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SC Linac Technologies for Mid-Beta

B Low rf losses ==p efficient cw operation
S0 B Short, modular, independently phased == multi-ion flexibility
Cavities M Large bore 4-7 cm==p- large transverse acceptance
B High-gradient ==» compact
B Low frequency ==p large longitudinal acceptance
SC : . ‘ :
B Mechanically rigid == |ow microphonics
Spoke : : : : :
Cavities B Radial coupling, tuning == high packing factor
B Sparse mode spectrum == good HOM extraction?

B

0.1<p<0.3 0.15<p<0.8 0.5<p<1.0
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|. Background
Single-Spoke Cavities for Mid-Beta

High-Beta~1.0

PR TN Coupler port

352 MHz 3=0.35 IPNO
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|. Background
Multi-Spoke Cavities




Il. Applications
Proposed Spoke (HWR) Cavity Applications

Applications

# of Spoke
F Particle or HWR
requUENCY | peta (vic) Cavities | Duty Factor
(MH2) type (total
cavities)
345 0.4,0.5, Proton to 134
0.62 Heavy-lon (207)
0.285, Proton to 297
322 (HWR) 0.425 Heavy-lon (481)
Cw
Proton
352 0.3, 0.385 . 100-200
Light-lon
100
350 0.17,0.35
(190)
Proton
90
325 0.2-0.6 Pulsed
(420)
176 (HWR) | 0.09, 0.15 DF;rL?tt:rr(‘)'n 42 cw




Il. Applications: Spoke —cavity based AEBL

he AEBL driver linac

Triple-Spoke 400 kW @200 MeV/u
345 MHz (for 238U)

B=0.50, 0.62

RFQ
- 57.5 MHz MHB

-

Q = 33+, 34*

ECR lon Sources
300 keV/u 14 keV/u (H* to 238U)

Advanced Exotic Beam Laboratory




Il. Applications: Eurisol

| H- HWRs n-generator UC, target

176MHz

3-spoke ISCL \Elliptical ISCL Elliptical ISCL
325 MHz 704 MHz 704 MHz

momoa | — - -w— One of several
’ target stations
100 B=0.09,p=0. ‘W B=0.47 B =0.65 B=0.78
keV 1 GeV!q l 1+ ion
1.5 MeV/u 60 MeV/q 140 MeV/q source
H, D+, >200 MeV/q 3He++
He = I, D+, Alg=2
lon
sources Low-resolution
A possible schematic layout mass-selector
for a EURISOL facility
Secondary \
fragmentation
target 8 HWRs 3QWRs QWR
ISCL ISCL ISCL Bunchi —
176 MHz 88 MHz 88 MHz i Ciargo
RFQs selector

High-resolution

ass-selector

Charge

B=0.14 B=10.065

=y

breeder
| p=0.27
20-150 MeV/u 9.3-62.5 MeV/u 2.1-19.9 MeV/u l
fj— (for 132511}

A
To high-energy l l To low-energy areas

experimental areas )
To medium-energy experimental areas E U RU L
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lll. Development: Mechanical Design

Die formed
and EB-
welded

—

Designed in 3D,
using MAFIA
Microwave Studio
ProE/ANSYS

3mm
(also 2
and 4 mm)
RRR>250
niobium

Niobium-to-stainless braze




lll. Development: Mechanical Design

Support ribs in E field and H field to essentially eliminate pressure sensitivity

Before
Machining
Ribs

After
Machining
Ribs

AfIAP = -0.5 Hz/torr




lll. Development: Electromagnetic Design
Example of Mode Spacing

Lowest TEM-like mpde 3-spoke 9-cell (TESLA)

Wim
b et B F D Mode | Freq. Aff Freq. Aff
6.03e6 WA / ctrsa.. BN # (MHz) | %off,. |  (MHZ) | o0ff, .
S-17e6 - = e ke & A B &4 4 4 = = B = ke
4.31e6 . N .. TN .B 1 345 1275.6 1.7
-'4.-::I-l-:|-a-:hg' g A s I > T
3-15e6 - ; -
E i = £ = =l = N = = Sy o -] A = B = k. 2 365 57 12776 16
Z,ifief 1 p
4 N = B a2 &l v v 5y 1 w w w % w = B o= 8
1.72e6 B 7 SOdiadiaiy Bl 3 401 14 1280.7 1.4
BE1997 L < - - R - . « K = « Ale
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» : i
U L e L e T L 5 482 40 1288.5 0.8
11715 % Db o R % R s mEEE
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---v--#dwwﬁiu:ﬂ-fhl:%%-&-wn
o s R Wb v &« SN 7 520.2 51 1295.5 0.2
70eq « . . . . ¢y B 0 E % . . - | il
H seor- D XN WY oy e b L - 8 534 55 1297.6 0.05
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B TEM modes strongly coupled; Large mode splitting; No cell tuning needed
M Easy radial access; no trapped modes; good for HOM extraction?
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lll. Development: Electromagnetic Design

Intersecting cylinders racetrack expanded spoke base

A “Fully” optimized EM design
Vv @ B=0.62 at FNAL

— B1

=,

Beta 041 | 0.54 0.62

BPEAK/EACC
MV | 647 | 666 | 617

N J

~

Preliminary ANL calcs.




Ill. Development: Optimizing Epga¢

Spoke-cavities = points E-cell cavities = solid lines
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I1l. Development: Optimizing Bpgak
Spoke-cavities = points E-cell cavities = solid lines
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V. Performance: A pair of triple-spoke cavities at 2 Kelvin

=
-~ E'nu W, K AFTER DEGASSING

A
A A
A - } 2 K BEFORE DEGASSING

A-—-

¢

&3 ® —
00}

4 K AFTER [;EGASSING
(~same as before degassing)

Filled Symbols — Beta=0.62 Triple-spoke Cavity
Open Symbols — Beta=0.50 Triple-spoke Cavity




V. Performance: Best Values Surface Electric Field

80

S
TESLA EP
£ 70
> ¢ JLab EP (A6,A7)
=
© 60
2
L e SNS ¢ CEBAF UPGRADE OC
o >0 ¢ SNS
- TESLA BCP
= *
S 40 ANL DSR /;PT' RIA/MSU/JLab
o ANLLREi JAERVKEKy o . #
- MSU Yo-waved A IPNO urisol ~ CEBAF UPGRADE HC
g 30
2
= M Genoa
o 20
<
X ik W HEPL
@ 10
=
0 T
100 1000 10000

Cavity Frequency (MHz)
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V. Performance: Best Values Surface Magnetic Field
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= 140
—
L)
E 120 A ANL TSR
SNS - o TESLABCP
© SNS
D 100 4 ANLDSRA  ANL  RIA/MSU/ILAD
c MSU ¥-wave AA |pNG N ab ¢ CEBAF UPGRADE OC
*
g: 20 o JAERIKEK® ®APT CEBAF UPGRADE HC
= -
-3 XADS/Eurisol
> 60
2
S .Genoa
e 40 - ]
q:. HEPL
&
= 20 1 K™
0 .
100 1000 10000

Cavity Frequency (MHz)

" Reference [15]
| . 17



V. Ancillary components: Couplers

300K " o : . _ Ceramic window
Ceramic Transition Transition Coupling Cooling pipes

feedthrough 0 300K to 80K loop

LN2 heat Flange connecting Inner conductor

exchanger to SC cavity (2 K)

B cw inductive power coupler — ANL
m Fully variable over 50 dB (window) — IPN Orsay

M cw capacitive power coupler

eference [16,1
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V. Ancillary components: Fast Tuners Magnetostictive tuner ~ ANL/Energen

Microphonics Damping with a piezoelectric tuner (4 Kelvin)

10 — T T T T T T T T
No Feedback
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B Electro-mechancial properties of SC Spoke
Cavities — Ph.D. Thesis, Zack Conway




Outlook for SC Spoke Cavities

B Superconducting cavities for the full velocity range required for proton
and heavy-ion linacs have been developed

Superconducting Spoke Cavities...
B Span most of the full velocity region

B Have large acceptance, low rf losses, good mechanical properties and
operate at high accelerating gradients

B May have interesting applications for electron linacs (very high beam
currents, difficult HOM extraction)

B Represent the technology of choice for many intermediate velocity ion
linac applications

B Spoke cavities are ready for primetime
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