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Status of the RF-System for
the proton accelerator facility

at PSI

Markus Schneider, RF power amplifier
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Status of the RF-System for the proton accelerator facility
at PSI

 Overview of proton accelerator facility

 Upgrade of Ring cyclotron
new copper cavities

« Superbuncher

 Upgrade of Injector 2 cyclotron

Thanks to my colleagues of the RF-group
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Paul Scherrer Institut

PSI-West <
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590 MeV proton beam
« 2 MA operational beam current

e 2.2 MA max achieved beam
current

 Planed to increase up to 3 mA

Protons beam

Neutrons beam

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Proton accelerator facility
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590 MeV Ring Cyclotron

Separated Sector Cyclotron

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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590 MeV Ring Cyclotron

- 8 Sector Magnets 1T

- Injection energy: 72 MeV

- Extraction energy: 590 MeV

- Accelerator frequency: 50.63 MHz

- 4 Accelerator Alu-Cavities: 730 kV

- Beam current: 2 mA

- Number of turns: 202

For 3 mA beam current

- 4 Accelerator Cu-Cavities: ~1 MV

- Number of turns: ~ 160

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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“old” Alu-cavity

PAUL SCHERRER INSTITUT

o
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New Cu-cavity

beam-
level

New 50 MHz Cu- Cavity, Ring

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland

Fifth CW and High Average Power RF Workshop / CERN / March 2008
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The New 50 MHz Ring Cyclotron Cavity

I poconance frequency: 50.6328 MHz
IS Accelerating voltage: 1.4 MV

Dissipated power: 500 kW
Q value: 45000

e Tuning range: 540 kHz
Cavity wall: Cu-OFHC
Support structure: 316LN

| Vacuum pressure: le-6 mbar
Cooling water flow: 34 m3/h

~ Dimension: 5.6x3.9x0.95 m
Weight: 25'000 kg

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Inside the Cavity

Coupli‘g loop
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Site Acceptance Test

Each cavity 24h test run at
nominated power
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Replacement of 50 MHz Ring Cyclotron Cavities

SD 2004
Cavity 3 replaced

1 SD 2006
(75 Cavity 1 replaced

SD 2008
Cavity 2 & 4 replaced

Start of operation with beam
in April 2008

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Burned finger contacts in transmission line 2007

100 - 230 RL transmission line to Cavity 1 Burned finger contacts of spherical joint

Reasons: - Sphere in wrong position
- Angle of elbow out of tolerance (83° instead of 90 +/- 5°)

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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50 MHz 1 MW amplifier chain for Ring cyclotron

4- STAGE POWER AMPLIFIER CHAIN, EMPLOYING POWER TETRODE TUBES

10 kW 100 kKW 1 MW L

|

TkW
MODULATORS
s- E—
& CONTROLS; —'| DPA D D D _E_’

20W AMPLIFIER F.A) P.Aa PA Acceleration cavity |
Harmonic-f Harmonic-f Harmonic-f
| Absorber Absorber ) Absorber N fn = 50.6 MIHz
Ref. Values n = /2 Transmission Line
Control & Interlocks (25 - 45 m length)
Tube Types: YL 1056 RS 2022 CL RS 2074 HF RS 2074 HF
Cooling Method:  forced air forced air water water
Setup Power dissipated | Beam power at | Beam power at | Total Power
in Cavity 2 mA 3 mA
(no Beam) beam current beam current
Alu cavity 202 turns 350 kW 300 kW 650 kW
Cu cavity 202 turns 250 kW 300 kW 550 kW
Cu cavity 160 turns 400 kW 450 kW 850 kW

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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SPINNEREI

.......

Low Level Electronics 5 x 50 MHz 100 kW Amplifier
1 kW & 10 kW amplifier Tube box from Siemens
PLC for 100 kW & 1 MW amplifier
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FRIES

Final stages:

4 x IMW 50 MHz

1 x 150/ 220 kW 150 MHz
Air cooling, trombones

2 spare amplifiers

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland

Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Potential problems for 3mA at the Ring cyclotron

W il o)

Limit of RF-power coupler unknown

Water cooling system for tubes at power limits

now Inlet 55°C Outlet 80°C
PA=500kW Inlet 45..50°C Outlet 80°C
Heavy beam loading

no beam P =400 kW Zin ~ 85 Ohm
3 mA P=850kwW Zin ~40 Ohm
Amplifiers pushed to limits

-> reliability

-> |ifetime of tubes?

Flattop system is working on the limits
Cavity, transmission line, amplifier

With Superbuncher flattop voltage might be reduced

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland

Fifth CW and High Average Power RF Workshop / CERN / March 2008



590 McV Ringeyelotron |

PAUL SCHERRER INSTITUT

Buncher between Inj. 2 and Ring

72 MeV Injector 2

870 ke

Cockeroft-
Walton
preacc.

T2 MeV proton beam
for 1sotope prod.

Variable energy
Injector 1

590 MeVbeam to

meson producton targets

and

neutron spallaton source

10

04

beams for low energy exp.

10

 proton bunch length at the exit of

Injector 2 is about 6 cm

* increases up to about 20 cm at the

end of the 58 m injection line for
the ring cyclotron due the energy
dispersion and space charge
repulsion

« Buncher between Inj. 2 and Ring

e Design studies on 150 MHz and

500 MHz

» 30 kW tetrode amplifier at 500 MHz

from LURE

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland
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500 MHz Buncher, between Inj. 2 and Ring

Drift-tube
" NODAL SOLUTION el
Body. i gt 20
SUB =1 NO. 1
TIME=1

il 41.087 17 53,262 e 55,437 .9 77,611 .00 89,786 |
1 AN
Tuner NODAL SOLUTION JAN 7 2005
STEP=1

08:02:19
I FLOT NO. 1
| |

250 500 mm

SUB =1
FREQ=.505E+09
HSUM (AVG)

SMN =.319E-05
SMX =.076048

Resonance frequency: 506.328 MHz

Gap voltage: 218 kV

Quality factor: 34°000

Dissipated power: 10 kW, max 30 kW — e
Hydraulic tuning system range: 2.34 MHz

Cavity wall: Cu-OFHC

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Assembling of buncher

Test installation in beam line

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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RF-System of 500 MHz Superbuncher

Solid State amplifier

20w

150w

>—>—

RK I

Transmission line

YYYYYYYY:

LLRF

Rack 2

LLRF

Rack 1

Amplifier
control
Ugl
Ug2
Filament

Final stage 61/8"EIA
Trombone
30kW Circulator
N RK | /) Rkl
H ' & /
V 127 3 ar 2
TH563
TH 18550
50 ohm load
Coaxcabel 7/8"
vault
! 1
| Super RK I

Buqfher 1 5 3 \\

Transmission line
61/8" EIA
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Test facility Superbuncher

RF-station 506 MHz / 30kwW Test vault

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Solid state amplifier 506 MHz / 1 kW

Power supplies e Driver stage 8 x 120 W solid state amplifiers

combined

Measurement »  Till now driver module failed due to bad
soldering contact. Repaired, but transistor
Cooling bar destroyed. Module will be replaced by PSI

design of Marcos Gaspar.

Solid state modules * Only one spare module from Lure left

Splitter «  Maybe whole solid state amplifier will be

replaced by PSI design.

Combiner

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Amplifier 506 MHz / 30 kW

» Coaxial cavity amplifier
TH18550 from Thales

e Thales tube
Tetrode TH563

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Commissioning of Superbuncher

e Low level measurements

« Amplifier tested on dummy
load up to 20 kW

» Tests on Superbuncher:

a lot of multipactoring

« At 2 kW dissipated power

ceramic tulip for RF-pickup
broken

Inductive pickup
« At5 kW dissipated power with ceramic tulip

circulator broken

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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6 1/8 “ EIA Circulator for Superbuncher

Outer conductor of circulator

Disk with ferrites

Circulator in repair till April 2008 ->  Circulator will be equipped with ARC-detector

Test of Superbuncher at nominated power
Installation in beam line on maintenance days summer 2008

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Injector 2

* Injection energy: 870 keV
e Extraction energy: 72 MeV
* Accelerator frequency:  50.63 MHz

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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RF system of Injector 2

BILL ] LLf—Fawes
J". i w1 an

GWRT
_— --_- e awhi
| LT
1 e —— Wi
—f L VERT. STR.FUHR.

Resonator 1 & 3
50 MHz
double gap resonator

Accelerating voltage 420 kV

Power dissipation 150 kW

Resonator 2 & 4
150 MHz resonator

Accelerating
voltage 30 kV

18G° Power dissipation
... 3.5 kW
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Inj. 2 Power upgrade 2003
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Inj. 2 Resonator 2 Power upgrade 2003

Combiner

2 X é kW Load

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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3 mA upgrade of Inj. 2

e Number of turns:

Beam current 2mA 82 300{ Upeak [kV]
Beam current 3mA  ~65 - 30 Miiz Resonator

* Higher energy gain per turn on outer radius A0

150

* Replacement of resonator 2 and 4 i1 .
(150 MHz by 50MHz) // \\\
including new amplifier chain and low level RF~ *" 150 MHz Resonator
Resonator 2 planned in SD 2010 ?? 0 . . . .
Resonator 4 planned in SD 2011 ?? 0.0 05 10 15 20 25 30

Radie [m]

- _ Gap voltage versus Radius of existing resonators
» Later replacement of amplifier chain and low

level RF of resonator 1 and 3
Using same system as for resonator 2 and 4

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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New 50 MHz Resonators 2 & 4 Injector 2

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008
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Specification:

Resonance frequency:
Gap voltage:

Power dissipation:
Tuning range:
Materials:

Vacuum:

Flow of cooling water:
Size:

Weight:

PAUL SCHERRER INSTITUT

kV
400

50.6328 MHz 300

400 kV 200}

45 kW @ 400kV 100 / dap VOItage
/ VS radius
250 kHz Bs 1 15 ) 25 3 35

EN AW 1050, EN AW 5083
le-6 mbar

15m3/h

5.3m x 3.3m x 3.0m (LxWxH)

6 to
Resonator 2 ordered

Delivered to PSI beginning of 2009
Test in Summer 2009

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland
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Injector 2 with new Resonators 2 and 4

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008



L]__: PAUL SCHERRER INSTITUT

Schematic new RF-system Inj. 2

Versorgungsraum Inj. Il Versorgungsraum Inj . |1

I | I |
WHFA Inj. 1l vault
: Ground floor : Underground floor : | J
|
| | | |
| | | I
! | ! | ! | !
| AlD | } vi | OWA 7 l | 7 OWA i Resonator 1
| I | |
I 2 kW | 35 KW I 360 kW |
| I | |
| | | |
| | | |
| I | |
| | | | | | I
| Alp | i / | OWA 7 i | vi OWA I Resonator 2
I | I |
I 2 kW | 35 kw I 180 kW I
| | | |
e L | | |
| | | |
| | | I
' [ ' [ ' [ |
| Al> | I / | OWA 7 I | vi OWA ] Resonator 3
| | | |
| 2 kW I 35 kw | 360 kW |
| | | |
| I | |
| | | |
L | i — J Moo |
: AR I : / I OWA 7 : I vi OWA : Resonator 4
| | | |
| 2 kw | 35 kw | 180 kw |
| | | |
: LLE Predriver : Driver stage : Final stage |
|
] 1 ] '
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Amplifier chain for Resonator 2/4

| /i

31/8 " EIA 6 1/8 " EIA
transmission line transmission line

| OWA ,Vr \ I /W OWA Resonator 2

Al

| 7

2 kw

35 kW

180 kW

LLE

Predriver (2 kW)

Solid state amplifier

Driver stage (35 kW)
Tetrode Amplifier
Thales RS 2048 CJC

New design by PSI

Final stage (180 kW)
Tetrode Amplifier
Thales RS 2074 HF

Copy of 1MW design
Reduced power supply

OWA | Higher harmonic absorber

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland
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Amplifier chain for Resonator 1/ 3

| /i

31/8 " EIA RL 100 - 230
transmission line transmission line

| OWA ,Vr \ I ,W OWA Resonator 1

Al

| 7

2 kw

35 kW

360 kwW

LLE

Predriver (2 kW)

Solid state amplifier

Driver stage (35 kW)
Tetrode Amplifier
Thales RS 2048 CJC

New design by PSI

Final stage (360 kW)
Tetrode Amplifier
Thales RS 2074 HF

Copy of 1MW design
Reduced power supply

OWA | Higher harmonic absorber

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland
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Layout of final stages for Inj.2 in WHFA

Amplifier
Inj. 2
vault

Reduction to
6 1/8 “ EIA

6 1/8 “ EIA
Transmission line
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Inj. 2 vault and WHFA

power
supplies

Plate
power
supplies

Amplifiers

Driver
stages
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New building WHFA

&

End of 2007 End of March 2008

Paul Scherrer Institut « 5232 Villigen PSI « Switzerland Fifth CW and High Average Power RF Workshop / CERN / March 2008



