Container Memory usage
a : Node Numbers: BoPuEET l 209
i 0 RO o p
» : Containers .. : = 189
] . £ A “l“" 39.5%
H — IRBEEET N/A
H o [ i
@ 2240 7245 2250 255 = 05 240 245 250 255 700 205 B ST ICPUREE
. — dageT Min F11% Ma 8.33% Avg 7.73% Curnant 7.70% — dsqst = dagE2 £ = 1001 == D02 == MEOO3 == hEODH ok
i : = digs2 Min: 340% Max 3.76% Avg 3.58% Current 3.67% 00005 w= hOO06 == hd007 wm hd008 == HAD0Y = (OO0 == hO01T & 75%‘
H d8as3 Min 3:49% Max 4.02% Avg 3.69% Current 3:52% = NGU1Z = hOO13 e NGOIA o NS e NOOIG e NODIF = NOOT8 P
] . haO01 A 196 ek 210% 2.0 et 2014 19— h — h2 — nZ2 — nODES — naa — nogzs i = = -
] Pods Running Pors CPU usage (3m ava) = G RS :
H R
] Pods =
H - 10 2640:281% N EEsEsEEEEEIEEEIEEEEEEEEEEEEEEEE .
1 e s e Ceph
H = it ssmain s cEph status
: = s T ——
H = o s sasien, Alerts Available Capacity
H Jtaae19n 2031 e5En
: B HEALTHY
"

Zookeeper

Brokers Message In per minute

:; a 'y A N —
M w203 M s ]

quarum_size wiite_per_namespace

72m0 4060
3818 > 2168
81ME 45408

a8

20000

/ | i
| x 12673147

[

"0 [| y:15944156 /
z 2251774

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

B ——

GCU 1D: GU3252

f PMT SO'N

Detector: Veto

GCU IP- 10.7.12.180
BEC 1D: null
BOX ID: V-5-01-20-7

BOX CH: 1

o

e L e s

GCU_STATUS: null

NG, SPAT 4G ADCEPE GGl 816 G 73 NG, SPAT. 3, ABESPE G, o 24 A, 5P WL ABCAPE S 00 S8
- ; R e e -
1 i . = i}

e sl ~10000

| - ROOT-based general online data visualization system (ROBOT)

- e e L e gl sl e o




On-site Commissioning Status

T 159000 Yeedon t Yzngpe Hanm

Wadais Ve Ve Ve
— — — — — — — —— —— — — —— —— ——— — — —— — — —— — — —

00T 00 G -GOUD | GOaAGOUS  SOW-GEUT | GOS-LON  GEUIE-GIAL  GOUIIGON)  GEUM-GONLE  GOUIEGONLD  GEUBR-GOULY GLudiel

Fancaeann oz

i Total Throughput

||||||||||

------

23:30 00:00 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00
GB/s

o 2023.9 onsite testing with ~5000 LPMTs (> 4)

e00.0 1

2 agog I

—

® B, ¥ ; : = 4* ==
2024.2 onsite testing with ~7000 SPMTs (> }4)

T 60v, 800

ol PR, B R |

23ED DO-DD DO-ED D10 D130 Oy O2-30 O3a00 03-30 DDy
Hz
= sumioec{label=-"uno_test df essds. * saved_evenf_countrate’) == sumiosec{label=--"juno_test.df.es:ds. * Input_cvant_count.rata’))

ol Banawian

I
I
I
I
I
I
I
I
: 5 inpul/oulput event rate
I
I
I
I
I
I
I
I

The detector installation has finished ~ 70%, DAQ provided stable and reliable data-taking for on-site
detector readout chain commissioning tests.




Summary

Develop JUNO DAQ based on our Radar platform

The entire system has been containerized running for over half year

Run stably with online event classification based on dummy data source
Performance meet JUNO requirement, with 50% margin

On-site detector installation readout chain commissioning tests ongoing
Stability & reliability consideration in hardware and software

Next: upgrade data flow software to handling exceptions with minimum data loss

Thanlcl
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