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UCRL - 20605 

SESSION I --CRYOGENIC MAGNETS AND SYNCHROTRONS, 
CRYOGENIC AND VACUUM TECHNOLOGI_ES 

Panel Disc~sion on Superconducting Synchrotrons* 

WilliamS. Gilbert. 

Lawrence Radiation Laboratory 
· Berl$.eley • Californla 

INTRODUCTORY REJ.1ARJ(S - Panel Discussion on Suoe·r
Conductins; Synchrotrons 

Some recent developments lend encouragement to 
the Berkeley Group investigating the pulse dipole 
magnets that ate needed for fUture superconducting 
protron synchrotrons. 

Fine Wire Developments 

Early in 1970 it became apparent .that the fila
mentary Nbl'i superconductor below about 20].1 in 
diameter, from all the major suppliers, had consider
able electrical resistance, well below transition 
current levels. 1 Fig. l shows this for the material 
labeled April 1970-,-.this curve is similar to data 
taken for other vendors' material of this vintage. 
On a log p Vc log J Plot, a well behaved superconduct
or should have a virtually vertical slope; curvature 
indicates metallurgi~al failure due to breaks, cracks, 
fractures, geometrical variations, compositional 
changes, and other still Unresolved problems. The 
useable current density is that corresponding to a 
resistivity of l0- 12 ohm-em or lower. 

Cryomagnetics** developed a variety of improved
composite superconductors in December 1970 which we 
have been testing. T.he results un 3 of these conduct
ors appear on Fig. l. The regular alloy identified 
as 10].1, Decem!ler 1970 is to be compared with the 10].1, 
April 1970 curve discussed above. One can see that 
the curve is vertical, so the metallurgical problems 
have been solved. In addition, the critical current 
density has been much increased (the curve is moved · 
to the right), The 2 curves labeled experimental 
alloy are even more exciting. The curve labeled 4~ 
is a 3 mil wire and the vertical curve shows excellent 
metallurgy and the current density is quite high. 
The curve to the left is still a straight vertical 
line; the wire is only 1 mil and the filaments are 
only 1 l/4~. The vendor is not vHling to predict 
whether this drop in current density must occur in 
the region betveen 4~ and 111 o.r is dependent on 
processing procedure. In any case, ve have material 
at 4~ that is far better than material at 7~ that was 
produced only half a year ago, !v!ost synchrotron 
calculations have been done on the basis of filaments 
of 7 to 12~ diameter; we can now consider recalcu1ation 
on the basis of the loHer hysteretic loss 4u material. 

Model Pulse Dipole Results 

Fig. 2 is e. picture of a pulse dipole using the 
older material mentioned l.tbove. Details are given 
by Ferd Voelker in paper I-10 2 • The magnet was de
graded in that it didn't reach ~ts_short sample limit. 
Hovever, it pulsed e,\sily at a B of 6itG/sec to i.ts 
23kG central field maximum with a very low loss of 

• This vork performed under the auspices of the 
Atomic Energy Commission. 

** Cryomagnetics Corporation, 4955 Bannock St., 
Denver, Colorado, 80216 

*** Norton Company - Superccin Division, 9 Erie 
Drive, Natick, Mass. 01760 

s0111e 9J/cycle or a "Q" ot 500 which is just what we 
calculate for the 7~ filaments NbTi used***· 

Parametric Design -. Cost Estimate 

We thought it useful to take a new look at the 
systems aspects of superconducting synchrotron main 
rings in the light of the progress noted above. A 
relatively optimistic viewpoint was taken with regard 
to economical solutions of still outstanding problems. 
Thes~ cost estimates were done by Michael Green 3 • For 
NbTi superconductor, a filament diameter of about l/2 
mil (1211) was assumed, so in this sense the suspension 
of disbelief required is minimal. An advanced high 
temperature high-field conductor, either filamentary 
~b 3Sn or V3Ga, having the following properties was 
assum_ed: the cost per pound would be no higher than 
the NbTi. materials, the average current density of the 
composite would be some 3 times that of the NbTi 
composite, the filaments would be as small or smaller 
than the NbTi filaments so that the pulse loss would 
be the same per ampere-meter of conductor. Fig. 3 
shows total capital costs and capital costs plus 10 
year pover costs for both type materials vs synchrotron 
cycle time. Since the me.gnet loss is hysteretic rather 
than resistive in nature, one naturally pays heavily 
for shorter cycie time. One else gai~s protor. inten
sity as the repetition rate increases. Fig. 4 shows 
the costs vs beam aperture, and a larger beam_ aperture 
is a way to gain more intensity. The cost-aperture 
curve rises mucp more slowly for a superconducting 
magnet system than for a conventional copper-iron one. 
Hence, for a given intensity the superconducting synch
rotron will tend to a slower--larger aperture optimum. 

Fig. 5 shows the final cost vs field and shows 
that the cos·~s come to s0111e 3 or 4 times lower than 
conventional machines when one includes the 10 year 
power bill. An additional benefit is that higher 
energy main rings can be installed at copper-iron 
magnet sites at reasonable costs. 

Fig. 6 ls a breakdown of individual component 
costs vs field for one specific set of parameters. 
The main conclusion of this data is that no.one 
component dominates the total system costs. 
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Fig. 2. Pulse dipole. 
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