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• Main problematic: 

• Bellows convolutions will generate wakefields  impedance 

• Not only degrades emittance, but will generate heat in thin walls
• Synchrotron radiation (or stray electrons) can damage bellows

• Storage rings usually employ shielded bellows to mitigate these issues   
• Many designs use RF sliding fingers to shield wakefields from bellows convolutions

• One argument made against those designs, and when bellows are adjacent to SRF 
cryomodules/cavities, is that sliding contacts create particulates 
major issue when particulates drift into SRF cavities  

• Therefore the concept of unshielded ‘low impedance’ bellows was conceived several 
years ago, e.g. for APS Short Pulse X-ray (SPX) cryomodule
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Note: Fingers in nominal position

Large number of RF fingers, small transition angle inside bellows

PAC 2009

IPAC 2012

APS-SPX ‘unshielded’ bellows added
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Impedance optimization done considering
1) Location of the slots and their geometric dimensions
2) Generation of HOMs inside the bellows due to slots   

between RF metal and fingers
3) Vertical offset of RF spring fingers

NSLS-II APS

0.036” (0.91 mm) fingers made from quarter-hard 
Be-Cu sheets by wire EDM

PAC1999

PAC2009

SPEAR 3 CDR, 1999

σz = 4.9 mm (10.7 mV/pC)

SOLEIL
Could not find any reference online
(citation link in paper is not working anymore)

EPAC 2006
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DAPHNE, EPAC 1999

IDb.t. = 88 mm
IDbellows = 130 mm
ODbellows = 160 mm
L = 50 mm

20 omega-shaped
0.15mm Be-Cu 
shielding strips
(gold-coated, 10 um)
centered and supported by
Aluminum ring with
8 Be-Cu springs 
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KEKB, 1996

Finger type RF shield
Expansion/extraction: 20 mm
Lifetime: 105 cycles with 1 mm stroke
IDb.t. = 100 mm, L = 160 mm

50 Contact fingers:
0.2 mm Be-Cu (C1720) 
5.5 mm width, 0.5 mm gap
Spring fingers:
0.3 mm Be-Cu (C1720),
4.6 mm width, 2.4 mm gap
contact tip coated
With TiN (1 um)

Note: Several bellows near movable masks (collimators)
suffered damages from excess heating (11 kW at 1.7 A)
Also: metal dust observed due to abrasion between 
contact fingers and inner tube of spring fingers

KEKB, PAC 2005
Comb-type vs. finger-type
higher thermal strength
lower impedance 

Racetrack bellows for IR region
W x H = 150 mm x 50 mm 

Circular bellows for movable mask
Comb-type RF shield
RF shield made from copper (C101
Flanges are made from SS316
IDb.t. = 94 mm, L = 160 mm

Comb-type RF shield for gate valve
RF shield made from copper (C1011)
Flanges are made from SS316
IDb.t. = 94 mm, L = 95 mm
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KEKB, PAC 2007

~11 mV/pC

~4 mV/pC
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PEP-II Type shielded bellows
with round beam pipes
(engineering model from R. Lassiter, M. Wiseman)

SLAC-PUB-95-6992, 1995

Finger type RF shield
Expansion/extraction: 20 mm
Lifetime: 105 cycles with 1 mm stroke
IDb.t. = 100 mm, L = 160 mm

50 Contact fingers:
0.2 mm AL-15 GlidCop (x2 higher thermal conductivity than Be-Cu) 
4 mm width
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(1) gap-independent: 
Designs that demand 
radial change in
chamber profile, whose 
longitudinal gap variation does 
not strongly affect wakefields

(2) ‘gap-dependent’: 
Designs that do not demand 
radial changes except in a high 
capacitance gap, whose 
longitudinal variation strongly 
affects the wakefields

(2) Based on KEK design
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based on Daphne design, 
8 Be-Cu alloy strips
 TEST done: difficulty to keep evenly distributed 
contact, and mainly with lateral displacement,
strip thermal resistance to softening with standard Be-
Cu alloys was not satisfactory for bake-out cycles over 
machine lifetime 

Be-Cu alloy strips

Silver-plated, lodged coil springs for axisymmetric 
electric contact

Silver-plated spring
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Spec.: 0.5 mm lateral gap between neighboring teeth,
when fully compressed, spring-coil in an axisymmetric 
groove at tip of teeth provides electrical contact, 
opposite teeth have sliding groove almost along entire 
length
 Shielding proved effective
 12 teeth provided good compromise between 

mechanical and electromagnetic aspects, but 
limited compression (requirement 9 mm)

 20 teeth no longer feasible with gear-type design 
with longer fingers
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Choice: Telescopic bellows

Downside:
1) Tight fitting tolerances required

to prevent locking of movement
when subject to radial forces
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Machine Bellows type Beam tube
radius
(mm)

Bunch 
length
(mm)

Convolution
peak to valley
(mm)

κz
GdfidL 3D
(mV/pC)
2011

κz
CST 3D
(mV/pC)
2011

κz
ABCI 2D
(mV/pC)
2011

κz
ABCI 2D
(mV/pC)
Frank 2019

Be-Cu design unshielded, 3 conv. 25.4 10 8.51 - 33.5 34.7

Nb design unshielded, 5 conv. 25.4 10 6.1 - 19.8 21.5

Design 1 unshielded, 5 conv. 25.4 10 3.8 6.0 4.2 5.19

Design 2 unshielded, 4 conv. 25.4 10 6.44 27.6 23.7 25.8

Design 1.1 unshielded, 5 conv. 25.4 10 5.9 12.9 5.0 11.07

Design 1.11 unshielded, 5 conv. 25.4 10 3.2 - - 1.46

Design 1.12 unshielded, 5 conv. 25.4 10 4.0 2.53 ? - 1.51

unshielded, 5 conv 25.4 3 4.0 436 ? - 342.8

Design 1.13 ditto, 7 conv. 25.4 10 4.0 4.47 ? - 2.70

Design 1.2 unshielded, 5 conv. 25.4 10 3.1 4.0 2.9 3.23

Design 1.3 unshielded, 5 conv. 25.4 10 6.0 15.3 8.0 14.2

Bellows (PS/GdfidL)
Slides received from Haipeng W
Part of ANL Bellows Developme
2011

Bellow Design Consideration
Genfa Wu,
SPX mini-workshop, July 2011
Incl. loss factors with from G. W    
Feingold
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Be-Cu design

Nb design

Design 1
Design 1.1

Design 1.11 Design 1.12

Design 1.2

Design 1.3

Design 2

1

10

100

1000

3.0 4.0 5.0 6.0 7.0 8.0 9.0

long. loss 
factor (mV/pC)

convolution peak to valley (mm)

@ σ = 10 mm, 5 convolutions

beam pipe radius strictly in convolution middle
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Machine Bellows type Beam tube
radius
(mm)

Bunch 
length
(mm)

kz
GdfidL 3D
(mV/pC)

kz
CST 3D
(mV/pC)

kz
ABCI 2D
(mV/pC)

APS-SPX
(SPX0 American BOA Mark IV)

unshielded, 2 x 2.5 conv. 25.4 10 1.517 - -

APS-SPX
(SPX0 American BOA Mark III)

unshielded ,2 x 3.5 conv. 25.4 10 1.851 - -

APS-SPX
(SPX0 American BOA Mark II)

unshielded, 2 x 2.5 conv. 25.4 10 0.920 - -

APS-SPX
(SPX0 American BOA Mark I)

unshielded ,2 x 3 conv. 25.4 10 4.177 - -

Design 1.2 unshielded, 5 conv. 25.4 10 1.97 - -

Design 1.3 unshielded, 5 conv. 25.4 10 - -

Bellows Status and Plans
Genfa Wu,

SPX design reviews, August 2011
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IPAC 2012
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Machine Bellows type Beam tube
radius
(mm)

Bunch 
length
(mm)

κz
various codes ~2011
(mV/pC)

κz
ABCI 2D 
Frank 2019
(mV/pC)

κz
CST 3D 
Frank 2019
(mV/pC)

APS shielded (finger type) 3 64 - -

SOLEIL shielded (finger type) 3 20 - -

SPEAR3 shielded (finger type) 3 67 - -

NSLS-II shielded (finger type) 3 18 - -

SIRIUS shielded (telescopic) 3 ~42 - -

KEKB shielded (finger type) 47 3 ~11 (MAFIA no gaps) - -

KEKB shielded (comb-type Ver. 0 ) 47 3 ~4 (MAFIA no gaps) - -

PEP-II round shielded (finger type) 45.06 3 - 55.3 

PEP-II octagonal shielded (finger type) W x H = 
90 mm x 50 mm

3 - 48.4

APS-SPX
(SPX0 American BOA Mark IV)

unshielded, 2 x 2.5 conv. 25.4 3 455 438.6 436.6

APS-SPX
(SPX0 American BOA Mark IV)

unshielded, 2 x 2.5 conv. 25.4 10 1.517 1.419 1.777

APS-SPX
(SPX0 American BOA Mark III)

unshielded ,2 x 3.5 conv. 25.4 10 1.851

APS-SPX
(SPX0 American BOA Mark II)

unshielded, 2 x 2.5 conv. 25.4 10 0.920

APS-SPX
(SPX0 American BOA Mark I)

unshielded ,2 x 3 conv. 25.4 10 4.177

APS-SPX Design 2.2 unshielded ,2 x 2.5 conv. 25.4 10 1.97 1.952



APS (finger-type)

SOLEIL (finger-type)

SPEAR3 (finger-type)

NSLS-II (finger-type)

SIRIUS (telescopic)
PEP-II (finger-type)

KEKB (finger-type)

KEKB (comb-type 
ver.0)

APS-SPX (American 
BOA Mark IV)

1

10

100

1000

1 2 3 4 5 6 7 8 9 10

long. loss factor 
(mV/pC)

bellows design

Long. Loss Factors @ σ = 3 mm
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factor ~114 from best shielded 
design to optimized SPX0 
unshielded ‘low impedance’ 
bellows
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• 953 MHz cavities have 55 mm beam tube radius

• Starting point: Scale APS-SPX (IV) design to radius

@ σ = 10 mm

SPX0 American BOA Mark IV)
2 x 2.5 convolutions
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• Double-Bellows Design

• Increase radius of APS-SPX (IV) design

@ σ = 10 mm

appr. resonant frequency
b = beam pipe radius
∆ = corrugation depth

Here: ~14 GHz
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