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1 - INTRODUCTION 
H* ions are injected into the SSC boosters and main ring at 
a energy of 600 MeV by means of a three stage injector. It 
is composed of a RF quadrople, a drift tube Linac, both 
operated in UHF-band, and a coupled cavity Linac operated 
in L-band at the third harmonic of the two first stages. These 
Linacs are powered by two types of klystron, and their 
procurement contracts were awarded to THOMSON 
TUBES ELECTRONIQUES in October 1991. A design 
review held in January 1992 finalized the proposed design 
and fured the final details concerning the operation and 
specifications of the tubes optimized for SSC requirements. 
Since November 1992, the commissioning of both type of 
klystrons has been underway and several tubes of each type 
have so far been accepted in accordance with the tight 
contractual schedule, It is expected that all deliveries will be 
completed by the end of 1993. 
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2 - MAIN FEATURES OF KLYSTRONS FOR 
SSC INJECTOR LINACS 
RF operation of SSC injector Linacs is characterized by two 
main features [l] : 
- The use of one Radio Frequency quadrople (RFQ) at 427.6 
MHz and two successive Linacs operated at the same 
frequency for the drift tube Linac (DTL), at the third 
harmonic frequency for the coupled cavity Linac 
(CCL)coupled cavity Linac (CCL). 
- The operation in long RF pulses, which reach a 100~s 
duration. 
At the end of the DTL section, the beam energy is 70 MeV 
and the peak RF power supplied to the RFQ is estimated at 
600 kW. DTL operation requires 3 MW peak power per 
klystron, which are designed and tested up to 4 MW to give 
a large margin for operation reliability. These values are 
consistent with performances obtained with other types of 
klystrons previously developed by TIE (Table I). 
To accelerate He ions from 70 to 600 MeV in the CCL 
accelerating sections, the unit peak power requirements per 
klystron are more demanding. Each L-band klystron will 
have to provide 15 MW peak power in operation, and its 
contractual performance in acceptance test is 20 MW peak 
for the same reason as above. A special klystron design was 
necessary to provide sound tube operation at the required 
pulse duration. 
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3 - TH 2140 KLYSTRON FOR RFQ AND DTL 
SECTIONS 
3.1. GENERAL DESIGN 
Based on the design already used and successfully proven 
with other high power klystrons produced by TTE, the 
TH 2140 klystron is cathode-modulated and has a built-in 
focusing magnet and a single window directly mounted on 
the output waveguide (Fig.1). It completes the already 
extensive family of UHF high power, long pulse klystrons 
produced by TTE for accelerator applications (Table II). 
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Because of the very low duty cycle and resulting very low 
average power, it was possible to accept a slight reduction of 
the gain and efficiency. Such a trade-off allows a four-cavity 
design instead of the usual live, and significantly saves on 
length, weight and cost. 
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3.2. EXPERIMENTAL RESULTS. 
As previously mentioned, the TH 2140 klystron provides RF 
power to the RFQ and DTL sections and so is operated at 
two different modes. Table III summarizes the results 
obtained in these two operating conditions, as compared with 
SSC specifications for the 4 MW nominal mode. 
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Phase and amplitude stability of the RF source are very 
important features for accelerator designers, as well as gain 
curve smoothness. Special care was taken during tube tests 
to detect any anomaly concerning these data. Figure 2 shows 
typical gain curves for modes I and II and Table IV compiles 
the stability measurements in mode I, as witnessed with the 
ssc. 
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4 - TH 2143 KLYSTRON FOR CCL SECTIONS 

4.1. GENERAL DESIGN 
Stimulated by the requests issued for RF-Linac driven free 
electron lasers, the state of the art in high power, long pulse 
klystrons reached 20 MW peak power for 20 microseconds 
or 10 MW peak for 250 microseconds in L-band a few years 
ago. Table V summarizes the main data for some L-band 
long pulse klystrons manufactured by TTE. 
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After an initial request for 50~s pulse length, the SSC final 
demand called for 20 MW peak for 100~s. This could not be 
met with the standard designs implemented on existing 
tubes. TTE had however anticipated this evolution towards 
higher peak powers and longer pulses expressed by 
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accelerator designers, and an internally funded R&D 
program was initiated in 1990 to develop a new generation 
of high power, long pulse klystrons for both L-band and S- 
band applications [2]. 
The first application klystron to benefit from this effort is the 
TH 2143 (fig.3), which reuses the basic technology of other 

bl(;. 3 : TH 2113 KLYSTKON 

L-band klystrons, except for the gun. This has been 
redesigned to decrease inter-electrode electric fields and 
electrode temperatures. The resulting modifications allows 
the TH 2143 to withstand 230 kV HV pulses as long as 
12ops. 

4.2 EXPERIMENTAL RESULTS 
TH 2143 klystron also has two operating modes at 20 MW 
and 2 MW peak. Table VI gives the results obtained in both 
modes, as compared with SSC specified values for the 
nominal operating mode. Figure 4 shows typical gain curves 
for both modes. 
Also stability in operation has been carefully checked and 
measured during acceptance tests; results obtained are below 
the specified values. 
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TABLE W : COMPARISON BETWEEN SSC SPECIFICATlONS 
AND I-H 2143 TYPICAL EXPERIMENTAL RESULTS 
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5 - CONCLUSION 
Two types of klystrons have been designed by THOMSON 
TUBES ELECTRONIQUES and are in production to equip 
the SSC injector Linacs. The commissioning of first tubes 
occurred in fall 1992 and the production is now under way 
in agreement with a tight delivery schedule. Design, 
manufacturing and test stages were carried out in a very 
cooperative manner between SSC and TTE to meet SSC 
requirements. With the successful development of the 
TH 2143, able to reach 20 MW peak in pulses of lOO/zs in 
L-band, extensive possibilities are now open to klystrons; a 
future S-band klystron with similar features is now under 
development, and will be an appropriate solution for long 
pulse S-band linear accelerators. 
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