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COMBINING MAGNETIC SHIELDING AND CRYOPUMPING FOR A MEUTRAL BEAM SOURCE*
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Summacy
Neutral Beam sources similar to the

The magnetic shielding is accomplishad by a series
of 4750 nickel-iron fingers surrounding the drift space.

These are ad to the ecting Dagner yokea

by LBEL for TPTR! and for Doublet III? require
tial hydrogen pumping speed and careful magnetic
shielding in order to
A design which satisfies sach requirement separately
results in a design where the performance of both tha
magnetic ahield and the cryopump is compromisad by the
requirement of the other device.

It is suggested that both _he magnetic shielding and
cryopumping requirements can be satisfisd by a design
which uses a Type I superconductor cooled to liquid
helium terp: e will of

styay mag fields by the fusion
reactor while the cold surface will act as an effective
cryopump in the beam neutralizer. The refrigeration
load for this design would be reduced since the area of
the shield/cryopunp could be minimized due to the elim-
ination of mperture restrictions to pusping. The design
shonld reault in supcrior solutions for both require-
ments,

This paper describes a feasible geometry for the
shield/crycpump £or a TFTR/Doublet type of neutral bem
source, pummarizes same of the Jdesign parsmeters, and

the £ fabricati and ng
cost of such a system with a more conventional system.
Introduction

It is umeful to recall the basic structure of the
neutral beam sources to qualitatively review the vacuum
and magnet environments required for high neutral beam
currents., Fig. 1 is a of a
beam source for plasmr heating experiments for the
Doublet IIT and TETR Fusion Tokamaks. It is, with some
variation, representative of neutral beam sources for
other fusion research devicem. An ion source is
followed by a neutralizing duct and subsequently by a
deflection magnet. In the case of Doublet III, the
deflection magnet reflects the charged beam to & beam
dump in the same vacuum space rcupled by the neutra-
lizer. TFIR uses a transmission deflection magnet and
dumps the charged particles further downstream. Mag-
netic and vacuum and requi are
reasonably close for the Doublet III and the TFTR
sources. Tne main difference is tix: need to design
remote handling capabilities for the TFTR system. The
very different final geometry reflects this additional
requirement. Most of the following specific parameters
will he related to the Doublet III experience.

The icinge flelds from the Doublet III Tokamsk vary
from approximately .OlT at the source to .O1lST at the
neutralizer to .02T in the drift space immediately
upstream of the deflection magnet. (Fig. 2) The neutra-
lizer is a charge exchange region and thus requires
relatively high gas density. The alb&em: wmagnetic field
must ke reduced to approximately 1C7"7 in this charge
exchange region to prevent significant beam loss. The
pressurc dovnstream from the neutralizer must be re-
duced quickly {(a large pressure gradient) to prevent
reionization of the neutrals. The magnetic shielding
must be continued in this region so that ionized parti-
cle orbits can be predictably steered to their beam
dumps aince the power densities can be significant. The
pulsed field must be reduced to 10-"T in ihe drift
space.

*This work was mupported by the
Division cf Magnetic Fusion Energy,
U.S. Departmeunt of Energy under
Contxact #W-7405-ENG-48.

mi beam 3

The magneti is leted by the magnet leg.
slabs which are made sufficiently wide to accamodate
the flux collected in the shields, in addition to the
main deflecting field.S

The shield geomatry is influenced by the vacuum re-
The fi allow suffici

80 that the net pumping speed in this drift space will
mm-mmmhmhmmhwiuo!m
large gas load emitted from the neatralizer duct. The
actual pumping is provided by a large cylindrical cryo-
panel whick surrounds the source, neutralizer, daflect-
ingmtuﬂb‘-m.smﬂnqu-mcing im,
however, sufficiently small so that msgnetic shielding
looks fairly uniform at the beam centerline.
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Proposed Design
It is proposed ﬂut-nonl.-ﬂwdof addresasiug
both tha hields
ments is bceud»imth.!mﬂmbyuhqn'upal
superconductor cooled to <4.2°K. At this tempsraturs,
the is suffici cold to p

hydrogen cryopumping.
Magratic shielding

A Typs I superconductor ii.e., pure lead or pure
nichium) sattached to a liquid helium cooled -dnr.nu
mumdbmulmwnmﬂcm
A Type I supsrconductor is, in theory, a perfect dia~
magnetic material up to its critical field. (At a
temperature of 4.20K, the critical fislds of lsad and
nicbium are about 0.05T and 0.2T respectively. Pig. 3
shows the critical field vs tempersturs for varicus
TyPe I materials.)
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Fig. 3
CRITICAL FIELDS FOR VARIOUS SUPERCONDUCTUGRS

A cylinder of lead, for example, will exclude up to
0.025T of magnetic field. (The peak field at the sur-
face of a Type I superconducting cylinder can be as
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Fig. 4
FIELD DISTRIBUTION AROUND A CYLINDRICAL SHIELD
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FLUX PENETRATION INTO THE END
OF A CYLINDRICAL SHIELD

The design of the shield requires one to look at the
1 i1 of normal materials with respect to
the superconducting shield material. In general, the
superconductor should be outside (on the high field
side) of the substrat~ ~aterial (probably liquid
heliva cooled copper) so that the magnetic flux change
seen by the substrate is minimized.

Further research using actuwal desicn parameters,

high as twice the -:.;:m: uniform fleld. See Fig. 4) geomstric constraints, and experimental a.. loss
on le suj ubstrate
calculations using a material with a u = 0 will hlve to conﬂqurati:ns needs to be pe;;° i ng s 3
be parformed in order to determina the actual peak
lar or elli ic Cryopumping

field around the
shields. (Circular shields which -urmnd rectanguiar
reglons with large width i aeight ratios will suffer
from flux penetration in t-e third dimension. See
Fig, 5)

bure Type I superconductors Go not, in theory,
develop any a.c losses as long as the flux remains
below its critical field. R.F. cavities built with
lead and niobium have davelgpes very high O's which is
The 4 d

The drift space between the neutralizer exit and the
entrance to the deflection magnet is provided to maxi-
mize pumping speed in this area where a steep pressure
gradient is required. The e dif
the neutralizer and the deflection magnet must be maxi-
mized to promote charge exchange with the ions in the
neutralizer and inhibit reionization of the neutrala
downstream. This steep pressure gradient requires a

ial ~mping Epeed at the drift space. The

evidence of low a.c losses.”’ ic
field is expected to be rather mild. For example, the
rise time for Doublat III is approximately 40 to 50
msew., Eddy currenta produced on the nentral beam
sourve aluminum tank attentuate the fizld so that the
actyzl field rise time cunpurﬂd for the shield is of
the order of 100 to 200 msec.

-2-

drift space is mwade sufficently long so that the
volume is not conductance limited. The conventional
magnetic shield which: surrounds this volume inhibits
its pumping. A ing lead mag ic shield,
on the other hand, would significantly enhance the
vacuum pumping of this volu-e.




Consider the four cases shown in Fig. 6. Thesa
cases, acain are based on the Doublet III experience.
For simplicity, only >ne scurce is considered.

Take Case A as a datom. The pressure in the drift
duct space in Case B is slightiy higher than Case A due
to the conductance limitations of the shield. Case C
is approximately equivalent to Case B. The reflectsd
gumhculu!.ncauc-ndl.ucudintothbu.
space, the in Case A have
a less thar unity probability of being feflectsd into
this space due to the shaps factor of the cylinder to
the rectanqular space. Cass D, on the other hand,
could provide up to 4 times the pumping speed of Case A.

Advantages

The al of this type of

scheme seaem quite obvi.onl

. The cryogenic load, both liquid nitrogen and helius,
can be reduced by a factor roughly proportional to
the area 4 This is axial as well
as radial since there is no need to pusp in the
axial area surrounding the deflection magnet.
Savings in initial cost of refrigaration equipment
and operating cost dus to lower loads can be rea-
lized.

SHIELOED

CRYOPUMP

SHIELDED
MAGNETIC SRIELD
CRYOPUMP

CASE C

Fig. 6

hhmm-m.ammmmﬂyinllu.

may allow qoick thus

mungdanqmulmmothﬂmgu

The design advantages associated with other compon-
ents in the neutral bsam source are less obwvicus.

1. Presently, the magnat, b-dnq‘udb.ndtagnol
tic and other 1y shielded
to pr heat to t.h-
which surround them. This precaution must be taksn
to prevent their water circuits from freering And

these
The smaller 1ly cocled
here will hln a significantly smaller lh.p !lct.ot
to these convantional devices and will be more
easily shielded.

2. Since the magnetlc shielding is accusplished by dia-
magnetic expulsion, the shielded flux will not hava
to be carried by the deflection magnut steel. This
magnet will shrink.

. The total radizl size of the neutral beam source can
La reduced.
Nombers 1, 2, and 3 above will reduce fabrication
costs significantly.

SHIELDED
CRYOPUMP

1RON MAGNETIC
SHIELL

UNSHIELDED
MAGNETIC SHIELD
CRYOPUMP

CASE D
NEUTRAL BEAM SOURCE GEOMETRY OPTIONS
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pifficulties

The cbvious issue which rust be addressed is that of
gas desorption due to the beam. The three mechanises
of desorption are cited here with not attempt to gquan-
tify thelr probable effects.

Photo desorption due to decay of energetic particles
emit ultraviolet radiation. Ambipolar diffusion due to
the dynamics of the populations of ions and electrons
can causée radial particle motion from the beam center
with energies of a few tens of eV's. The third mech-
anism is direct beam scatterinq."

Direct beam sca.tering can be shielded by proper
collimation since it is well directed from a known
source. The radiation due .o decay of energetic par-
ticles is similar to the long wavelength radiation from
room temperature. Chevron or other similar shielding
should shield against this mechanism. Particles accel~
erated outwards due to amibpolar diffusion say be
sufficiently cooled after a few bounces on a liquic
nitrogen cooled shield. There seems to be a reasonable
Probability that the shielded cryopawp/magnet shield
option (Iig. & - Case C) will work. Further experiments
will be nceded to assess the frasibility of Case D.

(No shield}

Closure

The potential problems ard difficulties of the pro-
posed magnet shield/cryopanel combination may be
fundamental. However, the possibility of having a
totally “ct.ld bore" neutral beam source with its size
and cost implications on the whole device presents an
attractive engineering option ~hich deserves further
stucy.
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TFTR MAGNETIC SHIELD
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