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F-\I R E;,;Wt;;z/ F(/;FiSI Facility

GSI - Helmholtzzentrum ftr Schwerionenforschung mbH

Heavy lon Accelerator Facility

Gerald Schreiber, GSI RF Group 3



FAIR

UNILAC
a 120 meter long linear accelerator,
2-11.4 MeV/u

SIS 18

217m circumfernence,

up to 2 GeV/u

ESR

accelerated ions, whether stable or
radioactive can be stored up to several
hours

Phelix / Nhelix
High energy lasers

Overview — GSI / FAIR:

GSI - Facts

GSI general
Foundation
Associates

Member
Task
Staff

Capital
equipment

Scientific
Cooperation

1969

Federal Republic of Germany (90%), State of Hessen
(10%)

Helmholtz Association

Construction and operation of accelerator facilities and
research of heavy accelerated ions in the range from He
to U.

~1100 employees, including 600 scientists and engineers

Linear accelerator UNILAC

Heavy ion synchrotron SIS

Experiment storage ring ESR

Fragment separator FRS

High-energy/high-efficiency laser PHELIX (being
constructed)

Several large systems of spectrometers and detectors
Medical irradiation unit for cancer therapy

Users of the GSI facilities are predominantly non-resident
scientists, mainly from German Universities (totalling over
1,000 scientists per year).

World-wide cooperation with approximately 400 institutes
from over 50 countries.
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Overview — GSI / FAIR:

F_\l R FAIR — Facility for Antiproton-
and lon Research

FAIR

Facility for Antiproton
and lon Research
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""'ﬁ - _.J HESR = Rare Isotope

Froduction Target "\l .

Super-FRS

8th of Nov. 2007: Official
Project Start

Antiproton
Production Target
Plasma Phosics

16 FAIR Partner countries Atorric Physics

More than 40 countries
involved
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http://www.fair-center.de/index.php?id=1

F A I R CI):\/Z/;F)%— GSI/ FAIR:
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FAIR Libera @ FAR

currently planned Libera applications at GSI and FAIR:

pLinac: 10 x LLRF
xx Pickups(for BPM and TOF) 118 MSa/s "undersampling”
SI1S18: 12 BPMs
SIS100: 84 BPMs
CR: 18 BPMs
HEBT: 40 BPMs

Gerald Schreiber, GSI RF Group




FAIR Building

Linac on first floor - "Klystron Gallery" on second floor

Klystron HV Power Klystron Gallery,
Supplies, 1st fl. ~2nd 1l

j%’@s g 5
12
%

Doppehoder

27,000 m

RF Cavities,
1st fl.
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F-\I g:;;rview

Re-Buncher
Source LEBT RFQ

95 keV 3 MeV nsertion 70 MeV
* ECR proton source & LEBT
* RFQ ) Beam energy 70 MeV
« Klystron = Beam current (op.) 35 mA
9 Beam current (des.) 70 mA
* 3 re-bunchers > c% Beam pulse length 36 ps
« Solid State Amplifiers, 45 kW LL Repetition rate 5 Hz
. . o RF-frequency 325.224 MHz
6 accelerating cavities = Tot. hor emit (norm.) 21/ 4.2um
* 6 Klystrons (2.5 MW) y Tot. mom. spread <+103
2 dipoles, 45 quadrupoles, 7 steerers Linac length =35m

* 10 turbo pumps, 34 ion pumps, 9 sector valves

» 41 beam diagnostic devices
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F -\I R Xgiz::elerating Cavities

3.0 MeV 70 MeV

Rf-coupling of CH-cavities:

reduced number of klystrons

reduced space requirements

avoid rf-power line splitting / high power

phase shifters

reduce cost for rf-equipment
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F-\I R FI):L{ECEF;ySStteg;n Topology

Master LL?: ,___E :__j,J
Oscillator ysiem "
? UL Probe R
325,224 MHz . Pref :
Pfwd
Amplitude- &

ETH Phase

e—— Control

o I, Direct. Coupler

L Cilator Dil!:,ﬂic
EH [ T e il Pfwd . Pfwd &4 Prefl Pfwd &4 Prefl
FESA |
Timing/SCU
RF-IL
Measurement e
Rack ¢
. 1 ARC DET @ :E— b=
SIMATIC S7 e 7 Power Supply
Mod Anode Pulse Beam PS (Cath)
» Mod Anode PS

| Solenoid (3x) PS
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F -\I R FIJZI;In_aZ:RFf;it;:almT::ast Interlock

? Kiystron y Measurement + Fast Interlock rack for
._\_

off — cnd_BearPS_on f
local sts_BeamPs_on

i 2 . data acquisition by sample&hold during

F\ amentPs_on
ok

7
measure u e aktualval_v Beam

bl M L
= | e the RF pulse

[ aicualval_

o - . fast interlock generation by adjustable

measure difference setvalue

Filament

PS

reset

omd_ModAnPS_on

= ot o resnoldas
sumError

- statusbits 8

g = W «  output of sampled values for the PLC

. - and analog instruments

measure difference setvalue actualvaluel
measure dfference setvalue2 actualvalusz

. — . monitoring of RF signals by
e = === 1p S = oscilloscope and fast sampling cards

Driver Unit sis_Drernt | T_vacuum
L_Dr Unit

100W Getter

measure 10m\/ Pump

-—_Wi PLC (SIEMENS S7-400) for
s e  visualization of sampled values (power,

sssss

Symem @ L o ps voltages etc.)
v e Bl s «  visualization of slow signals (cooling

= C : p.u;:ﬂ"az;u.e_m’m water flow, temperatures etc.)

ool [ everam - M «  controlling the power up/down
e e sequence of all components

——— - S T R «  slow interlock handling
i = =7 S . status reporting to the FAIR central
[owpea]—==— =m0 control system
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FAIR FlggaRl:F;Setern;iénts for the LLRF &

o 325.224 MHz
« Upto5Hz, 70 to 200 us RF pulse length (safety margin incl.)
 Heavy beamload expected, (1.2 -> 2.5 MW)

* Triggers for external devices (Klystron Power Supplies, Fast
Interlock Rack, etc...)

« Fast interlock inputs (arc detection system, klystron safety,
personal safety...)

e Local operation mode, local GUI for “RF experts”
e Accuracy: 0.1% in amplitude and 0.5° in phase (max!)
e Control system integration, Timing

Gerald Schreiber, GSI RF Group 13



F -\ I R FI)_LilrlaEQRI;Sﬁ;etmes:rfac es

Timing Interface

GSI| and CERN
development,
deterministic Ethernet-
based field bus :

White Rabbit

Jper Motor Driver
mmunication ﬁ

Cavity Probe,
FWD, REFL

' RF OUT
(VCAVv VFWDvVREFL)

FAIR Central Control
System Interface:

FRONT-END
SOFTWARE
ARCHITECTURE:

FESA

ETHIN/
Timingln.  ce: Digital. Ampl./Phase/Reson.Freq. Control FESA:\ ¢
Event decoding  aster, Values.
RF, Sample, Bet | pulse mE Amplitude/Phase
Ref |L-IN IL-OUT ETH2
T A | Monitoring IL State ] Global system
ON/OFF, RF
enable, PAUSE,
Global RF enable/disable, Slow IL Status reporting,
Fast IL Commands
| — GSI measurement Rack
RF pulse, Fast IL for ‘ PLC
Sample pulse PS, Vacuum, Arc detect., ... Slow monitoring of | (OYStEM POWer up/down
sampled values, sequence, Monitoring,
Visualization, Slow IL, ...)
IL monitoring !

Gerald Schreiber, GSI RF Group
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F A I R First experience with Libera LLRF
Experimental Setup
LLRF Tests at GSI (Linac-HF):

Old RF test cavity tuned on 325.224 MHz
(fixed)

325.224 MHz reference oscillator

Libera LLRF controller

100 W power amplifier AWG
| RF Pulse Beam Pulse Ll
RF Mixer for beam loading simulation
REF LLRF4 v 100W  Cavity
~ ‘O > >< > D > A

A

Gerald Schreiber, GSI RF Group 15
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First experience with Libera LLRF: '-. 'q . IHQ;!'H
F-\IR Conditions gﬂ#’l‘

" 'DARMSTADT

Laboratory conditions for the first tests with the Libera LLRF:

- Rectangular RF pulse (set value), no "preshaping"

- Only rough optimization of PI control parameters

- Reference oscillator phase noise: < -105dB/Hz (df=20kHz) ®
- Beam loading "by mixer" not optimal

- no feed-forward implemented yet

Gerald Schreiber, GSI RF Group 16



FAIR

First experience with Libera LLRF:

Results: cavity analysis

@

File Systerm Felp

LLRF drive [Q] {loca host, board 1,...
v Cavity probe (localhost, board...
MNebng inout (loralhost, hnard 4, =
Cavity forward (localhost, boa-d 4...
Cavity reflected (localhast, board ...
Reference (localhost, baard 4, sig...
= Hardware Info
-1 lozalkost
0 - Interconnection Board (ICB|
1 - Vecto Modulator (W)
2 - 1iming Modue [ CM)
4 - ADC Board (ADCD)
System log

Cavity tuned manually

Instrorrentationiechmnol ogies i beEra R

-24 ﬁ“ﬂ.ﬁ
16 KM
28 B

Sain [dD]
L
[}

L,
LLRF 3ys-em
Strucure Cavity signal Cavity respcnse Cavity response (Myguist) | Detute vs. time
=i LLRF Sy=:em , GD: 371 ns Q: 1633 ¥| Shaw robe | | Show FWD+RFL | Show Decay | Calc Deture
Stability ana ysis
-} Signals Detune
Partizl vector sum (localhost, boa ..
Glubl weLlor surn (lucdlbosl, bud... Sweep: 0.002 MHz Decay: 20.5€6 MHz
Frror signal loralhest, hnard 7, =i
Incegrator out (localhost, board 1,... -14 ras frae <395 995 i
; -16
LLRF drive [I] (localhost, becard 1, ... = ampliude: -15.738 4B

"‘QQQQ
Ly,
0
W”
J'r&-(;.c_._=
"—u-_,__‘_“::\

-30 et
i e RFfreq.. 325224 MHz
I T T T T T T T T T T I T T T I T T T I T T T ]
3246 324.8 325 325.2 325.4 325.6 325.8
Frequency [MEz]
200 :
hase: 146,355 det
150 %MM p d g
= 0 "‘"“‘WW
_E 50
0 : M
g 50 Hw
ey
T T T T T T T T T T T T T T T T ]
325 325.2 325.4 325.6 325.8

Frenuency [MHz]

(325.222 MHz , Q ~1700) ™

Phase offsets not compensated

| Rl output OM Libera systern. 192.160.1.1 (1.2-3999-r999%9 devbuild) Loop clos=d 1.2-114-r7922 trib-rcl

GUI by Instrumentation Technologies
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FAIR

First experience with Libera LLRF

Beamload — 50%

Flat top (amplitude, phase) Flat top (amplitude, phase) @ &
Statistics Statistics Input signal Refresh rate
Amplitude: AVG 1.814V RMS 1.3208 V (72.803%) Power level: 0.000 kW 15173 dBn  Amplitude: AVG 0209kV  RMS 0.1364 kV (65.393%) Amplitude: 0.089 V
e=———x———17] 1.00Hz
Phase: AVG 103.256 deg RMS 58.3324 deg Center AVG Phase: AVG 10170 deg RMS 16.3535 deg Center AVG Power level: 0.079 mW -11.036 dBm
7 0.4 80
6 0.35 l\ L 7
] ] 60
] 0.3 4 ]
5 E 1 E
] _ ] l 50
g ] g0 ] CEE
w4 = ] 2 204
2 ] 3 024 w ]
= ] 2 4 @ 7
g3 ~ = E A W3
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] E 10
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7 935 3 03 o v 4
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— T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
350 400 450 500 550 600 350 400 450 500 550 500 350 400 450 500 550 600
time [us] time [us] time [us]
Flat top (amplitude, phase) Flat top (amplitude, phar ) [=]Es)
Statistics Input signal Statistics “esh rate
Amplitude: AVG 0.300kV RMS 0.0062 kV (2.055%) Amplitude:  Amplitude: AVG 1.300kV  RMS 0.0006 kV (0.198%; AI I l pI . O . 1 9 80/0
T 1.00Hz
Phase: AVG -0.017 deg RMS 0.4687 deg Center AVG Power level: Phase: A’ G -0.027 deg RMS 0.1251 deg Center . o
Phase 0.125
] ! (RMS!)
0.34 0 ]
B ~ 0.301 o
] 10% ] (smaller ampl.-> ADC range)
= ] S 0.3005 —
20327 = 3 ] | IL \ l” ; ) g o2
= 1 v f I =
3 4 2 03 i | A l 'J ﬂ H | ]
Tg 0.3 ] %Wmf?“wr WMMW Tsl ] ’ ! 1 ‘ * ' U g o
< | < 0.2995 ||[||1 *]u "
1 0.289 !
0.28 | 3 -0.2
] 0.2985
0.26 - 0.298 - -0.4
T T T T T T T T T T T T T T T T T T T T ————T T T T T [ T T T [ T T T T | T T T T T ——T—T T T T T T T T T
440 460 480 500 520 540 560 5 500 510 520 530 540 500 510 520 530 540
time [us] time [us] time [us]
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F_\l R Beamload 100%

Flattop (amplitude, phase)
Statistics

Amplitude: AVG 2.094V RMS 1.6948 V (80.943%) Power level: 0.000 kW 16.419 dBm

Flattop (amplitude, phase)

Statistics Input signal

Amplitude: AVG 0141 KV~ RMS 0.1477 kV (104.615%) Amplitude: 0.080V

Phase: AVG 74.543 deg RMS 84.8700 deg Center AVG Phase: AVG 18.856 deg RMS 19.2258 deg Center AVG Power level: 0.036 mW -14.425
7 0.5 80
_.6 < 04 60
= [ 5o \ L 3
i
T 4 © 0.3 = 40
25 E 7 \ :
g L. ] [ E 0.2 l & 20
<, < 0.1 | ! “ o
0 — 0 3} S \ -20
17 T [ T T [ T — e e e T —— —
350 400 450 500 550 600 s00 400 500 6500 700 300
time [us] time [us]
Flat top (amplitude, phase)
Statistics Inp.t signal
Amplitude: AVG 0700k RMS 0.0006 kV (0.184%) Amplitode: 0128V
Am pl . dI’OpZ~ 20% Phase: AV -07".deg RMS 0.1228 deg Center AVG Power leve’: 0.163 mW -7.884 dE
0.307" 0.4
-1 — 0.2
2.3005 1 ‘M =
T 03 bR l =
£ 0.2995 { L M R m -0.2
£ 0.299 =
< p.2985 04
0.298 0.6
| T T T T | T T T T I T T T T | T T T T I T T _'_
Ampl 0 18 % 500 510 520 530 540 500
. . time [us]
Phase 0.12 °
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pLinac RF Test Stand:
F-\I RF Test Stand Overview

Planned RF test bench

for the klystrons and the
pLinac cavities:

» Klystron already available (Toshiba
E3740GSI)

» Power supplies by Transtechnik (ready
March 2012)

» Low-level-RF ordered (feed forward and
feedback): Instrumentation Technologies

 Circulator, RF load and waveguides
from commercial manufacturers

* Driver amplifier from "RES Ingenium /
Italy" (already delivered and tested)

» Delivery of first CH cavity: Dec. 2011
* RF operation at test stand: June 2012

Gerald Schreiber, GSI RF Group 20
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F_\IR Conclusion iﬁ

The FAIR pLinac plannings are in progress, building
construction starts in 2012, pLinac ready for commissioning:
2017

A dedicated RF test stand is under construction for klystron-
and cavity tests, first RF tests mid of 2012

pLinac LLRF control loops: slovenian inkind contribution

first experience with the Libera LLRF test system

— Even with further optimizations (Pl parameters, experimental
setup, ...) an LLRF feed-forward implementation for the beam
loading compensation is recommended!

— Pulse pre-shaping is needed
— Linearization of klystron gain (?)

Gerald Schreiber, GSI RF Group 21
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