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OUTLINE

» Cavity Modes

« Spoke Cavities

- Elliptical Cavities

 Influence of Parasitic Modes

» Same Order Modes (SOMs)
* Higher Order Modes (HOMs)
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CAVITY MODES
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PILLBOX CAVITY
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| .
Try simple azimuthally symmetric trial solution Ez (7“, Z, t) — R(T)ezwt

OB, 10E. *E. 10°B.
022 r Or  Or2 2 or2

Wave Equation

Boundary Condition: No tangential E field
No normal B field
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ACCELERATING MODE

Transverse Magnetic Mode (TM)
E

E, = EyJo(kyr)coswt By = J1(k,r) sin wt
C

However, not the only mode . ..
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HIGHER ORDER MODES
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ELLIPTICAL CAVITIES

N coupled pillbox
cavities

Modes split Into
passbands with differing
phase advance per cell

Two families of ellipticals

operating in /W\
TT - mode ./ \0
@ /0442 MHz 0-mode r-mode

/

John Adams Institute for Accelerator Science 7

Wednesday, 28 November 2012



/ Half-wave
resonator
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SPOKE RESONATORS

Variant of TEM cavity

n stacked HWRs

Fach spoke rotated by 90°
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THE NEED FOR 3 FAMILIES
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THE NEED FOR 3 FAMILIES

|ffooo E. (r=0,z)e“"5dz
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—— Beta: 0.2
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PARASITIC MODES
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MOTIVATION

Beam induced modes in SCRF cavities may drive the beam unstable and

increase the cryogenic load, therefore HOM couplers are usually installed
to provide sufficient damping.

..... However, recent experience at SNS has shown couplers may be
unnecessary and have degraded performance of the machine.

Questions:

Will SOMs mean the cavity desigh needs to be changed?
Does ESS nheed HOM couplers?

* Beam dynamics ﬁ Simulations performed by myself

s Power

Simulations performed at CEA Saclay
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SAME ORDER MODES

a
‘ ‘ /5 - mode
693.19 MHz
T-mode Part of ' - '
352.21 MHz
same passband as : 1 211f5 - mode
fundamental . I 09690 Mz
0-mode 31/5 - mode
5 -
362.69 MHz ) I ( 700.14 MHz
Same order, just
different phase Iml 7032 Wiz
396.96 MHz .,

advance

T - mode
704.42 MHz

Close In frequency to accelerating mode
/ = Cannot damp using couplers
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SAME ORDER MODES

Spokes ! Ellipticals
—e Accelerating Mode : —e T
——e 2nd mode : 47 /5
3rd mode E 3mw/5
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0.4 ~ 05 0.6 0.7 0.8 09

B
High R/Q with respect to accelerating mode

= Modify geometr

IC beta

= Alter velocity partitioning
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SIMULATION INFO
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SIMULATION INFO

P@S:{C“rfe N R AN NN Energy and time error calculated at each cavity with
— UV Uuv U —] respect to synchronous bunch
- Orft o PN p—
- m-+1) m (m) m

| million point-like bunches tracked per A1) — A¢(m) 4+ (dt/dE)%m) A EM™)

linac

« SOM/HOM frequencies distributed with a
gaussian spread

« 0= 1.09x 103]fo - from| 1
AU, = q(R(V,) cos(w,dt) — I(V,,) sin(wpdt)) — §AVq,n

/ AV, = —q=2(R/Q)n(B)
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COMPARISON OF LINACS

Reference SOMs
5 = 10?
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Aq‘) [deg at 704MHz]

[t I1s possible to design a linac susceptible to SOMs
/’ however the latest baseline shows no adverse effects
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CURRENT & DAMPING SCAN

Td,n — 2QL,n/W’n, ~ 2QEX,n/Wn

100

10* 10°
QEx
/ SOMs start to become problematic at ~90 mA
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HIGHER ORDER MODES

10"~ ® @ Spokes
10-5 b= |9 @ Medium Beta
10—9 X X ngh Beta

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Frequency [GHz]

Need to determine iIf HOMSs are a problem
/' Are HOM couplers needed?
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CURRENT & DAMPING SCAN
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/ Away from a machine line, HOMs are of no concern
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SAFE DISTANCE

—e Average
o—eo NMaximum

frmonm — faurr| > 3 MHz

Machine Line Distance [MHz]

HOMs should be at least 3 MHz away from
a machine line In cavity design

farr =n - 352.21MHz
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¢« SOMs

SUMMARY

» [t Is possible to design a linac susceptible to SOMs

» Current baseline shows no problems up ~90 mA

« HOMs

« HOM Cou

» High R/Q modes are not a concern far from ML

° fhom - fml‘ > 3 MHZ

blers are not required!

=| mits

/

uture flexibility (chopping schemes > | 00kHZz)
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