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Introduction 

The increase in the BBU threshold current is very impor- 
tant for the high and medium energy electron linacs because 
of a larger operating current attainable or a smaller emittance 
available at certain operating current. For this purpose, many 
means can be used, among which the improvement in the ac- 
celerating structure itself is always fundamentali-’ SLAC’s 
three-meterlong section is-unique with truly constant gradient 
performance. The theoretical analyses and operating experi- 
ences at SLAC have indicated that detuning the Nos. 3,4 and 5 
cavities of some sections by 2 or 4 MHz for TI&i wave (about 
2.5 or 5 MHz for EHil wave as [(af/ab)l,,,/(a//ab),,,1./3] = 
1.25 according to our measurements) had considerably raised 
the BBU threshold current.5-8 

The way to do this for SLAC was to squeeze the cavity 
wall inward. It had three disadvantages. First of all, it is trou- 
blesome to do this after the liiac has been built. Secondly, 
after doing this the matching characteristic of the whole sec- 
tion would turn worse, and so it was necessary to readjust the 
match parameters of the couplers. Lastly, the detuning not 
only created a separation of EHrr wave resonations in differ- 
ent sections which is desirable and useful, but also yielded a 

- deviation in phase shift over the cavity from 120’ for TMci 
wave which is hopeless and mischievous. A method of opening 
four holes symmetrically distributed on disks described below 
in detail will get the benefits in improvement of BBU threeh- 
old current and overcome the three shortcomings mentioned 
above. 

Effects of Slots in Disks on Frequency of TM01 Wave 

Two slots in each disk shown in Fig. 1 bring about a dis- 
turbance on cavity fields. The Slater’s formula can be used for 
calculation of the effects if the slot half-width h 5 t. The t is 
the thickness of the disk. 
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Fig. 1. The denotation of dimensions of 
slots in disk. The slots turn to holes if 
de=OO. 
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The field strength exponentially decays within the slots, 
that means the equivalent depth L of the slot should be L = 
0.4343h, rather than t/2. That means the frequency distur- 
bance by holes is in proportion with h’ instead of h2. The 
experiments have verified tharthis conclusion is correct ap 
proximately. The Sister’s formula is as follows: 

EFFECTS OF SLOTS/HOLES IN DISKS ON FREQUENCIES OF TMol 
AND EHll WAVES IN THE DISK-LOADED WAVEGUIDE’ 
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where r is the volume disturbed and v the whole cavity volume. 

The electric and magnetic stored energy are equal to each 
other when resonation occurs. For TI&r wave the denominator 
S of Eq. (1) becomes 

Because of E, = 0 on the disk surfaces the numerator D of 
Eq. (1) can be computed by the formula below in the caee of 
two slots in each disk: 
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D = 0.8686 h 

dB + 2,/h2 - (R, - rj2 
rdr . 

r 

Where Fe = 0.635 is a factor which comes from electric distri- 
bution in slots because of boundary condition Et = 0 on the 
slot wall. 

The effect of four lots on fequency is a factor of two larger 
than that caused by two slots because of the circular symmetry 
of field distribution for TM01 wave. 

Effects of Slots in Disks on frequency of EHll Wave 
The EHlr wave is a polarization one. The fields are related 

to angular coordinate 6. When there are two slots in each disk 
the denominator S of Eq. (1) for the EHil wave becomes”*i’ 
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S=xD 

rdr 

rdr 

The numerator D of the equation (1) has the following form 
due to E, = EB = Hz = 0 on the disk surfaces: 
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where 

Fl (Q) = 4 P&r) Yl (J&b) - K(G) 4 (X4 , 
6(&r) = J:(G) Yl(X4 - K’(Xr) .h(X&) , 
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d0 is the angular width of the slots and 00 the angular coordi- 
nate of the slot center. 

Two cases have to be considered as the EHlr wave is a 
polarized one: 

(a) 00 = 0”: which means the polarization direction is 
parallel to the line through the centers of two slots. 

(b) B. = 90’: which means the polarization direction is 
perpendicular to the line through the centers of two 
slots. 

The four slots in each disk yield a frequency shift for EHll 
wave which can be computed by following this simple formula: 

df (4 slots) = df(eo = Cf’, 2 slots) + df(0, = go’, 2 slots) 

In this case there are four polarized waves with polarization 
directions 00 = O”, f45” and 90’. Their frequency shifts caused 
by four slots are all the same and are computed by the above 
formula. 

The Results Computed and Measured 
F- - e 

The term numbers of the series in the calculations are: 
m  = 25 and s = 13 for TM01 wave; m  = 50 and 8 = 25 for 
EHll wave. Obviously, the 2x/3 mode for TM01 wave and rr 
mode for EHrl wave are most interesting to us. All results 
given below belong to the case of circular holes (d8 = 0’) for 
simplicity of machining. 

Figure 2 shows the frequency shifts of 2~13 mode of TM01 
wave caused by two or four holes in each disk at different radial 
position R,. It can be seen that the frequency will move down 
if holes are placed where the magnetic field is stronger than the 
electric one. The parameter in the figure is the hole diameter 
2h. 
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Fig. 2. The frequency shifts of 2r/3 mode of TMol wave 
caused by two or four holes in each disk versus radial posi- 
tion R,. 2h is hole diameter; - computed; - - - measured; 
cavity dimension: a = 13.90 mm; t = 4.00 mm. 

The frequency shifts of z mode of EHll wave with 80 = 0’ 
and 90” caused by two holes in each disk at different R, are 
shown in Figs. 3 and 4, respectively. Figure 5 shows the fre- 
quency shifts of rr mode of EHrl wave caused by four holes 
in each disk at different R, with respect to the case with- 
out holes in disks on the condition of keeping the frequency 
of 2z/3 mode of TMol wave invariable that means the corre- 
sponding corrections in cavity diameters 2b have been made. 
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Fig. 3. The frequency shifts of s mode of EHrr wave with 
60 = 0’ caused by two holes in each disk versus radial position 
Ri. 2h is hole diameter; - computed; - - - measured; cavity 
dimension: a = 13.90 mm; t = 4.00 mm. 
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Fig. 4. The frequency shifts of rr mode of EHir wave with 
0s = 90” caused b@wo holes in each disk versus radial position 
R,. 2h is hole diameter; - computed; - - - measured; cavity 
dimension: a = 13.90 mm; t = 4.00 mm. 

For example, opening four holes in each disk with 2h = 9 or 
11 mm at R, = 28 mm and reducing the dimension 2B by 
-0.09 or -0.26 mm, the f(2n/3) of TMcr wave still main- 

-tains at 2856 MHz but the frequency bands of EHol wave will 
move up by about 4 or 9 MHz respectively. All computations 

and measurements given above are made with 2rr/3 mode cav- 
ities of light velocity section of our 20 MeV feed-back electron 
linac.10 The dimensions are: a = 13.90 mm and t = 4.00 mm 
(fc = 2856 MHz) and denoted on the figures. We do the 
same experiments and calculations with the SLAC No. 4 cavity 
(20 = 26.04 mm and t = 5.84 mm) and existence of this effect 
is again verified. 
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Fig. 5. The frequency shifts of A mode of EHrr wave caused 
by four holes in each disk versus R, on condition of f (2%/3) = 
2856 MHz for TMcl wave. 2h is hole diameter; - computed; 
--- measured; cavity dimension: a = 13.90 mm; t = 4.00 mm. 

The electric coupling through the central holes in disks is 
dominant in the case of disk-loaded waveguide. Opening holes 
in disks at R, = 28 mm where the magnetic field is stronger 
than the electric one will degrade the electric coupling. The 
measurements show that the decrease in frequency band width 
is only 2-5%, so that its effect is negligible. 

Conclusion 

This skill is a simple way to build up several kinds of differ- 
ent structures in light of BBU occurrence. The effect of holes 
in disks on both property of the tube and matching parame- 
ters of couplers is negligible if the hole diameter 2h is not too 
big. The skill can be used for SLAC structure to improve linac 
performance; perhaps it can also be used for other tube de- 
sign with approximately constant gradient property instead of 
using several kinds of tube with different dimension variation 
range to some extent. 

In a practical case, of course, the holes should be made 
with out corners and edges to prevent arcing, although all cal- 
culations and measurements mentioned above are done with 
holes of rectangular edge for simplicity. 
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