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Abstract

Fabricationerrors in traveling wave structures result in
non-axissymmetric RF fields that couple to thelnte at
the fundamental
excitation of the dipolenodeandthe integrated effect on
the beam, using the thin irisand small hole
approximation.

1 INTRODUCTION

An advantage commonly claimed for structuvath
circular symmetry is that theaccelerating kick is
independent oftransverseposition, and no transverse

& (t) = [dF E(F.1)* E,(F).

for which Maxwell's Equations may be expressed as

mode frequency. We calculate the

9° 2 - _ S Ele H
(?+wA)eA = wAcI(nx E) H, dA,
port
with w=k,c. The magnetic field amplitude

h, (t) :J'd3r H(F,t)« A, (F),

may be computedfrom Jh, /dt = -w,e, [ Z,, with

deflection results from the fundamental accelerating modg,"377Q. When coupling is magnetic it is convenient to

Here we calculate the correction to this statement
resulting from misalignment of theccelerating cells
during the fabrication process. The resultiotgrance on
fabrication errors is qualitativelgifferentfrom the well-

known limit deriving fromthe loss inno-load voltage
from cell detuning [1]. While theeffect is small for

conventional accelerator applications, it could be
significant for applications requiring low-emittance
beams, and for structures of small dimensiorwhere
mechanical alignment is difficult.

We consider am-cell travelling wave structure as a

stack of coupled cavities, as illustrated inFig.1. To
calculate the cell-to-cell coupling in the general case,
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Figure: 1 An ideal, perfectly alignedcell structure.

we consideffirst a modeA of a closedlossless cell, for
which Maxwell's Equations may bexpressed as,

OxE, =k,H, OxE, =k,H,, with
normalization of Ef to unit volume integral. With the

introduction of the port coupling the cavity tanother
cavity, weconsiderthe amplitude of theelectric field in
modeA,

and
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transform the coupling integral to the form,

(£ +awt)e, = w,Z,H, (0)* Ir(no 21)dA.
port
For illustration, considerthe case of two right-
cylindrical pillboxes operated inthe TM,;,, mode. One
has, for the unperturbed mode,

Eo = i‘Jo(ﬁmr)Eor I:|01 = _@6(ﬁ01r)E01’

where B, = W, /C= j, /R, the cavityradius is R,

the length isL, andj,,2.405. The normalization is
. -1/2

By = (MLRIZ(joy) . with 3,G0)0.5192. In the

presence of a centered aperture of ragiusR, the electric
field lines are deformedsome terminating on the iris
edge,with the result that in the irithere is a tangential
electric field [1]

— AE,,

E, =1i-
(] va?-r2 4

1
T

— A2 . . - .
where AE, = (ei1 em)E01 is the discontinuity in
normal electric field across theosediris, and e': is the

amplitude ofmode A, in cell #. Evaluating the port
integral, one finds

92 2 —_1 2 _x2
(? +a)01)ei1 = 2K 01("01(‘9; e01)’
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92 2\ 2 —_1 2 (2 _
(? + wOl)em - EKO]-C(')OJ-(em el01 )’

with coupling constant

=1575-2;

— 4
KOl - LR2 *

307 (joy) LR2

In the general case of multiple cells, one hahan
of coupledoscillators. Including the perturbatiatue to
wall-losses, one finds that tiketh interior cell satisfies,

(i_l_wmkd k

T, +cu01k)e

— 1,42 Kk+1
= 7 Wo (K01k—e + K01k+e )

For a perfectly tuned structure driven ahe design
frequency w, the mode amplitude,
e';l = éme_y(k_l), with y=j6+I, 6 the design phase-
advanceper cell, and " the dampingdecrementper cell.

The accelerating or "no-load" voltage may éog@ressed as
V. =0V, with t the arrival time at the first cell,

and
V01 = (E01LT )ei¢/2 Z ei(k—1)¢é:1'

with T :sin(¢/2)/(¢/2) and ¢=cl/c the transit
angle at thedrive frequency. Bydesign, travelling-wave
structuresare operated asynchronism 6=¢, so that

— g2 (1 _ AT\
Vo = (EolLT €%, (1-e™ )(1-€)
constantimpedancestructure n'=7 is the attenuation
parameter for the structure.

For a

Next, let us perform a similar calculation for the;

TMy,0mode in this geometry. Considering theoupled
polarization, the mode basis functions are

E = 2Eil (311 )COS(p

Jl Bur)
Fiy, = Ex(f 282 sin -+ g;(B.r) cosg),
where B, =w,/c=j,/R, ;73832 and the
. -1/2
normalization is E; = (’—27 LRszz(jn)) , where

takes the form,

where AH, =3 Eﬂ(hlll - I‘fl) is the discontinuity in

tangential magnetifield acrossthe conductingboundary
in the absence of the port. Evaluating the port integral

0)e Ir(ﬁ- H)dA=2a’E,AH,,
port
and, eIiminatingh; in favor of e/'\‘, one finds,

92 2 — 1,2 2
(F + wll)e:lll - E(A)]-:LK:]-]-(ejl eu) !

3?2 2\2 — 1,42 2 _
(? + wn)en =7 WK 11(e11 ei)’

where the coupling constant is

— 4 a°
Ku = 303 (ju) LR? "

In the normal development of the subject of dipole modes,
it would be natural at this point to extend the formulation
to include excitation by the beam in a multi-cell structure.
However, our interest is not beam-excitation dipole
modes, but excitation by the externallyriven
fundamental mode.

2 CELL MISALIGNMENT

We consider next a multi-cell structure with
misalignments, parameterized adlustrated in Fig. 2.
Depending on the fabrication techniquedditional
constraints may apply. For example, for the Mark llI
structure [1], allc,”0 to within the straightness of the
pipe, andthe x, are roughly independentFor the DDS
structure [3], allc,”x, to the machiningaccuracy of the
cups, while the cell-to-cell offsetsare roughly
independent. Note that each of these approximate
equalities places the emphasis opost-machining
assembly, where the largest errors occur in practice.

cell k

- - -

Xk

V)

J(i1)™-0.4028. Near the axitl, = 3 YE,,. Figure: 2 With respect to a reference axis (solid line), cell
To compute the cell-to-cell coupling of the T k has offset,, while thekth iris (on the upstrearside of
mode one requires the normal component of the magne@gll K) is offset byx, from the axis.
field in the iris [2],
To compute the dipole mode excitation in delllet
r _AH, sing, us first fix attention on thelownstreamport. We will
vat-r? Y work to lowest order in misalignments, neglecting
guadrupole anchigher modes,and neglecting too the
perturbation to thefundamental moddrom the dipole

H. =

4

2
[
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mode. In theabsence of gport the discontinuity in ok ai(k-1¢ - @i — -V _ y
; o P y eue( "= Ekk U{Ek + 6k 6k+1e e }
tangential magnetic field from the TMmode alone is

AHy =32 E011801([X - Ck]hgl - [X - Ck+l] I(1+1)-

Performing the sum, we have,

Af) —1_e \7 jwnwni(l—e_’nr )nqt
It is the zeroth Fourier component in iris-centered azimutf® 2wt O A Fou \1-e™"
of this term thatdeterminesthe normal magnetidield

threadingthe port,andthis is just theaverageover the

coupling iris, <AHy> =3 Emﬁm(ekh(')‘1 =0 kfl), n-1 n n-1 n-1

with & =X, —C,, and J, = X, —C,. The resulting N¢ = ng + Zék -€ yz5k+1 - eyz €1
=1 =2 =1 =1

drive term for thekth-cell TM,; mode is then )
k U

N =(e -1)A1-e" — —

= _wlzln(gkegl - 6k+1e(l;1 1)’ (e )a © )kZz(Xk Ck) ' (C Cl)%

where,

92 2 |\ Ak
(? + wu)en

upstream, 01

This phasoré is, in magnitude, roughly aaverage of

where the coupling constant is oo
misalignments over the structure. However, remarkably,

—1.3 = a® for cup-type cells and assuming the fiasidlast cells are
n=saEyEufn =173 LR®” centered on the beam-axis, there is no deflection to lowest
_ _ order in misalignments. For the &k Ill-type assembly
Including all other perturbations one has errors add. Wenay extract from this result a simpfele
of thumb for the maximundeflection Ap for a short
2
(% + “’5—5*% + a)lzl_k)e'l‘l = (nr<<1) structure imparting maximum enerd\E,
1,2 k-1 k+1) _ .2 '
75‘)11—|<(K11k—e11 T K€, ) @, D Ap=1AES,
with with

3

Dy = N+ (‘Skegl - 5k+1elgfl) + ’7k—(5ke|81 - 8k—1egl_l)’ % = 1'6%‘

In this form the result permits simple, practical estimates.
ok For example, taking an 11.4GHz structuopgrated in
thus the amplitude€  may beobtained inthe frequency  2ry3-mode, witha/A"0.16, wefind L™0.88cm, R"1cm,

domain, with the numerical solution of té-diagonal &0.42cm, and d"15cm. Thus a {Im average offset

matrix equation. The impulse to afectron enetering the betweeniris and cell center, in a 100Me\accelerating
first cell at time t can then be computed from Section, can produce a maximum kick of 78W@Vi/c, or

a 0.6 prad deflectionfor a 1GeV beam. This kick is
reduced tozero asthe beamapproacheghe accelerating
crest.

As described in the introduction the terlé[% areknown;

Ap, =0 élej“, wherew is thefrequency ofthe drive

and the integral of vertical magnetic field yields

Fil=%%%EuLTejmzeﬁej(k_w- 3 CONCLUSIONS

We havequantified anew alignmenttolerance on
.accelerating structures, arising from cross-talk between the

To make some analytic progress, note that it i ; . S
. . undamentabind dipole modes, occuring whaylindrical
typically the case that the fundamental modedrive ) o
a\émmetry is broken due to fabrication errors.

frequency lies in a stop-band for the dipole modes and th
to a goodapproximation,adjacent TM,, excitations are
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