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DEVELOPMENT OF AN APS CAVITY FOR TRISTAN MAIN RING 
i 
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Summary 

Normal conducting 508 MHz cavities of alternating 
periodic structure CAPS) with nine accelerating cells 
will be installed in the TRISTAN main ring (MR) . 
Rationale for this choice was discussed in ref. 1. 
The structure is biperiodically loaded with straight 
disks. The cells are coupled only electrically 
through the beam apperture of a 100 mm diameter and 
the coupling constant is about one percent. The 
length of the coupling cell is 15 mm. The adopted 
dimensions are shown in Fig. 1. The parameters of the 
cavity were calculated by SUPERFISH and listed in 
Table 1. It was found that each accelerating cell 
frequency should be tuned well to obtain a high Q 
value. Thus, tuning plungers were installed to all of 
the accelerating cells. The shunt impedance was esti- 
mated to be 23 MR/m and this value was 85 percent of 
the calculated one. It was also found from model 
calculations that the frequency of the coupling cell 
fc should be higher than or equal to that of the 
accelerating cell fa to stabilize the power distribu- 
tion among the accelerating cells. The cavity design- 
ed under this constraint was excited up to 220 KW (CW) 
which was 150 percent of the designed power dissipa- 
tion. The measured shifts of fa and fc due to the 
thermal distortion arising from the power dissipation 
were in agreement with those estimated from a computer 
analysis of thermal distortion. The transverse in- 
stability caused by the deflecting mode of the cavity 
was observed in the TRISTAN accumulation ring (AR). 
The measured growth rate was in agreement with that 
calculated with a coupled-bunch instability theory. 

Fig. 1 Dimensions of the APS cavity. 

Table 1 

Calculated parameters of the cavity 

Qa 43830 
QC 4830 
ZT2 27.6 MR/m 

Design of the APS Cavity 

For the APS cavity of the TRISTAN MR, fa decreases 
by 200 KHz, when the power dissipation of the cavity 
becomes the maximum designed value of 150 KW. Al- 

though a small number of tuners in the nine cell 
cavity are sufficient to compensate this thermal fre- 
quency shift, every accelerating cell should have a 
tuner for the following reason1'2. Consider two 
accelerating cells with a coupling cell between them. 
Regardless of whether the confluent condition fa=fc is 
satisfied or not, the field at the coupling cell 
increases in proportion to the frequency difference 
6fa between two accelerating cells. Since the Q value 
of the coupling cell is low compared with that of the 
accelerating cell, the excitation of the coupling cell 
decreases the Q value of the accelerating mode. For 
example, if 6fa amounts to 1 ?IHz, the Q value de- 
creases by about 23 percent. Therefore, all of the 
accelerating cells should be tuned well to keep the Q 
value high. 

Ideally the confluent condition should be satis- 
fied in order to keep the accelerating field uniform 
against the frequency differences among the accel- 
erating cells. As fc's of the cavity shown in Fig. 1 
decrease by 1 MHz at the maximum power dissipation of 
150 KW, it is practically impossible to adjust fc's to 
fa. As a compromise, fc's are set to fa+l MHz at low 
power2. In this setting the operational condition of 
the cavity becomes confluent as the power dissipation 
of the cavity approaches the maximum value. 

Fabrication 

One period unit of the cavity is composed of two 
parts separated at the positions indicated with the 
arrows A and C in Fig. 1. Each part is made of low 
carbon steel and the inner surface is electroplated 
with Cu of a 100 urn thickness. After plating, each 
contact plane is machined to obtain an edge contact 
for RF surface current. Then these parts are stacked 
and welded with a TIG method. The welding provides 
not only a mechanical rigidity and a vacuum seal but 
also a good RF contact with a stress of 200 kg/cml. 
The obtained Q value was about 85 percent of that 

. calculated by the computer code SUPERFISH3. 
The frequencies fa's and fc's were measured 

before and after the welding. The deviation of the 
frequencies from the designed value before the welding 
arose at machining and plating. The measured devia- 
tions were Afa = ? 0.02 MHz and Aft = f 0.6 XHZ. 
The frequency shift resulting from the welding was 
well controlled as Afa = 0.14 f 0.04 MHz and Aft = 
- 1.75 + 0.2 MHZ. 

High Power Test 

First of all, the accelerating cells were tuned 
at low power by minimizing the stored energy in the 
coupling cells. At the early stage of conditioning 
discharge was observed at an input power of about 2 
KW. After the conditioning at about a few KW for an 
hour, the input power was smoothly increased up to 220 
KW (CW) which was 150 percent of the designed power 
dissipation. The discharge at the input power of 2 KW 
is considered as a result of the excitation of the 
coupling cell arising from the remnant small errors of 
fa's. In fact, when we increased the frequency dif- 
ference between the adjacent accelerating cells beyond 
1 MHZ to excite the coupling cell, the discharge 
occured at only a few ten watts. 
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The thermal frequency shifts of fa and fc were 
measured versus input power. In Table 2, the results 
at the input power of 150 KW are listed together with 
the calculated ones estimated from a computer analysis 
of the thermal distortion4. 

Table 2 

Frequency shift at the input power of 150 KW 

(units MHZ) 

measured calculated 

Afa - 0.2 - 0.08 
Aft - 1.0 - 0.87 

The shift of fa was measured from the change of 
the tuner position. After the power was raised 
rapidly, fa increased at first for about a minute and 
then began to decrease slowly to an equilibrium value. 
This behavior is explained as follows. In the first 
stage the temperature distribution throughout the 
cavity is not in a state of equilibrium. As a result 
the disk bends towards the coupling cell and fa in- 
creases. However, as the temperature distribution 
approaches an equilibrium and the thermal expansion of 
the cavity cylinder sets in, fa begins to rather de- 
crease. The agreement between the measured shift and 
the estimated one using the calculated distortion of 
the cavity in a thermal equilibrium is fairly good. 

It is important to measure the shift of fc due to 
the thermal distortion, because this shift should be 
included in the setting of fc at low power as discuss- 
ed above. Though we can not measure fc directly 
during the operation, we can estimate the value fc-fa 
by measuring the frequency difference An between the 
na/E mode (n=0~16)) and IT (accelerating) mode, because 
An's are functions of fc-fa. The values An's were 
measured during the high power operation by sweeping 
the frequency of the amplitude modulation on the klys- 
tron power and analysing the frequency spectrum of the 
signal picked up from the cavity. The results are 
shown in Fig. 2. The shift of fc is mainly arising 
from the bending of the disk due to thermal stress and 
agrees with that estimated from the computer analysis 
of the thermal distortion. 
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Fig. 2 Measured stopband fc-fa versus 
power dissipation in the cavity. 

It is important to test whether the RF edge con- 
tact remains..good after repeating the heat cycle many 
times. The 0 value of the accelerating mode was used 
as a figure of merit of the contact. For three month 
operation in AR, the input power was modulated up and 
down below 50 KW with a nominal period of several 
minutes. The Q value did not change under this 
operation. The baking at 130°C for a day was also 
performed several times, but no change of the Q value 
was observed. 

The input coupler has a cylindrical ceramic 
window, where a wave guide.mode is transformed to a 
coaxial mode. Some of the input couplers showed 
abnormal temperature rise of the ceramic window even 
at an input power of 20 KW. If the input power was 
further increased, the ceramics cracked in some cases. 
This temperature rise is thought tog be a one-side 
multipactoring on the ceramic surface . To suppress 
the secondary electron emission, the inner surface of 
the ceramics was coated with a 30 X TiN layer. The 
temperature rise of the ceramics was monitored by a 
thermocouple before and after the coating. The re- 
sults are shown in Fig. 3. The temperature rise was 
remarkably reduced with the coating and the coupler 
was stably operated up to 220 KW (CW). In the coupler 
there is a 1 mm gap between the outer conductor of the 
coupler and the cavity port for the coupler. The 
depth of the gap is about X/2 from the cavity surface 
to have a choke property at 508 MHz. 
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Fig. 3 Temperature rise of 
versus input power. 

the coupler 

Vacuum 

The area of the inner surface of the cavity is 
about 10 m2. The inner surface is electroplated first 
with Ni to form a thin layer and then with Cu of a 100 
urn thickness. The cavity was evacuated with a turbo- 
molecular pump (250 a/s) and an ion pump (500 L/s). 
After the baking at 13O'C for a day, the final 
pressure became 5 x LOT3 Torr, and the main component 
was the Hp gas. Although the other components were 
reduced by the bake-out procedure, the outgassing rate 
of H2 seemed to rather increase. However, it was found 
that with a successive baking at a lower temperature 
of 7O'C for a day the Hz outgassing rate was reduced 
and the final pressure of 1 x 10mg Torr was obtained6. 

During three-month operation in AR the base pres- 
sure decreased from 1 x 10-R Torr to 1 x 10v9 Torr 
without any bake-out procedure in situ. The pressure 
at an RF input power of 50 KW with a stored current of 
20 mA also decreased from 5 x 10-R Torr to 1 x lo-* 
Torr. 

When the TM011 mode frequency of the cavity was 
at a harmonic of the beam revolution frequency, the 
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vacuum of the cavity became worse. HOWeVer, the vacu- 
um pressure was improved by one hour conditioning with 
the beam. 

Interaction with the Beam 

The dispersion curves of the TM0 and HEM1 mode’ 
up to 1 GHz are shown in Fig. 4. The transverse 
coupling impedances were calculated by the computer 
code UF.MELe. ITI the TMliO and TM111 passbands, the 
calculated values were 64 MR/m/9cell and 128 Ma/m/9 
cell, respectively, for the modes which satisEy 
approximately v =c, where v is a phase velocity. 
Actually the ! ransverse nzrrow band instability 
attributed to the TM110 modes of the cavity wa.5 

observed in -ARy. 

Fig. 4 Dispersion curves of the APS cavity. Only 
the TM0 and HEM1 modes up to 1 GHz are shown. 
The modes whose transverse coupling impedances 
are higher than 50 MQ/m/9cell are indicated 
by double circles, and those than 10 Mn/m/9 
cell by single circles. 

If the deflecting mode frequency fres, the revo- 
lution frequency fg and the betatron oscillation fre- 
quency fB satisfy the relation 

f = 
res nfg - f 

5 (1) 

where n is an integer, the transverse instability 
growth rate becomes B.Rt*F*I, where B is a factor de- 
termined from machine parameters, R the transverse 
coupling impedance of the mode, F the! bunching factor 
and I the beam current lo. When this growth rate 
exceeds the damping rate, the instability occurs. 

In AR the damping rate is determined by the 
damping due to the transverse feedback system, the 
head tail effect and the synch$gtron radiationll. 
Therefore, the threshold current I of the instabil- 
ity in AR is determined from the following equation 

B*Rt’F*I th = afb + aht(Ith) + arad (2) 

where I th is the threshold 
and a 

beam current and sfb, o 

rad are the damping rate due to the feedhac hE 
damper, the head tail effect and the synchrotron 
radiation, respectively. First we measured the thresh- 
old current under the condition which satisfied Eq. 
(1). We also measured afb versus loop gain of the 
feedback system and ahr versus beam current. Using 

these values in Eq. (2), the value F was obtained as F 
= 0.95 + 0.3 where we estimated the value R fron the 
calculated R /Q and the measured Q value. Tfi e obtain- 
ed F value fs in reasonable aoreement with the theo- 
retical one for a short bunch 12”. 

Using the value F thus obtained, we estimated the 
threshold current of the transverse instability for 
MR. If Eq. (1) happens to be satisfied by all of the 
104 cavities in MR, the threshold current becomes 
lower than the designed value of 10 mA even with a 
feedback damper designed for MR. If we slightly vary 
the dimensions of the cavity and get a frequency 
spread of more than +lOOkHz for the higher modes among 
104 cavities, the total Rt value will be reduced by a 
factor of fourl’. Although this procedure is enough 
to suppress the instability due to the TM116 mode, it 
will not be sufficient to suppress the instability due 
to the TM111 mode. Therefore, a higher order mode 
damper is under development to suppress the TM1 11 
mode. 

Acknowledgement 

The authors would like to acknowledge Dr. T. 
Nishikawa , Dr. 3. Tanaka and Dr. Y. Kimura for valu- 
able discussion. 

1. 

2. 
3. 

4. 
5. 
6. 
7. 
a. 
9. 
10. 
11. 

12. 
13. 

References 

“Development of the APS cavity for 
%I:% zFealSLorage Ring” 
5th Symposium on Acceleratir 

in Proceedings of the 
Science and 

Technology, Tsukuba, Japan, 1984, pp.114-116. 
Y. Yamazaki et al., KEK-report, to be published. 
K. Halbach and R.F. Holsinger, Particle Accelera- 
tor 7, 213 (1976). 
A. Takahashi, private communication. 
S. Isagawa, private communication. 
H. Mizuno et al., to be published. 
T. Kageyama et al., KEK-report, to be published. 
T. Weiland, DESY 82-24. 
T. Higo et al., TRISTAN Design Note TN-85-004. 
Y. Yamazaki et al., KEK-report 80-8. 
T. Ieiri et al., “Beam Dynamics Experiments Using 
the Feedback System”, in Proceedings of the 5th 
Symposium on Accelerator Science and Technology, 
Tsukuba, Japan, 1984, pp.160-162. 
A.W. Chao, SLAC-PUB-2946, June 1982. 
Y. Yamazaki et al., TRISTAN Design Note TN-85-002. 


