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Abstract

Explored in this note is the possibility of polarizing 3He in the fringe fields of EBIS. The
fringe fields are on the order of 10−2 Tesla (10 Gauss), which is strong enough for polarization.
The depolarization time of the 3He is related to the strength of the field gradients by the
equation [1]:
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where for our system, ω0 = 3.24|Bl| kHz andτc ≈ 2.2× 10−7p−1, where p is in torr.

Depolarization Times Across the Region

The field on the EBIS electron gun side takes the shape shown in Figure 1. The coordinate
(0,0) refers to the center of the EBIS solenoid.

Figure 1: The field on the gun side. Units are in mm.

At each point, the depolarization time constant was calculated in order to search for a
possible optimal location. The right adjacent point was used as a reference for the field
gradient, providing a rough estimate of the local gradient. A map showing contour lines of
local inverse depolarization times is shown in Figure 2.
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Figure 2: Contour lines of the inverse depolarization times (1/τ) across the entire region.

As is visible on the graph the lowest 1/τ seen is approximately 0.16, which indicates a
depolarization time of about 6 seconds. This is insufficient for polarization in the fringe field
without a possible correction coil.

Possible Correction Coils

Figure 3: Closeup of the field near a possible target cell location. Units in mm.
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A region of the field was chosen in which the depolarization problems could be most
easily addressed, and the pumping cell was aligned along the field. To help visualize the
transverse gradients, the longitudinal components were projected out at each point. This
was a purely analytical step. The plot with only the transverse components shown is seen
in Figure 4.

Figure 4: Closeup region of the field with longitudinal components projected out. Units in mm.

The transverse gradient is on the order of 0.1 T/m (10 Gauss/cm) . A possible way to
cancel such a gradient is with a circular correction coil [2, p. 178]. The magnetic field far
from a loop is well-known and the gradient can be calculated. With a current of 10 A, a
magnetic field gradient on the order of 10−2 Gauss/cm can be formed. It may be possible to
increase this with a significant number of turns in the coil. However, a configuration should
be found such that the correction gradient geometrically matches the initial gradient across
the cell.

Depolarization in Transfer from Pumping Cell to EBIS

The optimal way to transfer the 3He atoms into EBIS would be to align the transfer line
along a magnetic field line, however this may not always be possible. The internal transfer
line in EBIS from the entry point to the electron beam has two straight sections and a
right-angle; depolarization along this line was explored. At most points the depolarization
time constants were on the order of 104 s. Depolarization at the right-angle bend was more
significant. Calculations as if it were a sharp kink show a time constant of about 10 s, and
further calculation that it is a 45o bend brings this down to 1 s. It is likely that the true
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shape of the transfer line, a smooth curve, will make the depolarization at this point small
enough to not cause a problem.

Conclusions

Depolarization along the transfer line into EBIS is thought to be low enough so as to not
pose an issue. However, in the larger space of a pumping cell, depolarization may be more
significant. A strong correction coil or system of coils in order to cancel the local gradients
in the field may be necessary; however, it may not be trivial to construct such a correction
system.
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