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WHY SUPERFERRIC MAGNETS FOR A DESERTRON?

F. R. Huson

It has been proposed by R. R. Wilson and L. Lederman that it
may be advantageous and cheapér to construct a large accelerator
(>10TeV) with superferric magnets (~2.5 Tesla). This concept was
considered further at the DPF 1982 summer workshop held at
Snowmass, Colorado (Proceedings page 315). A rough layout of a
facility was designed and a cost estimate made. This encouraged
some of the participants to continue the design at Fermilab.
This paper 1is an attempt to transmit our belief that a
superferric magnet system of at least 3 Tesla is indeed the
simplest and least expensive way to construct a large
accelerator.

We take as a premise that a sufficiently large piece of land
is available for the accelerator (see paper on Site and Tunnel),
that is, one is not limited by the radius of the tunnel. For
example, it 1is <c¢lear that CERN which will have a 4.5Km radius
tunnel, should use the highest field magnets technically
possible.

The word superferric has been interpreted to mean a super
conducting magnet where the coils are used principally to drive
the field in the steel. We also add the constraint of simplicity
and keep the coil shaped in a rectangle with no more than a few

turns.



We have found in evaluating the costs of the energy doubler
magnets that about one half of their cost is due to the ends,
that is, coil ends, cryostat ends with many vacuum and cryogenic
connections, etc. Therefore we attempt to minimize the number of
ends by making the magnets very long (>100m). This can be done
for low field magnets (~ 3T) but is more difficult for higher
field because of the stored energy (See paper on stored energy in
a magnet).

There are at least two ways to construct a 3 Tesla
superferric magnet. One way is to divide the rectangular current
element into two different current regions, the top and bottom
1/3 is one current and the middle 2/3 is another current. At low
field only the central current is used to produce a good field;
at high field ( 3T) the overall current density is equal;
intermediate values use different ratios. The second way 1is to
crenelate the pole face, either transversely or longitudinally,
to achieve good field at all values. The shape of the steel with
the narrowest gap controls the 1low field, the parts with the
largest gap control the high field and the shape of the steel in
between determines the intermediate fields. These two designs
with their field shapes are presented 1in the paper on magnet
design. Figure 1 shows a cross section of each magnet. These
magnets have a good field region of .6".

It is of interest that if the iron were not present in these
designs the field would only be about 1 Tesla, thus 2 Tesla come

from the iron. Therefore the errors related to coil placement
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Figure 1 a.
Two current 3 Tesla magnet. One current is the upper
eight turns and lower 8 turns, the other current is
the middle 24 turns. At low field only the middle

current is used, at full field there is uniform current
density.
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are based on one third of the field and on a 2" bore whereas the
errors due to steel are based on two thirds of the field and a 1"
gap. We believe we can control errors on the steel laminations
to a few tenths of a mil. By careful construction and selection

of laminations random errors can be controlled to a few x10'4.



Accelerator Costs

Magnets

Magnet costs can be approximated by three terms. One term

is due to superconductor and coil costs.
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A second term includes principally cryostat and labor costs (some
from coils) and is proportional to the number of magnet ends
(Nd+Nq). This term comes from experience with energy doubler
magnets where 1/2 of the cost comes from the ends. The third
term includes miscellaneous parts, labor, steel etc. and is

proportional to R and B (or p).
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Refrigeration

The refrigeration should be proportional to the surface area
of the liquid helium temperature material and inversely
proportional to the temperature. A good system should have the
conductive load about equal to the radiative load. (This is not
true for the doubler where the conductive load is very 1large).

There is another term due to the synchrotron radiation.
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Power Supplies, Controls, Utilities, Service Areas

Corrections, Detectors, Vacuum

Essentially all of these things can be put together and are

proportional to the  number of quads and less to the number of

dipoles.
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Tunnel and Service Buildings

The right-of-way preparation (assumed average cut of 15 feet
deep and 30 feet wide and fill of 3 feet deep and 300 feet wide
to the outside) and separate 24 foot hardtop roadway is linear in
R. The backhoe digging, tunnel and funnel installatson ave

proportional to the radius and area of tunnel, THe way Tvnuwm

earth cover 1% about 15 feet. For construction of the service
buildings and six 500 meter straight sections (for 15 TeV) there

is a term proportional to (Nq+Nd/4)p°
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Miscellaneous and Installation

For the miscellaneous we take a term proportional to p, for

the installation we take a term proportional to Nd+Nq'
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Some Assumptions
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1. To keep beam size smaller than 1 mm for EO = 1 mmemr, I
pick

F = ?/Y = 200 melexs

3. For the estimate of the length of a magnet I limit the
induced voltage to about 200 volts. To obtain this I
assume the conductor carries 25K amps.

The variables used in the cost estimate are:

N - ampere turns

T = coil temperature in °K

p - momentum in TeV.

Njy - number of dipoles

Nq - number of quadrupoles

R - main accelerator radius in Km.,

dc - diameter of coldest part of magnet in inches
I - intensity in units of 1013

¥ - Relativistic parameter

A - Area of tunnel in feet?.

d - Depth of %ggggigggy¥or tunnel (in feet).
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APERTURE DEPENDENCE OF COST

Ni would be multiplied by (%h). a in inches.

N, would increase as (%w)z within the constraints of an
integral number of magnets per half cell.

The third term of magnet costs would increase as (E")

d would go as (&)

z"

2 HOLE MAGNET FOR pp (See Figure &)

Although we have not made detailed field calculations for a
2 in 1 magnet, it appears to be a straight forward extrapolation
from the % Tesla superferric magnet. The additional costs for such

a ring are calculated from the same accelerator model.

Cost
Magnets
coils 41.0
ends 15.5
56.5
Re frig .
6" diameter vs. 5" 10.9
Synchrotron rad. L4,1
15.0
Util, Corr. etc.
Term Ng 78.4
Tunnel
Ng doubles 42,1
Install., Misc.
Ng doubles. 19.4

211.4 additional
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CONCLUSIONS

1. There are definitely two distinct kinds of magnets, those
producing a field purely with coils and those where the field is
dominated by iron. Coil type magnets can be used up to a field of
about 10 Tesla., Iron type magnets have been designed for fields

up to 3 Tesla. It must be explored how high a field can be achieved
where the iron still has a significant effect.

2. The cost of the tunnel is a very significant part of the

cost optimization. The descrivption of the tunnel used here is
presented in anothér paper. The overall tunnel cost including
service buildings and accelerator straight sections averages

about %275 per foot.

3. For most cases, particularly for coil type magnets, the coils
are the single most expensive item and above 4T the total magnet

is more than 1/2 the cost of the accelerator. The most significant
cost dependence is on ampere-turns (Ni).

4, From the model desmtron used in this paper the minimum cost
accelerator using coil tvpe magnets would be for a field between

3 and 4 Tesla, The least expensive accelerator would be using

2 3 Tesla superferric magnets,

5. Another advantage of superferric magnets of about 3 Tesla is
their simplicity. Stored energy is iess, forces are much smaller, etc.
6. A 2 in 1 superferric magnet for pp appears to be as cheap as a

pp storage facility of the same momentum and would have 210 times

the luminosity. The additional cost for the 2 in 1 is estimated



to be #211M. A p source is ~ $100M, the larger aperature magnets
required for ﬁp would add ~ #50M, additional requirements on the
injector (rapid cycling) could add ~ $25M bringing the additional

cost to ~ $175M,



