
STATUS OF TRISTAN OPERATION 

Kotaro SATOH 

KEK 

1-1 Oho, Tsukubivshi, Ibaraki 305, JAPAN 

Abstract 

The present status of the TRISTAN operation is summarized mainly after the installation 
of superconducting cavities in the 1988 summer shutdown. The paper describes the initial 
experience of the superconducting cavity operation, the colliding operation at 30.4GeV and 
the beam injection. Future improvement is also reported. 

1. Layout and History 

TRISTAN main ring(MR) is an electron-positron collider, general parameters and the 
history of which are shown in Table I. It has a four-fold symmetry having four long straight 
sections, Fuji, Nikko, Tsukuba and Oho. In the middle of each straight section is the colliding 
point. Each colliding point is occupied by physics detectors, VENUS, SHIP, TOPAZ and 
AMY. (SHIP has been removed from the Nikko experimental hall.) All of the long straight 
section is, or can be used for RF acceleration except in the Fuji section. Some part of the 
Fuji section is used for beam injection. Linear optics as well as magnet arrangement of one 
octant of the ring are shown in Fig.l. 

Since the commissioning in October 1986, the history of TRISTAN has been the energy 
upgrading. In the first operation only Fuji and Tsukuba straight sections were filled with 
64 9-cell APS cavities. With these cavities the beam energy reached 26GeV. In the summer 
shutdown in 1987 40 APS cavities were installed in the Oho section. Then the energy raised 
up more than 28GeV. In the summer shutdown in 1988 16 five-cell superconducting cavities 
were installed in the Nikko section. The maximum energy so far attained was 30.4GeV. The 
final energy upgrading will be done by adding 16 superconducting cavities in the summer 
shutdown of 1989. The energy will be more than 32GeV. 
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Circumference 3018.08m 
Average machine radius 480.34m 
Length of straight sections 4 x 194.35m 
RF frequency 508.58MHz 
Harmonic number 5120 
Bending radius 246.53m 
Number of interaction regions 4 
Number of bunches 4 ( 2 bunches per beam) 
Injection energy 8GeV 
Injector TRISTAN accumulation ring 

Interaction region Cavity Installation Energy 
Fuji 24 9-cell normal 1986 Oct. 
Tsukuba 40 9-cell normal 1986 Oct. ~26GeV 

Oho 40 9-cell normal 1987 Oct. ~28GeV 

Nikko 16 5-cell super 1988 Oct. ~30GeV 
16 5-cell super 1989 Oct. (~32GeV) 

Table I. General parameters and history of TRISTAN. 
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Fig.l Linear optics and magnet arrangement of one octant of TRISTAN. 
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2. Superconducting Cavity Operation 

The superconducting cavity operation was the most challenging work in the TRISTAN 
project. Note that the application of the superconducting cavity to the accelerator in such 
a large scale is the first effort in the world. 

The parameters of the 5-cell superconducting cavity and the initial operating condition 
are listed in Table II. The maximum accelerating field in the bench test was lOMV/m. The 
quality factor was 2 x 10 s near the operating condition of 5MV/m. Two cavities are contained 
in one cryostat. Four cavities are fed with RF power by one klystron. The RF power from 
the klystron is divided equally by T-shaped waveguides and fed into the four cavities. This 
means that the average accelerating field of the four cavities is restricted by the weakest 
cavity of the four. In the initial beam operation the total accelerating voltage produced by 
the 16 superconducting cavities was 109MV. The average voltage was 4.6MV, which was 
slightly lower than the expected value of 5MV. 

Cavity type 5-cell 
2 cavities per cryostat 
4 cavities per klystron 

Cavity length 1.48m 
Maximum field lOMV/m 
Quality factor 2 x 10 9 (at 5MV/m) 

Beam operation 
Number of cavities 16 
Total length of cavities 23.6m 
Total accelerating field 109MV (Initial operation) 
Average field 4.6MV/m 
Number of klystrons 4 

Table II. Parameters of superconducting cavity and its operation. 

During the beam operation using with the superconducting cavity we had troubles related 
to the cavity. These troubles would be very useful for the improvement of the superconduct
ing cavity. Each cavity has its own higher-order-mode coupler, which extracts unwanted 
higher-order-mode power from the cavity for the sake of the beam stabilization. The power 
extracted by the coupler is transferred through coaxial cables and connectors. When the 
total beam current exceeds 10mA, some of the connectors were heated up and their temper
ature raised up to the melting point of the polyethylene insulator of the cable. This trouble 
was explained by the loose contact of the inner conductor of the connector. The heat-up 
problem of the connector have been restricting the total current below 9mA, and hence the 
luminosity in the last operation cycle through the end of March in 1989. 

The second problem is the degradation of the maximum field. The decay of the maximum 
field, which was measured without beam current, was observed in two superconducting 
cavities. In these cavities the maximum field became about 80% of the initial value. During 
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the beam operation we have been trying to understand its reason, but have not known. 
Fortunately the field degradation was not found in the other 14 cavities. 

The third problem was the vacuum leak of RF input couplers. In the last operation cycle 
this accident happened two times. In the first case the leak rate was large and the cavity 
surface might be heavily contaminated by the dissolved chemical material from the coupler. 
Although the faulty input coupler was replaced by new one, it was foreseen that the cavity 
surface could be damaged if RF power was fed into the cavity without cleaning the surface. 
Due to this reason the recovery of the cavity and the next one in the same cryostat was 
postponed to the next long shutdown. The two cavities were removed from the operation 
while they were remaining in the beam line. 

At the final operation 14 cavities out of the 16 cavities installed were operational. They 
produced th • RF voltage of 86MV, which corresponds to the average field of 4.2MV/m. This 
value is 10% less of the initial value of 4.6MV/m. 

3. Colliding Operation 

The maximum energy was 30.4GeV in the last jperation cycle. Table III summarizes the 
colliding operation parameters. The luminosity is not limited by the beam-beam effect, but 
by the stored current. Before the installation of the superconducting cavity the total current 
was more than 13mA. After the installation, however, the total current was restricted below 
9mA by the heat-up problem of the higher-order mode coupler system. 

Energy 30.4GeV 
« 2.0m 

r. 0.1m 
vx 36.6 
vv 38.7 
Energy loss 306.lMeV/turn 
RF voltage 406MV 
RF frequency shift +lkHz 
Emittance 1.33 x 10- 7m 
Relative energy spread 1.83 x 10 - 3 

Natural bunch length 1.27cm 
v. 0.10 
TE 1.47msec 
Tx 

1.22msec 

Total current 8.5mA 
(2.1mA/bunch) 

^(coherent) 0.008 
^(coherent) 0.020 
Emittance ratio 0.8% 
Peak luminosity 5.6 x U P c m - ' s - 1 

Table III. Colliding parameters (FEB1089A) 
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Since the luminosity is not limited by the beam-beam effect, it can be increased by 
reducing the beam area at the colliding point. This can be d, ne by reducing the emittance 
itself or the vertical emittance. In order to get the lower emittance the acceleration frequency 
was raised up by about 1kHz, which made the emittance 27% smaller, and hence increased 
the luminosity, inversely proportional to the emittance. 

During the colliding operation we always excite the coherent betatron oscillations of 
bunches and measure the coherent beam-beam tune shifts with a spectrum analyzer. Since 
the vertical tune shift is proportional to the luminosity, we try to increase the vertical tune 
shift as much as possible by making vertical bump orbits around the ring. The height of each 
bump is typically 1mm. From the ratio of the vertical tune shift to the horizontal we can 
estimate the emittance ratio between the vertical and horizontal directions. Typically the 
emittance ratio is kept less than 1%. (Recent computer simulations explained the validity of 
the luminosity tuning by making vertical bump orbits. Vertical bump orbits would correct 
in some cases the vertical dispersion with the result of lower vertical emittance, and the 
vertical orbit separation between the two beams at the colliding point in the other cases.) 

In the accelerator division the luminosity has been estimated from the tune shift mea
surement under the assumption that the coherent beam-beam tune shift is equal to the real 
tune shift. K. Yokoya of KEK anJ/zed the relation between the coherent beam-beam tune 
shift measured with the spectrum analyzer, and the so called beam-beam tune shift. The 
real tune shift k incoherent and hard to measure. He found that the coherent vertical tune 
shift is about 1.2 times the real one. As the result the luminosity has been overestimated by 
the same factor. 

Luminosity 
(/nb) 
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— TOPAZ 

— VENUS 
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Fig.2 Integrated luminosity per day of three physics groups and the estimation done by 
the accelerator division (Feb.12-Mar.20, 1989). 

- 209 

http://Feb.12-Mar.20


Another problem is that luminosities of the three physics groups are not always the 
same. The difference was more than 40%. Fig.2 shows integrated luminosities of three 
physics groups and the estimation done by the accelerator division. The probable reasons 
are the imbalance of the beta-functions at the colliding points, the imbalance of the vertical 
beam size due to the local emittance coupling between the vertical and horizontal directions, 
and the vertical orbit separation between the electron and positron beams. (From the recent 
machine study we found that the luminosity imbalance was mainly caused by the imbalance 
of the vertical beta-function at the colliding point and the vertical orbit separation. The 
first reason was practically cured by adjusting the nearest defocussing quadrupole strength 
by 0.2%. The second was corrected by the electro-static separators in such a way that the 
separator voltage was adjusted to make the vertical tune shift as large as possible.) 

Fig.3 shows beam current, beam life and vacuum pressure in the 30.4GeV operation. The 
filling time is about half an hour. One bunch in MR is filled by two acceleration cycles of 
the TRISTAN accumulation ring. The number of MR cycles per day is 10 ~ 15. The beam 
t'fe time was 4 to 5 hours and is supposed to be determined by the vacuum pressure. 

39-- 3 ' 3 MB CUBPDITta-lOwifl) LIFE IB-lOli) PPESSURE <E-1 - E-EP«) 

Fig.3 MR current(2mA/div.), beam life(2h/div.) and vacuum pressure on Mar.8,'89. 

4. Injection 

In the injection energy we use 1.4T wiggler magnets locating at four symmetry points. 
The beam parameters are influenced greatly by the wiggler magnet as shown in Table IV. 
The wiggler magnet makes the bunch length longer, and at the same time makes the damping 
time shorter. Therefore, the wiggler magnet plays an important role in stabilizing the stored 
current. 
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Energy 8GeV 
"* 36.64 
" i 38.80 
RF voltage 91MV 

Wiggler field 1.4T 0T 
Energy loss 3.9MeV/turn 1.5MeV/turn 
v. 0.117 0.117 
re 20.7msec 54.8msec 
Tx 41.5msec 109.8msec 
Emittance e0 1.86 x 10"7m 1.27 x 10- 8 m 
Relative energj ' spread 1.27 x 10~ 3 4.37 x 10~ 4 

Natural bunch length 0.77cm 0.27cm 

Table IV. Injection parameters (FEB1089A) 

From the accelerator physics point of view it is an interesting fact that separators are 
not necessary and are indeed not used in the operation. Probable reasons are that the beam 
emittance is increased by the strong wiggler magnet and that the beam emittance grows as 
the beam current increases. The second fact was observed with beam scrapers, but its reason 
has not been understood. In the last summer shutdown in 1988 a new set of separators were 
installed. Although they worked quite well, we did not use them in the normal operation. 
As far as the stored current is less than the maximum current of 14mA, the separator is not 
needed. 
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Fig.4 Maximum single bunch current versus RF voltage in the positron injection. 
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The maximum single bunch current depends strongly on RF voltage as shown in Fig.4. 
This phenomena may be explained by the synchro-betatron resonance. However, we have 
neither found a resonance condition between the synchrotron and betatron oscillation fre
quencies, nor have identified impedance sources which link the two oscillations. The maxi
mum single bunch current is about 5mA. As the current increases the horizontal beam size 
becomes larger and close to the geometrical aperture of the ring. This is observed with beam 
scrapers, located at the dispersion free section. It seems that the single bunch current is 
restricted by the horizontal beam size growth, or the emittance growth. 

Another observation is that the single bunch current is sensitive to the vertical orbit. In 
order to get higher single bunch current we make vertical bump orbits around the ring after 
the careful orbit correction. The typical height of the bump orbit is 1mm or less. A vertical 
bump orbit makes the vertical dispersion at the same time. The beam loss, related to the 
vertical orbit, may be induced by the vertical dispersion. 

In the colliding operation we have to store both electron and positron beams. The best 
orbit for the electron beam does not always favor the positron beam. This is due to the 
slight orbit difference between the two beams. Before the colliding operation we have to 
find a golden orbit favorable to both beams by making vertical bump orbits. During the 
beam operation the orbit is not stable enough and varies within two or three days, with the 
result of the decrease of the maximum current of the electron or positron beam. When the 
orbit difference from the golden orbit becomes typically larger than 0.3mm rms the orbit 
correction is needed to make the difference smaller and to store the required current. 

5. Future Improvement 

The first improvement is the addition of 16 superconducting cavities in the Nikko straight 
section, where 16 superconducting cavities have been operational. This installation is sched
uled in the 1989 summer shutdown. Then the energy would be more than 32GeV per beam. 
This is the last scheduled energy upgrading in the TRISTAN project. 

The second is the installation of superconducting quadrupole magnets (QCS) in every 
colliding point, and is scheduled in the 1990 summer shutdown. The horizontal and vertical 
beta-functions at the colliding point would be 0.8m and 5cm, respectively. Fig.5 shows the 
mini-beta optics with QCS. The luminosity would be doubled compared with that obtained 
in the present optics. In the QCS operation the present defocussing quadrupole QC1 will be 
converted to the focussing one. On the other hand the present focussing quadrupole QC2 
will not be powered, but kept in the beam line as a back-up quadrupole for the case of QCS 
failure. In the initial installation the distance between the QCS and the colliding point will 
be the same in every colliding point so that the four-fold symmetry of the ring is conserved. 
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Fig.5 Mini-beta optics with superconducting quadrupoles(QCS). /£ = 80cm, ft* = 5cm. 
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