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Abstract

The undesirable nonuniformity in the amplitude of the accelerating
field along the MxN-cell TESLA supercavity caused by a random cells
detuning is investigated. The dependence of the r.m.s. deviation of the
relative accelerating field amplitude on the number of cells in the cavity
is obtained for different MxN-cell TESLA supercavities. It is shown that
MxN-cell TESLA supercavities possess a stabilization effect in the
amplitude of the accelerating field distribution along the -cavity.
An analytical expression for an estimation of the nonuniformity in the
amplitude of the accelerating field along the cavities with an operational
w-mode is obtained.
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I. Introduction

It is wellknown that the cavities with an operational m-mode have
the biggest nonuniformity in the amplitude of the accelerating field along
cavity due to random cells detuning. There are so called stabilized
structures consisting of coupled cells, some of which are not excited and
functions as a resonant coupling [1,2,3,4] between parts of the structure
with an operational ®-mode. The nonuniformity in the amplitude of the
accelerating field along such structures has been investigated in [5] where
analytical expressions for the nonuniformity in the amplitude of the
accelerating field along the structure were obtained.

The MxN-cell TESLA supercavities [6] with an operational
0-m-mode consist of M subcavities coupled by A/2-length beam pipes
(A=230.61 mm, operational frequency f;=1.3 GHz). Coupling beam pipes
are used for HOM damping with HOM couplers in each of these beam
pipes. Field oscillations in neighbouring cells of the subcavity have
ni-phase shift while the field oscillations of neighbouring cells separated
by beam pipes have O-phase shift. Thus we can expect some field
amplitude stabilization along the cavity using 0-%-accelerating mode.

To simulate field amplitude distribution along the cavity in
the presence of random cells detuning and to estimate the nonuniformity
in the amplitude of the accelerating field caused by random cell detuning
we use an equivalent circuit of the investigated cavity which is described
by the following system of equations
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Here E, is field amplitude in the n-th cell,

K./2 is a coupling coefficient between n-th and (n+1)-st cell,
f., is a frequency of the n-th cell,
fy is a free oscillation frequency of the operational mode.

We consider a lossless cavity with the following cell-to-cell

coupling coefficients
K,=K;s=0.0020171 for n=N, 2N, 3N,..., (M-1)N,
K=K, =0.0188988 for n#N, 2N, 3N...., (M-1)N.



TESLA Report 1998-26

The cell frequencies of a perfectly tuned MxN-cells supercavity
with 0-m-accelerating mode at f, have the following values:

f =20 for n=1,MN
K,
1+
2
f, = £, ,forn = N,N+1,2N,2N+1,..., M-DN,(M-1)N +1 (2)
J KC K.S—S
1+ —=-
2 2
f0
£, = , for any other n
1+K

To simulate the amplitude nonuniformity of the accelerating field
caused by random cells detuning we assume that each cell has
a frequency f.,+0f.,, where df, is a random frequency shift.

The amplitude nonuniformity of the accelerating field along
the cavity is characterized by the r.m.s. quantity 6,gx, Which is defined as
follows

J N _
Oppe = hm Z f, 3)
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)
Eav T En i
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Where: G is r.m.s. of the relative nonuniformity in the amplitude of
the accelerating field along the cavity,
j  is arandom selection number,

J is the total number of the random selections (J=5000 in our
simulation),

N.is 18 the number of cells of the cavity (Nee=MN),

E,; is afield amplitude in the n-th cell corresponding to the j-th
random selection,

E..; is average field amplitude in the cavity corresponding to
the j-th random selection.
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II. Relative nonuniformity in
the amplitude of the accelerating field along

the MxN-cell TESLA supercavities

We consider the relative nonuniformity in the amplitude of
the accelerating field along the MxN-cell cavities with different
numbers (M,N) of cells. We use a random cells detuning with
uniform distribution in the frequency range +0f, (-0f.<df..< +0f; ,
&f.=10 and 50 kHz). The coupling coefficients K, =0.0020171 and

K. =0.0188988 correspond to the radius of the coupling beam pipes
pr—57 mm and the radius of the irises opening R;=35 mm.

The cells have a Qqg-factor Q.= 10'°.
Table 1 and Fig.1 show simulation results for such MxN-cell

TESLA cavities.
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Fig.1. Relatlve Nonuniformity in the Amplitude of
the Accelerating Field along the MXN-TESLA Cavity
(6f.=10000 Hz, K, ,~0.0020171)

M=1 corresponds to a usual cavity without coupling beam pipes
and with an operational n-mode (Plot 0 in Fig.1). One can see that the re-
lative nonuniformity in the amplitude of the accelerating field along
the cavities is the biggest for this case. The plots 1-5 in Fig.1 correspond
to M=3, 4, 5, 6 and 7 subcavities. The phase distribution along the cavity
was checked during the nonuniformity calculation and corresponded to an
operational 0-m-mode field oscillation in the cavity.

One can see that nonuniformity in the amplitude has a minimum
corresponding to N=9 for M=3, 4, 5, 6 and N=10 for M=7. Plot 6 and 7
(dashed lines) show a dependence of 6,55 on number of subcavities for
N=7 and N=9.

As it can be shown that G,gg is proportional to the relative cells
detuning G0 (Osesta=01o/(f33"%) in our case). We have an ability to
recalculate Oagg for other random cells detuning. But in the case of
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the large random cells detuning and unsuccessful combination of the cells
detuning the operational O-t-mode phase distribution can be broken.

Tables 2 - 6 and Fig.2 - 6 show simulation results for the other
values of the coupling coefficient K.
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Rows marked by the sign “?” correspond to the cases when one or
more random selections of total number Neeecions = 3000 don’t have
a 0-m-mode phase distribution along the cavity. Such r.m.s. Gage are not
correct enough.
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Nonuniformity in the Amplitude of the Accelrating Field
Along the M=N-TESLA Cavity
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Fig.2. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MXN-TESLA Cavity
(6£=10000 Hz, K, =0.001, plot 4 and 5 are not shown)
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Table 3

Nonuniformity in the Amplitude of the Accclrating Field
Along the M=N-TESLA Cavity
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Fig.3. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MxN-TESLA Cavity
(6£=10000 Hz, K, ,=0.0015)
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Ks-s Nselections Nonuniformity in the Amplitude of the Accelrating Field
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Fig.4. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MXN-TESLA Cavity
(6£~=10000 Hz, K; =0.003)
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Fig.5. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MxN-TESLA Cavity
(6£:=10000 Hz, K, ~0.004)
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Fig.6. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MXN-TESLA Cavity
(6f=10000 Hz, K ,=0.005)

The simulations show that nonuniformity in the amplitude of the
accelerating field along MxN-cell cavities increases when coupling
coefficient K,, decreases and that it even can be larger then
a nonuniformity along the cavity with an operational T-mode (see Fig.2
and 3).

One can see that Mx9-cell cavities with K, =0.0020171 possess a
stabilization effect (see Fig.1, lower dashed line) and the more number of
subcavities M the stronger stabilization effect. Of course
the nonuniformity in the amplitude of the accelerating field along
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the Mx9-cell cavities increases when M increases, but this increasing is

weak.
Table 7 and Fig.7 show simulation results for uniform random cells

detuning &f.=50 kHz and K,=0.0020171. One can see that Gapg
increased 5 times and the dependencies of Gagr on the number of cells
were saved.
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Fig.7. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MXN-TESLA Cavity
(6f.=50000 Hz, K, ~=0.0020171)

These data show that MxN-cell TESLA cavities possess some field
amplitude stabilization. The nonuniformity in the amplitude of
the accelerating field along the 4x7(9)-cell TESLA cavities is 5.51 and
3.56 times bigger then this one along the corresponding 7-cell and 9-cell
cavities with an operational n-mode. The nonuniformity in the amplitude
of the accelerating field along the 4x7(9)-cell TESLA cavities is 1.256
and 2.166 times less then this one along the corresponding 28-cell and
36-cell cavities with an operational T-mode.
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Fig.8 shows a dependence of r.m.s. Gage on coupling coefficient
K,, for MxN-cells supercavities with K.=0.0188988, Q,=10" and
random cells detuning 6f.=10000 Hz.

Nonuniformity in the Amplitude of the Accelrating Field
Along the M*N-TESLA Cavity

O AR/ A fop=1.3 GHz

K¢=0.0188988, 5fc=10 kHz, Nselections=5000
4 500000 - ]
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Fig.8. Relative Nonuniformity in the Amplitude of
the Accelerating Field along the MXN-TESLA Cavity as function of
coupling coefficient K,
(0f=10 kHz, K =0.0188988)

One can see that coupling coefficient K, has an optimal value at
which nonuniformity has a minimum.
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II1. Relative nonuniformity in
the amplitude of the accelerating field along
the m-mode cavity

Now we shall derive analytical expression for r.m.s. Gagr Of
the relative nonuniformity in the amplitude of the accelerating field
along the cavity with an operational m-mode. We shall use
the system of equations (1) to simulate field amplitude distribution
along the cavity in the presence of the random cells detuning.

Cells frequency in the perfectly tuned m-mode cavity must be
equal to the following values

r 5

fO
forn =1, N
KC
1+
f, =1V 2 L@
fO
— forn #1, N
L«/1+Kc

Where N is a number of cells in the cavity,
n is a cell number,
f, is an operational ®-mode frequency,
K. is a cell-to-cell coupling coefficient.
We suppose that cells frequency has a random detuning 6f;,, which
satisfies the following condition

Sf Sf 0 for n #m
[$31] [$41] — ) (5)
t, f, ), O 5¢.1t, for n =m
where Gseso 1 r.m.s. of the random relative cells detuning.
Field amplitude distribution along the perfectly tuned cavity has a
view: Eg=(-1)""'Ey. In the presence of the random cells detuning we can

obtain the following expression for a relative-deviation in the field
amplitude in the (n+1)-st cell
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AE. _( l 4 (S 36fm+ 2 (,_fa \AB, , AE,,
n+l0 Kc fcn fO Kc fczn JEnO 1:‘_“n—]O
for n=1,2,3,...,N-1 (6)
J —K“ for n =1
where 1-—-= 2 )
o |-K, for n #1
372
(fo T (1+K°] for n =1
g )7L 2 ’
- (1+K,)? for n # 1
AE,, =0 for n =1
En—lO
?EE“ =0 for n =1
n{

This expression was obtained from the system of equations (1)
saving the first order terms only and under the assumption that a cavity is
excited through the last cell (N) at the operational frequency fj.

The last expression can be transformed into the form

(

K 312
AE 40+K )" 5f 4(“ 26] 5f
n— (-1 c o ocm _1) cl 7
En() ( )< Kc 11'1z=2(n ) fO ¥ Kc (n f0 ( ( )
L
for n=234,.,N

We derive the expression for r.m.

definition of this quantity
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5 2
1 N &1 &(AE AE
= fimy———— N ST 8

av j

Substituting expression (7) into (8) and taking into account
condition (5) one can obtain the following expression for r.m.s. Oxgg

4 N+1 K Y IN? —5N+2
GAE/E:-EGSFCKO F{N[l"'?c] +(1+Kc)3#} (9)

C

where oy, is rams. of the relative cells detuning.

If we can neglect K. compared with 1 in the last expression then
we obtain

4 (N+1)N%+1)
Oser = K O sr, /7, 30

c

(10)

One can see that Gz <N*2Gs51./K. for a large number of cells N.

Formula (9) was derived under assumption that the cavity is
excited through the last cell at the operational frequency f,. This is
a cause of some bigger nonuniformity calculated with this formula then
those one represented in Fig.1-7 and Tables 1-7. The data represented in
the tables and figures were calculated at the free oscillation frequency of
the cavity, which is not equal to the operational frequency f; and it is
a random quantity too.
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IV. Conclusion

The undesirable nonuniformity in the amplitude of the accelerating
field along the different MxN-cell TESLA cavities caused by a random
cells detuning was investigated. The dependence of r.m.s. of the relative
deviation of the accelerating field amplitude distribution along
the cavities on the number of cells in the cavity was obtained for
a different MxN-cell TESLA cavities. It was shown that MxN-cell
TESLA cavities possess some stabilization effect in the amplitude of
the accelerating field distribution along the cavity and coupling
coefficient K,  has an optimal value (for a given value K .=0.0188988).

It was shown that the nonuniformity in the amplitude of
the accelerating field along the 4x7-cell and 4x9-cell TESLA
supercavities is 5.51 and 3.56 times bigger then this one in
the corresponding 7-cell and 9-cell cavities with an operational ®-mode.
The nonuniformity in such cavities is 1.265 and 2.166 times less then
nonuniformity in the amplitude of the accelerating field along
the corresponding 28-cell and 36-cell usual cavities with an operational
T-mode.

An analytical expression for an estimation of the nonuniformity in
the amplitude of the accelerating field along the cavities with an
operational n-mode was derived.
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