Low Level RF for SRF accelerators

... based on the European XFEL experience

1. Interfaces to LLRF ?

2. LLRF for large scale accelerators

Julien Branlard, DESY

for the LLRF team
LLRF for SRF accelerators
Geneva, September 3 2014

ﬁ HELMHOLTZ

| ASSOCIATION




WHY TALK ABOUT LLRF ?

> “Everything already demonstrated since analog LLRF systems.”
BUT

> “New technologies open new possibilities, offer new challenges.”
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WHAT IS LLRF ?

> Interface to « The Ultimate LLRF System »
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WHERE DOES LLRF STOP ?

High power
RF End
Couplers Experiment

" Operation
Cavities

Personnel Machine
interlock protection

Cryogenics Controls

Diagnostics
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PART |

>INTERFACES TO LLRF
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LLRF and Cryogenics
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* Courtesy: R. Rybaniec
“Real-time Estimation of Superconducting Cavities Parameters”
IPAC 2014, Dresden Germany
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LLRF and High Power RF (1/2)

> Power sub-distribution and phase shifters control

cmi cM2 oMz E{ cmé ||
M[yl.FWD M[y].REF i % [
i
C[x].FWD U
CIx].REF
cav1 cav2z cav3 cav4d cavd cave cav/ cav8

Cryomodule (CM4)

K[z].FWD C[x=1:8].FWD cavity x forward power

C[x=1:8].REF cauvity x reflected power ci_rri‘(ulator direc::ional
ick-ups coupler
|| K[z].REF M[y=1:4].FWD module y forward power P P P
from M[y=1:4].REF module y reflected power

hase shunt
klystron K[z=1:2).FWD klystron arm z forward power ? ghiﬁer C!:) tee
K[z=1:2].REF klystron arm z reflected power
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LLRF and High Power RF (2/2)

> Klystron monitoring

@) [

>
o

e

Power

Courtesy: L. Butkowski

(1) - RF break-down
(2) - “Too-high” reflected power
(3) - High voltage break-down

= Fast interlock of the LRF drive

= 200 nsec reaction time
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“Klystron Measurement and Protection System for XFEL on the
MTCA.4 Architecture” ICALPECS 2013, San Francisco, CA, USA
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LLRF and Operation (1/2)

> RF station ON/OFF
> Finite State Machine

> Exception handling

Initialization

Gradient

Cavity

Beam

System

turn ON
I |
Notif. Cryo Checks
I I I I
FF check A&P ||| SP adjust. FB
I I | I
Piezo QL Tuners | Limiters || Quench
I I
BLC LFF BBF
I |
Energy Diag. Perf.
FSM example
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LLRF and Operation (2/2)

RF station ON/OFF
Finite State Machine
Exception handling
Operator interface GUI

Alerts / warning visibility

Intuitive GUIs

Layered complexity
Explicit alarms
Panel navigation

Main Taskbar =

Operatiohns <~ Procedures = Status

T LB
MPS Injectar

YL ==
SR CSe
RF Orbit

Feedbacks

Photons

Main Select

Main Overview
LLRF Status
RF Control

FEM
FSM Log (ACC1-7)

FSM Leg (Guh)

LLRF control

Gun
ACC1
ACC39
ACC23
ACCA5

ACCET

Tuner

Overview 1
Overview 39
Overview 2 Overview 3
Overview 4 Overview 5

Overview 8 Overview 7

Matlab Tools

| on-crest Scan

| Vector Sum Calibration

Other

LLRF Energy Gain (DAQ)

HPRF control

Klystron 3
Klystron 2
Klystron 39
Klystroh &
Klystron &

Klystron 4

Couplers

Couplers 1
Couplers 39
Couplers2 | Couplers 3

Couplers4 | Couplerss

Couplers € | [Couplers T

Tools

Flash 1/2 overview
On crest Info

Sum Yoltage Control

| Save current settings

LLRF Tools

Complexity abstraction
Concentration of relevant data
Same data, different representation

System Overview

Automation
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LLRF and Cavity Resonance Control

> Tuner motor
= Tuning

= Detuning

<ll<llall<ll<ll<]l<][<]

= Cool down / warm up

= Pjezo relaxation

> PleZO 17h 22h 20.6. 19h 1.7 1h

26.6.2014 27.6.2014 2014 29.6.2014 2014 2.7.2014

= Microphonics
= LFD compensation

= Cavity fine tuning

v
v
v
v
v
v
¥
V]

* Piezo capacitance measurement

> Gun

= Cooling (water temperature)

23h 29, 6. 19 h 1.7. 1h
26.6.2014 27.6.2014 2014 29.6.2014 2014 2.7.2014

= Flat-top length regulation
Piezo capacitance (a) and resistance (b)

during cool down
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LLRF and Beam (1/2)

> BAM, BCM = BBF
> Toroid = BLC

> Beam P hase pd - Amplitude VS

—mean (Amplitude VS)
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© Bunch induced transient @ 1.3 nC
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Channel delay alignment using single
bunch transients
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LLRF and Beam (2/2)

Reference: J. Branlard et al.
“LLRF Automation for the 9mA ILC Tests at FLASH”

> BAI\/I, BCM = BBF LINAC 2012, Tel Aviv, Israel
> Toroid = BLC

(@) short beam

- @ default Q_

= - -
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> Beam phase
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> Beam transients =» channel alignment
> Beam profile = TDS, BC 106
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(b) short beam
optimized Q,

> Beam energy = VS calibration
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> Beam loading = Q, adjustments
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LLRF and Diagnostics (1/2)

> Beam diagnostics (BPM, BLM, BAM, toroid, etc..)

> LLRF diagnostics ACCS - Cavity 4
. . . g 20k — e gpp — R S U AU _
= Performance (mtra— mter-traln) =
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Virtual probe calculation
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LLRF and Diagnostics (2/2)

> Beam diagnostics (BPM, BLM, BAM, toroid, etc..)
> LLRF diagnostics

- Performance (i . . ol N T e
« Heat load estind Modules in selected crate: XFEL.CRATE/XFELMCHLLA2S ¢ | Fans | Power Modules| Show Graphica

Serial:
CRATE : Schroff GmbH IPMB:0x72 Sensor N:131 Type: Temperature Event: Upper Critical going high M 0000000000000001
L Vl rtu al prObe AMC12 : SIS8300L Struck Innovative Systeme GmbH U= 1.5 Temp= 33.0 info . O O 077
AMC11 : SIS8300L Struck Innovative Systeme GmbH U= 1.5 Temp=  33.0 _info_| . o077
> H O M AMCS : SIS8300L  Struck Innovative Systeme GmbH U= 1.5 Temp=  38.0 _info | § 077
AMC7 : SIS8300L Struck Innovative Systeme GmbH U= 1.5 Temp= 36.0 _info | 077
AMC10 : SIS8300L  Struck Innovative Systeme GmbH U= 1.5 Temp=  35.0 _info | 077
> R a dl atl on AMC1 : AM900/412  Concurrent Technologies U= 038 Temp= 320 _info | . 8 8 M22816/003
AMC4 : DAMC-TCK7 DMCS U= 1.4 Temp=  24.0 _info | @ 0004A391D99A
AMCS : SIS8300L  Struck Innovative Systeme GmbH U= 1.5 Temp=  38.0 _info | @ (O o7
COOL UNIT2: Fanspeed= 1740 1800 1800 3000 Temp= 27.0 27.0 M 1031400411AA
> SyStem health COOL:UNIT1 : Fanspeed= 1860 1800 1800 3120 Temp= 30.0 29.0 info 8 1031400412AA
AMC3 : DAMC2 Deutsches Elektronen-Synchrotron U= 3.3 Temp=  30.0 _info | 1065
: X2TIMER iversi U= 3. mp= i info 0040
" Te m pe rature :—I:'AJ 22 ;- SFZ?I\:T‘:’TQ‘?I'nIVGrSSItt{'JCkhOIm University > remes =0 _info_| 004
RTM12 - RTM-DWC Struck Innovative Systeme GmbH info O 074
| Fan Speed RTM11 : RTM-DWC Struck Innovative Systeme GmbH M 8 075
RTMA10 : RTM-DWC  Struck Innovative Systeme GmbH _info_| 076
u PIEZO RTMO : RTM-DWC Struck Innovative Systeme GmbH M i 8 073
RTMS : RTM-DWC Struck Innovative Systeme GmbH M 077
RTM7 : RTM-DWC Struck Innovative Systeme GmbH info . 072
" CP U Ioad MCH : NAT-MCH v1.3, R130927 current= 2.2 Temp= 30.0 33.0 30.0 30.0 M 8 8 104
POWER_UNIT2 : MTCA Power Sup... () () 01886001
||
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LLRF and...

> Controls > Personnel Protection
= Real time capabilities = Personnel interlock
= DAQ = RF permit
= Front-end (controls) S Experiments

* Middle layer (Diagnostics) = RF Reference distribution

> Machine Protection = Beam stability (BAM, energy)
= Interlocks (MPS) > ...
= Cryo OK ?

= LLRF alarm
> RF Couplers

= QL control (motor / 3 stub tuners)
= Conditioning

= Interlocks (e-, light)

= Heating
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PART I

»LLRF FOR LARGE SCALE ACCELERATORS
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LLRF FOR LARGE SCALE ACCELERATORS

> Mass production

Specifications
Call for tender
Documentation
3D models

Test procedure with firmware

Non-conformity report
Etc...

European

Deutsches Elektronen-Synchrotron on esistor configuation)

Ein Forschungszentrum der Helmholtz-Gemeinschaft

Titel/Title

MSPS, 4 —channels,
Smm))

Specification Document for the TMC-Board:
FLASH-WP02-XTCA

TMCB
(Temperature Monitoring & Control Board)
2.0~ Draft Version ™"

for all MTCA 4 components for FLASH, AMTF and XFEL

AutorfAuthor

Mitautor(en)
Co-Author(s)

Marie Czwalinna (MC)
Board Revision Number 2.0
Jaroslaw Szewinski (JS), Jan Piekarski (JP), Frank Ludwig (FL)|

Michael Fenner (MF), Borut Repic (BR), Gasper Jug (GJ) ckage TSSOP 16-leads)

This document deseribes the requirements for the system subcomponent:
Temperature Monitoring and Control Board. The module is a packaged prototype for the XFEL

Subcomponent: TMC-Board for ail LLRF and synchronisation system 19” modules

ector type.
(averaged over 2ms)
nce input, unipolar range.

- Drift Calibration Module (DCM) approx. 50 pes
- Bunch Arrival Time Monitor (BAM) approx. 15 pes

- Laser-to-RF set-up (LZRF) approx. 15 pcs
- Local Oscillator Generation Module (LOGM) approx. 10 pcs
- Transverse Deflecting Structure (TDS) approx. 10 pcs
e o e
= B
will follow.)
S 12
s
= G
= tearanis ). shielded
FileSenver programmable)
FileName
[FEL_FLASHWPO2ATCA_THCB_Specs_reva_15_01_2014_WMC_FL ME_J5_terstion 8 docx )

XFEL_FLASH-WPD2-XTCA_TMCB_Specs_rev2_15_01_2014_MC_FL_MF_JS_lteration_8.docx

XFEL_FLASH-WPO2-xTCA_TMCB_Specs_rev2_15_01_2014_MC_FL_MF_JS_lteration_8.docx
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LLRF FOR LARGE SCALE ACCELERATORS

> Quality Control
Test Stands System Integration

6 ADC saturation level

ADC saturation levels at the plane of the connectors have been n
have PASSED the tests.

Channel No. | Saturation level [dBm| | Status
T 9277498 OK
2 9.320781 OK
3 9206005 OK
B 9 73 OK
5 OK
B OK
7 OK
¥ OK
9 OK
10 OK

Table 4 Channel saturation level at ERNI connector plane

7 ADCs spectral purity

The spurious free dynamic range has been measured. ADCs have PASSED the
tests,

Channel No. SFDR Status
1 107616523 | OK
b 06050271 | OK
3 107851373 | OK
1 - 380 | OK
5 1 OK
[ T OK
7 1 OK
B T OK
9 T 0| OK
10 -101 S | OK

Table 5: ADC 1st harmonic power measurement

8 Channel-to-channel crosstalks

Channel-to-channel crosstalks have been measured. DUT has PASSED the
tests,
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LLRF FOR LARGE SCALE ACCELERATORS

> |nstallation L =

WPO02 - LLRF

= Procedure
= Check list

Deutsches Elektronen-Synchrotron

Ein Forschungszentrum der Helmholtz-Gemeinschaft

— Tite: WPO2 LLRF
- Labe"in +3 LOGM-  pi 4 MTCA crate installation check list
=< 02.0003 ' De :
Order nun g 0 g 0 | | | 0 O
. . — Destination | Dy Ttz Dz T3 | RFstation # mMasTER  sLave
= Device tracking CPU nome
MCH pame
Shipment do | | KDS number | Model |
Ml MTCA crate | | Dema Oschrorr Dres |
Labelling dor
KD5 entry do slot | AmC KDS # Version RTM KDS # Version
Factory test: : ;ESS
Factory test: 1 cPU
I~ - 2 MG
Unit 3
4 uTC VM
Resu 5
0/6/0/0/0000 )
Failut 6
D | 7 ARG YDWC
Ready-for-te: 8 UADC UDWG
ELMA Micro TCA TCAO7 0026
045-821 Index B " . 3| uARk ARG
i 10 uADC uDwWe
Incoming ins 11 | ueRC HOWG
12 uADC ubwe
by 13 | wem uBWC
14
15
Notes:
XFEL LLRF 53

XFEL LLEF system installation procedure.docx
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LLRF FOR LARGE SCALE ACCELERATORS

> Large channel integration

outer-rack cabling

PEAR
\

30

M e—
s T[] [8

H

inner-rack cabling
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LLRF FOR LARGE SCALE ACCELERATORS

> Remote “everything”

= System health monitoring
= System upgrades (FW / SW)

= Management (on / off / swap)

RadFMC_main.a e
FMC RadMON hardware initialized: @ SRAM settings OK: @
PCB version: 1 ~
RadFETs settings OK: .

SRAM Monitor |~ RadFETs Monitor |~ RadFMC Settings | SEU Data Analyze | RadFET Data Analyze |

Omber of SEU det@
is 1088 SEUs. Absorhb
SEUs per heur:  1.85

d in from 2014-02-10 21:36:30 to 2014-03-11 10:45:30
d dose: 577.25 mGy

start aate: [ 107 February [~ 2018F nour|21H :[ 50

Keep End Time as NOW

Data File Hame:
[sEU_ACC139RADMON_FUC.d| [ Loadfile | | Choose alternative file | SEU to Gy CC: 0.5405E|mey;sgu
Status: Number of data point in wanted period: 1065

Absorbed dose plot:

MGyl = THIECTOR RAPMON_FMC/E0A_ABSORBED_DOSE_MILLGY_TAZIS [méy]

500+

400+

300+

200

100

T T u T u )
1.39225e+09 1.39275e+09 1.39325e+09 1.39375e+09 1.39425e+09 1.39475e+09
{ INJECTOR.RADMON_FMCISDA_ABSORBED_DOSE_MILI_GY_XAXIS

cnoosecence: 1 month

[degrees C] Temperatures
55.

E fl ] =

1
45. nim +'_-_I.N.I_h|_
35. \
25.

J [y [ — maintenance

15. rTrrrrrrrrrrrrrTrrr T rTrr T T T T T T T TT T TT TT T T T TTT
10h 20h 6h 16 h 2h 14 h
26.8.2014 26.8.2014 27.8.2014 27.8.2014 28.8.2014 28.8.2014

[Volts] Voltages
14,
10.7
6.7
3 1
2 O ¥ PR B o B BB B B AR E BB
-2. rTrTrTrrrT T rrrrTr T T T T T T Tr T T T T T T T T T T T T T T T T T T T T TITT
10 h 20h 6h 16 h 2h 14h
26.8.2014 26.8.2014 27.8.2014 27.8.2014 28.8.2014 28.8.2014
Cold Reset Warm Reset | Reboot |

Switch Payload Power (12V) - -

Temperature monitoring

[degrees C] Temperatures

60.7—
.3 Increased
e CPUload =\
30.
2% 100%
210, e r——————————————————————— ——————————
19:21 20:01 20:41 21:21 2231
4.4.2014 4.4.2014 4.4.2014 4.4.2014 4.4.2014

Radiation monitoring in tunnel Julien Branlard | Low level RF for SRF accelerators | 03/09/2014 | Page 22



LLRF FOR LARGE SCALE ACCELERATORS

> Remote “everything”

= System health monitoring
= System upgrades (FW / SW)

= Management (on / off / swap)

> Redundancy

XFELL1.A2M34 A1

; T p 3 T 3 T 0 v 7
o rrowur LINACT: A2
@ RFOUTPUT P
bsusman REAR connection - beam from MO toL2
A = FRONT connecti - rom
@ REAR connector © BPM  eBPM , .\ § 30
© FRONT connector to BPM 44 s gigg Coewe
28 28] 28] 128 28|
= 7| PCm ® = DCM = DCM e [} ;| ocm | |y
| 25 28 DCM 26 DCM 25| DCM o3 25
= |25 DCM upgrade 5| upgrade %, k= upgrade |25 | upgrade ¢ |
2 s, ste & Reru. $ 9 2] 4| REEM o1 [ rerm LEE4ESE] ¢
2 t 2 2| SLAVE-LY 23 =g 2 FLEITL| 1
= i = » = ? | % & 2
21 v 21 ) 21 2 !:!2 e . n 21|
8
b —— | waispesvich g4 953 0727 U e e
19 o
18 e
7 7
18 16
15 15
L s MTCA MTCA MTCA MTCA L]
13 13|
2 12
1 1
10| 10]
s 3
el |e ] 5| PZ16M 8| Pz16M ] s
7 4 7 7 7 7
& 5 B s § 5
s 5| PsM 5| PSM 5| PsMm 5| PsM s
4 4 4 4 4 s
3 3 3 3 3 3
HRE 2 | |2 2 2 2
1 1 K 1 1 1
RACK #3 RACK#2 RACK #1 RACK#3 RACK#2 RACK #1
i |
Slave (SPARE) Slave (MAIN) Master (MAIN) Master (SPARE)
o
LLRF I LLRF1
NOTE: 2
This diagram does NOT indicate the location of connectors onto the modules panels.
Oniy the i FRONT or REAR. For location,
please refer to individual module panel design diagrams..
i 2 3
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LLRF FOR LARGE SCALE ACCELERATORS

> Automation Frequency tuning / detuning

Bandwidth control

= For operation gfgr?flft'cs Exception Handling
= For machine protection g:{;‘:g{;i“tdown Automation Priorities
Performance

Cavity bandwidth control Cavity resonance control

General c1 c2 c3 ca 5 C6 c7 [s:]

C2.ACC7 | C3.ACC7 | CA.ACC7 | CS5.ACC7 | C6.ACC7 | C7.ACC7 | CB.ACC7 |
C3.ACC6 | CaACCh |  C5ACCe | ChACC6 | C7.ACC6 | CBACC6 | CLACCT | Dieze piation suery ey
Main - ACCG [ Main - ACC7 [ C1.ACC6 I C2.ACC6 | }
Cavity 1 2 3 4 5 6 7 8
Enable Il [onn [onn [onn [N [Foad [Fomd e
<1 c2 c3 <4 Lo B Lo c
sutomati... | [T [FoRN [FoAN [GRN [WGAN [GAN [WGAN [WGAN Al on i off
FsMmask | JCTH [NGnN [GAN [WGAN [FAN [GAN [Gnd [end
M b bl
love motor enable. [ ] Enable [] Enable [] Enable [ ] Enable [ Enable [ Enable [_] Enable [] Enable static detuning ... = FE s B
ALL OH linear detuning [Hz...| -325.7 5.4 4.5 4.3 6.6 5.7 5.5 1.8
STOP | STOP STOP sTOR STOP STOP STOP STOP All max_step to 0
curvature [Hz* 2jus] -63.7 -33.0 4.3 -44.6 10.5 -8.4 -34.0 5.6
ALL OFF Allma ctepto 0.1
DC Voltage [V] 0.0E0 9.8 133 167 179 120 -166 104 All to zero
| i o i | i | [ [ AC Amplitud 0.0E0 -19.6 -26.8 -20.0 -29.0 .32 -183 -17.0
oL se ! = = =) e e G e & el 00 Alito zero |
Delay [ms] 17.5 17.4 17.5 17.4 17.5 17.6 17.5 17.4
AVG OL 24526437 2477117 2770227 2636500 2956047 2973049 25604737 2565423
0oL error [%] 15.25 17.43 7.66 12.12 1.47 0.90 4.65 3.72
Motor status ready to be moved } 4y o be JH dy 0 be rrow ed| rmady to be mov ed| [rmady to be mov ed||ready to be mov ed||ready to be moved) rady o be moved
Motor pos. 5P 78732 JTREED 21333 1ETEZd 243353 913734 203002 134507
Motor current pos. 57872 3TEEEZ 81332 167624 243353 313724 303002 134507 Bt T T T T T T T T
250 450 650 850 1050 1250 1450 1650 1850 ZOFUOS]
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LLRF FOR LARGE SCALE ACCELERATORS

> Commissioning

2 years 3 months
<«
" PRE-COMMISSIONING | LLRF
installation
v m %
oy | TUNNEL INSTALLATION LLRF
< ......................... ready for
! =T = r
I WARM COMMISSIONING LLRF
........ LLRF ready
| = | | — | | e _ — ooy
............................. “ for beam operation
cooL
DOWN
| COLD COMMISSIONING
[A2[a3]A6 LLRF
NO BEAM ala7 ready for
nominal
A5|A8 joperation
ae ’
6' A2(a3|ae| |A2d]
(&) LOW BEAM A4 |AT A25|
As|As| |z
INJ
NOMINAL BEAM ﬂ
L3
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QUESTIONS?
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BACK UP SLIDES
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RADIATION MEASUREMENTS : first results at FLASH

> Counting Single Event Upsets (SEU) on SRAM

ACC1/ 39

FMC RadMON hardware initialized: Q SRAM settings OK: Q
PCB version: 1 .
RadFETs settings OK: .

[ SRAM Monitor |~ RadFETs Menitor | RadFMC Settings | SEUData Analyze | RadFET Data Analyze |
detected in from 2014-02-10 21:36:30 to 2014-03-11 10:45:30

1068 SEUsghbsorbed dose: 577.25 mGy

SEUSY @aT. 1.85

Analyze settings:

Start date: | 10l:|' February 'l 20145 hour.| 21l2|. :’E

Keep End Time as NOW

Data File Name:
[sEU_ACC139|RADMON_FMC.d| [ Loadfile | | Choose alternative file |

Status: Number of data point in wanted period: 1065

SEU to Gy CC: 0-5405EmGyISELI

Absorbed dose plot:

[mGy] EINIECTOR RACMON_FMC/S0A_ABSOREED_DOSE_MIL_G7_vARIS [méy]]
600

500
400 X 2(
300
200

100

()] EEE—

100
-100 T

| T | T
1.39225e+09 1.39275e+09 1.39325e+09 1.39375e+09 1.39425e+09 1.39475e+09

E INJECTOR.RADMON_FMC/SDA_ABSORBED_DOSE_MILI_GY_XAXIS ;

ACC23

PCB version: 1 B
RadFETs settings OK: @
SRAM Monitor | RadFETs Monitor | RadFMC Settings | SEUData Analyze | RadFET Data Analyze |

RadMON hardware initialized: . SRAM settings OK:

Analyze settings:

startaate: | 10f{Februany [~ 2014F nour 217 s

Keep End Time as NOW

Data File Name:
[sEu_Acc23.RADMON_FMC.ds| | Loadfile | | Choose alternative file |

Status: Number of data point in wanted period: 49

SEU to Gy CC: U-MUSEmGyrSEU

Absorbed dose plot:

[mGy] [=HIECTOR. RADMON_FMC/SDA_ABSORBED_DOSE_MILL_GY_vArlS [my]]
GO0

500

400

A0
=100

1.39225e+09

T T
1.39275e+09 1.39325e+09 1.39375

|
E gt e+09 1.39450e+09
INJECTOR.RADMON_FMC/SDA_ABSORBED_DOSE_MILI_GY_XAXIS

Choose device:

[nJECTORRADMON_FMC [ ] 1 mon t h

1.85 SEU / hour

1 month

[NJECTORRADMON_FMC |~ |

0.09 SEU / hour

Julien Branlard | Low level RF for SRF accelerators | 03/09/2014 | Page 28

Courtesy T. Kozak




LLRF FOR LARGE SCALE ACCELERATORS

> Large channel count

RF Synchro / 3x Celifiex 3/8" for L1

Return Interfel ter Line
Main MO Int Drive Line I 5 etu erferome

C Spare Line

— — — — —_—.—_—c;b’elyay‘runnelw;"—v— ————————— — — —

SRFS = Synchro RF Station

SRFSP = Synchro RF Station Primary " 1x Cellflex 3/8“ 1.3 GHz
SRFSE = Synchro RF Station End Z
ol " 1x Cellflex 3/8" 1.3 GHz
- o
-
L1/ A2 [SRFS]
s Connector Patch Panet for ‘1 Az SRFS Comnector Patch Panel for
A \ Mod. #1 with Sgnal Splitters r\_ Comnector Patch Panel for Connector Patch Paned for — Mod. ¥& with Signal Spitters i
/, \ ,,/ | TMod. ¥2 with Signal Splitters Mod. #3 with Signal Spiatess. /
2 g \
- e
$
=
—
2x 18 Celiflex 3/8°, N-coan, F/R - b §
Spare System forMod 11,2 ; 2 HHedt Hao H 2x 18 Celiex 38", N<onn, F/R -
44 Celiflex 3/8°, N-conn, Probe ~*<11P 2¢ 18 Celtfiex 3/8°, N-conn, /R - ; g :"‘"s“‘"“: %, "‘::3" " R= H Slave Spare System for Modhbe 13, 4
Spare System for Med #1,2 Master Main System cables for Module ¥1, 2 Vo Male System for Mo 4 Hite
e . 414 Cables Colfiex 3/#", Neconn, Probe - ———>HHD THT ke Comens/u i sonfi Piobe -
Ax Beiien SABOX, 16-wire cables, = g it H 4044 Caiflex /8, -comm, Probe - St Whakn S fo Modcle 1. Slirve Space System for Module ¥3, 4
dia. 10mm Piezo for Mod. 81, 2 Master Main System cables for Module 11, 2 v i
Ax Beddon SABLX, 16-wire cables, 4 * '
" | 6x CeMfiex /87 KLM + 20C[U_HV, |_HV) dia. 10mm, Piezo for Module #3, 4 I l |
s | wes | war war il
Cryo/Vaswm Master Lo 2 Shave Slave \ CryoVacuum
soare Wn f— 2x Cellflex 3/8" 1.3 GHz ,Main” Han sours \.
127,22m 13113m Y 160,69m B3som |
1444 N 242 Coliflex 3/8", ystrom Orive Main and Spare \ 4 4 2x Celifiex 3/8"
XSE LGOS, 4 F 216,6MHz
for BPM's
= * 1270, Master to Slave (Main)
= A 12F0 7, Master to Slave (Spare)
\ 7
- L Al
“SXTIN Laser & UGD5/R025 (Syehral - 1250, Master L2 /A3 >
‘\\ 2EQ,  Masterl2/A3 >
\
G- " "
T 2x Cellflex 3/8" 1.3 GHz ,Spare
, TORD 117 ~101m) 1270,
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HIGH LEVEL SERVERS (example)

> INTRA-STATION communication

*| il e | =
— e BEAM * gg::’g E = =
] B E =
e ; KLYSTRON B =
XFEL S wl : Efsa » = =
= = M wsa i | = S I T —
LLRF MASTER LLRF SLAVE
> INTER-STATION communication
Beam energy error
5 20
AFE; AFEg AE; § 10
E E Eg E- .'
- A5 —{( @ A6 - A7 . 0
Ey ' L ,\\)\O\\ 1 4 ! i "§
— LLRF f LLRF LLRF ee- E1sl -10
controlleN)} \__controller controller 3 | |
g | R
|
; } -30
i |
2 -,
0 100 200 300 400 500 600 700 800

Time [us]

@9/
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