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ABSTRACT An electron beam has been used to trace out the flux surfaces in the
ATF torsatron. The flux surfaces were found to have islands at the location of low-
order resonances, signifying the existence of field errors. Careful measurement of the
magnetic fields from individual coil sets ruled out misalignments as the cause of the
errors. Subsequently, the field errors were identified as magnetic dipoles arising from
uncompensated current feeds to both the helical and vertical field coils. Extensive
modeling calculations have been carried out to find ways to minimize the errors, and
modifications to the bus work have been completed.

FLUX SURFACE MAPPING A beam of electrons was used to map out flux surfaces in
the ATF1 torsatron. The beam was detected when electrons impinged on a phosphor-
coated screen located ~180° toroidally away from the gun. The electron gun was
mounted on a probe drive which was capable of scanning the entire cross section within
the last closed flux surface in ATF. Light from the phosphor-coated screen2 was de-
tected by an image-intensified CCD television camera which viewed the screen at an
angle through a nearby port. All experiments were conducted with a steady state mag-
netic field of <0.1 T. First the magnetic axis was located by moving the electron gun
in increments until a single spot was obtained. The gun was then translated at the
rate of 1 mm/s along a vertical or horizontal chord, allowing for a complete scan of the
flux surfaces within a few minutes. Data were viewed directly on a TV monitor and
stored on video tape. Data were analysed by transferring frames from video tape to a
computer, where the image was enhanced and transformed to remove spatial distortions
due to the viewing angle of the camera.

Flux surface scans revealed the existence of a number of low order rational surfaces,
as enumerated in Table I. By knowing the position of the gun from the scan rate, it
was possible to determine the rotational transform t as a function of distance from the
magnetic axis. A plot of t versus distance is shown in Fig. 1 for the "standard"1 field
configuration in ATF. The experimentally determined values of t compare well with
calculated values, except where islands were observed at low order resonant surfaces.
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The largest islands were detected at the -c = 1/2, 2/3, and 1 resonant surfaces, as can
be seen in Fig. 1. The extent of the * = 1 island could not be determined since it
intercepted the screen holder at the edge of the viewing surfaces. The islands observed
at the t = 1/3, 1/2, and 2/3 resonant surfaces are shown in Fig. 2b-d. The largest
island was at -r = 1/2 which has a maximum width of 6 cm.

A ^2-3 cm wide island at -c = 1/2 had been expected due to the perturbing influence of
the earth's field. The fact that the island was twice that size signaled the presence of field
errors. When the magnetic field was scanned between 0.1 T and 0.02 T the island size did
not change appreciably, indicating that the field errors were either intrinsic to the coils
and feeds or due to linearly induced fields. Configurations other than the "standard"
magnetic field configuration were also run. From these measurements it was possible
to eliminate the inner vertical field coils as the field error source. The possibilities for
error field sources were coil misalignments, perturbations from ferromagnetic materials,
or fields from uncompensated currents in coil leads.

MAGNETIC FIELD COIL ALIGNMENT MEASUREMENTS A slight ( -1 cm) tilt
or shift of one of the coils was regarded as a likely source for the field error. A search for
such errors was made by measuring the Br field of individual coil pairs and using this
information to determine their axes3. These measurements were made using a precision
positioning apparatus located near the centerline of ATF to locate a Hall-effect probe.
From these measurements it was possible to show that the two helical field coils were
aligned to within <3 mm. The inner and mid-vertical fields were also found to be well
aligned. Data for the trim vertical field coils (which are in the same coil bundle as
the outer vertical field coils) was somewhat confused by ferromagnetic objects located
just outside these coils. However, the perturbations were too small to have caused the
observed islands.

MODELING TO DETERMINE THE FIELD ERROR SOURCE AND CORREC-
TION A careful review of the coil feeds and bus work revealed four locations where
^600 cm2 dipole loops were created. These occurred at the four helical coil current
feeds, where it was not possible to have closely-spaced parallel leads. Smaller uncom-
pensated current dipoles were also found in current leads feeding the outer vertical field
coils. Model computations were performed to determine the effect of these perturba-
tions, and the result is shown in Fig. 2a. From this figure it may be seen that the errors
in the current feeds give a good match both in island size and phase to those measured
using the electron beam.

The four helical coil current feed errors could not be eliminated without modifications
to the structural support of ATF. Modeling calculations showed that syrnmetrization of
these errors by the addition of eight more dipole error fields equally spaced around ATF
would eliminate the islands. This solution was adopted, and the vertical field bus work
was redesigned to decrease the area of uncompensated current feeds near the coils.

-̂ _RY Data obtained from flux surface mapping showed the existence of intrinsic
islands, indicating the presence of field errors. The use of a fluorescent screen as a
detector for an electron beam proved to be a very efficient and graphically descriptive
method of mapping torsatron flux surfaces. Data from the magnetic field alignment
probe ruled out coil misalignments as the principal cause of the islands. Modeling
studies showed that the likely source of the field errors was uncompensated currents
in coil feeds. These coil feeds have recently been modified and efforts are underway to
rerneasure flux surfaces in ATF.
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TABLE I

OBSERVED RATIONAL VALUES OF *

m/n FRACTION

3/1
11/4
8/3
13/5
5/2
12/5
7/3
9/4
11/5
13/6
2/1
13/7
11/6
9/5
7/4
12/7
5/3
13/8

.3333

.3636

.3750

.3846

.4000

.4167

.4286

.4444

.4545

.4615

.5000

.5385

.5454

.5556

.5714

.5833

.6000
.6154

m/n FRACTION

8/5
11/7
3/2
13/9
10/7
7/5
11/8
4/3
13/10
9/7
5/4
11/9
6/5
13/11
7/6
8/7
1/1

•c

.6250

.6364

.6667

.6923

.7000

.7143

.7273

.7500

.7692

.7778

.8000

.8182

.8333

.8462

.8571

.8750
1.0000
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FIG. 1. Plot of the rotational transform parameter * versus the radius (along the Z
axis). Islands at * — 1/2, 2/3, and 1 are shown by straight lines.
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FIG. 2. Figure 2a shows computed islands at t — 1/3, 1/2, and 2/3 assuming field
errors due to uncompensated currents in coil feeds. Figs. 2b-d show the corresponding
measured flux surfaces.


