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CEE:Backgroud CED
CEE: CSR External-Target Experiment, it will be the first-large nulclear physics experimental device

ZDC

at HIRFL-CSR, heavy-ion collisions
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Physical goals
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» To study the bulk properties of strongly

interacting matter MWDC

» To study equation of state high baryon

density region SC Magnet

»To understand the quantum chromo

dynamics (QCD) phase diagram

» Buget: 74,5241 million iTOF

Beam Monitor TPC

A collaborative project between 8 universities and institutes 4



Superconducting Magnets

BM: Beam Monitor

TPC: Time Projection Chamber
Starting time detector (TO)

ITOF: Internal Time-of-Flight
eTOF: Endcap Time-of-Flight
MWDC: Multiwire Drift Chamber
ZDC: Zero Degree Calorimeter
DAQ: Data Acquisition System
Trigger
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Technical Support

» Detector Control System

» Clocks
» Scientific Applications




Detector control system (DCS)

Ensure the proper and safe operation of the experiment
Monitor/control all the critical parameters of the experiment->Interlocks

Provide necessary information for data corrections

YV V V VY

Collect data from sensors and send them to local database and finally to the centralized
database

Data archival

Elog

Design and set up CEE Local Area Network(LAN)

Develop accelerator event parsing system for trigger system

Realize the data interaction between accelerator and CEE LAN

YV V V VY V V

Time synchronization of equipments running in CEE LAN
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Design and implementation of CEE-DCS
--Network construction



Detector control system (DCS) : Network Construction é\ﬁ

—

» Three-layer network architecture design: Core Layer , Distribution Layer , Access Layer
» Achieving data communication between different networks: CEE network, accelerator network, surveillance video

network, DAQ data transmission network, office network.
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Detector control system (DCS)

: Network Construction

>
A

» Three-layer network architecture design: Core Layer , Distribution Layer , Access Layer

» Achieving data communication between different networks: CEE network, accelerator network, surveillance video
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Design and implementation of CEE-DCS
--EPICS Architecture



DCS context and scale

» 3-tiers hardware architecture
» EPICS-based architecture
» Open-source software

.If’- -\
o CEEGUL

trigger

Sugorien DAQ Clock

Control System

Trigger

Electricity

Ventilation

Cooling

Magnets

Gas

Access
Control

Safety

B-field

Envrionment

Radiation

Devices with similar functionality are grouped into
subsystems. 14 differernt subsystems are
implemented in CEE.

FEE
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Software Architecure

p
User Main GUI Sub-System GUIs Web Viewer WeChat
Interfaces Ervi al
. nvironmenta
ElLo
Scope Displays g Status Accelerator Status
-
functional Database Servers Warnings/Alarms Logging Server Supervisory Scripts
Services -
Client ) Procedures Configuration Server Deployment Tools Archiving Tools
Application - ~
PP Channel Access - N
Network Protocol | ‘ Channel Access
1
10Cs 10Cs |
' Linux Windows PLCs Raspberry Pi ARM
. 1
Drivers Drivers
IOC/Server
Application
~
Fieldbus LAN RS485/232 USB Profibus EtherCAT
oy
Field
Devices Gas flow High voltage FEEs Power Supplies
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DCS implementation: 10Cs c{(\g@

Each sub-systen has their own 10Cs
Different types of front-end electronics
High/ low voltages

Front-end Devices

Environment variables K8s Cluster Center

Servo Driver

Gas control system Management Node | | Work Node

>
>
>
» Motion control
>
>
>

Water-cooling control sysytem Pod

Kube-OVN

I‘ PLC

L

Conroller 10Cs

REYSEINS P\

i Manager

L
|‘(fnmmunicali0n Protocols Scbedu]er
_______________________________ )

EPICS Servers |

r Y

ry

Gas Control

Device Driver

EPICS 10Cs

(Database, Record, Logic)

________________ kg"_“f“_"'_"f“_“;‘ . EPICS Clients
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Detector control system (DCS) : Data Flow Q%@
» Data communication and integration: CEE DCS communicates with hardware via PVs, integrating
them into the 10C of each subsystem.

» FEE status format: one-dimensional array, organized according to the FEE pattern. This format is

consistent across all detectors.

FEE-0 FEE-0 FEE-0
Status-a = Status-b Status—c

FEE-1 FEE-1 FEE-1
Status-a = Status-b Status—c

Commaon technology
subsystem

FEE-n FEE-n FEE-n
Status-a | Status-b Status-c

l

FEE-0 FEE-0 FEE-0 FEE-1 FEE-1 FEE-1 FEE-n FEE-n FEEn
Status-a | Status-b  Statusc  Status-a = Status-b | Status—c Status-a | Status-b | Statusc

5CS data processing
10Cs

5CS data storage
(MysqL)

Injected Written to Sent to
into CSS MySQL Consumers
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DCS implementation: GUIs

» CSS or Phoebus-based

» GUIs development and implementation have been completed
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DCS implementation: Gas Control System iz

#
» Regulating the pressure and
composition of the gas

» Monitoring gas temperature,
02 and H20

» Data acquisition system based
on PLC collects and logs the gas
system parameters, controls the
purification of the mixture.

» A separate alarm and
interlock system prevents the
detectors from operating under
unsafe conditions

17
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DCS implementation: Water-cooling System x>
[ ]
» Water-cooling for Cold bodies of TPC FEEs
TPC FEE Water Cooling Monitoring System
» Under-pressure water-cooling(Need to cOmmISSION)  ees remperatarerc e @
L Q1 6.04 6.05 6.05 6.09 6.01 D @2 610 6.02 6.01 6.10 6.01
In Flow: In Flow:
Return Flow: Return Flow:
A— 6.10 6.04 6.06 6.09 6.05 6.07 6.05 6.09 6.07 6.04
L0 05 6.03 6.01 6.04 6.02 6.02 s 9 6.02 6.04 6.00 6.0 6.02
In Flow: In Flow:
Return Flow: Return Flow:
6.08 6.04 6.03 6.08 6.02 6.03 6.04 6.01 6.04 6.00
ID. 05 6.05 6.00 6.01 6.04 6.01 D: 06 6.06 6.00 6.04 6.07 6.06
In Flow: In Flow:
Return Flow: Return Flow:
6.09 6.07 6.07 6.02 6.04 6.05 6.03 6.07 6.10 6.04
Ly 07 6.08 6.03 6.01 6.04 6.03 I (3 6.05 6.06 6.06 6.06 6.00
In Flow: In Flow:
Return Flow: Return Flow:
6.10 6.00 6.06 6.03 6.01 6.03 6.05 6.08 6.08 6.00
TPCRFREAEKSIEH R
o]
o ]

TPC detector(FEEs part)

vacuum pump
auxiliary vacuum tank

‘water colling
tank

‘ <

sensor
Cwater level A+)

Inder-pressur Refrigeratos

Bubble
sensor

water pump

) T
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DCS implementation: Laser System e

» Beam energy calibration with pulsed ultraviolet beams for TPC
» Monitor the operational state and records beam signals for analyzation

/ X X \ \ i { TPC Laser Acquisition & Spectrum Measurement
Iris ) s j

Mirror Diaphragm Immediate Edge Digital Window Hyvsteresis
Resource Name Channel(s)

\ : Dev3 - 0 Trigger Source PFI1 -

1

. - i
Partial-Reflection Timeout/s 5 Trigger Slope  Positive =

- Mirror
I Periscope

Vertical Range/V  5.00

Amplitude
000 010 020 030 040 050 050

Mirror \

Probe Attenuation 1.00
Vertical Offset’'VV (.00

\ Vertical Coupling AC

Max input Freq/Hz (.00

-0.0050 -0.0040 =0.0030 -0.0020 =0.0010 0.0000 0.0010 0.0020 0.0030 0.0040  0.0050

- Auto triggered .
Input impedance 1 mega ohm

Enforce realtime Trigger Delay/s  (.000

Min sample rate 1M

X | X iri Mifror Actual sample rate 1M ; “
! = N\ '

. )

Iris 3 -

; Iris " Te Beam Min record length 1000000
Diaphragm Diaphragm Target Expander

Ref position 50,000

Trigger modidier NONE -
Mirror

ount
SII)(] IUIUO 15I0l) ’_‘DIOU ESIDU 3!{00

Average number 0.000

] Actual record length 10000.00
——
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ﬁ r @®sm Amplitude
L2
L
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DCS implementation: Reflective Memory Technology

a /
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P>

» Enable data interaction between the CEE and accelerator networks through optical connection, physical isolation,

ensuring CEE network security

» Reflection memory technology for monitoring accelerator parameters: Beam intensity, beam profile...

» Design and implementation of a high real-time, stability, and low-overhead network communication protocol but obsolte
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IMP,

DCS implementation: Slow Extraction Events parse device

» Parse the accelerator slow extraction events and generate TTL signals related to the accelerator

operation cycle for the trigger system, providing trigger signals

» FPGA-based, embedded 10C
» Precise trigger signal generation with adjustable delay (in microseconds)
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Design and implementation of CEE-DCS
--Databse
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Database design & Implementation G&f’;

Server

» Hybrid architecture
» MySQL is used for system data, meta data A‘

> Redis database

[ DataBase

» MongoDB for time-series data

> Web-based GUIs — % T g

MySql MongoDB Redis
J p.

23



Database design & Implementation: Database GUI >

é

» MySQL — ;
» System Login - -
» Device, table management . {,
» Data load, data analysis, mm ;m
data export, data selection | —
P— .

Database operation GUIs specillay designed for users 24



Database design & Implementation: Web-based Data Visualization

O PV Variable Monitoring Interface: O Data Visualization Interface (chart) :

- DENIENAREnS a

¥ @ Detabed P inkomation Mansgesment B
/> DEEz Rt . o

| | o] H

Flomheter Switch1 FlowMeter Switch)  FlowMeter Switchd.

Both monitoring interfaces and database visualization interfaces
adhere to minimalist design principles, optimized for experimental

personnel's operational efficiency and data accessibility.

25



Electronic logbook >

» Enables digital recording, secure storage, intelligent analysis, and collaboration tools
» Enhances efficiency and supporting data-driven decisions

» Developed by our group: data,alarming, video,pictures and so on

Elog Olog
Monolithic Microservices
architecture modular design

L I 5

control system studio

:( JSF/PrimeFaces
S

Clog

Coutercy by IHEP

S GlassFish ;

26




Database design & Implementation: Mobile APP/WeChat Mini Program C%%

O Mobile APP/WeChat Mini Program Monitoring Interface O Data Encryption:

push critical warning or error messages to system administrators

Plaintext Data

which needs to be encrypted

insercurity

‘o
PVIRRS i
Generate RSA key pair
ModOCh0 Mod0OChl ModOCh2 ModOCh3 Mo \I/
"

ZDC:lseg01:Mod0ChO:Enable
Encrypt the AES key using an
RSA public key

l

Encrypt data using the AES key
ZDC:Iseg01:Mod0ChO:Set . security

Enciphered Data

Hybrid encryption scheme employs RSA to encrypt the AES symmetric key

ZDC:lseg01:ModOChO:EnableF Decrypt the received ciphertext

data using the AES key

Enciphered Data /

Decrypt the received AES key using the
RSA algorithm to obtain the plaintext
AES key

ZDC:lseg01:ModOCh0:SetV

ZDC:lseg01:Mod0OChO:SetVF

ZDC:lseg01:ModOChO:VF

ZDC:lseg01:ModOChO:IF

followed by AES directly encrypting the transmission payload.
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Cl/CD: Workflow diagram é\mg

#
» A method that introduces automation during the application development phase to continuously deliver applications
to customers

» Developers submit code to GitLab, triggering automated builds; reviewers assess based on build/test results and
merge compliant branches. -

webhook
Pull code ‘ />

l " Node Q)
main branch - Build docker fspernetes ‘
/ Test @,@ image n cluster
. develop branch ] . g Pull
- e J Build oooa image
Developer ——* GitLab package =
Push code s
Build W — Harbor
Continuous Integration (CI) Push
image
Continuous Delivery l
Continuous Deployment — P
ploy Deploy | <= Upload low)
\ Artifact  Artifact / B #rAR &R
28

CI1/CD workflow diagram



CI/CD: Application Practices

Builds

Q TiEeE.

Today
() #45 FF2:52

Administrator

&) #aa Fg245

Started by GitLab push by

@ Trigger a build

#45

pipeline

Start

@ Pipeline

Checkout SCM  Pull code from... Build the project Build a custom... push image to ...

© © © © ©

Copy the YAM...

©

Deploy: Runk... End

©

(¥) < Build #45

BT 2 43 36 ¥ ago in 28

(©) checkout SCM
() Pull code from GitLab
() Build the project

() Build a custom Docker
image

(@ push image to harbor

(3 Detailed status of each pipeline step

Stage

C)
g
@
o

(]

(©) Copy the YAML file(s) to the

k8s-master node

(©) Deploy: Run kubectl

commands on the Kubernetes

master node remotely

©

[0 - VN R N =)

[> Rebuild ? Overview Configure

'‘Deploy: Run kubectl commands on the Kubernetes master node remotely’
Started 2 4 9 ¥ ago

Queued 0 =Fb
Took 1.4 Fb
success

View as plain text

ssh root@192.168.41.154 kubectl apply -f /usr/local/k8s/pipeline.yml ssh...

Shell Script
+ ssh root@192.168.41.154 kubectl apply -f /usr/local/k8s/pipeline.yml

14 b

deployment.apps/pipeline unchanged

service/pipeline unchanged

ingress.networking.k8s.io/pipeline unchanged

+ ssh root@192.168.41.154 kubectl rollout restart deployment pipeline -n t1217
deployment.apps/pipeline restarted

[+]e]e]
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CI/CD: Application Practices

&« O A FZe | 192.168.41.151:8081/kubernetes/ioc1/namespace/t1217/workload/view/Deployment/pipeline Q@ W Q = 03 = (8 z
. ® Kubernetes : v1.23.5 -
Kuboard BE > iocl [prE > 1217 () > EBEFIER O pipeline A EmEUA e ’ 0 kuboard-admin v
------- ® Kuboard 3 CELEALT)
| Deployment & RE FRYS/ZRE YAML 4§ EEEERRT {1 45 O B/ #iR EIR=k] CI/CD 57k C ER Iir 1t B
TCAUE = T fiFe=y Jivdzsfetas!
RS
fibga: (< 2/2 s ) anes ) Redd) R D) & = Kuboard B
RErEE - .
EHZF% pipeline-f66966d6d ﬁﬁ%ﬂﬁ@éﬁgﬂ Reason Time Count Message
I Mzl E FrranIsSssE Started 8 R 1 Started container pipeline x
mﬁl ®#2 ==en
o Created 8 o%h 1 Created container pipeline bt
® 41 pipeline-f66966d6d-6ntct eady
1217 ¥ 8 43%h €10.234.134.28 1192.168.41.154 Pulled 8 R 1 Successfully pulled image "192.168.41.135/repo/pipeline:latest™ in 82.84.. X
Pulling 8 53§ 1 Pulling image "192.168.41.135/repo/pipeline:latest” X
ipeline-f66966d6d-vbtx6 Re:
h B=E e e Scheduled 8 55§h 1 Successfully assigned t1217/pipeline-f66966d6d-6ntct to iocl X
8 Ik [@10.234.134.27 [192.168.41.154
BEXR5 %, H55
%= metrics-scraper FBT7E Kuboard & E—EREHEILL ZrE metrics-scraper F3F1E Kuboard s Em—ERadEILA
A CPU/R7=HRZE A CPU/MITFEEEE

@ Deploy the built image to the k8s nodes

BEE4H pipeline-f66966d6d-6ntct 8 H5h B Pod YAML [ BMESE=A4E l

BrETm EHEAIP e
@ iocl (192.168.41.154) 10.234.134.28 Running
© CEAE 2025-84-09 22:52:38 © CHlEt 2025-84-09 22:52:38
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Database Update : RooT-Web Implementation é\m/p%

O JSROOQOT Data Monitoring Interface

» Real-time monitoring(online-data) and graphical rendering of ROOT data via web-based platforms
» Automated screenshot capture and archival upon triggering of data-driven alert thresholds

T0 AC BM-Si BM-IC TPC MWDC iTOF eTOF ZDC
T0 AC BM-Si BM-IC TPC MWDC iTOF eTOF ZDC
@ LFIRER: MWDC 2025/1/15 20:29:32 FILERRE
@ LFEMRETT MWDC 2025/1/15 20:31:52 BIESEREE
Triger ID TO Time from PS1(NoCUT) TO Amp from PS1(NoCUT) SelfTriger(T0)
e I - w7 qF \E o -
08 osf 0sf
0.7] 0.7 0.7]
TIPTTIPRTTN (YT TP PPN AP PPN 10" | [P PP PP TPPR APV TV [ S I I P TR TP | Esctenatiitiatdlty
100 150 200 250 300 350 400 450 5 700 200 300 400 500 800 700 800 900 1000 200 400 600 800 1000 1200 1400 052582600 26502700 2750 28002850280029503000
Hit: SCA_ID vs BDM_ID SelfTriger(All SCA) TO Time from PS1 TO Amp from PS1
nnnnnnn [FoSeTiger | | i
. . w
ey sa0m 00000t g oF. o0
su0ax =
51 Devy. 08F
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MWDC measurement results with beam 31



DCS implementation: software tests >

» The system has completed the unit tests, integration tests and field tests with beam
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Conclusion Ao

#
e All the above modules have been developed and tested with beam

o It will be tested with all the other sub-systems in October with beam

e Scalibality

Further system validation
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