THPVO031

Upgrade of Timing System at HZDR ELBE facility

Ziga Oven', Luka Krmpoti¢, Uro$ Legat, Ur$a Rojec (COSYLAB, Ljubljana, Slovenia)
Matthias Justus, Michael Kuntzsch, Andreas Schwarz, Klaus Zenker (HZDR, Dresden, Germany)

ICALEPCS 2021

THPV031 THPVO031 - »
- : Z =z
Example of timing pattern generation < <
. . . . I I
Introduction and Motivation ... Hardware 3 3
0 2
) o Gun Clock-Gate Beamline 1 mﬂﬂﬁﬂﬂ |, linterlock-Switch . . . K 6‘1
* The ELBE center for high power radiation sources Gun Clock Gate Beamine 2 l I Il R e ® MicroTCA based Micro Research Finland hardware = %
operates an electron Linac (in pulsed or continues wave Gun Clock Gate Beamiine 3 ] v (heep://mrt.fi) )
; At | lmesrlock Swich i - Event Clock Rate derived from RF
mode) to generate various secondary radiation Eternal interlock and OR box & ocewn
Bunch Trigger Injector 1 beamline 1 e Single Bunch - From 50 MHZ, to 166 MHZ,
(neutrons, positrons, intense THz and IR pulses and Bremsstrahlung). Diigmm: . ELBE will use 130 MHz
® Current timing system has been updated over the last MacroPulse — Q] tacro Pubse + Delay Compensation Feature - = d
two decades to enable new experiments. Gun 2 Pulse Train ! I S e Two EVMs (event master), one per injector Z = <
. ) (T I g = =
¢ Part of this system uses obsolete parts which make Gun 2 enabe | | 0 * mTCA EVRs (event receiver) for machine timing = = Z
maintenance more complex. i i | o (diagnostics LLRF, kicker) and sdeielcted usersd . B 3 =
- . . MP-Pretrigger | | {ii - - i) Linac 1 * mTCA RTM (rear transition module) to extend number ‘ o O
. Nr\:;VFtlmnf systen|1 ;bfased O'TI tbhe I\.E'jhcr? zefsearch Fltnéig(l:-:i : » D of trigger outputs per receiver B Il - E E
(MRF) hardware platform will be adapted for use a : WP+ Wp.pretrigger || e PCle receiver for compact and cost effective user timing W o T oy i
® |tenables parallel operation of two electron sources and I station ' o
. . . icker-Trigger |
subsequent kickers to serve multiple end stations at the . »[iiRe tinac 2 * Extendable topology
same time. Bunch Trigger - sub-set 1 e Universal Output modules for selection of trigger
. L. L. ) T Bunch train stgnals
® Hardware enables low jitter emission of timing patterns Bunch Trigger - sub-set 2 [ dimerosc
and a delay compensation of the distribution network. CameraTrigger1 |
10 high-field ) ; '. Kicker
optical laboratories e Camera-Trigger 2 :7
= —1 M FELBE : .
EE==irsi g
o1 = =i " s g
EEREIg:
thorm.qun  acoslersor L aeon Sl Burh
b -
| srF qun EE m - - — D n
“ COSYLAB
) “ HELMHOLTZ ZENTRUM
1 Lﬂ&;?fﬁﬁses DRESDEN ROSSENDORF 2 g;éggghlljﬂzDZEESNEL%%th

THPV031 THPV031

Different timing HW configuration for
different sources injecting into ELBE

Software | Output Jitter Performance

EVM_1

e EPICS based control system for timing e 4.5 ps rms [1Hz; 1TMHz] @ 13MHz for TTL

[ >
+ Implementation for timing based on MRFIOC2 =[x o> oo .
[ 7.8 THz; TMH 13MHz for LVPECL-DLY
e Custom solution for event pattern generation based i i r Ps rms.[ z e ) ‘ gr
" . - *+ Module with 10ps delay tuning setpoint
+ Based on exiting operation modes

- 2 modes of operation (Macro Pulse and Single Pulse)
- Continues wave operation up to 26 MHz INI_A OFF, NJ_2 nto ELBE
- Single shot
Flexible patterns for user beam
+ Options to extend functionality in future
- Additional kickers, increased beam rate of Gun 2 WO rk | N P rog ress
e |nterfacing with other systems through MPS
Siemens PLC ¢ All major modes implemented
* Responsible for verifying beam parameters with MPS  Debugging on test benches
restrictions
+ Interface towards existing Operator Screens

N1 ana N2 irto L5 e Machine Protection PLC interface defined but not tested yet
* Restructuring of MPS needed to include new functionality of the timing system

EPICS GUI * Long term stability monitoring
(Service) (Operations)
e ¢ Commissioning at ELBE with all components scheduled for 2022
Master EVG

Fer A= e e
3 EVR | [ EVR | [ EVR kel COSYLAB HELMHOLTZ ZENTRUW ialals CUSYLAB E$22T§

DRESDEN ROSSENDORF 4 DRESDEN ROSSENDORF




THPVO031

Example of timing pattern generation

INtroduction and Motivation

Gun 1 Pulse Train !
(always 26 MHz)

[

Gun Clock-(;}eate ?ﬁ:‘zligsvz 24! H |-| |-| |-| |-| |-| |-| |-| |-| |-| H H |-| |-| H |-| |-| |-| |-| H |-| |-| H “ J |-| L—»\Interlock-Switch}—»
e The ELBE center for high power radiation sources Gate ine 2 | = 1 O HV
g p Gun CIOCk( Gat(:OBOe?IThgsvz) | 'H . ” » Interlock-Switch—» Terminal
i i i e.g. zCW) i : :
operates an electron Linac (in pulsed or continues wave Gun Clock.Gate Beamline 3 I . . P R ¢
. . . ! i = \
mode) to generate various secondary radiation (.9-off) e tornal intoriock and OR box L oceun
) ) Bunch Trigger Injector 1 beamline ! [ ! ! Single Bunch
(neutrons, positrons, intense THz and IR pulses and Bremsstrahlung). (Gun 1 Pulse Train && SP-Gate ) : ¥ ; ; - Diagnostic
e Current timing system has been updated over the last  sp.caie+ 100 s before first and ';"f?;’;;”gﬁf; — § § SN > Macro Pulse
i . | | o ' ' : —— oils
two decades to enable new experiments. | Gun 2 Pulse Train | i | | : ‘
(2 pulse sets a 5 pulses after falling edge of SP) : : i: ! i : b
e Part of this system uses obsolete parts which make Gunzenable || | — i — g mg
maintenance more complex. e e i - - 5 cun 2
o . . MP-Pretrigger | H H o ! | i N =@ un ; .
e New timing system based on the Micro Research Finland (RF filling time) ! i o o ; s 3 Linac 1
(MRF) hardware platform will be adapted for use at ELBE. MP + MP-Pretrigger | Bl - - ;
e |t enables parallel operation of two electron sources and i on forpuisedmode) } ii ] -
. . . Kicker-Trigger | :m J : m R Y 3
subsequent kickers to serve multiple end stations at the 5 § | ; | | > > LLRF | tinac2
i Bunch Trigger - sub-set 1 ! | ” a ” =
same time. (for not deflected bunch) ! ¥ Lo L Bunch tra
. .. .. . | X b | ; Cam’ unch train
e Hardware enables low jitter emission of timing patterns Bunch Trigger - sub-set 2 | $ S A diagnostic
) ] ] ) (for deflected bunch) i H i i ! i i
and a delay compensation of the distribution network. Camera-Trigger 1 | H i i .
N—— (for not deflected bunch) | h i_| h :. Kicker
: : laboratory Camera-Trigger 2 | .
optical laboratories . —>
_ \( CirE (for deflected bunch) : —
=—| ; %@ | et mmmy ) I diagnostic
E‘:” :l’—J Dﬁ D fr‘:—-—mlb ’ Cam/"
| I | ' """"'"‘"\,% nELBE
=
e_-lectron_—laser Sinele Bunch
therm. gun accelerator - interaction 'g .
‘ - - — Dlagnostl%
| I .
—r BN (OSYLAB TI<299
1 e o “ HELMHOLTZ ZENTRUM
radio biology DRESDEN ROSSENDORF

detector studies




THPVO031

ardware

e MicroTCA based Micro Research Finland hardware

v1ivL-d94H-AINN
8CGl-d94dH-AINN

s | | \ - R
P | i (e oy e Blm Ra Fla
SRR R TN R
\

(http://mrf.fi) '-‘5}!; ) il T A
- Event Clock Rate derived from RF e el G RV M S 00—
From 50 MHz, to 166 MHz, W EpEEEEEL 33

ELBE will use 130 MHz
+ Delay Compensation Feature

e Two EVMs (event master), one per injector

e mTCA EVRs (event receiver) for machine timing
(diagnostics LLRF, kicker) and selected users

e MTCA RTM (rear transition module) to extend number
of trigger outputs per receiver

e PCle receiver for compact and cost effective user timing
station

e Extendable topology

e Universal Output modules for selection of trigger
signals

A10-1D3dAT-AINN

ATQ-TLLAT-AINA

2 HELMHOLTZ ZENTRUM
DRESDEN ROSSENDORF



http://mrf.fi/

THPVO031

Software

e EPICS based control system for timing
- Implementation for timing based on MRFIOC2

e Custom solution for event pattern generation based
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e All major modes implemented

Debugging on test benches

Machine Protection PLC interface defined but not tested yet
» Restructuring of MPS needed to include new functionality of the timing system

Long term stability monitoring
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