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Abstract

The structure of the Electron Beam Ionization Source (EBIS) is an approximately 15 keV
electron beam through a 5T solenoid. The magnetic field associated with the beam forms
transverse gradients that may affect the polarization of 3He atoms as they pass through and
become ionized.

Magnetic Field from EBIS Beam

For a cylinder of current there is only an azimuthal magnetic field with magnitude B = µ0Ienc

2πr
.

In EBIS, there is a current of 10A with a density of 575A/cm2. Therefore, approximating
the beam as such, it will have an area of a = 0.017 cm2 and a radius of r = 0.074 cm. A plot
of the transverse magnetic field of current is show in Fig. 1, and its derivative, the transverse
gradient, is shown in Fig. 2.

As is visible, the transverse gradient is significant, reaching a maximum magnitude of
3.6 T/m = 360 Gauss/cm for the interior of the beam.

Time in EBIS

There is a flow rate of approximately 3 × 1014 3He/sec through EBIS. A beam length of
1.9 m and area of 0.0174 cm2 indicates a volume of about 4.3 cm3. At a pressure of about
10−7 Torr, the gas has a density of about 3.2 × 1010 cm−3. Thus equating N/t = ρV/τ , we
get an approximate time of τ = 4.3× 10−4 sec in EBIS.

Gas Properties in EBIS

The majority of the particle’s velocity will likely be in its transverse motion through EBIS.
A distance of 1.9 m and a time of 4.3 × 10−4 sec indicates an approximate velocity of
4.3× 103 m/s

The mean free path of a gas in molecular flow is approximately the size of the container, in
this case the diameter of the electron beam. Thus the mean collision time≈ 0.148/4.3×105 =
3.4× 10−7 s.

Depolarization Times, Conclusion

A transverse magnetic field gradient of 3.6 T/m in a holding field of 5T, with a velocity of
4.4×103 m/s and a collision time of 3.4×10−7 s, a depolarization time of about 0.4 seconds
is found. Compared to the time in EBIS of 4.3×10−4 seconds, this is about 103 times larger,
and thus the probability to depolarize in EBIS is small.
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Figures

Fig. 1: Plot of B-field near EBIS beam. Units in T, m.

Fig. 2: Plot of magnitude of B-field gradient near EBIS beam. Units in T/m, m.
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