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Abstract

3s0szer  Svnchrotron will inject DES8Y9 011903
s of increased intensity into
Svnchrotron. lts accelerat-
-tuned by varying the permeab-

..te core 1gs within the cavities. Core CRO-2 (X) ENI 2100L
tion criteria and evaluation are dis- oow
ents of permeability, loss and
Jrescnted. -
HP
introduction 33254
8320A
fon cavities will operate at A
M MHz ané (II) 0.67-2.5 MHz; the proton RF c
cavities opecaze at (III) 2.4-4.2 MHz, and are SIGNAL FEED (1
described 7il. To attain voltages originally GEN. | - u
scheduled in ‘1’ a 3 x [ product (proportional to \]
voltage per unit cross-section area of ferrite) of 115 TRUE RMS DVM
Gauss x MHz is desired for ferrites in frequency bands FLUKE 89204 CROH

I, 11 and 375 Gauss x MHz for band lI1I. During accel- w

eration, the core inductance should vary as 1/f% co
resonate with cavity gap capacitors. This is done by
prograrming a DC bias current to control the polariz-
ing magnetic field, ¥y, in the cores.

Fig. 2 Measurement Circuic
for the Small Sample Cavicy

Two rings are series connected by a
figure-8 winding which is electrostatically shielded

Ter band ! a high permeabilicy ferrice and ma

, . 2 ubos s N gnetically decoupled from the Hp winding. The
(’"_”‘ "09 ;“‘_o'?‘b_ Hhz) is needed, bocth to aclcam a feed capacitor is several times larger than the tuning
h}sh 3 ?--f.oduc»‘and to avoid an excessive volume of capacitor. The cavity is resonated by varying the
high voltage capacitors at the gap. precision tuning capacitor to give minimum voltage

across the feed capacitor; the RF voltages across
these capacitors will then be close to quadrature. The
mean RF permeability EA' peak RF area-averaged

In contrast, a low-y ferrite (uall0 at
2.5 MHz) is neecded for IIl to achieve required gap

vgl:ag,e -’i::hou:.;:;c.essive loss uhi..le allowing the B-field, Bpppeak, and loss are obtained from the
presence o suiiicient gap capacitance o avoid resonance voltages across the RMS voltmeters V, and
excitacion of Robinson’s inscability [2] by the Before RF measurements are made, the rings are

intense procon beam. inicially polarized by cycling Hp between remanence

and saturation. A thermally controlled oil baczh
allows constant temperature measurements to be mace.
Fig's. 3, 4 show typical behavior of permeability and
loss for small SY7 sample rings.

s stuéy of candidate materials led to a
choice of TOK tvpe SY7, a 1:2 Ni-2n ferrite for I, 11
and Philips ctype &M2, a 6:4 Ni-Zn spinmel, for III.
High-u ¥n-2Zn ferrites tested for possible use in I had
excessive 1oss. In the sections below we outline Fig 3
measurement mechods for ferrite evaluation and present .
some of our measured results,
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£¢ permeadility scales well to
size but loss is larger for full size
7 0D) at comparable Bpr. Part of the loss
‘ue ro eddy current contribution. which is
°périionately greater in large rings. The 4M2
45 negligible RF conductivity and eddy loss.
s serxiconducting and shows strong temperature
: cependence of resistivity. In order to
‘lqss the material's RF tesistivity and
Vity were measured (Figs. 5-7). The RF
- S5Y7 is ar least an order of magnircude
that ol any Mn-2n ferrite tested.
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rings ave studied in a 2-vring cavicy

: ings lie in separate annular
parallel: bias current
cancel induction between the
‘Fig. §). The resonant RF
rson model 0 current
in the coaxial RF feed
ed by & capacitive
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In both large and small rings of SY? the
loss varied as Bpg <-51= measured at constant bias
field intensity, for a wide range of Brg and Hp: loss
increases monotonically and rapidly with H, whe:
measured at constant B.r and frequency. This behavior
holds even up to the onset of magnetic instabilities
{(when the material‘s domain structure changes under
the influence of large RF_excitation). In the 4M2Z,
loss varies also as Byg at low and moderate B .
but at large RF flux density shows a saturation be-
havior; loss increases rapidly as B,¢ increases to-
wards a saturation value which depends upon Hp.(Fig.%)

Fig. 9 Large Ring
Static Loss Versus RF
Induction Field, For
Band III Bias
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Fig. 8 Two-Ring Test Cavity for Full Sized Ferrite
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10. Ceramic Tuning Capacitors

11. Bias Current Feed Tubes

12, Bias Current Feed Rod Array
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for Ferrite Installation
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Tig 10 shows measured loss for a band
i11) drive schedule. The SY7 rings achieved 115 Gauss
: ation in band II without onset of instabil-
achieved half this Bf product in band I
over essentially the same bias field
and 0.1-1.7 Qe respectively). Onset of
ather than excessive loss may limit the
ating voltage; in this case the cavity
e at lower voltage for longer acceleration
material operated steady at 375 Gauss X
r nalf of band III but came close to
ts (0.3 watt/cm? average) and
the upper half of the band; the
2 g cavity design has been modified ro use
cecreasing accelerating voltage over this half
witn modified proton beam synchronous phase

Fig. 10 Llarge Ring
Static Loss for
Proposed Booster Band

At moderate Bpp the ferrites have behaved
as lossy inductors, but at large Bpp they show complex
behavior, whose nature depends upon the particular
excitation conditions. Magnetic aftereffect,
2-frequency quasiperiodic oscillation in cavicy
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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This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thercof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thercof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof,




