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Summary 

The D.C.I. RF system was designed for a maximum 
energy of about 1.8 GeV. In order to reach the $' re- 
sonance at 1.85 GeV the system has to be improved 
knowing that the magnet limitation is 1.9 GeV. The 
available space around the ring just permits to add up 
a second cavity with a frequency four times higher 
than the present RF frequency. The design of such a 
double frequency RF system is described and the ex- 
pected behaviour discussed. 

Introduction 

The present RF limitation is due to the maximum 
accelerating voltage one can get in the 17 cm cavity 
gap with 2.7 MC shunt impedance. Due to the lack of 
free space around the ring it was not possible to add 
a second cavity identical to the present one, at 
25 MHz. Howewer, a straight section one meter long is 
still available where a smaller cavity can be ins- 
talled (>/ 100 MHz). Then the idea is to use as much as 
possible the main cavity voltage (which means that the 
synchronous phase can reach the maximum value of 90" 
to compensate for beam power loss at high energy'. 
With these conditions the region for stable phase 
oscillations is reduced to zero. The additionnal ca- 
vity then, is supposed to provide the necessary slope 
for stable phase oscillations and good quantum life- 
time. This is obtained by a suitable phase difference 
between the RF signal in the two cavities so that the 
synchronous phase of the auxiliary cavity remains 
zero (Fig. 1). This second cavity does not supply any 
power to the beam and thus the cavity can be fed with 
a low power transmitter. 

Fig. 1 : Phasing of the two cavities 

Such an additionnal RF has been designed for one 
of the D.C.I. rings and is now under construction. 
The reason to limit the modification to one ring only 
is suggested by the following facts : 

a) Such a system has never been used on a storage 
ring so we don't know exactly if it will be easy 
enough to operate. 

b) At high energy the maximum currents will be limi- 
ted by RF power when using the space charge compen- 
sation scheme. Then, the gain in using four beams at 
high energy may not be large enough to justify the 
complexity of the new routine. 

Design of the auxiliary RF 

The auxiliary RF is designed to raise the maximum 
energy of D.C.I. to 1.9 GeV, which is the limit corres- 
ponding to magnet saturation and power supplies. The 
frequency has been choosen to be 101.41 MHz. In what 
follows index 1 will refer to the main RF, index 2 to 
the auxiliary F.F. 

At 1.9 GeV the characteristics of D.C.I. are : 

Loss per turn : 6E = 365.6 kVolts 
Synchrotron damping : ~~ = 1.57 ms 

Energy dispersion uE :-= 
E 

8.05~10-~ 

The quantum lifetime is given by : 

T 2 
6 T = Se with 

P 26 

where ERF represents the energy acceptance of the dou- 
ble RF system (see ANNEX). 

eV I -.-A-.- 
agh,E 

where $I is solution of the following equation : 

cos I$ - I I v2 
=iq 

(- ; < 6, < 0) 
sin 4 o ‘1 

vI = 6E 

which is tabulated on Fig. 2. 

Fig. 2 : Tabulation of the function : 

V2 cos @ - I 1 

sin 4 Cp I 
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A decent quantum lifetime, let say rq = 100 h, is 
obtained for 6 = 23 which means : 2 

= 2.98~10-~ . 

ERF 
i i 

v2 
Fig. 3 gives then E as a function of ;j-, rati 

1 

Fig. 3 : Energy acceptance of the double 
frequency RF system versus the ratio 
of the voltages. (E = 1.9 GeV ; Tq = 100 h ; 
S = .04 ; h2 = 4 h, = 32). 

between the additionnal RF voltage and the main one. 
It follows that the minimum required voltage on the 
auxiliary cavity is : 

v2 = 157 kVolts 

A 101.4 MHz reentrant cavity with 12 cm gap has 
been designed to have a shunt impedance of 3 MQ which 
means that the minimum power required to feed the 
cavity is 4 kW. As said before, the auxiliary cavity 
does not give power to the beams, so we choose to use 
a 10 kW transmitter which gives a correct amount of 
security factor for the power. Let remind that the 
main transmitter provides 350 kW. 

Stability of the “Beam-Double RF” System 

With an usual RF system, the stability of the 
beam-RF interaction is given by the Robinson 
criterion’ : 

0 ( sin 2 $ < 2 +- cos (J 
Y f S 

where $JY represents the cavity detuning angle, as the 
synchronous phase, Vf the beam induced voltage, V the 
total voltage in the gap. For a matched system : 

tg @ vf 
Y 

= u cos 0, 

The left side of the inequality is generally 
) satisfied as soon as partial or total beam reactance 

compensation is done. The main feature then corres- 
ponds to the right side of the inequality and the 
limit is connected to the intensity of the stored 
current. The stability condition can be written in the 
following way3”” : v2 

pf \c zii: 
(compensated case) 

where Pf is the power delivered to the beam, and R 
the loaded shunt impedance. 

For D.C.I., which is a high impedance system, R 
is practically equal to the cavity shunt impedance Rs 
which means that we are not in the matched conditions 
described by ROBINSON, and the limit becomes an im- 
portant concern. 

In the special case of a double frequency RF 
system as described above, the ROBINSON criterion can 
be extendedbT5, and written in the following way : 

VI COS$~~ - + Vfl sin2$y,+ 4 V2-2 Vf2 sin2$y2 b Cl 

with in addition for the compensated case : 

tg 0 
Yl 

= (Vfl/V,) cos 4&l 

tg @ = Vf2/V2 (%2 = OD) 
Y2 

Detailed study of that inequality leads to the 
following conclusions : 

a) Perfect operating conditions, $sl = 90’ 1$~2 = 0’. 
and compensation for beam reactance lead to absolute 
stability even for an unmatched system like the D.C.I. 

b) Tolerances on @sl are very stringent unless $,I 
is’choosen higher than 90’ ; but in that condition 
c$., must be negative for the compensated case which, 
“~11 require a feedback system anyway to control for 
dipole phase oscillations. 

c) Tolerances on the operating parameters of the 
auxiliary cavity do not appear to be difficult to meet. 

Double Frequency RF System Operations 

The system described above needs specific feed- 
back loops in addition to the usual ones which are 
necessary for each cavity (tuner, phase, amplitude). 

Two main functions have to be solved : 

I) The synchronous phase @s2 must be zero within 
good tolerances (< lo) in order to avoid power going 
to the beams, or coming from the beams. 

The adopted solution as shown on Fig. 4 consists 
of comparing the input voltage of the transmitter to 
the cavity voltage. 
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Fig. 4 : Servo-loops for the double RF system. 

The transmitter has been designed to have a good 
linearity over the useful power range. The loop cali- 
bration is such that without beam no signal comes out 
from the voltage comparison. With a stored beam, if 
4 s2 # 0,a signal will appear which will drive the 
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main cavity voltage VI in order to shift the beam 
according to the auxiliary voltage V2 and then give 
back the right synchronous phase $s2 = 0. A second 
loop with less priority but more sensitivity will also 
act on the phase of the auxiliary cavity. 

2) The phase difference between the voltages in both 
cavities must be adjusted in order to have, in the 
normal operation mode : asI = 90" + E, OS2 = 0'. This 
is obtained with the potentiometer 0 (see Fig. 4). 
According to the fact that as2 is maintained equal to 
zero, this will determine $sl by adjusting V,. The 
phase detector gives zero output for $sl = 90" and in 
that case the attenuation from A3 is maximum to avoid 
phase ambiguity at $sl = 90'. 

Howewer in the normal operation mode we may lose 
on the injection rate with shorter buckets unless we 
are able to reduce the Linac pulse without losing too 
much peak current. Otherwise we will inject with the 
main cavity alone (V2 low enough not to perturbe the 
main bucket) and after injection the auxiliary voltage 
will be increased and the bucket will be compressed. 
Then, for instance the path toward $,, = 90' will be 
automatically done when ramping the energy u 
maximum value. But it is shown theoretically P 

to its 
that the 

beam-cavities interaction will become a serious 
problem when @,, will approach 90' and that it is 
impossible to reach 90" with high currents. Notice 
that at high current the stability effect of the auxi- 
liary cavity becomes so small that the instability 
threshold is practically given by the main cavity, and 
for the D.C.I. case it can be written : 

or 
'f = 'J 

6E 
i = 
max 2Rs sin2$s, 
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Annex 

We propose to compute here the energy acceptance 
of the double frequency RF system in the normal ope- 
ration mode. The method used was proposed by 
M. SANDS6'7. 

Let ? be the particle arrival time as compared to 
the RF voltage in the main cavity. The energy gain per 
turn as shown on Fig. I is : 

V(T) = v, cos W,T - V2 sin 4 w,T 
(5 

= 6E) 

the synchronous particle corresponding to T = 0. 

Let WI TI be the maximum phase displacement com- 
patible with stable oscillation. Then : 

V(T,) = V, = 6E 

and if we write : 9, = w, Tl 

it comes : 
cos $, - 1 "2 

sin 4 $1 
=vy 

the solution of which equation is tabulated on Fig. 2. 
The equations for the synchrotron motion, with T as 
the independant variable, are : 

where the bracket represents the energy gain per turn, 
and E is the energy deviation. 

dT 
;I;; 

(g = momentum compaction) 

d2T g fr - SC- 
E 

eV(T) 
dt2 

- eV, 

The potential associated to the system is : 

Q(T) = - - 

and the principle of energy conservation implies : 

t Q(T) = Q. = cte. 

For the energy oscillation then one gets : 

E(T) = + g - 
E 

- g [ Q. - Q(0-j "2 

The separatrix is connected to the maximum phase 
excursion : 

Q 0 max = Q(Tl) 

and the energy acceptance is defined as the motion on 
that separatrix for T = 0. which means : 

E max PC 
E 

3-2 Q(T,)] 
l/2 

65 
and after integration one gets the following final 
result : 

- (1 - cos 4 $,) - (a,- 
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