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Abstract

The effects of fabricating tolerances on rl joints in muiti-
periodic structures are analyzed by using an equivalent circuit
description. The calculations demonstrate that the currents at the
joints between single sections of a multiperiodic structure are of

the same order of magnitude as in the T/2-mode structure.

I. Introduction

In a previous n’ote1 an equivalent circuit formalism was introduced, which
allowed to analyze the questions of fabrication tolerances and joimt-curreats
in T/2-mode structures. According to the growing interest in multiperiodic,
n-modé-like structures2 it seemed desirable to extend this very easy — without
computers — to handle method to the T mode. It turned out that not only the
results are very encouraging — showing that m-like structures behave similarly
to T/2-mode structures — but also the shape of the formulas arrived at is of a
surprising beauty. Although the calculations are only applied to deflecting

structures, they are also usable for any kind of multiperiodic structure.

I1. Equivalent Circuit Analysis

1. The step from T/2 mode to 11 _mode

In Ref. 1 an equivalent circuit was used which is explained in Figs. 1-3.
Figure 1 shows the structure under consideration, the cells being numbered
0, 1, 2 ... have the form of a T, each ¥\ long and consist of one cylinder

plus one disc plus one cylinder:

1. H. Hahn and D.M. Lazarus, BNL Accelerator Dept. Informal Report
AADD-186 (1972).

2. J.R. Aggus, W. Bauer, S. Giordano, H. Hahn, and H.J. Halama, in Proc. 1973
Particle Accelerator Conference, San Francisco, March 1971 (in press).
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The transfer matrix T(n+l,n), connecting the voltage-current vector at the

center of the (n+1)th cell to the ntF cell

(1)

is in linearized form given by the product

1 -a,, -w o -a -=|

(2}

with G = (w ~ anz)’whfz being the relative frequency deviation of the cavity
from the unperturbed 1/2 mode, and ﬂh = {w, - wmfz}’”nlz being the frequency
th cell from the unperturbed n/2 mode. This product of three
matrices represents the cylinder plus disc plus cylinder connected in series as

deviation of the n

shown in Fig. 1. It is in this form suitable tc represent a structure operated

in the 7/2 mode, as shown in Ref. 1.

To use the same kind of matrices for the description of a m-mode structure,
it will be seen that one only has to write 2x instead of » in Eq. (1). Por

convenience we also change to
a

- Q - = —i
[ n' % %
and get
1 ba(e - €41” 2) 1 (1] 1 Ju{e= & " 2)
T(n#+l,n) = 3
1 )] 1
¢} 1 In 1

(1)

The product of these threc matrices is the transfer matrix T of one T of

the T-mode structure:

s ey - 1 Inl-2e + e, + epy) ’

oD . (4)
f: e-¢g -1 _I
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(1)

For a structure witheout fabricating tolerances (e:i =0), T reduces to
le-1 0
(4a)
! eL- e -1
j»

It can be shown3 that the dispersion relation follows from the trzce of the

matrix Tu)

cos o = % tr{T(I))

=g-1 (5)

For ¢ = 0 follows i = 7, demonstrating that the matrix Eq. (3) is adequate
for the description of the T mode.

The numerical value of » is for the 77/2 mode given by the group velocity

v, = /2%, and in the case of the m mode by the curvature of the experimental

-3
dispersion diagram at the operating point:

Q= 5@2/2 (5&)

For the n/2 mode, we use Ve =-0,0372 from Ref. 4, which gives » = 0.0237.
For the 7 mode, a measurement of the dispersion diagra-s yielded n = 0.0126.

For later use wa calculate also a rms value Ei of the individual errors.
In Ref. 1 Ei is assumed to be 0.01, using a cavity diameter tolerance
42b/2b = 25 um/128.7 = = 0.195 x 103
and a cell length tolerance
sh/h = 100 um/26.25 mm = 0.141 x 1073,

The formula given there

ﬂi = - Ab/2b - vs ahit (5b)
reduces for the 7 mode to 3. = ~ 42b/2b, because v_ = 1), Therefore

1 3
Q = 0.195 ¥ 10'3 and & = 0.0165. At X-band, u has the same value, but as the

mechining tolerance supposedly will not be better than 25 ., Ei = 0.05.

3. H. Hahn, BNL Accelerator Dept. Informal Report AADD-139 (1968).
4. W. Bauver, G. Dammertz, H.C. Eschelbacher, H. Hahn, W. Jiingst, £. Rathgeber,

and J. Votruba, Proc. 1970 High Energy Instrumentation Conference, Dubna

(in press).
5. S. Giordano, private communication.
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2. Transfer matrices for more than one T

In order to get the transfer matrix '1‘(2) for two T's, one simply has to multiply

two single T's, using the proper indices of the €;*

—
- - ju(- - - su(=2c+¢_+
. € €y ~l  In(-2et e L+ e ,5) €-€fpy -1 Jn(-2ete te 1)
T = (6)
1 1
in € ey T 1 jn ey -1

In muitiplying the elements of the matrices one omits all products gz, €e; and
g.c. and retains only products which are linear in the ¢'s. This is possible, be-

cause we are dealing with small deviations from the m-mode frequency, for which

e=0. T(z) therefore becomes
“(be-2ea .- 2¢,,°1) Jn(-bet et 26 4+ 2¢ )
7N
1
‘_':IT(' (+2¢ - 23n+1 - 2) (4 - Zen - Zgn_*_l -1

By again multiplying Eg. (7) with another T one gets '1‘(3) and so forth.

@ (M g (™ g

Tableg I to IV show the shape of the elements Tll » Ty, Ty 22
demonstrate the rules of finding them:
(m)
TABLE I. '].‘11
(m)
m T11
£ T ey T 1
-( 45: e zeml - 26“‘"2 - 1)
3 9(-;-25“"_1-4:"‘_2’3(-:”_3'1
“ “( 16 - 2¢ ) " e, - be g be, - D
3 23¢ - 2€n+1 4€n+2 - 6€r13|-3 - sen-i-lu - 59n+5 -1
6 1 -0 30e -2, - beyg = Oeyg m Bey, - 105,57 6g,6 - 1)
1‘: ~-(196¢ - Zeﬂ_'_l - see = 266M_13- men-l—llo - 1)
28 '(?8"‘6 - 28'*1 - es e - 54“11*2?- 28‘-‘""28 - 1)
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-6 -
(m)
TABLE II. le
m .
n | o . asm
1 ‘( 2¢ - €n - €n+l)
2 4e-en-2€n+1-en+2
3 -( 6¢g - €, - 23n+1 - 2€n+2 - En+3)
4 8e-en—2€m_1-2e:mz-2e:m_3 -
5 '-(106'(-‘.“'2:.“_’_1'25&'_2'26“_'_3 - 2¢ 5)
6 12e - e, - 26,4y " 269 " 2655 T 5~ a6
14 28e - e, - 2gy - T 26413 "
28 56¢ ~ €, - 2@:“_,_1 eee - 24:._._'_27 -
(m)
TABLE I1I. TZI
(m)
m Ty (3
1 1
2 2¢ -~ 2pp4) - 2
3 ~( 8¢ - 4€n+1 - 4en+2 - 3
4 20¢ - 6€n+1 - 8€n+2 - 6€n+3 -
51 <0 A0k - Be g - 126,y - 126,53 -
? 70¢ - 10€n+1 - 16e:n_“2 - 18em_3 - 16en+4 a5 6
1? 910¢ - 26€n+1 - 48€n+2 - 66€n+3 - - 90€n+5 R
28 7308¢ - 54€n+1 - 104€n+2 - - 28
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(m)
TABLE 1V. T22
(m)
m '1‘22
1 € - e - 1
n
2 “( be - 2¢ - 2¢,, -1
3 Ye - 3£n - 4€n+1 - 2€n+2 -1
I - - - W - - -
* ( 16e¢ 4€n ben--l-l 4€n+2 ‘€n+3 1
5 25¢ - 5€n- Seml-nemz-llem_:i“?em_a-l
l:: -( 36¢ - 6€n-loen+1-8€rrl-3'6€n+3-4€n+4-2€n+5'1)
1% -{196¢ - léen - 26(-:n+1 - cae - Zen+13- 1)
28 -(784¢ - 28.«.-,n - 54en+1 - aee - 26&!—27- 1)

Inspecting Tables I-IV one can easily continue them for any value of m. The
factor —onnected with ¢ in Tégo is given by the sum of the underlined numbers
in the preceding T(m-l), as shoun by the following example:
(6)
n
To find the number 70, take 2 + iQ.-I- 25 from the matrix T(S).

= 70¢ - 10€n+1 cae s

There are two convenient tests available, which allow to look for calc-

ulating errors:

a) Compute T11T22 - T21T12. the determinant of the transfer matrix must
have the value 1.

b) If one. assumes all the ¢; equal, one must arrive at a structure with no
fabrication tolerances that behaves like an undisturbed cavity with ¢ = €4 -

All matrix elements in Tables I-IV must therefore reduce to the unperturbed

m-mode case, for instance:

P = (16 - 2+ +6+4) ¢, - D =1 . ®
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3. Multiperiodic structures to be analyzed

The design of a multipericdic structure is determined by the -length of
the hot zone of the UHV furnace to be used for heat treating the sections
of the structure. Therefore we assume throughout this paper deflecting cavities
aggenbled {rom sections of approximately 60-cm length. As a comparison with
an existing design of a TI/2-mode deflector6 we analyze a multiperiodic S-band
structure which is shown in Fig. 4.

SECTION NUMBER

Frmmn -'0""5] _
IREN llHlllHl,_LLLLLJ_LLLL,_I_LI_LLLU_LL,,_LJ_LLL

44 6543210
CELL NUMBER

Fig. 4. Multiperiodic m-mode, S-band structure. The 5 sections are represented
by the transfer matrices TI - TV. Joints are situated between cells
5 and 6, (16,17), (27,28), (38,39).

The T~mode structure is determined by the operating frequency 2855.1 MHz
and the condition w/k = fA = ¢. Therefore the cell length has to be 52.5 mm.
To form an approximately 60-cm~long section we choze 11 cells/section. (The
number of cells has to be odd, in order to provide for a center cell for

input coupling.)

The multipericdic structure is generated by omitting one disc at thz loca-

. tion of the joint.7 Figure 4 anticipates omne result of the calculations

reported below: Due to the multiperiodicity there appears a gap in the dis~
ﬁersion diagram, which must be closed in order to get a finite group velocity
at the T mdde -~ necessary for overcoming the problems of finite fabrication
tolerances. It turns out that this gap can only be closed when the end section
contains exactly half the number of cells of the middle section. This means
that the overall length of the deflector is only 232 ecm. By adding two middle

sections one can arrive at 347 cm, if necessary.

“In addition to the structure of Fig. 4 we analyze an X-band deflector
which might be usable with the 200-GeV accelerator at NAL. Again the sections

6. W. Bauer, G. Dammertz, H.C. Eschelbacher, H. Hahn, W. Jingst, E. Rathgeber,
J. Votruba, and H. Diepers, IEEE Trgns. Nucl. Sci. NS-18, No. 3, 181 (1971).

7: G. Dammertz, thesis Karlsruhe (1973).

s



-9 - AADD 73-3

should not be longer than 60 cm, but according to the higher frequency the
cell length is now 17.3 mm, resulting in middle sections of 33 and end sections
of 165 cells.

4. Transfer matrix of the cells mext to the joint

We proceed now by analyzing the part of the cavity shown in Fig. 5.
| (23 el

Fig. 5. Cells next to the joint.

At the T mode (e = 0) and without fébricatimg tolerances (ei = 0) we demand
that, at the location of the omitted disc, the current must be zero. This
condition cannot be met by adjusting Ehe cells named «, because these cells
are not excited and therefore have very little effect. So one has to adjust
the cells named B. As we see later on, we need the ¢ cells for closing the
gap. So we now write the transfer matrix T(jr) (right~to-joint) in the same
way as Eq. (3) introducing frequency adjuscments o and 8. The factor 2 ap-
peariné in T12 of the o and B cells in front of jn takes into account that

their cylinders have twice the length of a regular cylinder;’

1 2iu(-a~2) 1 0]11 2jn(-8-2) 1 011 -2ju

T(Jr) ‘= (9)
) 1 1
0 1 -=-— 1}]o0 -1 -— 1]10 1
in "
cylinder disc cylinder disc regular
. frequency frequency cylinder

-changed by o changed by B
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Lol + 4o+ 68 + 5 ju(-4a8 - 2« - 6B - 2)
o$IT) (10)
i
= (-23 - 2) 2B+ 1
ijoint = 0 means that 122 = 26+ 1 = 0, because the boundary condition at the
end plates of the cavity, Fig. 5, requires u = 0. § is therefore determined
to be
=.1
P=-2 -
T(jr) reduces therefore to
]
2{a+ 1) kb
£ L (1)
-4 0
jnu

5. Closing the gap

In the biperiodie structure, one closes the gap by exchanging excited and
unexcited cells and equalizing the resonant frequencies.s It can be shown
that in the multiperiodic structure shown in Fig. 4, the only possible equivalent

to this procedure is to equalize the frequencies of the two cavities shown in

Fig. 6. . .
e (M) . G e
T — T, AM‘MA»,_ oy e e R "oy
i
I
1
A 2 @ @ B
1
: .
t

B a B B
e e e ~ — N ~ -y
e A (43

Fig. 6. Two cavities, A and B, whose frequencies must be equal
in order to close the gap.

8. W. Bauer, thesis Karlsruhe (1971).
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It is this fact that makes it necessary to give the end sections only half the

length of the middle sections.

We now write the matrices TA and TB of both

cavities shown in Fig. 6; we set again gy =0, but we retain €. With g = - 3
we write
1 2 [[ 2 o]|2 23:«.(5-%) 1 ofl1  jue2)
2010
0 1 L ,1]o 1 L allo 1
jn b
(12)
’—-Bc - boe + 20+ 2 ju(Bg+ 6+ 1)
& (2.1 - 32
| ]
Of course, T(ﬂj), the matrix “from joint to left™ is simply the inverse of
T(jr), so we get immediately
ju(8e + 6ac + 1)
T(zj) = (13)
“8e - bdoe + 20+ 2
With these equations (12) and (13), and using Tables I-IV, we can compute
2(8) . (3, () LUD) | ()
18¢ - 36ac - 1 -jn 18¢
(14)
ﬁ (44e + 160ac - 4o+ 2)  18¢ - 36ac - 1
and
T(B) = Tfi.‘ir). T(G)- T(Lj)
18¢ - 360c - 1 jx(-39%¢ + 72ae + 720%¢ + 4o - 10)
= ’ (15)

-jn 18¢

18¢ - 360 - 1
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The condition for a closed gap is now the following: The dispersion diagram,
as computed by the trace of the matrices Eqs. (14) and (15) cos g = b(Tll-+T22)
must show no discontinuity; that means, cos @ must remain real in the vicinity

of the T mode (cos = - 1) or 95('1“11 + T22) must not depend on €.
So we got the equation for determining «:

18¢ - 36 = 0
’ (16)

a=%.

Apparently, T(A) and T(B) lead to the same @, showing that both cavities have
the same resonance frequency at the T mode, which was requested above. If one
tries to close the gap with structures T(A) and T(B) different from those shown
in Fig. 6, one would arrive at a differemt value of o, and the insertion of
additional sections would change this value. Only by making the end sections
half as long as the middle sections one o applies for any amount of additional
middle sections. Without this property a pretuning of single sections as

demonstrated below. would be impossible.

(D _ V)

6. Transfer matrices of the single sectfons T

Having determined & and 8, we are now ready to compute the transfer
matrices of the sections with fabricating errors g5 At first we need again
T(jr) and T(zd) but now with the g added; for convenience we number the ¢;

according to Fig. 7.

s e
- g

b om —

“at2 €+l ©n 2 €l n
z- -
D) e
(£1)

Fig. 7. Numbering the errors €; inT
and TUT)
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o) o ‘ ‘ ‘
0 1 jo 1
‘-105 + 2€n+2 + 85h+1 +3 il - lcn+1 =3, + )}
1
n (26 = 2,y " 1) 3t 2 *

Again we get T(‘J) by writing the inverse matrix of T(

r:se + ¢ + 2¢
T(‘j) . 2 i

| g; (Ze - 2¢,,, = 1

In(1le - 3;n+2 - '“h+1 + 1) _

(-10c+ Bc, + 25, + D)

Y

o
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fulams -2)

(18)

T(I). the transfer matrix of the first section i3 now computed using the numbers

of €4 shown in Fig. &:
IS TR 1 N € )

1D

o(ID o U |, () | (25)

» the transfer matrix of the sec>nd section is

Tables V-VIII show the elements of the matrices obtained by this procedure.

TARE V. r{? - rg’

Section Tll

1 | 62c-2¢, - 32, - 18, -8, -2e
11 8:15 + Gslﬁ + 4‘:13 + 21:12 - 2.‘:10 - logg - 653 - 8:7 -1
111 8826 + 6925 + 4626 + 2¢23 - 2:21 - 4:20 - 6619 - Bels -1
w Beyp + begq + begg + 26y, = 265, - begy - 6cyg - Beyg - 1
v Se - 2649 = 264 " 26 T 26,5 - gy

(19)

(20)



- 1& - AABD 73-3
—~awp T 4T =L 1) ("}
&iug ut. ilz - 12
Ssction ‘rm z! £ 5»)
1 - 20\;: o+ s_,..-:. i ﬁ,r,l L ng 5 2,’5-- -1
11 { =124z & 2* + 32r e Mru + 8:“ + 2 + 2. 1o - 319 + 18 % + 32-:,7 +
11t «12%c + 2:;.,., + 52 26 «» Mr,ﬁ + arz + 3;23 & za:u + ag_g +* :&» +* 32‘-’13 *
v 124 - . o - ' ;
v 12 ‘ z “"35 Jlgn + Mgse + Sr 35 + 2"’36 + 2.,32 + B 31 + 18- 30 + 323:29 *
, (1) _ W)
TABLE VII, TZE. T!i
Seccion | ?2"‘]")
I - 20’5* asa + ﬁﬂ] ¥ :‘Ez * 2!’1 + )
IZ :l‘f'.‘: - 2(‘515 L IR | 'ﬁ? ,
111 18 - z(-’;’za * ... ':Is]'
v 18¢ » 2(4_:3? * ... %+ :*,9)
v | - 0+ 2&:&3 + :"“’&2‘ G*Al. * lc“) 1
o (1} _ LIV)
TARE VIII. TZZ' 22
Section 'I.‘g
1 Yo - Zgé - 2;:3 - 2&:2 - za:l - i
11 - lcls - Ggu. - '-'u::l3 - 2#12 * 2:10 + 6(:9 - ﬂﬁr + lr -1
11t “ Bigp = Oepg v Big m Gyt 2y Ayt by 4 "‘m
w = Boyy - bagg v Gagg v 2ey - 2y + bsyy 4 6'130 + 8oy - 1
v 62z - 2:.43 - 85‘2 - 185‘: - 324:60 - chQ
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7. Jointecurrents of an unpretuned cawvity

[

According to Eq. (1) the current is & across the joint between cells 5
»
and & (Fig. 4) is given by

LD, L oAD
5,6 T2 1" T2 @

because u, = 0 by boundary conditions and io is set to equal 1. The currents

at the remsining joints are computed to

(11+D)
416,17 " T22

o (IIHIID)
127,28 = T22 (22)

(I III+II+T)
118,39 = T22 >

T(nﬂ) being the product (ran:. and 30 on. These matrix multiplications have
been carried out, yielding the rasults:

&
ise ° 9"'%'221:‘1

&4 15
116.17 = «27¢ 4 €, * 22 € + 22 €
’ 1 7
4 15 26 (23)
137,00 ¥5- ¢ - ZZ € - 22‘1 - 22 €
1 7 18
4 15 /) 37
133’39 = «63¢g + eo+ 22 cid- 22 1:14- 22 € + Zz €
1 7 18 29
The boundary condition Uy T U, * 0 at both endplates of the whole cavity
demands that TlZ of the overall transfer matrix
R b SR LR DR L (26)

must be zero. rn happens to equal



Ti2

- 16 -

=o-ja(72-s-= -2 ) "1'*"6&)

0 &
1- &4
7-15
18-26
29-37
40-43

AADD 73-3

(25)

The effect of the fabrication errors ¢; is therefore a change of the resonant fre-

quency which fs given by £q. (25):

e-(;;o-d-z z -‘:i‘l'ﬁu)’?z
1- 4

7-15
18-26
29-37
40-43

Introducing £q. (26) into Eqs. {23) yields the final expressions for the untunad

joint-currents:

s =° % (?‘o

5
16,17 Y ‘(“-o

¥
27,28 8 \%

1
118,39 8 (eo

+2 Z "i)"%(z Z g *

1-4 7-15
18-26
29-37
40-43

’44)"

ws)

\J

+2 Z ei)'%(z Z € *
1- 4

18-26
7-15 29-37
40-43
+2 Z ‘:t)*%(z Z € * e,,,,)
i- & 29-32
7-15 40-43
18-26
7
+2 Z et)'s(z Z "t*‘aa)
1- 4 40-43
7-15
18-26

29-37

{26)

27)
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To compute the mean square value of the joint-currents according to Eqs. (27)
using one mean value of the o Ei one has to add the squares of the factors

appearing in Eqs. (27}, for instance

AE (G- (3 e (3)

Table IX chows the rasults obtained so far.

[x 3

ige ™

8, Pratuning the sections

Pretuning a 11/2-mode section is sccomplished by attaching only one error-
fzae T at each joint and changing the overall freguency by, say, electropolishing
the section until the desired frequency fis reached within a certain range.
Unfortunately, for the multiperiodic structure we need two "error free"” parts
of the size of section I and section V. Thase zections may be made from copper-
plated invar and must be tuned by very careful measuremsnts. Using these two
sactions one can again tune the niobium sections by electropolishing. The re-
sults are computed in the following.

We assume a section _:!.‘_(v) in which all € =0, and form a cavity

Again, 312 must equal zero as befors and we get
4
I =i (“" - ZZ e~ eo) =0 (30
or 1
4
1
Feca(2)e,+c)ris . (3D
1

eI = 0 would mean that _the first section was perfactly tuned. 1In practice,
eI is the tuning error of the first section.



TABLE IX. Comparison of Various Deflecting Structures.

Mode

Frequency (GHz)

Overall Length (cm)

Number of cells,f end sections
Number of cells, middle sections
Cell length (mm) '

1ris thickness (mm)

Iris hole diameter (mm)

Magnetic field ratio HPIEo (G/MV/m)
Blectric field ratio Bp/E,

By (6)

E, (MV/m)

Trangversze momentum per deflector (MeV/c)
(R/Q)theory (Q/m)

cheory (Cu, 300 K)

Improvement factor

Powar per deflector (W)

Currents at joints (not pretuned):

Currents at joints (pretuned):

4

*
In pazenthesis: version with 7 sections.

n/2
2.855
273

2 x19
3 x22
26.25
10

40

158
5.6
400
2,53
7.0
847.5
10 300
5 %10
25

5.5 ¢

7.0 €

18.4 ¢
24,5 &

1 cell = % wavelength in m/2, & wavelength in ™ mode.

Multiperiodic”
2.855

232 (347)

2 x 5%

3 x11 (5 » 11)
52.5

20

40

18

3.3

400

3.40

6.4 (9.6)
1150

15 600

5 x 10°

15 (22)

3.9 & (4.0 ¢)
5.7 N 6.4 fl)
(7.1 Ei)

177 2 Q7.9 )
35.5 2° (35.5 &)
1.5 ¢N

Multiperiodic
8.6

229 (343)

2 x 16%

3 x33 (5 x33)
17.3

6.7

13.3

118

3.3

400

3,4

7.3 (11)
3480

9000

10°

7.9 (12)

7.2 % (7.5 %)
12.7 ¢, (1.7 %)
(13.4 ;1’

a
"

61.0 & (77.0
111.4 ¢ (109.5
(111.9 =

:'ﬁl

-s‘-

£-¢L aavy
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In the same way one gets

15

. ™

JI (2 ) ei) / 36
7

22
eln = (ZZ. Ei) / 36
18

37 (32)
v 6 )
£ (21_. & / 36
29
43
& (2] e +e,) 8
L 17 %
40
Introducing these section tuning errors into Eqs. (27) yields the joint-
currents for a pretuned cavity:
i, =2 (7 +2c T 422+ Ny
5,6 4
. -} 1 I;_ 111 Iv _ .V
116,17 % ( S< + 10¢ be bc 3:)
(33
R e 2 a1 IT_ . IIX v V
127,28 4 (- 3¢ be be + 10 + S¢ )
i38,39 = % ¢ eI + zeII + 2€III + zeIV - 7ev)

The numerical results given in Table IX again are the mean square values as

shown above.

An rms value for the ¢ is obtained by the assumption that cne possibly

can tune an S~-band section to 30 kHz. Using »# = 0.0126 (Eq. 5a) yields 2”..10'3.

At X-band again a factor of 3 gives ;m = 3 x 10'3.

9. Corrections to Reference 1

In order to compare the above results with those given in Ref. 1 for the

1n/2 mode, a correction of an error 18 necessary as pointed out by Jﬁngst.9

9, W. Jlingst, External Report 3/72-4, Kernforschungszentrum Karlsruhe (1972),
to be published.
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Using the sarné procedure as shown above, one finds that Egs. (12a) in Ref. 1

must read

-
(- -]

eI = (2 € + eb) / 20
Gi) / 24
ei) /1 24

ei) / 24

[ 2]
-
-
L}
N
-]
TR 5D BIME

102
v o Ay
¢ ( L, 4t €104) / 20
86
Using these expressions, Eqs. (14) become

425 1, 57 i1, III+€)+95V

1197-%¢ € *13 (¢ 2% €

. .315 1 _18 11,123 205 v
ly=-"%% ¢ 13 ° *713 e R
.. 205 1 123 CII, , 189 IV 315 v
i3~ 26 € T G Y+33 € +56 ¢

_ .9 I _57,II, IIL, IV, 425 ¥
lgg=-36 € ~q3(e +e +e )+ e

10. Analysis of a m-mode X-band deflector

We turn now to an X-band deflector with cell length 17.3 mm, middle
sections of 33 cells and end cells of 16% cells. Table X gives the necessary

information on numbers and indices:
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TABLE X

Section . Cell Number Joint-Current
(D -

T 0 16 116,17
(1D - .

T 17 49 149’50
(I1I) ) - .

T 50 82 182,83
(I -

T ; 83 115 1115,116

A 116 - 1327

To analyze this structure, it is not necessary to repeat all the steps shown
above: Although it is clear that « [Eq. (9)] will be changed, because T(A)

~ and T(B), Egs. (14) and (15) are different, it is easy to show that the value
of o has no influence on the currents. If one traces back the origin of thé
number 72 in Eq. (25) one states that it comes from the 9 in Tgi)
and from the 9 in T(l) = 9¢ - ... . Furthermore, these two 9 are the sum of

22
the 3 in ngr) = =3¢ and the 6 in T{:) = -6+ ... .
not influenced by @. So one can immediately substitute instead of 9 = 6 + 3, and
94+ 18+ 18+ 18 + 9 = 72 for the X~band structure 31 = 28 + 3, and

31 4+ 62 + 62 + 62 + 31 = 248. Therefore, Eq. (26) reads now

All these numbers are

e=(e,+2 ) e+ o)l 28 . | (34) -
. 1- 15
18- 48
51- 81
84-114
116-131

In the same way one finds the currents by analogue guessing and finally gets,

that Egs. (27) remain unchanged except for the summation indices and some signs:
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116,17 © % (so +2 z €1) -3 (2 Z €+ F-132)
5

1-1 18- 48
51- 41
84-114
. 5 3
950" 8 (eo +2 X €i) +3 (2 Z g+ ‘-132)
1415 51- 81
18-48 84-114
116-131

and so on. The expressions for the pretuning errors now become

eI '(€o+zzei)162
1-15
il -(2 z e,) / 126
18-48

JIT (z Z ei) / 126 (36)
51-81

Vo= (2 z: ei) / 124
84-114
131

S @) qrap)ia
117

and finally the jofat-currents for thke pretuned X-band cavity are

. 31 V.
116,17 - > ¢ 7€I - 2(-‘_11 - ZEIII - 2€N -eh
(37)
. L3, I T, I, IV, . ¥
149’50 % {- 5¢ 10e™ " + 6¢ + 6 + 3¢)

and similar 182,83’ i115,116' Table IX includes the numerical results.

11. Analysis of cavities with 7 sections at S-band and X-band

Looking in Table IX at the overall deflections obtained by the cavities
analyzed so far, one might prefer to have a somewhat longer cavity. Unfortunately,
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T(VII) T(VI) ) T(IF) T(III) T(II) T(I)

7

66 61 60 59 49 3y 38 28 27 17 16 65 O

Fig. 8. Multiperiodic S-band structure with 7 sections
represented by the transfer matrices T(I)-T(VII).
Joints are located between cells 5,6, 16,17,
27,28, 38,39, 49,50, 60,61.

because of symmetry considerations, one can only add two middle sections.
In the following we briefly check, how the expressions derived above change,
when the S-band structure shown in Fig. 8 is used. All we have to do now is to

add two more middle section transfer matrices to Tables V-VIII and give the ;
of the last section, TVII, the proper indices. By multiplying these single

matrices as in Eq. (22) one gets

e={eg+2 ) e +eg) /108 , (38)

1- 4

7-15
18-26
29-37
40-48
51-59
"62-65

and the untuned joint-currents dbecome

. 11 3
is e "'1'5(%*2 Z ei)'*'l_z(z Z ei+e66)

1-4 7-15

18-26

29-37

40-48

51-59

62-65

116,17 ~ %(eo + Z ei) - % (2 Z € ¥ e66)
1- &4 18-26

7-15 29-37
40-48 (39)
51-59
62-65

s F s D)o D
17,28~ " 12 (ep +2 ) e )35 (2 ) e+ e
1- 4

29-37
7-15 40-48
18-26 . 51-59

62-65
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and similar 138’39: 149’50 and i60,61’

Table XI shows the coefficients enterirg into the untuned joint-currents
for the several configurations considered so far, leading obviously to the

assumption for 7 sections — X-band which is also shown in the table.

TABLE XI. Coefficients eniaring the expressions for the untuned joint-currents.

Joint 4 joints 6 joints 4 joints 6 joints
Number |  S-band S-band X-band X-band
Eq. (27) Eq. (39) Eq. (35) Deduced
1 -7/8 1 1/8 |-11/12§ 1/12 7/8 |-1/8 11/12(-1/12
2 5/8%-3/8 | 9/121 -3/12 -5/8 | 3/8 /12| 3/12
3 -3/8| 5/8 =7/12] 5/12 3/8 }-5/8 7/12}-5/12
4 1/8| -7/8 5/12)| -7/12 1/8 | 7/8 5/12} 7/12
5 ' -3/12) 9/12 3/12]-9/12
6 1/12-11/12 -1/12111/12

Finally one arrives at the pretuned joint-currents, for S-band:

i '%L' 1l + 2¢8T 4 My oy T4 Vo E‘_vu]

5,6

617 " % [ 9el + 18T - 6(I T 4 (Va4 & 5 37 ] (40)

i1 28 = % [_ 7¢l - 10¢el + 1Ty 4 10¢ + &+ I 4+ 57T ]

again the remaining currents resulting in the same numerical values, and

for X-band:

1 A -2¢eMs .. F - JT J

31 [- 9¢f - 1831 + 6(eI 4 ... &) + 3V ] 1)

6
%1_[ 7el + 10l + 1Yy - 10¢cl 4 ... Ty . 5 VII ]

16,17
49,50 ™
ig2,83 =

The €I ‘e eVII appearing in Egs. (40) and (41) are the same as in Eqs. (32)

and (36) respectively.
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III. Conclusions

In Table IX the calculations described above are applied te compare several
deflecting structvres. The values of shuar impedance, Q, upfsn and Ep/En are
raken from Vnghinm and, of course, scaled teo the requived Cregquency whege

necessary.

In the first two rows the 7/2-mode, S-band deflector prasently under con-
struction at Karlsruhe® is compared with the multiperiodic structure shown in
Fig. 4. The somewhat surprising result of the calculations is that the joint-
currents are of the same order of nagnitude in the mulriperiodic structure.
Considering the other quantities entering Table IX one concludes that a multi-
periodic structure of 2.32 = length gives only slightly less deflection than a
n/2-mode structurc of 2.73 m, but needs a smaller cryostat and will surely be
cheaper, because it needs only half the number of cells and clectron-beam welds.
In addition, the possibiltity of multipactoring is considerably reduced by the
larger distance of the discs and the lower EPIEO ratio of the 7 mode.

In the case of an X-band separator the discs of a 7/2-mode deflector would
become very thin and narrow. So not only the Sigher shunt impedance and the
lower peak field ratios, but also simple geometrical considerations would favor
the n mode. Since joints are unavoidable, the problem of joint-currents as
function of fabricationtolerances had to be solved. Although the computed
joint-currents shown in Table IX for the X-band deflector are higher than those
in the S-band deflector, we are quite sure that an X-band deflector for use at
high particle momenta is possible in principle. In addition, as shown in
Ref. 11, at X-band one probably would choose a larger iris aperture, thus re-

ducing the joint-currents by an irncreased x.
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