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GSI: TodayGSI: Todayyy

(Heavy-) Ion reasearch
• H .. U
• Linac: Unilac
• Synchrotron: SISSynchrotron: SIS
• Storage ring: ESR

– Experimental setup
C t l t• Control system:
– Established ~1985
– Timing system:

• Main characteristics kept
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GSI Extension: FAIRGSI Extension: FAIR
Facility for Antproton and Ion Research
• 2 synchrotrons2 synchrotrons
• 4 major storage rings

– plus some small
R h

~350 m

• Research area:
– Present day (H .. U)

• Including rare isotopes
• Electron-ion interactions

– Anti-Protons
• Current accelerators: Injector

– Unilac, SIS, + new p-linac

Timing system: Redesign needed
U l f i ti l t
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Use also for existing accelerators



FAIR Operation: Time MultiplexingFAIR Operation: Time Multiplexingp p gp p g

• Efficiently use facility
 pro ton s
 A P• Efficiently use facility

• Parallel operation of different areas
– Different experimental programs
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• Different beams (ions, energy, ...)
– Up to 4 experiments in parallel

• Operate areas interleaved 0 5 10 15 20 25
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– Minimize waiting times
tim e/sec



Experiment Program at GSIExperiment Program at GSIp gp g

• Experiments at GSI: Short, days to week
• Frequent beam set-up while other experiments continue
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Frequent beam set up while other experiments continue



Provide FlexibilityProvide Flexibilityyy

• Frequent changes in beam pattern, beam settings
• Cycles not fully fixed

– Storage rings are the experiments
• Interactive beam manipulation, by experimentalistsInteractive beam manipulation, by experimentalists

– Acceleration, deceleration, position shifting, cooling, ...
– At least during set-up of experiment

– Malfunctions: Interlocks
• Alternative cycle continuation

• Broad time span:
– Storage rings 'Cycle': minutes days– Storage rings Cycle : minutes .. days
– Synchrotrons (SIS18, SIS100) Cycle: ~1 s
– Linacs (Unilac, p-linac) Cycle: 20 ms

• Beam pulse 10 µs 5 ms
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• Beam pulse 10 µs .. 5 ms



Timing: Equipment SynchronizationTiming: Equipment Synchronizationg q p yg q p y
Event based
• Timing-event precision: ~50 nsg p

– Simultaneous all over facility
– Compensate propagation time

• Timing-event raster: 1 µs (as presently)g µ ( p y)
– Event-separation: ≤ 10 µs (1 µs?)

• Cycle: Constructed from basic building blocks
– Each triggered by specific timing-events

Timing Events

gg y p g
– Many different events defined: ~100 (≥ 256)

• Provide local delays to adjust equipment

High precision timing?
• Bunch Timing System BuTiS, dedicated system by RF group

– High precision (sub-ns) clock pulses: 200 MHz + 100 kHz
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g p ( ) p
– Machine timing: Phase coupled to BuTiS



Timing: Accelerator ContextTiming: Accelerator Contextgg

• Beam to handle next
And the one after next 1 5
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– And the one after next
Number: 0..255

• Label each cycle
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– Label cycle subsection
Numbering of cycles / cycle sections

• Beam parameter

0 5 1 0 1 5 2 0 2 5
tim e /s e c

Needed for:
Beam multiplexing– E.g. high, low intensity

• Operate equipment adequately
• Time of day

• Beam multiplexing
– Which cycle to execute

• Labeling activities in facilityy
• General interest data

– Source, destination, ion type, ...

– Read-back data
– Interlocks
– ...
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• . . .



Timing System OutlineTiming System Outlineg yg y

LPC A
LPC B
LPC C

EXP 1
EXP 2

Sequence Control

Event Generat.  A

LPC C

Event Generator C

Experiment 2

Event Generator B

• Dedicated event generators
– One per ring

Experiment 1

One per ring
• Master: Sequence controller

– Coordination of cycles
Trigger cycles in event geneators
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– Trigger cycles in event geneators



Beam Transfer: SwitchyardBeam Transfer: Switchyardyy

1 ,5

2 ,0

el
d 

B
/T

 p ro to n s
 A P
 C B M

10
0 5 1 0 1 5 2 0 2 5

0 ,0

0 ,5

1 ,0

SI
S1

00
 D

ip
ol

e 
Fi

t im e /s e c



Common Timing DistributionCommon Timing Distributiongg

All event generators:Sequence Control

Same distribution line
Each timing receiver:

Access to all timing areas

ACC A
ACC B
ACC C

EXP 1
EXP 2

Event Generator BEvent Generat. 
A

Event Generator C
Access to all timing areas

Serial transmission:
Timing e ents• Timing events
– Fixed time slots

• One per event generator
– One slot for time-of-day

• Other timing data
– Short delays tolerabel
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– first come, first served



Synchron. Message Exchange: SMXSynchron. Message Exchange: SMXy g gy g g

• Exchange of short telegrams
Bunch-Timing

(BuTis)
Crossbar

– 128 .. 256 Bit
• Central crossbar

– Dynamic connectionsDynamic connections
– Cycle to cycle

• Fixed transmission time
20 µs independent from location– 20 µs, independent from location

– Related to BuTiS
• High precision base clock

P
100 kHz

• Purpose:
– Exchange of real-time information

• Beam transfer: Bunch phase
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Timing DistributionTiming Distributiongg

Timing-Network Timing-Receivers
• High bandwidth

– One line: ~10 Event generators
• GBit Ethernet?

• More than 2000 receivers
– Many devices:

• Integrated front-endGBit Ethernet?
– Close to 1000 Bit / µs
– Physical layer only

• Fibre cable

Integrated front end 
controller
– ~1500 Power converters

• Each requires its own • Fibre, cable
– Back channel available

• Interlock-signals?
Propagation time compensation?

receiver
• Support multiple platforms

– VME, PCI, ...
• Propagation time compensation?

Synchr. message exchange

– Mezzanine
– Specific: VHDL macro
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• Same technology as timing network



Main CharacteristicsMain Characteristics

Timing information Timing components
• Timing events

– Timing precision 50 ns
• Simultaneous in facility (1km)

• Event generators
– Each ring: Separate event generator

• Needed: 7, plus LinacsSimultaneous in facility (1km)
– Timing raster 1 µs
– Event separation ≤ 10 µs
– ~100 Events defined

Needed: 7, plus Linacs
– Phase coupled to BuTiS clock
– Coordination: Sequence controller

• Timing network– 100 Events defined
• Accelerator context information

– Beam number
C l / l ti b

• Timing network
– Common distribution lines
– GBit bandwidth

Eth t t ?– Cycle / cycle section number
– Beam parameters
– Time of day

• Ethernet components?
• Synchr. message exchange

– Same network technology as timing 
t
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– Beam related data system


