UNILAC timing essentials

* UNILAC has to be operated at 50 Hz without any interruptions in any
of the following (not exhaustive)
 (ex)change of schedule/pattern

* change of chain events, e.g. time of event or addition/removal of events =
switch between static event sets

» data supply to devices = single device: continue operation; large sections:
cont. op. w/o beam

* Synchronised wrt. power grid 50 Hz

* Online actions (not exhaustive):

* Profile grid guard: reduce beam pulse length and execution rate with beam
for all chains affected on operators request

* Change beam pulse length on operators request
* Interlock: execute affected chains w/o beam on request



2 principle UNILAC event sequences: Fix — except pulse lengths

Connection source-accelerator timing

Operating parameters (pulse lengths) (ion beam pulse start & stop at source)

<+— Cycle length (20 ms) ——— Connection to absolute time

16 255 9 3 2 6 10 8 29 Al 6 ’;55 22 30 ‘19 K ‘\28 20 4 6 8 J\[g Eg
A \ A A fT\ \ IP. A \ ' ' ! ' . /L I
Quellenpulsvorlaut Quellenpulslinge _ [ [ Strahlpuls
N = 8| g ‘Strahl-
< | E £ Jl 3 Vorlauf
< E _ @ [40 ps UN 2 g 3
v Y = |40 ps UR | g - -
z | J > = sl & Z 3
o m 9 . & ol =
& 5 S & g S
= =4 :;I 60 ws| Z 2= O & 5‘ =
FREUT < 0 = 2 £ 2 =
= S me=<7 I =
. U}I (\ll 50 ; ~ rll
£ £ + - 3500 ps s z
=) 2 | - ] — : =] =
z = “ 20 s UN 5 §l = Stabl - 3 £
_ o 40 ps UR = . 2l < Verz, =
= | 10 ue - Ef z 2| 2 | Z =
=) —~ 40 us UL jui A | E 2 ' m =]
ol 5 = = ml 5 5_‘«’ E\— b
] . =] ! = i - .
£ Bogenvorlauf o = :' el gl POms Puls]
o + 120 ps g & > B — :
> =2 a =
) i o
30 ps= — > 3 Diagnose—Vorb.(3500 ps) =
3500 ps — m g
=5 @
Quellenpulslinge = < g Istwer(-Trigger (400ps) =]
B A min. (200 s)ﬂ'
m g ; 23 I
i = 3 CANE
= £ 5 3
l—‘ a Nur wenn Strahl ins SIS geht (10000 ps) % &l B
2 Sje
Sources Accelerator | S
500 s [ HF-Vorbereitung (120) ps) = Pus = |
+ minimale HF=Pulsliir ge (500ps) o & 500 us
A
i 19.8 ms ‘ : 19.8 ms i




Original document:

UNILAC Schema Abschnitte Strahlwege V0_94.cdr

Changes only to be made there!
Particle transfer

Particle transfer (tentative)

Beam line number (old)
pLinac: Each vacuum sector

Source (tentative)

Target (temporary/permanently dismantled)

intermediate Target

US3| Us

GUH2BC1L Intersection device nomen -> Particle Transfer

' . ('-‘; Intersection -> Particle Transfer start/end
*=7 (implemented/tentative/dismantled or not implemented)

Timing section (existing GSI control system)
ALY m» Timing Groups (proposal new control system)
GUH2BC1L

@00

Accelerator zone change nomen

Accelerator zone change
(normal/with sub-devices/tentative, not realized 20.02.2020

‘ Beam chopper -> Particle Transfer

O ... under discussion
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Alternative naming:

UL: North, High current, MUCIS, MeVVA, VARIS, CHORDIS
UR: South, Penning

UW: Compact LEBT, Uranium terminal, PRIDE, DUPI

UN: UQ, HLI, ECR(IS), Caprice

UB: EIS test bench

UQC: Compact source test bench

UQP: Penning test bench

UQH: HOSTI, high current injector test bench
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New UNILAC timing basics (draft proposal)

Preplanned schedules:

based on SIS18 beam requirements and source availabilities = length equals SIS18/FAIR-pattern (~1s to 100s of seconds?), UNILAC may require
certain length of SIS18/FAIR-pattern

filled in with UNILAC users, UNILAC machine needs added

run periodically by DM, 50*n chains per second

one schedule per SIS18/FAIR-pattern, extra schedule for rarely executed FAIR chains, plus UNILAC standalone schedule, and others?
switch between schedules at starting point without interruption of 50 Hz operation

contains chain indices (pointers, wrappers), hundreds of executions of several chains in one schedule

Standalone chains:

single chain identity may be executed multiple times in one schedule and used in several schedules
set of at least 16 chains available in timing system, any subset may be used in any schedule

chains may be executed simultaneously in arbitrary combinations (only one chain per timing group)
changes applied to a chain have to take effect for all future executions at one point in time
persistentidentification chain < virtual accelerator, over different schedules

one single UNILAC chain may be combined (“gekoppelt”) with several SIS18 chains

Event sequence, execution:

All UNILAC chains share similar, short event sequences of fixed length; two principle event sequences: 1) sources & LEBT; 2) all other timing
groups after chopper

only two or three event sequences needed per chain

beam processes and events of one chain run in parallel in all timing groups = bursts of events at specific times
changes to the event sequence of one chain have to take effect in all timing groups simultaneously

generate several versions of event sequence in advance or on-the-fly: standard, shortened beam pulse, no beam pulse
change beam pulse length: generate new standard event sequence, send to DM, reset pointer/wrapper

Timing groups:

~45 timing groups (~14 would be sufficient)
all timing groups of one chain share the same event sequences (except source & LEBT and end of TK)
provide MIL-timing derived from adequate timing group



Example schedule

BPC-Sequences

Cycle| =VirtAccs HSI HLI ALV EH
1 1A+3 HLIO3 -
2 245 HLIO2 ALV02 EHO2
3 1+6 HLIO6 -
4 2+4 HLIO2 ALVO2 EHO2
5 245 HLIO2 ALV02 EHO2
6 1B+3 HLIO3 - SIS BPC B

Schedule FAIR-Pattern




Merge beam processes,
insert abstraction layer

Merge beam process nodes to one BPC node
e Contains all timing messages, hence all information
for one beam production chain
Hide BPC nodes by static wrappers
e Contain only pointer to BPC node

* Many pointers in supercycle direct to static wrapper
= pointers and supercycle not affected by BPC
exchange

Supercycle and wrappers contain only BPC index

Exchange of beam process

* Generate one new node with new version of BPC
timing messages

* Change one pointer from wrapper to this node

.
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Supercycle execution 3 6 dimmen
1,3 ; Pl 1
| 9 9 Qo 9
* Single supercycle > 16 E
o .....
* Multithreaded, one worker thread per BPC & > ; 3
* Branch to BPC node if index in cycle 9999
 Generate timing messages for BPC 3 9'6 ----- 5 -
 Callback z .
* Go to next supercycle node Y9 1 ¥
. . . . S Worker thread 2 —p
* Synchronization mechanism available $9979
e Arbitration mechanism available 0 Q00
* thread with nearest event gets executed next ] = .




Timing Groups: EH dipole (and quads

Single power supply serves magnets in different timing groups
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