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500 MHz, Single-cell
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350 MHz, 4-cell, Nb on Cu
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1500 MHz, 5-cell
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1300 MHz 9-cell
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Pill Box Cavity

Hollow right cylindrical enclosure
TM,,0 mode

Operated in the TMy,, mode H, =0

FE, L, _10F, |, 240 S

Z
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Modes in Pill Box Cavity

* TMogp
— Electric field is purely longitudinal

— Electric and magnetic fields have no angular
dependence

— Frequency depends only on radius, independent on
length

° TMOmn

— Monopoles modes that can couple to the beam and
exchange energy

* TMlmn

— Dipole modes that can deflect the beam
« TE modes

— No longitudinal E field

— Cannot couple to the beam

W
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TM Modes in a Pill Box Cavity

E. nzR [ r) . [ zj
— =———1J/| X, = |SIin| nz— |coslep
E, X, L R L

E, InzR? ( rj . [ j
J,| X, = |sIn| nT—|sinlg
E, x2 rL R L

m

5 (g Jsne )
—L = J,| X, = |sin| nz—|coslgp
E, R L

H, | R’ ( r) ( j
=—lwge ——1J,| X, — | C0S| Nz — |sinlg
R L

2
E, Xjo T

H, . R _, r Z
— =—lwe—1J/| X,, —|Cc0S| nz —|coslp
X R L

m
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X, 1S the mth root of J, (x)
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TM,,0 Mode In a Pill Box Cavity

E,=E, =0 E =E,J, (xm %j

H =H, =0 H¢=—ia)gEoiJl(xmL)
Xo1 R

O = xm% Xoy = 2.405

R=201 ;03834
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TM,,0 Mode In a Pill Box Cavity

Energy content

U =¢gE, %Jf(Xm)LRZ

Power dissipation

R
P=E’—=7J7(x,)(R+L)R

2

Geometrical factor
Xo; L

2 (R+1L)

G=ng
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X,, = 2.40483
J.(X,,) = 0.51915
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TMO010 Mode in a Pill Box Cavity

Energy Gain
AW = E, isinﬁ—L
T A

Gradient
AW 2 . 7L

E.=——==E,—SIn—
A2 T A

Shunt impedance

n’ 1 A’ in2 (ﬂ'Lj

Ry, = 0 SIn® | —
R, 7737 (X,;) R(R+L) A
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Real Cavities

Beam tubes reduce the electric field on axis
Gradient decreases
Peak fields increase

R/Q decreases

wir
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Real Cavities

TMO010

f= 1323 MHz
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Single Cell Cavities

Electric field high at iris

Beam tube Cell Beam tube

OO
A ¥
O

Symmetry axis \_/

— > w Electric field

Electric Fleld

s ® & > ]
Iris > Iris
Ts '
Magnetic field X A . : A . . )
e == Y ; 8.0

Equator
\ Magnetic field high at equator
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Single Cell Cavities

0.11 Vipc
89 Qv/cell
R83
gy
i
2
(b)
Superconducting
B-Factory Cell Shape
Quantity " Cornell SC 500 MHz Pillbox
G 270 ohmQ 257 Q)
Ra/Qo 88 ohm/cell 196 Q/cell
Epk/Ea,cc 2.5 1.6
Hpk/Eacc 52 Oe/MV/m 30.5 Oe/(MV/m)
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Cell Shape Design

« What is the purpose of the cavity?

« What EM parameters should be optimized to
meet the design specs?

The “perfect” shape does not exist,
it all depends on your application
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Example: CEBAF Upgrade

» "High Gradient” shape: lowest E /E .
* “Low Loss” shape: lowest cryogenic losses

G(R/Q)

a. O -shane b, HG-shanc

Y

v
A A
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CEBAF Upgrade Shape Comparison

Table 1. Parameters of mner dumbbells

Parameters | rut O -shape HC-Shape [.I-Shape
(Ieg |mm)| L8703 | B350 L7400
(D1ris |mm)| EARLY G140 S50
k.. K 324 1.72 | .49
1 peate/ Tlace 2506 .89 217
B reak/ ace Im T {MV /m)? 4.56 4.26 3.74
Lorentz factor™ ky, [Haz (MY /m)-3 1.35 1.1 1.2
R0 |£2] UG5 LY 1 28.5
t/q= (R/Q)/length [£2/m] Uis [11% | 255
(5 |€2] 2738 265.5 2803
RO [ige] 20421 20709 3602

CEBAF Upgrade: cryo-budget limit of 30W/cavity. Higher energy gain can be obtained using LL-shape.

W
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New Trend in TM-Cavity Design

- The field emission is not a hard limit in the performance of sc cavities
If the surface preparation is done in the right way.

« Unlikely this, magnetic flux on the wall limits performance of a sc
cavity (Q, decreases or/and quench). Hard limit ~180 mT for Nb.

|

Bpeak / Eacc Should be low

.
; ;
1. Cavities may operate at 2. Cavities may operate at
higher gradients. =) | cryogenic load.

I:)dissipated . RS

Vazcc _G(R/Q)

W
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New Shapes for ILC

Firis [mm] 35 30 33
Kec [%0] 1.9 1.52 1.8
Epeak/Eace - 1.98 2.36 2.21
BpealEace | [MT/(MV/m)] 4.15 3.61 3.76
R/Q [] 113.8 133.7 126.8
G [] 271 284 277
R/IQ*G [« )] 30840 37970 35123

wir
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RF Simulation Codes for Cavity Design

The solution to 2D (or 3D) Helmholtz equation can be analytically find only for
very few geometries (pillbox, spherical resonators or rectangular resonator).

« O

We need numerical methods:

2 2 B
(Y +w g,u)A—O

T

y v
Approximating operator Approximating function
(Finite Difference Methods) (Finite Element Methods)

» 2D is fast and allows to define geometry of a cylindrical symmetric body (inner and end-
cells) of the cavity.

« 3D is much more time consuming but necessary for modeling of full equipped cavity
with FPC and HOM couplers and if needed to model fabrication errors. Also coupling
strength for FPC and damping of HOMs can be modeled only 3D.

W
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SUPERFISH

* Free, 2D finite-difference code to design cylindrically symmetric
structures (monopole modes only)

« Use symmetry planes to reduce number of mesh points

File di SuperFish Generato da BuildCav F = 1472.6276 MHz s
| | | | |

o - http://laacgl.lanl.gov/laacg
J -. /services/download_sf.pht
. . ml

11— =1
0 i T T T =0
0 2 4 6 8 10 12 14 16
C:\LANLV7\HALFCEBSC.AF 11-27-2006 16:58:22
wir
I
é? OLp
Jefferson Lab Page 23 [DMINION

UNIVERSITY



CST Microwave Studio

« EXpensive, 3D finite-element code, used to design
complex RF structure.

http://www.cst.com/Content/Products/MWS/Overview.aspx

* RunsonPC
i «  Perfect Boundary Approximation

Hexahedral mesh

wir
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Omega3P

« SLAC, 3D code, high-order Parallel Finite Element (PFE) method

 Runs on Linux | Example:

« Tetrahedral conformal mesh e
« High order finite elements (basis order p =1 -6

« Separate software for user interface (CuBit)

W
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Cell Shape Parametrization

* Full parametric model of the
cavity in terms of 7 meaningful
geometrical parameters:

v" Ellipse ratio at the equator (R=B/A)
ruled by mechanics

v" Ellipse ratio at the iris (r=b/a)

Epeak
v" Side wall inclination (o)
and position (d)
Epeak VS- Bpeax tradeoff and coupling

cC
v" Cavity iris radius R
coupling k.
v" Half-cell Length L/2=)p/4

p

v" Cavity radius D
used for frequency tuning

« Behavior of all e.m. and mechanical
properties has been found as a function
of the above parameters

irs
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Tools used for the parametrization

|
H H R - Build Cavity
ul avity: parametric tool for the P —
Radius [em]:  16.3764 - Cavity Geometrical Paramaters —
Fieguencilhiit] 804.99919 Frequency [MHz] 049637 Radius [cm]. 16,6976

analysis of the cavity shape on the EM wrne sz
-

t . ‘wiall angle [deg] 7. “wiall angle [deg]
p aral n e e rS . IEE S i Fi=B /4 equatarisl elipss i

w

1=b/a iris ellipse 1.7 r=b/a iz ellpse 5

— All RF computations are handled - E —
Halt Cel length, L [em] [Fea Half Cell length, L [om] 68 ]T
H. centers distance [cm] .
by SUPERFISH S mam il

Cavity beta value

Wﬂﬂ

— Inner cell tuning is performed B e :

FRun Superfish J Tune! J  Cavity Databass MultiCel

1 Superfish Execution

through the cell diameter, all the Ikl | ||

End Cell Tune End Group Tune
Hpeak/Eacc [mT /MY /m)]=5.44 Fraquency [MHz]-B04 9665

characteristic cell parameters stay  Goaae ™" B || e

dF/dR at equator [MHz/mm]=0.00 Epeak/Eace = 3.07

Constant R r a, d L R K [ooupling. %)-1.53% spout | O |

iris - ; - [E\SNScav mdb [1 [amamn n3eaM
EMSHScav.mdb Tuned Cavih1 | 8/28/00 T0:23 AM £ B E

— End cell tuning is performed T
. . . Min betain o5 e
through the wall angle inclination, o, = e & — [

Frequency=805.000 [MHz]

or distance, d.
are independently | it |

A
10 f

0s

B I

Ez[MVim] 0.0

-0‘5 \ i
\

Hpeak/Eace=5.73

Inner cell data

I e Y
|
-
@
(=]
=)

Epeak/Eace=272
R, L and R, | b
S = -15
S etta b I e . b Fac'?f:iﬁ:l:tae?a for this cavity is = 0,623 (0.623-0.628) 20 L =56.8 mm

2fem]

- - - - 105 R = 1
— Multicell cavity is then built to — r=17
minimize the field unflatness, o 1 aTatalalals g 1:17°

. TTF 085 ! K‘l.l‘ U L \' ’\‘ | '\ } \__\ = mm

compute the effective  and the — R..=43

035 iris
final cavity performances. s mm

—

0.85

054 056 058 060 062 064 066 068 070 072

— A proper file to transfer the cavity
g eom etry to A N S Y S | S th en | 8 cell caviy Intemal Cell 671 Left Celt 106 Right Cell- 8 From database: C:ABCavWF\Cav2504 mdb] [a2200 [5:31PM wr
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Parameter Choices

» Choose the cavity frequency —>Equator diameter D

« Accelerate electrons (B=1) or protons (several
designs with § < 1)?
Cell length, L = Ap/2

W
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One Big “Knob”: R, ..

Why for a smaller aperture (R;s)?

e (R/Q) Is bigger
/Eacc + Bpeak/Eacc 1S lower

Epea

E... is higher at the same stored energy in the

acc

cell

o
©

—
(2]
=
<
)
=
o)
S
<
—
~~
N
~
L

R, is= 40 mm Riis =20 mm

iris™
E, (z) for small and big iris radius
AL

0
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More on R,

Iris

We know that a smaller aperture makes:

- (R/Q) higher

* Bpeak/ Eacc , Epeak/ Eacc lower

but unfortunately a smaller aperture makes:
- HOMs impedances (k ., k ) higher
- cell-to-cell coupling ( k.. ) weaker (-)

J)effegon Lab Page 30
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“Rule of thumb” for Optimizing Peak Surface
—_  keds

Add “magnetic volume” at
the equator to reduce B,

Add “electric volume” at the iris to reduce

Epeak

W
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Pushing the Design: Reentrant cavity

.geffé?son Lab

Normalized maximal
magnetic field, h

* 3independent par
 potential issue wit

Req

0

0

Ald

I |~
/F;'elds ipAESLA regular cells as reported in [2] /
1.00 + | | |
Ra/A=0.151 @ %afcu!aﬁon of fields with SLANS for /
eometry presented in [2
r\ g Y 2] |
TSl Optimization with
K ~~——_ / 2 elliptic arcs
popb————94——"1+—— = 1
il ST
B —)
0.85
08 0.9 1.0 1.1 1.2 1.3 14 15

Normalized maximal electric field, e
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RF Tests of New Cavity Shapes: LL

LL LL single 1st cavity 15th, EP(30)+HPR+Bake

f [MHZ] 1286.6

m

Epeak/Eacc - 1.86

Bpear/Eace | MT/(MVIM)] | 3.71

R/Q [ 130.0
¥
G [ 279 Quench 46.5MV/m ___
Qo=1.12E10 @ 1.97K__|
Diis [mm] 61 Q0=1.74E10 @ 1.68K

S

E ca = 86.5 MV/m

peak —
=172.5mT

B

peak

|
20 30 40

Eacc [MV/m]

O-cell LL cavity was tested at JLab up to
E._..=36MV/m wirr

O
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RF Tests of New Cavity Shapes: RE

RE
f [MHZz] 1278.6
Epeak/Eace : 2.19
Bpeak/Eace | [MT/(MV/IM)] | 3.79
R/Q (2] 126.0
G Ko 278
Biris [mm] 68

J)effe?son Lab

Re-entrant 11th 2005/09/07

T T T T

Eacc =50.90 MV/m
Q0 = 6.88¢9

7
/Y
V/m Y
/" 50.90 MV/m

runout LiHe ::3
s during proc.

Epea= 111.5 MV/m
Bpea= 192.9 mT 12

/A

Eacc [MV/m]

9-cell RE cavity was tested at Cornell up to
E._..=28MV/m

W
I
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Want more?...Half-Reentrant Cavity

o "

Parameters of the two proposed half-reentrant inner cells compared to the

proposed Low Loss ILC geometry

High-k.. HR  Low-k, HR  Low Loss ILC

Frequency (MHz) 1300 1300 1300

Wall angle () 6 6 0.165

Epeiel Egee (—) 240 238 2.36

By Euce (efi) 378 3.60 3.61

RIQ (1Y) 123 135 134

G () 283 283 284

(R/Q)- G (@) 34,673 38021 37970

ke (¥a) 209 1.51 1.52

r; (em) 334 297 3.00

.getf/egon Lab

Page 35

Vol RelH)
8 70e-002

652e002

4 35e002

2170002

1 16015
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End-Cell Design

The geometry of end-cells differs from the geometry of inner cells due to the
attached beam tubes

Their function is multi-folded and their geometry must fulfill three
requirements:

field flatness and frequency of the accelerating mode

field strength of the accelerating mode at FPC location enabling
operation with matched Q.,;

fields strength of dangerous HOMSs ensuring their required damping by
means of HOM couplers or/and beam line absorbers.

All three make design of the end-cells more difficult than inner cells.

W
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Example: SNS MB cavity

Optimization done with BuildCavity

* R set to 65 mm to have enough

field at the power coupler antenna
» d set 1 mm lower than the in-cell
 optimization of r = b/a at iris

oo set to 10 deg to have the
necessary stiffening

« Slater compensation (increase of
the magnetic volume) of the cut-off
tube (|f), d reduction (}f), o and
Ris increase (f) by increasing the
equator radius —=) 4 dies

* the frequency of end cell + tube is
— about 40 kHz lower than the in-
cell’'s due to the asimmetry

W
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More Examples of End Cell Optimizations

.{effe?son Lab

————————————

-Same R, as inner cell, use L, as
parameter to adjust the frequency

« Adjust parameters A_, B, a., b, and
a. to minimize either E, ., /E .. Or
losses

* By adding more parameters (a,, b, c,
R,,) it is possible to optimize the
propagation of unwanted HOM,
without increasing E, ., /E,.. or losses
for the fundamental mode

W
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Multi-Cell Cavities

) LQ%O @%ﬂ

3 ‘
G AT
ane AR

1 "
™ j
"L 2
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Multi-Cell Cavities

Modes of a 2 Cell Cavity

TR At A e W e Ve e — AT W A
R i b e e e i e Bt e . e i

R N N et ek 2l R W S U S B S i
e A e gt g~ A A ity oty - -

+ Sketch of the electric field lines of the m-mode of a 5-cell ;

Wi
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Multicell Cavities

Single-cell is attractive from the RF-point of view:
« Easier to manage HOM damping

* No field flatness problem.

* Input coupler transfers less power

« Easy for cleaning and preparation

« Butitis expensive to base even a small
linear accelerator on the single cell. We do
it only for very high beam current machines.

A multi-cell structure is less expensive and offers
higher real-estate gradient but:
Field flatness (stored energy) in cells becomes
sensitive to frequency errors of individual cells
» Other problems arise: HOM trapping...

W
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Pros and Cons of Multicells

Cost of accelerators are lower (less auxiliaries: LHe vessels, tuners,
fundamental power couplers, control electronics)
« Higher real-estate gradient (better fill factor)

* Field flathess vs. N

« HOM trapping vs. N

 Power capability of fundamental power couplers vs. N

 Chemical treatment and final preparation become more complicated
 The worst performing cell limits whole multi-cell structure

W
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Beam Acceleration

Accelerating mode in a multi-cell structure

i /. AN /. m-phase advance
| E,(r=0,2) FAE cell-to-cell |

S I—active

Synchronic acceleration and max of (R/Q)...© Lacive =NLe = Ncf3/(2f) and the injection
takes place at an optimum phase @,,, which ensures that particles will arrive at the mid-
plane of the first cell when E, reaches its maximum (+g passing to the right) or
minimum (-q passing to the right).

wir
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Coupling between cells

Symmetry plane for
the H field

The normalized
difference between these
frequencies is a measure
of the energy flow via the

coupling region

Symmetry plane for K — @, — 0,
the E field cc
which is an additional W, + 0

solution 9

W
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Multi-Cell Cavities

009 099 F000— F000— C

Cp__ G . G —_ 0, G __C, G __ K = C_ Cb — Ck /2

2

zzim

_ —m=1+2k(1—cos—j
Mode frequencies: 2 n

@ —® 7\ k(x)°
nnd :k(l—cos—j :—[—j
@, n 2\n

. m 2]-1
Voltages in cells: Vj =SIn| zm
2N

W
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Pass-Band Modes Freguencies

9-cell cavity

w, (L+4k)"?

W
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Cell Excitations in Pass-Band Modes

9 Cell, Mode 1 9 Cell, Mode 4 9 Cell, Mode 7

9 Cell, Mode 2 9 Cell, Mode 5 9 Cell, Mode 8

9 Cell, Mode 3 9 Cell, Mode 6 9 Cell, Mode 9

W
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Field Flathess

Geometrical differences between cells causes a mixing of the
eigenmodes

Sensitivity to mechanical deformation depends on mode spacing

W, —@,_

T k( 7\
! zk[l—cos—j :—(—j
@, n 2\n

T
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Multipacting Simulations

Once the cavity shape has been designed, multipacting

simulations have to be done:
- get the fields on the contour
« electrons are launched from given initial sites at given phases of the RF
field
« for a fixed field level the electron trajectories are calculated by integrating
the equations of motion, until the electrons hit the wall
* record the location, phase, and impact energy
* the number of secondary electrons is determined, given the SEY function
* the trajectory calculation is continued if the field phase is such as
secondary electrons leave the wall
- after a given number of impacts N the and their avg.
impact energy and the No. of secondary electrons is calculated-__

Counter function

Enhanced counter function
Counter function: field levels at which resonant conditions are satisfied

At field levels where Enhanced counter function > No. initial electrons: Multipacting

W
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MultiPac

01034

0.1033

01021

r-axis [m

0103

0.1020 1
5

0.1032

0.103

—0.1028

s [m

0.1026

r=axi

01024

0.1022

0.102

2D code, has it's own FEM field solve-

Runs on Linux
MATLAB user interface

MuliPac 2.0

Electron Trajectory, N=20, 19-Oct-2000
T T

I
-0.05 0 0.05 0.1
z—axis [m], flight time 9.9973 periods

-0.15 -0.1

L0.1032 =

z-axis [m]

4 6 3 10 12
time in [1/], average enargy 31.7963, final energy 30.2323

J)effe?son Lab

04

0.1

n

100

Page 50

MultiPac 2.0

Counter

function

19-0ct-2000

25

3

35

Peak electric field [kVim]

Final Impact Energy in e’

4

25

3

35

Peak electric field [kWim]

Enhanced counter function

4

w
[}

25

Feak electric field

3

1
35
[kvrm]

4
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FishPact

« 2D code, uses SUPERFISH to compute surface
fields

e Runs on PC

o1 45 r
i Jlab-OC
0.09 a0 [
- BNL High Current
0.08 j
35 | , Jlab-HG
007 [ SNS high-B
0.06 |
- S’ 30 |
£ 0.05 1 < i
0.04 w 25 ;Jlab high-cu Jlab-LL
0.03 j
20 |
0.02
0.01 15 |
o i
0 0.02 0.04 0.06 0.08 0.1 0.12 10 i . . . R /I T W S A AT T
z(m) 0 10 20 30 40
Eacc [MV/m]
W
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.geffe?son Lab Page 51 [DMINION

UNIVERSITY



Track3P

« 3D code, uses Omega3P for field solver

* Runs on Supercomputer, user interface not fully
developed

Example: Multipacting found in beam pipe step of LL cavity

” o
|II(H]R0'OII ]mbanin by Sialation & SLAC
10 :
Simulation | _
E ¥ - I B 4 E
LIS
- —
i o BT P, S s
-
g LR
- p: e
20 '-
15
XX 38 56T § % AL IR L
Measurement Number Measurement No.

(Left) MP barriers in 9-cell ICHIRO cavity calculated with

Track3P, (Right) MP barriers measured on ICHIRO prototype (K.
A4
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Example: Multipacting in SNS HOM Coupler

« SNS SCRF cavity experienced RF
heating at HOM coupler

» 3D MP simulations showed MP barriers
closed to measurements

» Similar analysis are carried out for ILC
ICHIRO and crab cavity

Field level in HOM couplers

16

Q 14 ——
>
5 12
° 10 ——HOMZ2 coupler
e

£ ——HOM coupler s
=5 8 5
I= o
® 6
= o
© — —
£ 2

0 T T T T T

048 049 050 051 052 053 0.54 :
HOM coupler notch gap (mm) Field Level (MV/m)
wyrr

OL
Jefferdon Lab page 53 OMINION
2 UNIVERSITY



Mechanical Design

The mechanical design of a cavity follows its RF design:
 Lorentz Force Detuning 5

« Mechanical Resonances P = ﬂl‘.}Hs _E{]Es

Lorentz Force Detuning

0.003

P [N/mm~2]
(@)

-0.003 \/’

0.006
0 60

z[mm]4

E and Hat E,.. =25 MV/m in TESLA inner-cup
A4
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Mechanical Design

= B
§ - N !
: 10“%m §: = B sm K
= I

4 E : 3-10°m J-

— =l x

'_: £ [}

2w -

Stiffening ring at r=54mm

No stiffening ring
Wall thickness 3mm

Wal?mlglthickness 3mm

a
(] |

HHHHHHH
s M EHDPDZEER n EEEE:%E:
—

: : k, = -1 Hz/(MV/m)?
Essential for the operation of a pulsed accelerator - ( )

Af = K (Egee)?

wir
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Mechanical Design

Mechanical Resonances of a multi-cell cavity

60 Hz

>- Transverse modes

152 Hz
_

250 Hz Longitudinal mode

TESLA structure

The mechanical resonances modulate frequency of the accelerating mode.
Sources of their excitation: vacuum pumps, ground vibrations...

W
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Optimal stiffening ring position

Fixed cell
length L

Rqiirs = 80 mm

Reference data

L =56.8 mm
R=1
r=1.7

d=11 mm
k =1.5%
Rijis =43 mm
Nb thick. = 3.8 mm

.{effe?son Lab

ANSYS 5.6

SEP 18 2000
15:27:02

PLOT NO. 13
NODAL SOLUTION
STEP=1

The Lorentz forces coefficients for 15
different stiffening ring positions are
evaluated automatically with ANSYS,

sus -1 preparing the geometry and reading
usu - (ave) the fields from the SFO output from
bencpa e SUPERFISH
AVRES=Mat 0
DM¥ =.112E-05
SMN =.103E-07
fzéan-OS 4. Ry ¢—— R
B Clioe < °
O 533806 E 21
B 111805 S
EH 139805 =
C 16705 N -3 1 /—\
% .194E-05 sy
- Y Pt
Displacements *

[mm] N

'6 T T T T T T T

0 20 40 60 80 100 120 140 160
Stiffening ring position [mm]

ur
OLb
[DMINION
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KL for different boundary conditions

» The estimate for KL strongly depends on the cell boundaries. We compute it for 3
different cases:

— Fixed cell length

— Free cell length
— Helium Vessel/Tuning System (= 3 tubes with diameter 30 mm and thickness 2 mm)

—e— Fixed iris —— Semirigid vessel —=— Free iris

0
-10
N
c -20
S £
E’ -30 ;
N 40 \2./
= 3
2 50 —
S o
Z -60 W
]
X -70
4
-80
'6 1 1 1 1 1 1 1 -90

0 20 40 60 80 100 120 140 160

Stiffening ring position [mm]
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B, = 0.61 Cavity for SNS

Ep/Eacc

By/Eace [MT/(MV/m)]
R/Q [Q)]

G [Q]

Kk [%0]

Qges @ 2 K [109]
Frequency [MHZz]
Field Flatness [%]

Effective B that matches the TTF curve = 0.630

2.72 (2.63 inner cell)
5.73 (5.44 inner cell)
279
214
1.53
27.8
805.000

2

KL70 = -2.9 [Hz/(MV/m)2]

Nb thickness = 3.8 mm-

Geometrical Parameters

L [cm]
Rijis [cm]
D [cm]

d [cm]

]

R

o [deg]

.geffe?son Lab

Inner cell

5.68
4.3
16.376
1.1
1.7
1.0
7.0

End Cell Left

5.68
4.3
16.376
1.0
1.5
1.0
8.36

Page 59

KL80 = -3.4 [Hz/(MV/m)?]

End Group (coupler)

Left Right
5.68

4.3 6.5
16.698

1.1 1.0

1.7 1.5

1.0
7.0 10.0

W
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B, = 0.81 Cavity for SNS

Effective B that matches the TTF curve = 0.832

Ep/Eace 2.19 (2.14 inner cell)
Bo/Eace [MT/(MVIM)]  4.72 (4.58 inner cell)
R/Q [Q] 484.8

G [Q] 233
k [%0] 1.52
Qpcs @ 2 K [109] 36.2
Frequency [MHZz] 805.004

Field Flatness [%] 1.1 KL70 =-0.7 [Hz/(MV/m)?]  KL80 = -0.8 [Hz/(MV/m)?]

Nb thickness = 3.8 mm-

Geometrical Parameters

Inner cell End Cell Left End Group (coupler)

Left Right

L [cm] 7.55 7.55 7.55

Riis [cmM] 4.88 4.88 4.88 7.0

D [cm] 16.415 16.415 16.611

d [cm] 1.5 1.3 1.5 1.3

r 1.8 1.6 1.8 1.6

R 1.0 1.0 1.0

o [deg] 7.0 10.072 7.0 10.0

W
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Stress and Modal Analysis

 Nominal Medium Beta Cavity

wir
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SNS Cavity Modal Analysis

Medium Beta Cavity

End Condition Load 127 mm 70 mm Rings No Rings
(atm) | Rings (Hz) (Hz) (Hz)
Fixed-Guided - 85 48 38
Fixed-Fixed - 126 (*204) 57 (*59) 48 (*42)
Fixed-Fixed Mid Supt - 149 (*220) 95 (~*108) 88
Compressed 0.4mm 1.65 125 - 46
Compressed 1.25 mm 1.65 124 - 46

(*D. Schrage, LANL)
(~ Beta = 0.76)

OOOOOOOOOOOOOO

O
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SNS Cavity Modal Analysis

High Beta Cavity

End Condition Load 127 mm 70 mm Rings No Rings
(atm) | Rings (Hz) (Hz) (Hz)
Fixed-Fixed - 120 - 46
Fixed-Guided - 107 - 34
Compressed 0.4mm 1.65 120 - 44
Compressed 1.25 mm 1.65 119 - 44

W
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Mode Analysis, Beta = 0.81

1.E-12

1.E-13 A

1E-15 1}

31

70 —— wertical/equator 125

—— axial/equator
—— tangential/equator
—— axial/flange

Mode 1 - 14 Hz

Mode 2 — 26 Hz

Mode 3 —40 Hz

.geffgzon Lab

Mode 5 - 72 Hz

1.E-16 T T T T T T T T T T T T
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Frequency (Hz)
Natural Frequency (Hz)
Mode Test Data FE Analysis
1 13 14
31 26
3 38 40
4 53 48
5 70 72
6 82 83
7 125 124

Page 64
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SNS Cavity Mechanical Design Requirements

Minimize/prevent microphonics
Withstand loss of vacuum accident up to 5 atm
Withstand cool down at 1.65 atm

Adhere to intent of ASME B&P Code
— Allowable Stress (Sm) = 2/3 Yield Stress
— Primary Membrane Stress (Pm) <= (Sm)
— Pm + Bending <= 1.5*Sm

— Pm + Bending + Secondary Stress <= 3*Sm
» Allowable Stresses

»Warm Niobium = 4,667 psi
»Cold Niobium = 53,333 psi

OL
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Medium Beta Stress Analysis

SNS Medium Beta Cavity Wall Stresses
Compression Loads 127 mm 70 mm Stiffening No Stiffening
(mm/end) (atm) Stiffening Ring Ring Ring
Max Stress Max Stress Max Stress
(psi) (psi) (psi)
0.2 1.65 - - -

0.4 1.65 3,960 - 4,310
0.5 1.65 4,610 - 4,550
0.75 1.65 7,500 - 4,670
1.25 1.65 17,500 5,730 (1.8 atm) 5,000
0.75 3) 11,200 - 12,900
1.25 3) 14,300 10,100 47,100

J)effe?son Lab
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High Beta Stress Analysis

SNS High Beta Cavity Wall Stresses
Compression | Loads 127 mm 70 mm Stiffening | No Stiffening
(mm/end) (atm) | Stiffening Ring Ring Ring
Max Stress Max Stress Max Stress

(psi) (psi) (psi)

0.2 1.65 3,040 - -
0.4 1.65 6,350 - 3,140
0.5 1.65 8,070 - 3,350
0.75 1.65 12,500 - 3,940
1.25 1.65 21,400 - 5,830
0.75 5 11,500 - 9,130
1.25 5 14,300 - 9,590

J)effe?son Lab

Page 67
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Mechanical analysis tools

« ANSYS: FEM multlphy3|cs solver

D: €100 warm c avity!vSatmpr&esur e & 2mm
Equivalent Stress
Type: Equivalent (von-Mises) Stress

12}14/2009 11:55 AM

46051 Max
42773
39495
36217
32939
29661
26383
23105
19826
16548
13270
9992.2
6714.1

3436
157.92 Min

T TTTIT 77T

Peak von Mises stress
In cold cavity with 5 atm
pressure and 2 mm
tuning displacement,
,>\ calculated on CEBAF

2,000 (in)

: LL Upgrade cavity
wn
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Pulsed LINACs (ILC, XFEL)

i ~33 km

X-ray FEL laboratory

superconducting -~
ELECTRON linac

experimental hall =~
and detector for
particle physics

- High gradient (= 25 MV/m)

cryogenic hall x

* Moderate HOM damping (Q., = 10 — 10°)

POSITRON linac

* High peak (> 250 kW), low average RF power (~ 5 kW

tunnel )

"dog bone" damping ring

ILC: 21,000 cavities!

- W ) i e A S A e |

-

wyr
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CW Low-Current LINACs (CEBAF, ELBE)

* Moderate to low (8 — 20 MV/m)

* Relaxed HOM damping requirements

* Low average RF power (5 - 13 kW)

.gefjggon Lab

LN,PORT - LN, RESERVOR

SUPPORTSYSTEM

VACUUN VESSEL  TANKTANDEN
X ALIGNMENT
PARTS
He GAS COLLECTOR o

LN, LEVELMETER
e o " TUNING SYSTEM

- SUSPENSION CABLE
(SUPPORT SYSTEM)

TITANIUM TANK
BATH CRYOSTAT

20K SHIELDING
MAIN COUPLER COLD PART

CENTER POINT HOLDER
SHIELDINGS & TANDEM

b LHe LEVELMETER TUNING SYSTEM

ELBE cryomodule

BEAM PIPE VALVE

wrr
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CW High-Current ERLS

- Moderate gradient (> 15 - 20 MV/m)

» Strong HOM damping (Q.,; = 102 — 10%)

* Low average RF power (few kW) injector
® Accelerating Bunch

# Retuming Bunch

= SR L L ER L AR s IR St AR NU AR AL XL AR Ue

Cornell ERL cavities

BNL ERL cavity

wir
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CW High-Current Injectors for ERLs

- Moderate to low gradient (5 - 15 MV/m)
« Strong HOM damping (Q.,; = 10% — 10%)

* High average RF power (50 - 500 kW)

JLab FEL 100 mA injector cavity

wir
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CW High-Current Storage Rings

LHC cavity KEK cavity

W
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