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Introduction I=*= 1l

Injector Controls Upgrade (ICU) project

— Provide modern, sustainable control system for GSI linacs
— Focus on UNILAC, consolidate with overall system

— Enable moving the main control room to FCC

UNILAC: Facility of its own @
with rapid and complex operation

[ CW Demonstrator High Charge Injector Linac on /
Source
)
=

UNILAC

lon
Source

Stripper
High Current Injector Linac Main Linac

Experimental Hall }

lon
Source
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Motivation [1/2] == Il

Hard- and software of existing UNILAC control system
from the 1990s

— QObsolete, outdated, deprecated, not maintainable anymore

— Stuck with operating system running beyond extended support contract,
leading to compatibility issues and security risks

— Drain of expert knowledge due to retirement
— Moving the main control room to the FCC requires control system upgrades

— GSI can not maintain two separate control systems

Adapt the (not so new anymore) control system established
at SIS18, ESR and CRYRING and apply to UNILAC
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Motivation [2/2] == Il

Functionally, UNILAC would be able to serve ES/FS today
— Integrate UNILAC into FAIR control system
— Use existing legacy control system as template

— Replace analog cables and appliances with digital signals and software

Several improvements result from introducing new technology

— Maintainability, transparency, traceability, extensibility, flexibility, usability, ...
Make the transition as painless as possible for operators

New concepts and features only where necessary for now
(e.g. timing system, LSA) or high benefit at low effort
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Strategy and Timeline [1/3] === 1l

v Step 0 (done):
Secure UNILAC beam operation for beamtime 2025
— Replace existing operating cluster with virtual machines
— Implement IT security measures

Step 1 (in progress, until beamtime 2025):

Develop ,emergency” control system

- Intermediate step towards full system, useful for testing and feedback
— First viable version with reduced and simplified feature set

— Emergency backup for beam time 2025 in case of a (very unlikely)
maijor failure or security breach in the legacy control system
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Strategy and Timeline [2/3]

Step 2 (until beam time 2026):
Develop production control system

— Based on emergency control system

— Replace simplifications by full-fledged solutions,
implement full feature set

— Enhance usability and efficiency

Step 3 (beam time 2026 and onward):

Bug fixing, tuning and enhancements
— Further development, implement feedback from operators
— Streamlining and consolidation with the other machines
— Include other linear accelerators
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Strategy and Timeline [3/3] === 1l

Develop emergency control system as intermediate step until
beam time 2025, regular operation with legacy system

Regular operation with new control system from BT 2026
Interleave tests with beamtimes and shutdowns

on Extended Support beyond Extended Support contract

S P P
Engineering | % 2 ¥ 15! ) % o .
Run 2023 ;l:] Beamtlme 2024| S \i| Beamt|me 2025 i : : Beamtime 2026 ; | Beamtime 2027
(| ! : -

> Development & Test of Emergency System Development & Test of Emergency System Development & Test of Production System>Bugf|xmg Tuning and Enhancement > Bugfixing, Tuning and Enhancement >

Operation with Legacy Control System (ACCS6, Pulszentrale)X

Test |

C heck
Test
Check
Test |

Test
Test

_ Test
Test

2023 2024 2025

2026 2027 T

Only if necessary:
___________ l . Operation with Emergency System
. Test i = Test (tentative) w/o Beam / Dry Run

‘ Operation with New Control System (LSA, Data Master)
i -T;s-t - : — Test (tentative) with Beam / Engineering Run§

Regular operation with new Production System
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Most Relevant Changes for OPE === 1l

UNI-PZ will be replaced by UNILAC Data Master

- Pre-planned schedules instead of ad-hoc decisions

Settings calculation and storage will be performed by LSA

— Dedicated settings management system with settings database instead of
calculation directly in apps and settings storage in front end computers

Fortran-based programs will be replaced by Java applications

— Many general purpose
applications already known
from SIS/ESR/CRYRING
operation, but also dedi-
cated apps for UNILAC
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Current Developments in APP === 1l

Mapping of functionality as basis
for development

Implementation — Adaptation of existing Applications
— All Apps: UNILAC support development ongoing

- MASP GUI, UNILAC support completed
— Snoop GUI, UNILAC support (BEA) completed
— Profile Grid App, UNILAC support started
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Current Developments in APP

Implementation — New Applications

— UNILAC Emergency App
— lonSource

- Spectrum App

— PotiBoard App

— UNILAC What’s Running
— Faraday-Cup-Panel App
- BTM GUI

- HF App
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first test version in place

development ongoing |
development “phase 1” ongomgwﬂh eXternaI work
conceptual work done, API design started
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Architecture Comparison

IPD/UPZ SD- Quellen- Bl (Expert) lonSource Device . Scheduling Emergency

IBHS/USP E Programm Programm Applications App Control $:| ST E Application App E Besiconiel E

Setup Virtual Monitor & Control Analyze Control Monitor Change Setup Specify Reduc- Activate

Accelerators Control Devices Sources Beams Sources Devices Settings Patterns tion Ratios Chains

Device Device Instrumentation Device Device
Status Status Data Status Status Changed Available
Settings Chains Chain Activated
E Sequence Chains
[] Front End Device LsA
= . Computers Commands
74 IDEiED - (Settings Management System) BSS = |
> Device Commands Device Chain .
| (Beam Scheduling
(7)) (Initial) Commands $:| Commands . E Schedules Syst
r— i Device Access Machine Model ystem)
<) Settings (Legacy FEC Hardware
b | gacy Settings
=} Framework)
c | Execution
S Required Permissions
o Interlock Devices
> Status
(8] FESA E
g' (Front-End Software MASP $:|
b E Architecture) '”§”°°k—> (Master Accelerator
- Interlock- tatus Status Processor)
Steuerung
VirtAcc Tlan TirIin Overall
Configuration E 9 9 Schedule
vents Events

UNILAC
Pulszentrale

8 ]l

Interlock

Status

Timing System
Data Master

Note: This is a (very) simplified view on the control system's architecture. Several integral components have been omitted for the sake of comprehensibility.
If you would like to gain a more comprehensive understanding or have any questions or comments, please feel free to call Hanno at -3089 or write to h.huether@gsi.de.

GSI| Helmholtzzentrum fiir Schwerionenforschung GmbH

12

Upgraded Control System



Project Organization

Accelerator
Technical Departments

Technical advice

)
)

ACO - Accelerator Controls

ICU Project Lead Team

Accelerator Operation and
Shutdown planning

Coordination of operational planning
vs. control system activities

Beamtime Coordinator

Coordination of beamtime planning
vs. control system activities

S. Julicher, ACO
Legacy CS Expert

H. Hither, ACO

Chief Architect

P. Gerhard, PSU
UNILAC Expert

UNILAC Working Group
Weekly meeting

LSA Modelling Team

APP - Applications Weekly meeting

Application adaptation and

Y P —— Agile development

of core system

Accelerator modelling
Settings generation & supply

SER - System Services FEC - Front-End Control

TOS - Timing

BTM, BSS
Legacy software support

Data Master
Timing system upgrades

Adaptation of legacy device
software

INN - Networks &
Infrastructure

HEL - Hardware &
Electronics

MCR Modernization
Semi-annual plenum

Operating cluster support
Accelerator network

50Hz sync development
Legacy device support

Enable migration to new CS
and move to new FCC MCR

Injector Controls Upgrade
bi-weekly Jour Fix

SYS - System Design

LSA model assistance
LSA framework co-development

OPE - Accelerator Operation

MCR modernization supervision and
assistance
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BEA - Beam Instrumentation

Upgrade and replacement of
MCR equipment and related hardware




Milestones [1/3] I=== 1L

v Dry Run 2023

first test of new control system components at UNILAC (settings generation
and data supply)

v Beamtime 2024

operation of user beam time with legacy control system on extended support

v Dry Run 2024

verify main capabilities of emergency control system

Wet Run 2024

test emergency control system with beam
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Milestones [2/3] I=== 1L

Beamtime 2025

— Operation of user beam time with legacy control system beyond extended
support

— Only if necessary: operation with emergency control system

Wet Run 2025

— Test new production control system with beam
— First test of beam injection into SIS18 with new control system

Beamtime 2026

— first regular operation with new control system
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Milestones [3/3]

v achieved

= In progress

adelayed

Engineering Run 2023

Milestone:
Data Supply Tests

Beamtime 2025

Development Goal:
Emergency System

Development Milestone:
Integration Test 2024

Beamtime 2026

Development Goal:
Production System

Development Milestone:
Integration Test 2025
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Dry Run 24 _2: 2024-07-01 to 2024-07-24 == 1L

June July
12 3 4 5 6 7 B 9§ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 456 7 8 9 10Ul L S U TV

—w
“““““ LS Test Emergency Control System )
ACCS | test gency Y —

TOS
Gateway
test

‘ Timing system tests UNILAC-SIS ‘

UNILAC
\ INN - ZKS
Release PRO Rollout |
TOS & FEC LSAFW & APP LSA Model PRO R —
oll- PRO Test INN: Clu
out ’W‘ VMs/Can

excerpt from ICU Project Test and Release Plan

Dry run was very successful: Almost all goals achieved,
requirements for the milestone even exceeded in some areas

Thanks to everybody that contributed!
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https://www-acc.gsi.de/wiki/Machines/MachineUNILAC#Status_and_Schedule

DR 24 2: Excerpt from the results [1/3] =P

WR-2-MIL-Gateways provided, connected and successfully
tested

Dedicated Data Master for UNILAC provided, installed and
successfully tested

50 Hz synchronization of Data Master integrated into timing
schedules and successfully tested

Chains for realistic multiple-beam scenario successfully
scheduled using Emergency App prototype

Please refer to the dry run wiki page for the full list
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https://www-acc.gsi.de/wiki/FAIR/Intern/DryRun_24_2

DR 24 2: Excerpt from the results [2/3] =P

Settings for various magnet and RF devices
(including LEBT magnets, MAZ) successfully supplied

Chain timing (i.e. timing for Virtual Accelerators)
successfully tested with actual devices

Pulses on various RF devices verified using BEA's UniMon
application

All relevant UNILAC devices integrated into MASP for
monitoring

Please refer to the dry run wiki page for the full list
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https://www-acc.gsi.de/wiki/FAIR/Intern/DryRun_24_2

DR 24 2: Excerpt from the results [3/3] =P

Shortened pulses, no beam and profile grid protection timing
schedules successfully tested

Stabilization and conditioning chains successfully scheduled
and tested

Non-interruptive trims and non-interruptive changes to timing
schedules successfully tested

PotiBoard prototype hardware and software tested and trim
response times verified to be adequate

Please refer to the dry run wiki page for the full list
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https://www-acc.gsi.de/wiki/FAIR/Intern/DryRun_24_2

DR 24 2: Postponed work packages =P

Phase advance magnets (scheduled for 24_3)
Solenoids (scheduled for 24 3)
Transfer channel preparation / MAGN_DOWN (after 24 3)

Remaining Device Access LSA compatibility issues
(after 24 3, workarounds in place)
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Dry/Wet Run 24 _3: 2024-10-21 to 2024-11-08 =1

October November
12 13 14 15 16 17 18 19 20 21 22 23 24 25 2 7 18 23 3 3 12 3 4 5 6 7 8 9 10 11 12 13 EFIEEEEEEEEEE

1 2088 4 5 6 7 & 9 10 11 14 15 16 17 18 1% 20
> o o > - B o > v N CECE O

No UNILAC CS available Test Emergency Control System ‘ No UNILAC CS available

Restricted CS availability

Release/Rollout PRO
TOS & FEC LSA FW & APP LSA Model

z
g
Edl

‘ PRO Test

| Dry/Eng run prep INN: Core Switches | | INN:Oracle |

excerpt from ICU Project Test and Release Plan

Preparation status: Still in rough planning,
timeframe for commissioning currently in negotiation

Proposal for detailed planning to be prepared
by Peter & Hanno
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https://www-acc.gsi.de/wiki/Machines/MachineUNILAC#Status_and_Schedule

DR/WR 24 3: Major Phases =51l

October November
12 13 14 15 16 17 18 19 20 21 22 23 24 25 2 7 18 23 3 3 12 3 4 5 6 7 8 9 10 11 12 13 EFIEEEEEEEEEE

1 2088 4 5 6 7 & 9 10 11 14 15 16 17 18 1% 20
> o o > - B o > v N CECE O

No UNILAC CS available Test Emergency Control System ‘ No UNILAC CS available

Restricted CS availability

Release/Rollout PRO
TOS & FEC LSA FW & APP LSA Model

z
g
Edl

‘ PRO Test

| Dry/Eng run prep INN: Core Switches | | INN:Oracle |

excerpt from ICU Project Test and Release Plan

Ensure dry operation of all required devices
Verify chopper control and machine protection

Produce beam and use beam diagnostics to analyze
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https://www-acc.gsi.de/wiki/Machines/MachineUNILAC#Status_and_Schedule

DR/WR 24_3: Next Steps === Il

Currently planned as next steps for dry run preparation:

Detailed planning in preparation,
to be discussed in ICU JF on 2024-10-02)

Coordination with equipment specialists regarding
requirements for beam production and commissioning

Follow-up progress on Chopper Control Interface
Implementation

Suggestions and issue reports welcome!
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Outlook: Wet Run in Summer 2025 ‘=

June July

15 16 17 18719 20 21 22 23 24 25 26 27 28 29 30J1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Mo Di Mi Do Fr Mo Di Mi Do Fr Mol Di Mi Do Fr

Mo Di Mi Do Fr Mo Di Mi Do Fr Mo Di Mi Do Fr Mo Di Mi Do

ENG run / machine development beamtime :

HIAT conf.

excerpt from ICU Project Test and Release Plan

Goal: Test of production system prototype for 2026 beam time
including beam transfer to SIS18

Preparation status: Time frame and machine availability
confirmed by OPE
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https://www-acc.gsi.de/wiki/Machines/MachineUNILAC#Status_and_Schedule

Outlook: Wet Run in Summer 2025 ‘=

bereitende : :
MaBnahmen Aufisung hm Ertychtigung | |
GSIBU EH_E_OD an(2 Mo.)
z | "
? Demontage Altkabe
4 | | i |
g 15 S |
c | n 1-3
A ssvorlage AR 112
E g
Q Prifung Bauantrag/
Anderungsantrag
5 }
2 & Mittelfreigape ] Q3/ 2037
m:d | r Ubergabe EH an lutzer
vofbereitende
aBnahme 1BA | 01.08-31.03 2 BA | 01.08-30.06
0607-20.12 (8 Mo.) {11 Mo.)
L 5,5 Mo.)
‘ ‘

liberarbeiteter 3. KW-30.07.
| Bauablaufplan | (170) 01.09.-20.12.

- e I
Preparation status: Time frame and machine availability
confirmed by OPE & considered by CAM
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Up Next: More on the new PotiBoard =1l

PotiBoard?
— Martin's presentation
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ICU Architecture Overview

|:| To be replaced

I:] New
[ modified

|:| To be decommissioned

D Presentation-focused component
D Business logic-focused component
D Hardware-focused component

<«——(Abstract) data flow——>

UNILAC : Scheduling (BI) Expert Experiment- Python- Browser-
e BSS Control ParamModi Sequencer
specific Apps E E Application q E Applications specific Apps based Tools based GUIs
RF, Potiboard, Activate Change Setup Automate Provide Expert Operate Special Support Machine Visualize
Spectrum, ... Pattern Settings Pattern Process Functionality Equipment Experiment Data
uniLac 2 ] Sequencer |
" Emergency A ! Service
Selected Activated gency App Seftings Available
Features Patterns 9 Patterns
Master
Schedule
Master J
BSS E < Schedule LSA E
(Beam Scheduling (Settings Management System) etting T T
System) ;
ss:e“del;\ls Machine Model +: [S)te:tlucz Access ul
UNILAC Model Permissions Information
Measured Processed
Execution Values Values F
Permissions | . 1
Overall Required Hardware Device | :
Schedule Devices Settings Commands :
MASP {l Front End Computers E | : l 777777777777777777777777777
(Master Accelerator
Timing System 5 | Status Processor)  |¢—nterlock__ 2] FESA 2] ) gl ! Beam-based 2] : Archiving 2l SCADA 2]
Status Bl Services | : ]
: (Front-End Software ¢ Services : System Server
i SIS18/ESR/CRY; . Architecture) ¢ :
: Data Master Execution Interlock N —— ]
H Permissions Status @
: UNILAC Timin 3 ] Devies
! Data Master E Even(gs &) Device Access E M d Information
H © (Legacy FEC | frieasure,
' o Values
i UNILAC c Framework) )
E € Device
1 WR-to-MIL GWs g | T - Commands.
: OpenCMW $:| [
UNILAC Pulszentrale E i (e.g. for Digitizers & Device Device Programmable Logic Controllers E
) | Beam-based Feedback) ! Information Commands
Pulszentrale 3 | - — INew iiterfaceon =2 | | L P .
: 1 | Choppersteuerung Vacuum Cryo Personnel
: ! Control Control Access System
i Interlock- E _
: steuerung |
B | _y| Chopper- E Fast
steuerung Interlocks
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Project Overview 2024

General Plan of Accelerator Operations

2024

General Plan of Acc Ops
status 20.12.2023

January 1[

February

March

EEs s s vuussnssvssnansnsnssswss
o o

o r Mo o W 0o

5 o 7 s

5 10 1 1 13 1 55 16 1 3 5 %225 % s s s

T2 3 45 6 7 8

5 0 1 12 15 145 6 5 15 % 2 25 W5 % w als 0

Mo D M Do fr

Mo DM Do "

Unilac
sis18
ESR
Cryring
Hitrap
ACO
tasks/info
[ April May June
s s s sissnsvrnnvnnnnsnsmonswn P LR D N B G BB R AR B NS BT BB .
o o o
Unilac
sIS18
ESR
Cryring te:
Hitrap UNILAC
test new UNILAC control system in INT ] Release PRO Rollout
ACO TOS & FEC LSAFW & APP LSAModel | PRO
tasksfinfo HKR 1PAC con.
Workshop -
August 1 [ September
T 5 7 i T w i n s Ws U8B B u s W E o s s 0 [ 235 5 67 5 5 nnnn UKo ns»annds sy nsw
B [ [ [EEE e vo o wi oo [N Vo 0w oo Mo o W 0o Fr Mo D M Do Fr o
e o —————
F;gg: ﬁ Test Emergency Control System ) decision legacy or
emergency system
51518 V> Timing system tests umLAosZ for 2025
ESR
: Restricted CS availability for all machines feature freeze
Cryring lfor
e Release/Rollout INT I —
[ prepare release/rollout for integration test | |tosarec LSAFW &APP LSA Model =
tasks/info Roll- PRO Test INN: Cluster/ INN: Domain
et INN: Oracle VMs/Consoles INN: Switches: Controller LINAC cont. [ EcrRiScont. | (2iy{Ey Pl
October E— November [ December ]
R T TR ES ™ ol T T D UL B s % U BB mann NS ETaER
= o e o v e o v -
Unilac ' !

Test Emergency Control System

SIS18

—_——

ESR Restricted CS availabilty
Cryring
Release/Rollout PRO
aco || ToSaFEC  LsAFwaaPP LSA Model ‘ BRCc=L ‘
Ll INN: Cluster/
[ Dry/Eng run prep | INN: Core Switches ] [INN: Oracle | VMs/Consoles|

No UNILAC CS available
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Project Overview 2025

General Plan of Accelerator Operations

2025

status 12.04.2024
General Plan of Acc Ops

status ACO-planning: 22.04.2024

January

February

Unilac
sisig
ESR
Cryring

if emergency system is needed, dry run for emergency systeml

Al 1 [ Tune
O R PR ) T3 i T B i i s i sunsMs i FE N E R T B
Unilac
sisis
ESR
Cryring
TPAC conf HIAT cont
August ] September
A YT | RN T T N ]
oo I o o - R e B e e OEWEn ORI CEWONd NN DO
Unil
nhiac ENG run / machine development beamtime
s1st8
ESR
ACO
tasks/info
ICALEPCS conf
October December
oaE O OO e 2 v B R D OO (ORI OO ORI
Unilac DRY RUN - ENG RUN machine develapment beamtime
sisis tentative
INT Prep.
ESR
ACO
tasks/info
Move to FCC
School holidays January 2026 February 2026 March 2026
ol ENG run (estimated)
TOSSFEC/LSA FW&APP | LSA Model | INT Test Diy un Dry run
April 2026 o May 2026 i June 2026 Holda,
ENG run (estimated) 2 ENG run (estimated) o ENG run (estimated)
n
4 = ———
July 2026 August 2026 September 2026
School holldays School holidays Boamiime (estimated)
April 2026 November 2026 December 2026
Beamiime (estimated) Beamtime (estimated) Beamiime (estimated)
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Herausforderungen im ICU-Projekt

Neue
Anforderungen fiir
Linac-Betrieb

Organisatorische
Herausforderungen

Knappes Zeit- und

Personalbudget
Bisher Komplexes
wenig Erfahrung Gesamt-
mit Linacs projekt

Abldse eines hoch-
optimierten Altsystems

Hohe

Eventrate

Unterbrechungs-
freier Betrieb

Kurze Zyklen, hohe
Wiederholrate

Komplexe Sequenz

Haufige
Kontexts
— Wiederholung

von Kontexten

Synchronisation mit
schwankender
Netzfrequenz

Bisherige Konzepte
nicht auf Linacs
zugeschnitten

Ressourcen
reichen nicht
aus, um ein
separates Linac-
Kontrollsystem
zu betreiben
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Anpassungsbedarf am
urspriinglichen Pattern/
Chain-Konzept

Grenzen der
Vorausplanbarkeit

Umschalten zwischen
mehreren Patterns

Anforderung und Kopplung
zwischen Chains

Ein "Beam"
besteht aus
mehreren "Chains"

Erkenntnisse
aus Synchrotron-
und Speicherring-
Betrieb

Uberarbeiten der Konzepte mit dem Ziel:
Ein Kontrollsystem fiir die gesamte Anlage
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