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" Abstract

;Thé,LRL-Berkeléy sﬁperconducting program related to high
energy ph&siCs i1s described in functiodéi terms. DC. magnets for use
in accéle;ator'exﬁerimental areas are discussed as are pﬁlsed magnets

_as would.ﬁé.appropriate to a protﬁh synchfotfbn. Fundamental studies

and areas of cryogenic engineering and system investigations are out-

lined.
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Superconductivity For High Energy Physics at LRL—Berkeley»*
| W.S. Gilbert and R. Meuser

Lavwrence Radiation Laboratory
Berkeley, California -

Introduction: -

Superconducting magnet syétems have been under study at LRL-
Berkeley since 1965, first in_the‘ZOO BeV Accelerator Study Group, v
and later in the Advanced Accelerator Study Group. We here refer to
magnets spééificaliy for use with high energy accelerators and associ-
ated phySics experimental areas. Other groups at LRL have built and
used superconducting magnets for.other uses; chemistry, inorganic
materials, solid state physics, cosmic ray studies. '

In the course of the 200 BeV study, wve invéstigated the rela-
tive costs ahd advantages of utilizing superconduéting transport elé—
meats which, technologically, seemed to be just coming of‘age. The
initial studies showéd that the superconducting magnets might be com-
petitive in costs with the conventional copper and iron magnets in the
experimental area, but the.uncertainties vere larger than the indicated
cost difference between the two approaches. A joint LRL-NAL supercon-
ducting program, conducted at LRL, was funded in FY 1968-1969 with its
majdr goal of reducing the uncertainties involved in using supercon-
ducting transport elements in the 200 Bev experimental areas., During
FY 1970 ohr_major emphasis shifted to Bevatron area magnets which
generally.afe of larger aperture and are shorter than those needed
for the 200 BeV acceleraﬁor.

| Cryogenic engineering, cryogenic system studies-and operational
tests comprise an important portion of our overall program. -Fuqdamental
studies7of superconducting material include measurements.on magnetizétion;

flux jump stability, pulsed losses, and magnetic fields, The study and '



'development of pulsed magnets, such as ‘would be used in a synchrotron,

are included in our overall program.

DC.Transport Magnets _ | o ' .

l. 3 Foot Long Solenoid

In order to get operating experience in using a superconducting
magnet in a phySlCS experiment an end corrected solenoid was operated ‘
at the lBh" cyclotron Neutrons were analyized through the 1nteraction
of thelir magnetlc moments with the solenoid's axial magnetic field. The
warm bore is’ 4 l/h inch diameter, the overall length 3- l/2 feet, and
the axial magnetlc field some 60 kG. The magnet was kept superconduct-‘
_ing for the entire run of 5—1/2 months in late 1968. L, 2 The magnet
contains 130 pounds of superconducting wire and is shown in Fig. 1.

The cryostat appears in Fig. 2.

2. 4 Inch I.D. Dipole

A bending magnet w1th a 4 inch I D. and a field of approximately
30 kG is appropriate to the 200 Bev phys1cs experimental area, Fig 3
displays a most successful magnet in this range. Flat pancakes were
wouqd w1th rectangular, tw1sted multicore conductor O 050" x 0. 125”
These pancakes were then bent to shape and assembled into the final
' configuration; With k layer thickness winding, material short sample
behavior was achieved with and without an outside concentric iron re-
turn yoke. The central field without iron is some 27 kG; with iron
35va The overall magnet length is 1-1/2 feet. Details of these
magnet tests are given in UCRL-18885. 3

3. 6. 5 Inch I.D. Dipole - : : ' ’ o,

.

A 1arger bending magnet was constructed through & winding in T
place technique. The I.D. is 6.5 inches and the length is approx1mately
3 feet, Rectangular multicore conductor ,052" x 127", with Formvar
insulation, was used. 8 layer thicknesses were used and the design'

central‘field'was 35 kG, The conductor was untwisted causingvinstabilities



~ that. resulted in degraded magnet performance - the final central field
.was. close to 20 kG. - :

i, Bevatron Area Dipole

We‘qre.now fabricating a bending magnet for Bevatron area use,
' using twisted,»rectangular, multicore‘conductor.> A clear warm bore

of 8" digmetef‘and,a central field of 40 kG requires 10 layers of rec-
tangular conductor (1/8" high) to be used. The winding length is 40
inches, eﬁd the cryostat length i1s 53 inches. Approximately 400 pounds

of conductor are needed for this magnet.

5. Bevatfon Area'Quadrupolé Doublet

- A quadrupole doublet to match the above dipole is also belng
fabrlcated The clear warm bore is 8" diameter and the design field
gradient is 6 kG inch'l. Each of the quadrupoles is 29 inches long
and the doqbiet fits into a cryostat 67 inches long.

6. Large Volume Magnets

Large volume magnets, based on Helwholtz coils,. for bubble
chambers, spark chambers, and target spectrometers have been investi-
gated, A set of target spectrometer types called backstop magnets
ﬁave gone through the conceptual design stage. One particular design
has been carried ferther and is shown in Fig. h; The design field is.
approximetely 60 kG and the total bendihg strength is 1.0 - 1.5 mega-
gauss-inch. ‘Final design and fabrication will follow the dipole and

quadrupole doublet fabrications discussed above.

Fundamental Studies

1. Magnetization'Tests

Fundamental information on superconductor behavior can be ob-
tained from magnetization tests on small samples, One can obtain the
dependence of the hysteresis loss on the type of superconductor, the

filament size, twist rate. Flux jump behaviof is ‘also obtainable._ Our



older apparatus uses .a pair of co-linear‘piokfup colls.inba solenoid
with an I.D. = 5-1/4'- and a'length of 10". The meximum sweep rate of
5 kG/sec.'betWeen 0 and 40 kG is determined by our power supply. Our
new facility uses co-axial pick—up.coils in & smaller solenoid which
- allows up to sweep the samples to rates as high as 50 kG/sec. between
o] and 38 kG

'2.' Short Sample Testlng and Superconductor Res1stivity

A variety of test magnets and measurement methods have been
used in short sample testing. It has only recently become appareant
how variable the results are to the test methods and acceptance criteria.
The resistivity of superconductor, near its curreat limit, ranges from
11+ -11
to lO Q cm and some materials have even worse resistivities.

The voltage sensitivity for these tests: is better than 1 puV. b

3. Magnet Degradationr

Several solenoid'magnets'of the same size have been wound with
different-conductors to search for correlations between magnet degrada-
tion and results of short sample and magnetization,tests. Solenoids of
different slzes wound with the same’ conductor have been built to in-
vestigate the dependence of magnet degradation on the magnet stored

energy, helium ventilation, and method of_constrﬁCtion.

., Losses in Pulsed Magnets

We have been measuring losses in pulsed magnets for several

years. An electrical multiplier method is primarily used although we
5, 6

have used a helium boil off measurement method for cross checks.s’

5. Magnetic Field Measurements

Considerable computation effort is involved in performing 2-
dimensional and 3-dimensional calculations for solenoids, dipoles, and
quadrupoles,

Measurements in liquid helium involve either: integratlng the

voltage on & pick-up c01l which requlres either movement of the c01l



[

__ot'a change in the'field; measﬁring & property that depends on the

field, such as the resistance in a bismuth magneto - resistance probe.

Cryogenic Engineering and System Studies

L. Cryosfats
Two horizontal warm bore cryoétats hdvé been fabricéted. One

was for the solénoid discussed in the dc transport magnet section; the
cryostat.Length is 3-1/2 feet, A larger cryostaﬁ, ﬁ-l/2 feet‘long, will
contain the Bevatron dipole discussed in thé same section. One cryostat,
5-1/2 feet long, to house the‘quadrupole doublet discussed has been
designed and fabrication is about to begin. All cryostats tend to be
expensive and new problems are anticipated for the non-metallic cryostats
that wili be required for the low loss, pulsed magnets that are required

for supercbnducting syanchrotrons.

2. Refrigerator - Liquifier

We have been operating a helium refrigerator-liquifier for
over a year; The refrigeration capacity is 35 vatts at 4.2° K and
liquid'can be producéd atv9 liters/houf. The sysfem rﬁns unatﬁended
and has been ruaning for over 70% of the total possible time (24 hours

a day basis). An impure helium recovery system is being added.

3. Crydgenic Engineering and Total System Studies

The role of superconducting magnets in accelerator experimental
areas and superconducting syanchrotrons is strongly influenced by the
economics of the refrigeration system. Several studies have been

7,8,9

made.

Superconducting Synchrotron

A'éonceptual study oh pulsed superconducting synchrotrons has
been carried out under the general programs discussed above. The dipole
magnet in_its integral fiberglass structure-éryostat is shown in Fig.

5. The cold bore is 4" diameter and the field is 51 kG. With multi-
filament NbTi superconductor with filament dismeter of 0.3 mil (7p) the



stored eqérgy is 0.30 mégajoule/meter and the.pﬁise'loss is 250
Joule/méteriéycle. The reference magnet in a typi¢él tunnel cross
section iﬁyshown'in.Fig; 6. | . | '

| Magnets similar to the reference design are uader develop-
ment. Superconducting synchrdtrons appear to offer economicdl and
attractive solutions to the problems of.building‘future accelerators

once satisfactory pulsed magnets have been deﬁbnstrated.

\
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" LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: :

A. Makes any warranty or representation, expressed or implied, with:
respect to the accuracy, completeness, or usefulness of the informa-
tion. contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or '

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report. .

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information. pursuant to his emponment or contract
with the Commission, or his employment with such contractor.
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