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Current Situation:

4-Rod IH-RFQ IH1&IH 2 5 Alvarez Type DTL
2.2 -120 keV/u 120-743 keV/u -1.4 MeV/u 1.4 -11.4 MeV/u
Built in 1999 Built in 1999 Built in 1975
A/q < 65 (UH) | (mA)= 0.25 A/q 178 DC Quadrupole
| (mA)=0.25A/q Alg< 8.5 (U 28%)
to SIS 18% [
/A
MUCIS, HLI| (ECR, RFQ, IH) _ : IR EEE—
MEWA | g 108 MHz e },ﬁ!.
4 / HSI (RFQ,IH1,IH2) C"‘} Poststripper (Alvarez, Cav.)
1*% N \ ——Co-o-m—o
36 MHz Gas Stripper 108 MHz % i: )
PIG
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First ECR-RFQ-IH-DTL
combination

B Foto : A. Zschau / GSI

GSI HLI
12.5-300 keV/u, U 28+
el
. 25% df
Operational since 1991 ‘ @/
Possible upgrade: higher duty factor, matching, (water tube erosion)
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Solution:
to SIS18
Source LEBT RFQ — 3CCH-DTL 3CH-DTL b
| ' - ) % to Dump
95 keV 3 IVIeV 35 MeV 70 MeV
Beam Energy (MeV) 70
Beam Current (mA) 35-70
Beam Pulse  (us) 36
Repetition Rate (Hz) 4
Frequency (MHZz) 325.224
Norm. Emittance at output (um) 2.11/4.2
Momentum Spread <+ 103
Beam Loading (peak) (MW) 4.9
RF Power (peak) (MW) 2.2
Klystron (3 MW Peak Power) 7
Solid State Amplifier (50 kW) 3
Total Length (RFQ + CH) =27 m
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RFQ Parameters:

Parameter Value Parameter Value

f 325.224 MHz Voltage 80 kV
Beam current <100 mA E, <36 MV/m
Eout 3 MeV RF power <1 MW

€ 0ut.N,95%,trans <1.6 mm mrad Length ~3m

€ out,N,95%,long <2 MeV deg Rp,min 16.6 kOm
Pulse length 250 ps Mass flow 10 I/min

3 Possibilities: 4-Rod-RFQ, 4-Vane-RFQ, Ladder-RFQ
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RFQ-Prototype Parameters for the Ladder-RFQ prototype cavity:

(ideal values)

Parameter Value Parameter Value
Frequency 325.224 MHz No. of Cells 10
Q-Value 7200 Mini-Vane Length | 630 mm
Loss peak. 100 kW Ladder Height 150 mm
Loss av. 200 W Ladder Width 285 mm
Beam current max. 100 mA Ladder Thickness | 20 mm
Shunt-Impedance | 40 kQm Ladder Distance 40 mm
Voltage 80 kV
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[-h
LL=N0‘E

L _Ho ! In 2! _3 -
Q= e ) a)

where € is the fit parameter: 0.50 < £ < 1.0

n [0.80 <71 < 0.95] [Co is the ring-rod capacity]

Leff - LL -+ LQ
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Co[pF] = (L + d)[ 59.37 g ot +2528-ln(1+ll+lz)+885-v/2_p]
QP I = cosh-1 [(1 N &)/\E] Ro/p — 0.414 ' Ry +p ‘ hy +p
p
Rod — capacity, |. Ben-Zvi et al., Proc. LINAC 1990, last term added for used geometry
1-n L, +Ly/2
- . _ Q
CLQ o n CQ Ceff - [CQ + CLQ] | [ LL + LQ
Results from the model:
1
Wo = Single cell resonance Zero mode resonance
VLlerr* Cesr
LL . O, = ®o
k Coupling factor 0 Vitk

 2Legy

11
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Input parameters of vane and cell structure for analytical model:
h =240mm,b = 160 mm,l = 40 mm,d = 20 mm, Ry = 3.42 mm,p = 2.56 mm
hy =5.0mm,h, = 12.59mm,hy = 28.0 mm,V = 14 mm,e = 0.75,n = 0.85

-(—b—)

x 2hg

hy

Result: fo = 326Mhz = 10Mhz

12
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345
425 -
340 -
400 -
— 335 4
—~ 375 - (|+d)—const .
= o
= 350 - S 330 1
Prorf 2hg 2
325 - 325 -
3007 320 |
275 -
2,5 3‘() 3,5 4In 4,5 5’0 Ble ' . ' )
- 0.80 0.85 0.90 0.95
n
360
345 A
< 330 4
as
=
f—
o 315
300 -
285 1 : . : . .
200 220 240 260 280 300
h (mm)

Width and Height are important parameters for determining the frequency of a Ladder RII;Q
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—&— height b = 148 mm
® heightb =149 mm

R
A

o —4A—heightb =150 mm
T v heightb =151 mm
Y — - —4— heightb =152 mm
— In accordance
. A v with analytical

. T model

I ! | ! I ! 1 ! I ! I
277,0 2772 277 4 277,6 2778 278,0
width h [mm]
14
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Field-Flatness e
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after optimization

—— w/o optimization
! Relative E-Field difference
after optimization: max. 3%
0 100 200 300 400 500 600 700

Beam Axis [mm]
16



Coarse Tuning  corTHE 3%
(Cell Widths) AR g




Coarse Tuning GOETHEg
(Cell Widths) ~ SNDERSITAT

2 | 1

T

I

I

?

|

|

i
b4

18



e
-
A

Coarse Tuning GOETHE
(Cell Widths) ~ UNIVERSITAT

—a—h2 =5 mm
—e—h2 =6,25 mm
| —A&—h2=75mm
328 - —v—h2=8,75mm
- —4—h2=10 mm

329 -

frequency [MHZz]
B 8 B 8
£ @)} (o)} ~
1 | ] |

323
322

321
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Tuning — fine
Capacitive

Frequency (Mode 1)

326

325.5
325 A
324.5 -
324 {----eemmeed e At EEE LSRR SRR EEEE PR
Tuning wiith an accuracyof a few kHz |
323.6 i i i i i i i
0 10 20 30 40 50 60 70 80
tuner2
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tuner3=>5
tuner3=15
tuner3=25

tuner3=45
tuner3=>55
tuner3=65
tuner3=75

PhEtittt

Increase of C

0=—
VLC

=> Decrease of f

21
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Reduction of L:
L~

Q):deA

= Increase of f
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Cutplane name:

Cutplane normal:

Cutplane position:

32,2307

Frequency:
Phase:
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| |
329,6 - T
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=
) Tuner R
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3 to be checked?
()]
= .——-*""""ﬂr.
329.0 -
| /./
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| ! | ! | ! 1 ! | ! |
80 100 120 140 160 180

inductive tuning height (mm) 25
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Advantages:

» Tuning possible within a Range of ~¥2 MHz and with an accuracy of
approx. 1 kHz

» Inductive and capacitive tuning — no problems with conductivity, but
danger of multipacting and sparking in capacitive case

» mechanically very stable

» Achieving a Flatness of <2%

26
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upper half shell o ladder structure
| carrier ring

Pumping slots around
the frame

28

lower half shell mini-vane middle frame
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Reduced vis-a-vis surfaces by reasonable notches for efficient pumping:
(hf-currents are in the horizontal plane)

30
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(Assembly Video)  UNLVERSITAT
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Calculated with safety factor 1,5 (300 W Loss) Zﬂifé;:]

301.94 —

ATmax ~ 5 K 301,45

300,95

300.46 —|
299,97

299.48 —|

798.95 —|
205,49 ;
795

M
=
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Fixed Temperature value 295 K
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Advantages:

» Mechanical Stability

» relatively “simple” manufacturing process (against 4-Vane)
» Mechanical sizes adequate for 325 MHz

» very low dipole-moments

» Easy access for a fast service and maintenance

» Exchangability of electrode structure

36
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Prototyping Timeline:

» Tendering successfully completed and contracted in 05/2014
» Manufacturing Design Documentation started in 06/2014
» Manufacturing Release in 08/2014

» Disposition of Materials and commencement of construction in 09/2014
» Sheduled delivery in 12/2014

» First measurements, tuning and flattness-tests in late 2014 / early 2015

37
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Thank you!
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