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This paper presents the results on the experimental invcs- 
tigation of the IJ-70 R.I: cavity with additional short circuit 
loops in thr RF magnetic field. These loops introduce a 
negative inductance impedanre into t,hc RF cavit,y circuit, 
and decreascx the cquivalcnt value of cavity inductance by 
about a factor of 10. This method allows at a low cost 
‘,-fold increase the caparity of the accelerating gap for the 
1!-70 cavity operating with the booster injection complex. 
‘l’he lechnique of measuring the ferrite-dominated cavity 
pararncters is described. 

1 INTRODUCTION 

When a point charge crosses an empty cavity, it leaves 
b?hirtd a voltage- I&. The point charge itself is decelerated 
by l,hi)/2 {fundamental theorem of beam loading [l]}, ‘I’hc 
volt,age Lb0 developed across the capacitance Cg is related 
t.o t,hc beam charge q by: 

Q I/E” z - , 
c=, Cl? 

Wh~rc c’, is equivalent capacitance of the cavity gap. We 
can SW that the decelerating voltage reduces when C, is 
increased. 

The 11-70 RF system was worked out to operate with 
t.he Injector - linac at 100 GeV energy. A wide RF range 
was 2.6-6.1 MHz. For the new IJ-70 injector booster the 
wide RF range decreased and now it is 5.5-6.1 MHz. This 
fact and m&hod of changing the parameters in RF ferrite 
dominated cavity [2] allow one to increase the capacitance 
of the cavity gap 

2 STATUS OF U-70 CAVITY 
PARAMETERS 

The II-70 accelerating system consists of 40 (10 kV each) 
cavities. The wide R.F range is 5.5-6.1 MHz. The har- 
monic nurnber is 30. Figure 1 shows the equivalent cir- 
cuit {Terminology is the one used by F. Pedersen [3]}. 
Th< cavity 1s represented as a simple R,, L, C, resonator. 
The amplifier output, impedance, transformed to the cav- 
ity gap, is included into R, as well as the cavity losses. 
Thr RF and the beam amplifier are modeled as ideal cur- 
rent, generators V’ is the peak R.F volt,age across the 
cavity gap. For the cavity resonant frequency fo = 5.5 
MHz {f,) = 1/(2x-)) the U-70 cavity parameters are: 

C, LY 200 pF, L E 4.2 pH, 13, E 7 k0, the quality factor 
for V,= 10 kV is QO E 50, the total power dissipation in 
the resonator is P z 7 kW and the mean power per [[nit 
length is I’,,,,, ‘c 5.5 kW. 

Fig.1 Equivalent circuit of the resonator 

3 U-70 CAVITY WITH LOOPS 

Method [2] was used t,o increast. capacitance of accelerating 
gap. The equivalent inductance of the cavity wilh loops 
is: 

L’ = /&(I - P)Lo ) (2) 

where Lo is t,he value of the air-cored inductance, tip 1s the 
value of the effective permeability of the air and fmrit+:, I< 
is the coupling coefficient. The experimentally measured 
value for LO is Lo 21 0.2 PH Experimental values for pC of 
the 1J-70 cavit,y at, the maximum and minimum of magn<it.ic 
bias fields are pe m;n N 12.2 and pe mn2 E 75 accordingly. 
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Fig.2 Plot of jle against magnetic bias field. 
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The plot of ,u~~ against magnetic bias field for 300NN type 
of ferrite is shown in Fig 2. 

Design of the loop in t.hc 11.70 cavity: the material is 
copper, the transverse section is rectangular with sizes A 
I 7.5 mm arid R : 2 mm {the perimeter is 71, = 2(n + 8) 
-. - 19 mm). the length in each half of the cavity is sl =J.3 
r-11. 

7. I (:10ii/)ling cocffiric,n t 

Experimental values for K of the 11-70 cavky can he found: 

I<=~~, (3) 

where jo is thr cavity wsonancc frequency without, loops 
a11d fs is the cavit,y resonance frtquency with loops at the 
equal bras fields. Figure 3 shows that the coupling coeffi- 
cient changes with variations of the effective permeability. 

K 

10 Cl0 2rJ.00 30.00 40.30 50.00 60.00 70.00 80.00 

effective permeability p. 

Fig.3 Evolution of the coupling coefficient 

+ 

5 .- 0.90 
0 .- 

z 

: 0.85 
0 

CD 
.r 0.80 

a 
3 

: 0.75 

0.70 LLrm,-lmrumi 
0.00 50.00 100.00 150.00 200.00 

perimeter of loop pc (mm) 

Fig.4 Coupling coefficient as function of perimeter 

We can change the value of the coupling coeff~rirnt., for t.his 
we can change, for example, the value of the perimeter (~1, ). 
The coupling coefficient dtpcndenc~ on the design of the. 
loop is as: 

1 
Ii x ~ -- --... ~_-_ 

J-- 

(4, 
(tlsi(azly~~ ~ Oj 

where cyj, LYE, cus, D are the coeffirients frorrl [4]. A graph of 
k’ against pi is shown in Fig.4: (A) minimum of magnrtic 
bias field, (B) maximum of magnetir bias field. 

3.2 Range of frequency 

The range offrequency owr which the system can be tuned 
is given by the change in IL? value In t.hr cavit,y wit,h loops 
the range of frequency is. 

f = 

‘(1 

d 

- q, .,,,)Pe mL?z 

(1 - “/t< ,,,)Pc min ’ 

where lie mar is the maximum value of the cffect.ive perlne- 
ability of the air and ferrite at the minimum bias field, arrd 
pe ,,,in is the minimum value of the effective pcrrneabillty 
at the maximum bias field, I<,- map is t,hc maximum value 
of the coupling coefficient at the minimum bias field, and 

Ii’,< rn,n is the minimum value of the coupling coeffiricnt. 
at the maximum bias field. 
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Fig.5 Cavity resonant, frequency as function of t,he bias 
field current 

Figure 5 shows the cavity resonant frequency as function 
of the bias field current: (A) curve is status of II-70 cavity 
without loops, (B) curve is when the loops are inser%ed into 
the cavity, (C) curve is for the cavity with inserted loops 
and the capacitance of the accelerat,ing gap increased 

3.3 Cavity shunt impedance 

The value of cavity shunt impedance was measured on the 
test cavity with using two methods. In first. method t,he 
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rmonant frequency and quality of the cavity were mea- 
~urcd then the shunt impedance (R,) was calculated. The 
measured parameters for resonant. frequency fo = 5.5 MHz 
are listed in table 1. 

Table 1 

cavity Cg(Pf9 & h(kfl) 
without loops 200 50 7,20 

with loops 553 110 5,75 

The beam simulation as in [5! is used in second method. 
Measured shunt impedance for resonant frequency fo = 
5.5 MHz are listed in table 2. 

Table 2 

~1 

The experiments used the design of the loops described 
above From the tables one can see that the shunt 
impedance for the same resonant frequency decreases in 
t,hr cavity with loops against the cavity without loops 

U.4 Power dissipation 

The power dissipat,ion will be added from dissipation in 
the ferrit,c ffprritp and loops P~OOPs. 

P' = PJmite + PIoopJ (6) 

For the resonant frequency fo = 5.5 MHz, the shunt 
impedance R, z 5.5 kR the power dissipation in the cav- 
ity with loops is I” N 9 kW at the peak RF voltage I’,= 
10 kV Where dissipation in the ferrite is ~~~~~~~~ 2: 7 kW 
and dissipat,ion in loops is I’lO,,pd 2: 2 kW. 

4 CONCLUSIONS 

Briefly, t.he results of the work are: 

. decrease of the equivalent value of the cavity induc- 
tance by about a factor of 10, 

l increase of the equivalent value of the cavity capac- 
itance for the main frequency by about a factor of 
2.7, 

. increase of the equivalent value of the cavity capac- 
itance for high harmonics of the beam by about a 
factor of 5 

. decrease of the shunt impedance of the cavity by 
about 20%) 

l increase of the cavity quality by about a factor of 2.2, 

. decrease of the frequency range by about a factor of 2 
for the old range magnetic bias field (fo = 5.15~6.36 
MHz), 

l the cost of design is very low. 

One cavity with loops was tested also for t,he high beam in- 
tensity and we could see some decrease the transient beam 
loading effect of the accelerating cavity due to the t,ransi- 
tion 
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energy. 
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