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Summary 

In this paper, a brief account of the development 
of I inear accelerators in China wil I be given. Firstly 
, some small scale electron I inac and microtron projec­
ts, with energy below 30 Mev, will be mentioned chron­
ologically to serve as background to understand the la­
ter developments. Secondly, some R&D efforts, such 
as RFQ, hel ical wave-guide resonator, S.W. structure, 
ToW. resonator etc. that had been carried out in vari­
ous institutes, will be discussed. Lastly, four major 
1 inear accelerator projects now under construction in 
China will be briefly described. 

(1) Introduction 

The development of accelerators in China began 
only after the founding of PRC in 1949. Up to now, 
more than one hundred and forty accelerators have been 
developed, such as: High voltage generators, Van de 
Graaffs, Tandem, betatrons, conventional and isochron­
ous cyclotrons, electron 1 inear accelerators, microtr­
ons, proton I inear accelerator, etc. All of them are 
low energy ones with energy less than 30 Mev. However, 
they served their purposes of making contribution to 
the development of science and technology in China and 
laid the foundation for larger accelerator projects. 

Among them, 1 inear accelerators, because of their 
particular usefulness in appl ication and research, 
enjoy unrivalled development. As evidences, four major 
linac projects are underway at present. It is hoped 
that through this talk you can get a general impression 
about the linac activities in China. 

(2) Electron Linear Accelerators and 
Microtrons --- Historical Background 
and Present Status 

It might be a little surprising that the first 
I inear accelerator (Fig. I) bui It in China is a 30 .Mev 
electron machine with microwave power produced by a 
high power klystron developed together with the accel­
erator. This work was carried out in the city branch 
of the Inst i tute of Atomic Energy (IAE) by a group hea­
ded by the author, and the approach to this task was 
mainly a matter of circumstances. When this project 
was started in late fifties, purchasing from abroad 
was very difficult and not much of the advanced techno­
logies associated with the construction of electron 
I inac can be rei ied on the industry. So we had to 
proceed rather unorthodoxly and make al I non-standard 
components by ourselves. Since we had no high power 
microwave tubes available at that time, we decided to 
build a high power klystron for this purpose because we 
thought klystron is not much more difficult to build 
than a high power magnetron, but it has better poten­
tial for future development. Since I imited by means 
of large scale numerical computations and by the avai­
labi 1 ity of precision microwave measuring instruments, 
we decided to build an accelerator structure with P =1 
fol lowing Stanford MKI I fashion so that al I we needed 
is to keep the mechanical tolerances. To mention ano­
ther thing to remind you of the circumstances, we had 
to go so far as to make some standard S band wave guide 
sections by electroforming process in our own labora­
tory. 

After years of struggl ing and some interruptions, 
this machine was finally put into operation in 1964. It 
consisted of a 3.6 m long constant impedance accelera­
ting tube operated on n /2 mode, a rudimentary diode 
electron gun and a continuously pumped 3 cavity high 
power klystron which gave 12.6 MW during fi r·st opera-

tion.1) 

Now, after 20 years of service, and after suffered 
several disastrous accidents, colour rings appeared on 
the discs of the accelerator tube and carbonization of 
oil film occured over all the coupler surfaces due to 
oil contamination, this accelerator is still going str­
ong as a useful, rei iable radiat ion source for many 
fields of appl ication. It gives peak current of 180 ma 
(BBU limit) at 29 Mev with 15 MW input. If any experi­
ence can be drawn from this primitive machine, it may 
be the fact that a del icate, precision device can also 
be pretty rugged and forgiving in a way. 

Following this 30 MeV machine, the activity in IAE 
on electron linac become dispersed. Besides we had put 
a 3.5 Mev microtron concurrently and a 4 Mev electron 
I inac a I ittle later into operation, we worked in coop­
eration with Nuclear Medical Apparatus Factory, Shang­
hai to produce 10 Mev electron I inacs (DZY-l0 series)2) 
for therapeutic application with first model completed 
in 1974, and with Pioneer Electric Machinery Factory, 
Shanghai to produce a 10 Mev machine for non-destruc­
tive material testing in 1982. At the suburban branch 
of IAE, a 14 Mev experimental model of short pulse high 
current electron I inac was tested in 1980-81. (Fig.2) 
The city branch of IAE was reorganized as Institute of 
High Energy Physics, IHEP, in 1973 and in this new 
institute, we started the construction of a 35 Mev 
proton I inac in 1979 and we have al ready finished the 

10 Mev section 3) in 1982. 

For the development of high energy physics in 
China, it was decided to build a 2.2/2.8 Gev electron, 
positron collider, BEPC,in IHEP, so we hac also built 
a 30 Mev preinjector electron I inac to be used in the 
coil ider last year. Besides, various Rand D work such 
as RFQ, REC permanent magnet for Ii nac focussi ng are 
also being developed. 

A group of physicists in the Physics Department of 
Nanking University started to show interest in electron 
linac in early sixties and they completed a 0.7 Mev mo­
del powered by a small magnetron in 1966 for training 
purpose. With experience thus gained, they designed 
and constructed,together with factories in Nanking area, 
a 20 Mev TW electron I inac with feed-back for medical 
appl ication. (Fig.3) This machine got its first beam 

in 1978. 4 )5) The steep beam loading char~cteristic of 
the electron I inac with feed-back suits the requiremen­
ts that relatively high energy and low current are nee­
ded for electron beam therapy whi Ie relatively low en­
ergy and high current are needed for Y-ray therapy. To 
counter the deterioration of energy spectrum associated 
with the longer buildup time, they incorporated a mag­
netic chopper to cut-off the front edge of the electron 
beam from the gun which proved to be compact and effec­
tive. To improve the operational stability besides 
using double-cavity for frequency stabil ization, a feed­
back loop phase tracking system to guarantee good ener­
gy-frequency behaviour was also employed. 

In 1981, they completed the design and manufactu­
ring of a 5 Mev electron I inac for non-destructive ma­
terial testing and now they are engaging in the design 
and construction of a 20 Mev electron I inac for rese­
arch in chemistry, biology and solid state physics. 

Qinghua University, as a major engineering and te­
chnical institute in China, also has devoted consider­
able efforts in electron I inac development. Working 
together with other organizations in Beijing area, they 
produced an operational radiation-therapy machine with 
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8 Mev (100 ma current) in 19756 ) and has treated more 
than 3000 patients up to now. In 1979, Beijing Medical 
Equipment Research Institute and Qinghua University su­
cceeded in putting a 4 Mev irradiation machi ne 7) into 
operation. (Fig.4) It can accelerate an average current 
of 230 ~a with average beam power close to 1 KW. Recen­
tly.Qinghua University has completed a 10 Mev machine 
on their campus for teaching and research, and also had 
participated in the construction of a 4 Mev, 100 ma 
side coupled S.W. electron 1 inac in 1982 and is now 
working on an axial-coupled S.W. electron 1 inac. 8 ) 

Besides 1 inac, a 25 Mev microtron9 ) which wi 1 1 be 
used for dosimetry research, was jointly developed by 
other organizations and Qinghua University. This mach­
ine provides 6-24 Mev energy and 16 ma. pulsed current 
at the 27th orbit when the rf power is 1.85 MW from a 
magnetron. Up to now, only internal beam has been mea­
sured with beam diameter about 6 mm, work on beam extrac­
tion is being carried out. (Fig.5) 

(3) Research and Development Efforts 

(a) Hel ical Resonator 

An extensive R&D work on hel leal wave guide acc­
elerating cavity has been carried out in the Technical 
Physics Department of Peking University since 1973 

10)11) with the intention of using it as an energy boo­
ster for heavy ion beam from an electrostatic accelera­
tor. This kind of accelerating cavity is well known 
for its compactness, easy of fabrication, lower cost 
and suitable for accelerating low energy heavy ions. 
Although its pondermotive osci 1 lation problem makes 
Sp ira 1 Resonator or Sp 1 it Ring Resonator a better cho­
ice, they stick to this approach for circumstantial 
reasons. 

After some experimentation with low power buncher 
cavity, accelerating cavity etc. to gain experience, 
they succeded in performing a high power model testing 
in 1982. The cavity is 0.65 m long containing two 17cm 
long 8 cm diameter helices. The operating frequency is 
28.8 MHZ, Q is 970 and Z is 22 MAim. With 19 KW RF po­
wer excitation, a 300 Kev proton beam was accelerated 
to an energy of 620 Kev. The power threthold for pon­
dermotive oscillation was found to be 5.5 KW, so this 
experiment was carried out under pulsed condition. 12) 
Now, this cavity is used together with a 3.2 MHZ cho­
pper to form a high efficiency bunching system to pro­
duce 1.2 ns 1 ight ion beam for physics experiments.l3) 

(b) RFQ 

RFQ, because of its many attractive features, also 
draws attention from my colleagues at IHEP. An "Alter­
nat ing hal f short" (AHS) four vane structure (Fig.6) 

has been proposed 14) to improve the coupl ing between 
different quadrants so that better performance can be 
expected. The results of model measurements show that 
for the same manufacture tolerances and operating fre­
quency, the field flatness in the azimathal direction 
for the AHS structure is much better than that for the 
standerd four vane structure, and the mode separation 
between the working mode and its neighboring one for 
the former is 3 times larger than for the latter. 

To apply RFQ for heavy ion acceleration, Peking 
University hel ix resonator study group has cold tested 
a spl it ring supported four rod electrode RFQ system. 

15) The measured results are: resonant frequensy in 80 
MHZ, Q, 1500, p, 42.8 ~ll.-m, and the radial and axial 
electric field distributions are satisfactory. (Fig.7) 

(c) Accelerating Structure and System 

In their 20 Mev 1 inac with feed-back, Nanking Uni­

versity group25) found that if they adopt variable cou­
pler to control the amount of feed-back, almost all ma­
chine characteristics, such as beam loading, efficiency, 
capture, energy spectrum, frequency stabi 1 i ty can be 
significantly improved in theory. Also a new version of 
feed-back type 1 inac, using travel ing wave resonator 

for acceleration of electrons bas been studied~6) Pri­
miary analysis of a model accelerator indicates that 
rather good energy spectrum can be obtained with reson­
able capture efficiency with very low injection volt­
ages. A related idea for small electron 1 inac is to 
use two parallel accelerating cavity chains coupled at 
both ends to form a standing wave ring. The electron 
beam passes thru one coloum first and then with the 

help of a bending magnet, enters the second column. 17 ) 

A modified version of spl it ring resonator using 
longitudinal rods to connect the mutually coupled spl it 
rings together has been tried out by Peking University 

group.1 5 ) It may be called "Integral coupled spl it ring 
resonator l' • Model measurements indicate the Jt. mode im­
pedance of this structure is comparable with ordinary 
strongly coupled spl it ring resonator whi Ie the mechan­
ical rigiditY,mode seperation and field flatness are 
much improved. 

With the advent of S.W. electron 1 inacs, a bi-per­
iodie accelerator structure with arrow-shaped cross-

section coup 1 ing cavities had been proposedl 8 ) and a 
4.5 Mev model accelerator is going to be completed in 

the near future at IHEP. 19 ) 

(d) REC Permanant Magnet Focussing Device 

Because rich in rare earth resources in China, 
some work on REC quadrupole for 1 inac focussing has 
been done. A 16-piece fixed field PM quadrupole had 
been bui It. Some of the specifications are: 

PM material: 
Aperture: 
Outer Diameter: 
Gradient 

Ce-Co-Cu 
30 mm 
50 mm 
1998 gslcm 

At 60% aperture, harmonic contents equals to 0.8%. 
They are mainly 3rd and 6th harmonics. Ferro fluid te­
chniaue has been found useful in displaying field con­
figurations. 

Four variable gradient PM quadrupoles are now un­
der construction. Each consists of two lenses --- one 
placed inside the other (Fig.8). Rotating both lenses 
by the same amount in opposite directions, the resul­
tant gradient can be varied. These quadrupoles are 
made of SmC0

5 
with maximum gradient 3100 gslcm and 40mm 

aperture. They wi 11 be installed in the external beam 
1 ine of the 30 Mev Linac mentioned before. 

Theoretical study of multipole field with multi­
piece structure and gradually varied magnetizations has 
been done since 1979. Assuming uniform magnetization 
of individual megnet piece and by applying harmonic an­
alysis, 20 and 3D analytical field expressions have 

been derived 20 ). The 20 results are the same as those 

derived by Halbach 21 ) though the derivations are differ­
ent. For 3D case, a rigorous expression has been obtai­
ned by us though some digital integrations still needed, 
whi Ie under some approximations, Halbach gave a comple­
tely analytical expression for the calculation of fund­
amental component. 

(e) Theoretical Work 

In connection with the work of short pulse, high 
intensity electron 1 inac at IAE, problems concerning 
the design, such as transient beam loading effect, rad­
ial and longitudinal space charge effect etc. had been 

extensively worked out. 22 )23)24) An interesting result 
of these analyais is as following. If,for a (jiven acce­
lerator structure, we define a beam loading parameter 
which is proportional to the charge per pulse and inv­
ersely proportional to the field ampl itude, then it can 
be shown that the y, 1 phase space separatrices become 
narrower and gradually shift upward with increasing 
beam loading parameter. This means that for increasing 
charge per pulse, higher injection energy is required 
and capture efficiency is reduced. 
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In connection with the injector to be used for 
BEPC at IHEP, some thought has been given to improve 
BBU threshold and pass band characteristics for the 

long pulse mode of operation. 25 ) The generally adopted 
method is to detune the HEM11 mode by wall deformation 

of some earl ier cavities, however, this would also 
cause phase error for the accelerati~g mode. If some 
holes were introduced at proper radidl position on the 
discs of these cavities, it can be shown that it is po­
ssible to give HEM11 detuning but negligible disturba-

nce to the accelerating mode. 

Among others, study of transporting beam of centr­
osymmetric instead of ell iptical phase space distribu-

tion
26

) and of controll ing the beam emittance growthin 

1 inac2?) have also been carried out. 

(4) Four Major Linac Projects in China 

(a) 35 Mev Proton Linac 2S ) 

As mentioned above, IHEP is working on a 35 MeV 
proton 1 inac and has al ready completed the fi rst 10 Mev 
section. This accelerator wi 11 be used for short-l ived 
radioisotope production and fast neutron therapy study. 

This 1 inac has a 750 Kev Cockcroft-Walton acceler­
ator with duo-plamatron ion source as pre-injector. A 
low energy beam transport 1 ine of 6.45 m long follows 
the pre-injector. There are two bunchers preceding the 
accelerating tank working at the fundamental and second 
harmonic frequencies respectively. The accelerating 
tank consists of 6 sections with a total length of 
21.S3 m, tank diameters 949.4/909.0 mm, and number of 
unit cells totalled 104. The average accelerating 
field vari~s from 1.65 MV/m to 2.60 MV/m. while the 
synchronous phase changes from -40° to -25°. The RF 
system of this linac consists of two TH 116 hyperva­
port ron triodes operated at 201.25 MHZ. To suppress 
the unwanted parasitic modes, RF power is fed through 
two ports at 1/4 and 3/4 tank length respectively. 

The 10 Mev portion had already been completed and 
it del iverd the first beam of 14 ma in Dec. 1982 with­
out buncher. A maximum current of 70 ma was obtained 
in Sept. 1983 with one fundamental frequency buncher 
at -100 us pulse width. One interesting phenomena as­
sociated with this 1 inac is that when there is micro­
discharge at the accelerating column, the buncher cavi­
ty will multipactor and one beam pulse wi 11 be lost. We 
are in the process to understand this phenomena and to 
e 1 em ina te it. (F i g. 9) 

(b) 100 Mev Short Pulse, High Current Electron 

Linac 29 ) 

The appl ications of short pulse, high current ele­
ctron 1 inac in neutron physics and other fields are 
well known. Time of fl ight measurement dictates short 
pulse and high current while the energy spread is not 
critical in this case. 

The 1 inac consists of two pre-bunchers, one bun­
cher and 5 quisaconstant gradient accelerating sections 
, with a total length of 17.5 m. This project is now 
in the advanced development stage. High current (lOA) 
and high repetition rate (1000 PPS) are the major desi­
gn object i ves for nano-sec pu 1 seS. 

(c) 200 Mev Electron Linac Injector for the SOO Mev 

Storage Ring 

In Hefei Synchrotron Radiation Laboratory, a SOO 
Mev storage ring is under construction and a 200 Mev 
electron linac will be used as its injector. The reas­
ons that they prefer a 1 inac rather than a booster ele­
ctron synchrotron are mainly the avai labi 1 ity of 1 inac 
technique and hardwares in China and the simpl icity 
and flexbi 1 ity of 1 inac injector. This 1 inac consists 
of nine constant impedance accelerating sections, 3.1 m 
long each, operated on 2Tt-13 mode. Including the elec­
tron gun, pre-buncher, buncher etc., the total length 

of the linac is 40.1 m and supplied by five 15 MW klys­
trons. As injector, pulse current of 50 ma, pulse 
width of 1 ~s, energy spread of ±1% and pulse repeti­
tion rate of 50 pps are adequate. 

At the present, a 30 Mev 1 inac had been constru­
cted both as a prototype and as the first section of 

the injector. 30 ) It was put into operation in July, 
19S1 and prel iminary measurements in dicate the per­
formance was satisfactory. (Fig. 10) 

(d) 1.4 Gev Electron Positron Linac Injector for 

BEPC 31) 
+ 

The 2.2/2.8 Gev e- colI ider BE PC requi res a 1 inac 
to provide both electrons and positrons. Since 200 MHZ 
RF accelerating system will be used in the storage ring 
, the bucket size 1 imits the pulse length of electrons 
and positrons to about 2.5 ns, so this 1 inac is mainly 
operated on a transient mode. 

For the case when positron beam is desired, elec­
tron beam with about 1/10 of the total injector energy 
and current of several amperes is made to strike a tun­
gsten target to produce positrons and electrons through 
cascade showers. The positron beam, with intensity 
less than 1% of the incident electron beam, and with 
emittance matched to the acceptance of latter 1 inac se­
ctions with magnetic focusing device, is accelerated to 
the final injection energy of the storage ring. For 
the case when electron beam is desired, the positron 
producing target is retracted from the beam 1 ine and 
the electrons emitted from the gun are accelerated dir­
ectly to the same final injection energy by controlling 
the phases of accelerating fields. The electron curr­
ent is of course, 1 imited by the deterioration of ener­
gy spectrum casused by transient beam loading. 

The total length of this injector 1 inac is about 
200 m consisting of 56x3.05 m long constant gradient 
sections operating at 2~/3 mode. To cut d~wn the cost 
of this 1 inac a pulse compression scheme 32 ) to enhance 
the peak power at the expense of pulse width is empl­
oyed. This device significantly increase the klystron 
peak power input to the accelerator structure, so that 
the number of high power klystron can be reduced to 16. 
As is well known, injector 1 inac generally has strin­
gent energy spread requirement. It is ±6xl0- 3 in this 
case. The phase spread of electron or positron bunch 
has to be kept within about 5° for 75% of the captured 
beam. Thus, sophisticated design efforts are made for 
the realization of this aim. 

Since the fi 11 ing of the storage ring wi 11 only 
take about 1/6 of the beam time of the injector linac, 
high energy nuclear physics experiments to use the rest 
of 1 inac beam time are also contemplated. For this pu­
rpose, beam pulse longer than 1 }Js wi 11 be used and the 
1 inac wi 11 be oper'ated on steady-state mode. The pul ce 
compression device must be shut-off and BBU effect will 
come into play. However, it is estimated that up to 
100 ma peak current might be accelerated if appropriate 
measures were incorporated in the design of the accel­
erating structure as mentioned before. 
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Fi g . 3 Nanking University 20 Mev e lectron linac 
wi th feed - back for medical appl icat ion 

Fig.4 A 4Mev, lKW beam power irradiat ion mach ine 
~es i gned by Qinghua University and othe r s 

Fig. 5 A 25 Me v microtron for dos imetry resea rch 

Fi g.6 AHS RFQ developed in IHE P 

Fig. 7 Sp l i~r in g RFQ developed by Peking Univers ity 

Fi g . 8 Adjustable gradient sama rium-coba lt 
quadrupole lens developed in IHEP 

Fig.9 10 Mev sect ion of IHEP 35 Mev proton 1 inac 

Fi g .10 30Mev pre - injector of HESYRL storage ring 
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