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The present concept of the linear accelerator 

for the spallation neutron source project is 

described. The need for two 100 MHz RFQ's and 

for a funneling section in front of a 200 MHz 

Alvarez structure and the usefulness of sing- 

le cells with separate RF power supplies 

following the alvarez accelerator is dis- 

cussed. The single cell concept asks for a 

sophisticated control of the amplitude, phase 

and timing of the RF.power. Because of the 

large number of components a special handling 

of failures is required. The consequences of 

beam loading are considered. 

Introduction 

The linear accelerator concept of the SNQ 

project was further developed since 1982 in 

the KFA Jiilich after the joint Kfk/KFA study 
1 

was completed in 1981 . The user community 

of the SNQ, which was steadily growing during 

the study of the SNQ project, was asking for 

more flexibility in particular for a variable 

end energy of the accelerated proton beam and 

for shorter pulses with higher currents. 

According to this development the new i3esign 

of the linear accelerator was governed by 

the changed pulse structure with an average 

pulse current I = 200 mA, 
P 

a pulse length of 

250 vsec, and a repetition rate of 100 Hz, 

as well as by the variable end energy 

E > 350 MeV, and by a stage concept as des- 

cribed by G. Bauer in the SNQ status report 

at this conference. 

It is the purpose of this paper to describe 

the new linear accelerator concept. This has 

to be done at a time when the basic design 

values have been frozen in while however 

many essential parameters are still nego- 

tiable. 

Basic desiqn 

Alvarez _____-- 

The middle part of the new linear accelerator 

of the SNQ project consists of a 200 MHz Al- 

varez structure as is indicated in Fig. 1. In 

the Alvarez a proton beam at an injection 

energy of 2 MeV is accelerated to an energy 

of about 100 MeV. A 200 MHz Alvarez is a well 
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Fig. Schematic view of the SNQ linear 
accelerator 

known, reliable accelerator due to the expe- 

rience of many years of operation at BNL, 

CERN and FNAL. In table 1 a few parameters of 

the SNQ Alvarez are compared with parameters 

of three existing Alvarez accelerators. The 

table indicates that the energy and the pulse 

current values of the SNQ Alvarez are compa- 

rable with those of the existing machines. 

However, the average current of the SNQ pro- 

ject exceeds the other average currents by at 

least an order of magnitude. Thi.s means that 

one has to emphasize the minimization of beam 

losses in the SNQ Alvarez which is for the 

existing machine not an important feature. At 

present, beam dynamic studies are performed 

to demonstrate that beam losses can be 
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kNQ/BNLkERNIFNAL 
U,tMeVl 2 0.75 

U,IMeVl 100 200.03 

hmA1 200 220 

T[mAl 5 0.44 

f,[Hzl 100 10 

f [MHz1 201.25 201.25 

0.75 

50 

150 

~ 0.016 
I 

I 
1 

202.56 

0.75 

200.03 

300 

0.04 

15 

201.25 

Table 1 Parameter of operating 200 MHz. 
Alvarez accelerators and of the 
SNQ Alvarez. U. injection energy, 

"f 
Alvarez endi_energy, I averaged 

pulse current, I average current, 
f repetition rate and f rf fre- 
p quency. 

sufficiently suppressed by avoiding any pos- 

sible effect, which leads to emittance 

growth, such as resonances, beam instabili- 

ties and mismatch'. 

RFQ _-_ 

The fairly high injection energy of 2 MeV 

which ultimately allowed to choose a 200 MHz 

rf frequency for the Alvarez accelerator can 

only be achieved by a RFQ injector. At pre- 

sent there is no RFQ accelerator in permanent 

operation. However, a few successful beam 

tests with RFQ's have been reported. In table 

2 parameters of projects with four vane RFQ 

structures are listed for which beam tests 

Four Vane RFQ projects under beam test 

Laboratory 
7 #Rag" f “8 "‘ AT/T Part status 
[mAl IMHzl IKeVkinul IMeVhmul q/A 

IHEP IUSSRI 150 1485 100 0.620 2.510-5 p 200 mA (19141 

IHEP IUSSRI ,200 148.5 100 l.98 1.10-S p 130 mA I19791 

ITEP lUSSR1 240 148.5 09 3.00 3.10-S p (00 mA 119821 

Los Alomos IUSAI 60 425 100 0.64 <1.10-3 p M mA 11980) 

~.arAlo~s <USA) 167 425 100 2.072 1.10-l H- 18 mA 119831 

CLRN ~Swtr.1 - 202.56 50 0.52 - P 70 mA (19831 

INS IJoponl 4 100 S 0.138 cw ?.I/7 
H:H;.H; 

bec,m test (1983 

LBL IUSAI &VA/q 199.3 7.1 0.2 2.10.' 11/7 beam test (1983 

Table 2 

have been performed3. According to these beam 

tests it has been demonstrated that proton 

currents of about 100 mA can be accelerated 

Parameters of four vane_RFQ struc- 
ture under beam tests, I = design 
current as designed, f - rf fre- 
guancy, u., u initial and final RFQ 
energy AT~)T ddty cycle, q and A 
charge and atomic number, respecti- 
vely. 

in four vane RFQ's at a frequency of about 

100 MHz starting from an energy as low as 

50 KeV to a few MeV. Because of these promis- 

ing results it seems to be justified that the 

injector of the SNQ linac is based on this 

recent development in accelerator technology. ~ 

The current limited by space charge, which 

can be accelerated in an RFQ structure, de- 

pends on the initial particle energy and on 

the frequency. In a linearized model a. cur- 

rent limit can be estimated, which is repre- 

sented by the solid line in Fig. 2. The vali- 

dity of this current limit has been demon- 

strated by multi particle calculations since 
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the calculated currents of designed RFQ acce- 

lerators lie at or below the solid line (see 

Fig. 21. A promissing result is that the mea- 

sured currents of the six known RFQ's under 

beam test are close to the current limit. One 

reads from Fig. 2 that a current of 200 mA 

can probably not be accelerated in a 200 MHz 

RFQ from 50 KeV to 2 MeV as is required, How- 

ever, by using two 100 MHZ RFQ and by funnel- 

in9 the beam in order to feed the Alvarez 

accelerator with 200 MHz bunches; the situa- 

tion is fourfold relaxed since.each of the 

RFQ operates at the lower frequency of 100 

MHz with higher current limit and has to 

accelerate only half of the current. 

the two accelerator parts. With an averape 

accelerating voltage gradient E,T of about 

1.5 MV/m about 300 single cells are needed 

to accelerate the proton beam from 100 MeV to 

the end energy of 350 MeV (stage I). By in- 

stalling another 300 single cells and by up- 

grading the rf power supply for stage II the 

voltage gradient can be increased to about 

3 MV/m in order to reach the ultimate end 

energy of 1.1 GeV. .It is this flexibility be- 

sides many other options and a large variety 

of advantages to be discussed in the next pa- 

ragraph which has led to the concept of un- 

coupled 'accelerator structure. 

Transverse focussing elements are placed bet- 

ween single cells. The number of elements 
* 

Funneling section _______c_________ 

The funneling section consists of beam trans- 

port components as bunchers and quadrupoles, 

the fast choppers for cutting gaps in the 

current pulse and a rf deflector for merging 

the two 100 MHz bunches on a common beam axis. 

A detailed treatment of the beam dynamics 

with the linear model by regarding space 

will be optimized with respect to beam optics 

and beam losses. A large number of small mag- 

netic quadrupole lenses has the additional 

advantage of reducing the electric power los- 

ses in the quads due to smaller aperture ra- 

dii. 

In Fig. 3 the estimated power consumption of 

the SNQ linac in stage II is compiled. The 

charge and constraints due to the beam pro- 

perties at the end of the RFQ and in front of 

the Alvarez has shown that sufficient space 

can be provided for the rf deflector and for 

the fast choppers if the latter are placed in 

Power bolonce of the SNP accelerator stage II 

26 MW 

Mains 

4 
the 100 MHz lines . Multi particle simula- 

tions of the 11 m long funneling section are 

in progress. 

Because of the beam funneling two identical 

ion sources are needed, each of it yielding 

a pulsed current of 100 mA. At present, a 

prototype of a magnetic multipole source and 

of the 50 KeV extraction system is under de- 

velopment. 

bMW B.SMW MW 

Beam trmsport RF-generators cawty walls 

Fig. 3 Preliminary energy flow diagramme 
of the SNQ accelerator stage II 

High energy part ________________ 

The high energy part of the SNQ linac con- 

sists of single cells with negligible rf 

coupling between the cells. Each single cell 

should be supplied with rf power by its own 

generator. The amplitude, phase, and timing 

of the rf power is electronically controlled 

and can be changed considerably during opera- 

tion if required. The operation frequency is 

200 MHz, the same as in the Alvarez accelera- 

tor, i.e., there is no frequency jump between 

fraction of power going into the beam is re- 

latively large because of the large effective 

shunt impedance of single cells (see Fig. 4) 

because of the large beam loading of 75 % and 

62,5 % in stage I and II during the pulse, 

and because of the focussing via many small 

lenses. 

Sinole cell concent 

The alternative to the single cell concept, 

where each cell has its own relatively small 

,rf power generator and its own control system, 

. . 
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is an accelerator with coupled structures, 

e.g. side-coupled structure or Disk and 

Washer (D+W) structure with the rf power 

supply from large generators. 

The single cell concept has a variety of ad- 

vantages which will be discussed in the fol- 

lowing by comparing it with a coupled struc- 

ture concept. 

shunt impedance _______________ 

It is generally accepted that a single cell 

has a higher shunt impedance ZT2 than any 

coupled structure, provided the resonator 

wave mode and the 6 value are the same. While 

i&\a coupled structure the length of the cell 

is a fixed parameter set for instance 6-h/2, 

it is an additional adjustable parameter for 

uncoupled single cells. Knapp et al. estima- 

ted that ZTa values of coupled structures are 

20 % less of that of single cells5. For a 

further comparison of shunt impedances of 

coupled and uncoupled structures, Disk and 

washer values from literature were scaled 

according to ZT~ b f 
l/2. 

to the frequency of 

f = 200 MHz and corrected to a beam hole 

radius R = 3.5 cm with data from Manta and 
6 H 

Knapp . The scaling works quite well since 

the D+W values calculated originally for fre- 

quencies of 1.32 GHz by Schriber and of 324 

'MHz in the KFA/KfK study agree within 5 % as 

can be seen in Fig. 4 781 . These scaled B-de- 

pendent values may be compared with calcula- 

ted ZT1 values for single cells at 200 MHz 

with bore radii of 3.5 cm diameter calculated 

by Lehmann6. Fig. 4 shows that the calculated 

shunt impedance of single cells in the E 
01 

resonator mode is for 5 5 0.7 larger than the 

shunt impedance of the D+W structures at the 

E 
02 

resonator mode. However, taking into 

account the relatively high losses due to the 

supporting structure in the D+W,the shunt im- 

pedance of single cells becomes even for the 

highest energy larger than the shunt impe- 

dance of D+W. 

Variable end energy _------_--------- 

Since the stable phase,angqe g is an adjust- 
S 

able parameter in the single cell concept, 

particles at any velocity can be accelerated. 

: This property can be utilized to operate the 

0.6 
P 

0.8 

Energy (MeV) 

100 400 1000 

0 Single Cell,Lehmonn (1983 

n D+W,Schriber (1981) 

Cl D+W,KfK/KFA Study(l981 
I I I I I I I 

Fig. 4 Corrected, scaled and calibrated 
effective shunt impedances ZT' vers. 
6 for B+W structures and for single 
cells at 200 MHz and bore radius 
of 3.5 cm. 

SNQ linac in other modes at higher end ener- 

gies with smaller beam currents. In the sin- 

gle cell concept it is possible to use the 

extra rf power which is gained by reducing 

the beam current to increase the accelerator 

voltage gradient and hence the end energy. 

In a coupled structure the voltage gradient 

can not be changed without additional phase 

slip and therefore the extra RF power can 

not be used otherwise. In Fig. 5 the relation 

between end energy and current is shown for 

the SNQ linac of stage I. In addition it is 

shown how the neutron yield decreases if the 

end energy is increased at the expenses of a 

current reduction. 

By decreasing the average current to 2 mA the 

end energy increases to 450 MeV. In this case 

the neutron intensity is reduced to 50 %, 

however, an important energy window for nu- 

clear physic experiments can be scanned in 

this way. 
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Fig. 5 Average proton current of the SNQ 
linac in stage I and the neutron 
yield in the target versus the end 
energy for constant rf power. 

Beam losses ______--__- 

A limit of the beam losses in the order of 

lo+ or less is required along the high ener- 

gy part of the SNQ linac because otherwise 

it will not be possible to enter the accele- 

rator tunnel 24 h after a shut-down of the 

accelerator. It is certainly a delicate task 

to predict beam losses at this low level and 

it is a big effort to estimate them with 

multi particle calculations. Nevertheless 

there are qualitative arguments which favori- 

se the single cell concept in this respect: 

1. The transverse focussing of the beam can 

be performed with many narrow spaced magnetic 

lenses, ultimately with a lens between con- 

secutive cells, This way of transverse focus- 

sing assures a minimum of beam breathing im- 

plying less beam losses than the alternative 

solution of widely spaced lenses in the case 

of coupled structures. 

2. An attempt can be made to reduce longitu- 

dinal beam losses in the single cell concept 

by changing to a more negative stable phase 

angle with the consequence of a decreased end 

energy. This flexibility of the sinqle cell 

concept, which will widely be ueed when ope- 

ration begins and during the test phase, does 

not exist with coupled structures except when 

stable angle and rf power are changed 'elmul- 

taneously. 

3. In coupled structures the rf power is 

transported along the accelerating cells with 

the group velocity V which is of the order of 

10 8 (D+W: 50 5) of light velocity and thus 

smaller than the beam velocity. This situa- 

tion leads to a ringing of the rf amplitude 

at the head of the current pulse, responsib- 

le for beam losses. For single cells the rf 

power is not transported along the cells and 

the term group velocity is meaningless in 

this concept. Consequently this source of 

beam losses does not exist. Similarly, the 

problem of rf amplitude gradient along the 

coupled structure is absent in the single 

cell concept. 

4. Since each single cell has its own tuner 

a shift of the resonance frequency due to 

temperature or stress changes can be compen- 

sated by retuning. However for a coupled 

structure local temperat.ure and stress chan- 

ges lead to field distortions which cannot 

be compensated by the one tuner per tank. As 

a consequence additional phase slip occurs 

which may also lead to beam losses. 

Mass production _____ _--__-__- 

The large number (300 and 600 for stage I and 

11, respectively) of identical components as 

cavity, control system, rf power generator 

and focussing device lowers the price per 

item because of mass production. On the other 

hand considerable effort can be spent to 

cost-optimize all items which are purchased 

in such large quantities. This leads to an- 

other reduction of cost. In addition, smaller 

items will atract more firms for tender. 

Flexible stage conceef ____________________ 

There are different ways to realize stage I 

of the SNQ linac and to reach the ultimate 

design values depending on the cash flow. 

One has to assume that already in stage I the 

tunnel will have its final length of about 

400 m for the high energy part of the linac 



as is required for stage II. one way of rea- 

lisation of stage I and II is to keep the BoT 

voltage gradients at the maximum value of 

3 MV/m and to install in stage I the minimum 
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number of single cells with the full rf power 

installation per cell. In this case only l/4 

of the tunnel would be used. A better way is 

according to Fig. 6 to fill about half the 
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Fig. 6 Capital cost versus accelerator 
length of the high energy part of 
the SNQ linac in the range of 
B,T 5 3 W/m. The results are based 
on a shunt impedance of 30 MQ/m, a 
rf filling factor of 82 %, a stable 
phase angle of -20°, a current of 
200 mA and an injection energy of 
100 MeV and last not least on the 
costs per meter of rf structure, 
beam optics and tunnel, and on the 

cost per Watt of rf power. 

tunnel with single cells, In this case the 

voltage gradient is only 1.5 MV/m and hence 

less rf power has to be psovided. According 

to the cost estimates of rf structure, beam 

optics, tunnel and rf power, Fig. 6 indica- 

tes that the stage I linac with the smaller 

voltage gradient, which means more reliablli- 

ty, is less expensive. Due to the merits of 

the single cell concept one then can change 

over to an intermediate stage I' by simply 

upgrading the rf power and increasing the E,,T 

value to its maximum of 3 W/m. In this case 

the end energy is 600 MeV at the same current 

I = 200 mA which means for instance a neu- 
P 

tron intensity gain of about 2. The major 

advantage however is that one can gain expe- 

rience about the operation of stage II before 

its installation (characterized by EOT = 

3 MV/m and energies up to 600 MeV) already in 

stage I'. 

For the final upgrading to the end energy of 

1.1 GeV all components used so far remain 

still in use. 

In summary the single cell concept has the 

advantage that the rf power losses of the 

structure are smallest, that the mode of ope- 

ration can be varied, that beam losses should 

be smaller in comparison to coupled structu- 

res and that the investment cost can be con- 

siderably reduced by mass production. 

Failure compensation 

Because of the large number of components a 

failure will frequently occur in the high 

energy part of the linac. The by far weakest 

component is certainly the amplifier chain. 

Assuming Poisson statistics and a life time 

of 8000 h of operation for the rf generator, 

one has to expect on average one failure per 

day with the 300 units of stage I. This large 

failure rate cannot be treated in the conven- 

tional way by switching off the linac, diag- 

nosing the error, replacing the faulty com- 

ponent and then turning back to normal. This 

would cause too long shut-down periods. The 

situation is even more severe with the 600 

components in stage II. 

Fortunately, the single cell concept allows 

to continue operation if the rf power genera- 

tor of one or even more single cells failed. 

A consequence of a single cell which does not 

accelerate any more is a change of the phase 

advance in the following cells. The phase 

mismatch is 1.30 and 0.20 for all following 

cells if the failure occurs at a cell opera- 

ting at 100 MeV and 350 MeV, respectively, 

provided the single cell is detuned in order 

not to be charged up with rf power by the 

beam. Otherwise the phase change increases to 

values of 4.6O and 0.7' while the batch is 

passing. The presence of a non-accelerating 

single cell is signaled to the control system 

and the phase of the rf power in the follow- 

ing cells is changed to compensate for the 

resulting beam delay. As a result the beam is 
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accelerated to an end energy which is by about 

1 MeV smaller than the normal value. If nea 

cessary the correct end energy can be obtain- 

ed by slightly decreasing the absolute value 

of the stable phase angle. This correction is 

performed by the end energy control circuit. 

It should be emphasized that the described 

means to compensate for a faulty rf generator 

of a single cell are performed within msec, 

i.e. between two pulses.and that the opera- 

tion of the accelerator continues without any 

interruption. Then, during operation the error 

EPD be farther diagnosed and the faulty com- 

ponent may be replaced. Thereafter the opera- 

tion turns back to normal. 

The single cavity control system which is one 

part of the three level linac control system 

is shown in Fig. 7. The inner three control 

loops to the left of the cavity are conven- 

tional. By mechanical tuning the resonance 

Switch on 
CkJy 

Amplitude 
setting 

DC setting 

Cavity 
tuning 

Adapted 
pororetcrs 

Single &ity control 

Fig. 7 Block diagramme of the single cavity 

9 
control . 

frequency is kept constant. In the other two 

loops the rf amplitude and phase are held at 

the same value. Because of the Options to 

operate the high energy part of the SNQ acce- 

lerator at different stable phase angles, 

with small and large rf amplitudes and for 

different pulse currents the control loop 

needs input settings (E) for the phase gene- 

rator, (D) for the amplitude loop, (Cl for 

the amplifier chain, and (B) for the tuner. 

The phases are set with respect to a 200 MHz 

reference rf signal which is delayed for each 

single cell according to the arrival of the 

bunches in the center of the accelerator gap 

of a single cell. In a similar way the 

"switch'on" signal is delayed in order to 

assure the precise charge-up with rf power 

when the first bunch of a batch enters the 

single cell. 

The more advanced control loops are on the 

right hand side of iig. 7. Pick-up signals 

for the rf phase and beam are fed into the 

phase generator for determining the actual 

phase advance q, which is compared with the 

setting value (El in order to activate pro- 

perly the phase shifter device. The offset 

value is corrected by the feed back value 

A?(E) which originates from the end energy 

measuring device at the end of the accelera- 

tor. 

An still more sophisticated part in the cavi- 

ty control system is the learn box which ob- 

serves the error signals during many batches 

in order to learn how to improve the control. 

For this purpose the learn box is provided 

with the actual phase advance value and set- 

ting value and with the phase generator res- 

ponse. Based on an analysis of this informa- 

tion collected from many batches the learn 

box may change directly the setting value 

for rf phase and amplitude or create with the 

support of a computer from a higher level a 

complete new set of parameter values (G) 

which are better adapted to the actual situa- 

tion than the original settings. 

An example should illustrate the way how the 

learn box works. For this purpose it is 

assumed that the current has suddenly changed 

to a lower value. Consequently, from then on 

at the beginning of each batch the rf ampli- 

tude becomes too large because of the reduced 

beam loading. Then the amplitude will be low- 

ered by the inner amplitude loop and simul- 

taneously the phase control becomes aceive. 

After some damped osqillations the control 

system will be quiet again. This procedure 

at the beginning of each batch would take 

place for ever if the learn box would not 

interfere. After having observed and analysed 

the actions of the control system for many 

batches the only reaction of the learn box 

should be to decrease the rf amplitude set- 

ting adapted to the changed beam loading. 
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RF power generation 

In the single cell concept it would be 

possible to feed the cells with rf power from 

the largest rf generators of 4 MW power by 

distributing the rf power to a set of eight 

cells via power splitters and phase shifters. 

The advantages of the single cell concept 

quoted above exist however only if small rf 

generators, one for each cell, are used. 

Otherwise the discussed options of operation 

cannot be fully utilized. This restriction of 

small generators is in contrast to coupled 

structures where small and/or large genera- 

tors can be used. A rather comprehensive stu- 

dy on the rf power generation at 200 MHz has 
10 

been performed . A few results of this stu- 

dy are compiled in table 3. With the listed 

life times of the driver chains the costs of 

the rf installation and of the replacements 

per watt are not very different between the 

200 MHz RF Systems 

Small Large Large 

RF ,Amplifier Tetrode Triode Klystron 

250 k^W 1.5 M^W 3.0 M^W 

Single cell Yes No No 

Coupled cells Yes Yes Yes 

Number of I I: 300 60 30 
power modules II: 1200 240 120 

Device life time 8000 h 8000 h 40,000 h 

Cost of install- I I: 0.6 0.5 0.8 
ation [DM/W 1 II: 0.4 0.3 0.6 

Replacement 
cost [DM/W I 

0.05 0.025 0.08 

Device failure 
I 

I: l/d 1/5d l/Zm 
rate II: 4/d l/d 2/m 

. 

Table 3 200 MHz RF systems with the pulsed 
power KW and MW, I, II refers to 
the stages. 

three cases of small tetrodes, large triodes 

and klystrons. Table 3 indicates also that 

the solution with tetrodes which could be 

used as rf generators for the single cells 

is at medium cost compared to the other two. 

This relation holds for stage I ,and II. 

The major difference between the tetrode and 

klystron cases lies in the device failure 

rate as listed in table 3. 

Beam loading 

With respect to the cavity accelerating vol- 

tage there are an rf cavity current I 
cav 

and a beam current I beam flowing into and 

out of the cavity. Their ratio Ibeam / 

I cav is the beam loading which is 75 % and 

62.5 $ in stage I and II, respectively. The 

fairly large beam-loading has consequences 

which will be discussed in the following: 

1. In stage I about l/4 of the cavity current 

is needed to maintain the voltage gradient 

E,T while 3/4 are required for acceleration. 

Thus, for charging-up the cavity with rf 

power before each batch the total current, 

which is four times larger than the current 

needed to maintain the EoT value, can be 

used. Therefore, the charge-up time is con- 

siderably shortened. By charging at resonance 

frequency the voltage change is given by (11 

dv 
w Wet 

Z = Icav 
l (R/Q) l _i exp t-z) (1) 

One calculates with a typical R/Q value of 

330 Q/m (Ohmic, not including transit time 

factor) for single cells that the voltage of 

l/4 Icav*R is reached after 20 psec. If the 

design voltage would be reached assymptoti- 

tally by charging with the needed current 

I -1 the charge-up time would be 
cav beam 

much larger since the characteristic time 

constant is already 100 (rsec (= 2Q/w). The 

rapid charge-up with full power within 20 

psec requires a precise timing for the onset 

of rf filling into the cavities with respect 

to the arrival of the first bunch of a batch. 

2. In the case of a break down of a genera- 

tor unit the beam will recharge the cavity. 

Assymptotically, a voltage gradient is 
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reached which is about four times as large as 

the value of normal operation in stage I. 

The voltage gradient becomes twice as large 

in stage II. Its polarity is such that the 

beam is decelerated. The characteristic time 

constant is again 100 (Isec. The heavy load- 

ing of a cavity by the beam must be suppres- 

sed in order to avoid sparking in the cavity 

and energy modulation of the beam during the 

batch. Possible remedies are a fast short- 

circuiting of the cell or a strong mechanical 

detuning which unfortunately is slow. Both 

methods are expensive. It seems also possible 

to damp the cavity via the amplifier line 

even if the amplifier is out of service. 

3. During a gap, i.e. a missing string of 

bunches as is deliberately produced by the 

fast choppers in the funneling section, the 

cavity voltage rises. The relative increase 

per missing bunch is AV/V = 2.10-* with the 

parameters of stage I. For a typical switch 

gap in the batch of 20 missing bunches cor- 

responding to 100 nsec the relative voltage 

rise is 0.4 % followed by a ringing of about 

the same magnitude. The voltage rise during 

the gap can be reduced by decreasing appro- 

piately the cavity current I 
cav' 

Such a 

measure requires however an amplifier with a 

band width of infinity. With a large band 

width of e.g. 20 MHz which might be achieved 

with small power generators the voltage rise 

is reduced to the tolerable value of 0.1 1. 

4. The stable phase angle 9s # 0 causes a re- 

active component of the beam current which is 

passed on to the generator. The reactive com- 

ponent can be compensated for the duration of 

a batch by working with an appropiately de- 

tuned cavity. For linacs the resonance fre- 

quency ucav must be larger than the generator 

frequency w . 
q 

During the charge-up with 

w 
g < Wcav 

the phase angle between the cavity 

current I 
cav 

and the accelerating voltage 

E,T*L increases from O" to a value of about 

200 as can be calculated from the data of 

stage I. A phase jump by just this value is 

then required to turn the cavity current I 
cav 

in phase with the accelerating voltage, when 

the first bunch of a batch arrives and the 

design EOT value has been reached. Because of 

the finite bandwidth of the driver chain the 

phase jump will result in some ringing 

effects of small amplitude even if the band- 

width is of the order of 20 MHz. 
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