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Abstract 

ThC BNL Booster Synchrl 31 tron will inject 
heavy ion and proton beams of increased intensity into 
the Alternating Gradient Synchrotron. Its accelerat- 
ing cavities are sweep-tuned by varying the permeab- 
ility of ferrite core rings within the cavities. Core 
material selection criteria and evaluation are dis- 
cussed. Measurements of permeability, loss and 
permittivity r^.:c presented. 

Introduction 

The hcavr ion cavities will operate at 
(I) 0.175-0.68 iliz and (II) 0.67-2.5 MHz; the proton 
cavities will operate at (III) 2.4-4.2 MHz, and are 
described in [l]. To attain voltages originally 
scheduled In ill a B x f product (proportional to 
voltage per unit cross-section area of ferrite) of 115 
Gauss s M!lz is desired for ferrites in frequency bands 
I, II and 375 Gauss x MHz for band III. During accel- 
eration, the core inductance should vary as l/f* to 
resonatt' with cavity gap capacitors. This is done by 
?rogrammine a DC bia:s current to control the polariz- 
ing magnetic fitid, H P' in the cores. 

For band I a high permeability ferrite 
(~'1,400 at 0.18 MHz) is needed, both to attain a 
high B x f product and to avoid an excessive volume of 
high voltage capacitors at the gap. 

In contrast, a low-/l ferrite (pm110 at 
2.5 MHz) is needed for III to achieve required gap 
voltage without excessive loss while allowing the 
presence of sufficient gap capacitance to avoid 
excitation of Robinson's instability [2] by the 
intense proton beam. 

A study of candidate materials led to a 
choice of TDK-type SY7, a 1:2 Ni-Zn ferrite for I, II 
and Philips type 4M2, a 6:4 Ni-7.n spinel, for III. 
High-p Mn-Zr. ferrites tested for possible use in I had 
escessll~e loss. In the sections below we outline 
measurement methods for ferrite evaluation and present 
some of o'ar measured results. 

Ferrite Evaluation 

Candidate materials were screened by 
measuring mean permeability, iA and power loss/volume, 
p,jv, of small sample rings, in the test cavity of 
Fig. 1, using the circuit of Fig. 2. 

Fig. 2 Measurement Circuit 
for the Small Sample Cavity 

Two rings are series connected by d 
figure-8 winding which is electrostatically shielded 
and magnetically decoupled from the HP winding. The 
feed capacitor is several times larger than the tuning 
capacitor. The cavity is resonated by varying the 
precision tuning capacitor to give minimum voltage 
across the feed capacitor; the RF voltages across 
these capacitors will then be close to quadrature. Thi: 
mean RF permeability CA, peak RF area-avcragcd 
B-field, BRFpeak, and loss are obtained from the 
resonance voltages across the RMS voltmeters V, ar1ci 

"2 Before RF measurements are made, the rings arc 
initially polarized by cycling HP between remanenco 
and saturation. A thermally controlled oil bath 
allows constant temperature measurements to be made. 
Fig's, 3, 4 show typical behavior of permeability all(l 
loss for small SY7 sample rings. 

Fig. 3 Typical Vari- 
ation of Permcabilit~ 
at Constant Frequency 
and Polarizing. Field. 
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Fig. 1 Small Sample Evaluation Test Cavity 
* Work performed under the auspices of the U.S. Dept. 
of Energy. 
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l‘ig. '4 Typ ic;,l Loss 
Depen&~llcc on KF Fl LIS 
Density and Polariz- 
i ng Magnetic Field 
Intensity 

9~asurt’ci permeability scales 
larger 

well to 
zing size but loss is Larger for full size 

rings (ii) cm DD) at comparable BRF, ?art of the loss 
i:lcr:snse is d.lis to eddy currcr!t contribution, which is 
dispioportioria~el~~ greater in large rings. The 4M2 
material hirs ncg-lgible RF conductivity and eddy loss. 
The SY7 is semiconducting and shows stror.g temperature 
and freqcency dependence oE resistivity. In order to 
estimate eddy loss the material's RF resistivity and 
compiex permitivity were measured (Figs. 5-7). 
resist;vitv of SY7 

The RF 

greater t&n that 
is at least an order of Inzgnitude 

of any ?in-Zn ferrite tested. 
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F i g, 5 RF Rcsistivity of SY7 Ferrite 

Fig. 6 COlnpl+ZX 
'ermittivity of SYi 
‘errite at Room 
'emperaturc 

Full %:-cd rings are studied in a Z-ring cavity 
collfiEu:eri so that the rings lie ir. separate annular 
ca\ I '- ies , rlfczricnlly in parallel; bias current 
c~~n:~.r-co~pl~s so as to cancel induction between the 
bins and KF cxrrenr paths (Fig. 6). The resonant RF 
curl-ent is i<impled by a Pearson model 110 current 
tra11sfantn<-:- 1.fi.i a breakout box in the coaxial RF feed 
line. and RF voltage is sampled by a capacitive 

volt ;ig:r divider, t~nrl: rrlmin,i\ c,<i iI1 iill : t.: I> t L ,',I 1 ! 
vol t",eLer to allow p""" ,- ,,lt..,.',li~~,'ll!l',lt I<) L ,,!b 
measurements were made a.~ fixed : uning capac i :ls:lcv ,:I gi 
frequency. SW?p i loss ,"e<l.L?JrFl"Cllt $ 21-e bi~i nt: I/lIJ'.lk~ 1 : 
is expected that these will &iv? hit:llcl lci:?, lhl,k. (' I 
of domain wall motion processes ;i s s 0 : 1 ‘i : <' 4 :i I : ! 1 
variation of HP, 

Fig 7 l‘tl"p<'r-;i 
turf? Dcpeuc!i~l!<:i~ <Ii 
S1'7 KF Kcsist ivi t‘$. 
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Measurement R~sul:.s 

In both lar~e07~n~5 small rings of SY? timi, 
loss varied as B,f , measured at cons:ant bi‘l‘, 
field intensity, for a wide range of B,f and lip: 1 < B 2, s 
increases monotonically and rapidly with HiI wl~c*~: 
measured at constant B,f and frequency. This bcllw: cI: 
holds even up to the onset of magnetic it:stabili:i~~'. 
(when the material's domain structure changes unr!?l- 
the influence of large RF excitation). In ~11~ 4N2, 
loss varies also as B,f 2-o7 at low and moderate B,*, 
but at large RF flux density shows a saturation be- 
havior; loss increases rapidly as B,f increases tr>- 
wards a saturation value which depends upon HP,(F~F,.'~! 

Pig. 9 LZli:“ Ki"!; 
stnt1c Lor,s versus I?E 
Induction Fielti, I‘ol 
Band III Bias 
Schedule 
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Fig. 8 Two-Ring Test Cavity for Full Sized Ferrite 

1, 2. Coaxial RF Feed Electrode 
3. Cruciform RF Feed Through Slotted Coaxial 

10. Ceramic Tuning Capacitors 
11. Bias Current Feed Tubes 

ELectrode 
4. Copper Midplane Plate 

12. Bias Current Feed Rod Array 

5. Resonator Cavity Pan 
13. Insulating Bushing 

6. RF Feed Disc from Outer Coax Feed to Pan 
14. Bearing Pillow Blocks to Allow Cavity Invlersioc 

7. 
for Ferrite Installation 

Slotted Extension of Coaxial Outer Electrode 
8. Ferrite Rings 

15. Cover Plates Carrying Bias Current 

9. Water Cooling Plates 
16. Lug Plates for Bias Current Feed 
17. SO:1 Capacitive Voltage Divider 

Fig. 10 shows measured loss for a band 
(II) drive schedule. The SY7 rings achieved 115 Gauss 
x MHz operation in band II without onset of instabil- 
ity, but only achieved half this Bf product in band I 
when operating over essentially the same bias field 
range (.16-1.8 and 0.1-1.7 Oe respectively). Onset of 
instability rather than excessive loss may limit the 
band I operating voltage; in this case the cavity 
could operate at Lower voltage for Longer acceleration 
time. The 4M2 material operated steady at 375 Gauss x 
MHz over the lower half of band III but came close to 
thermal loss limits (0.3 watt/cm3 average) and 
instability over the upper half of the band; the 
accelerating cavity design has been modified to use 
ramped decreasing accelerating voltage over this half 
band, with modified proton beam synchronous phase 
angle. 

Fig. 10 Large Ring 
Static Loss for 
Proposed Booster Band 
II Drive Schedule 

At moderate BRF the ferrites have behaved 
as lossy inductors, but at Large BRF they show complex 
behavior, whose nature depends upon the particular 
excitation conditions. Magnetic aftereffect, 
2-frequency quasiperiodic oscillation in cavity 
current with beat period of several milliseconds and, 
at large drive, fully developed chaotic behavior have 
all been observed. These phenomena are being investi- 
gated in further studies. 
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