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ABSTRACT

Results are presented of the injection of a high—intensity, high—current,.
relativistic electron beam into a cusped magnetic field, - 10 14 electronsrare 2

passed through the cusp. Prelimary observations indicate that these electrohé

‘produce a "cloud".of relativistic electrons gyrating in a magnetic field having

. a small ratio of translational to rotatlonal energies.
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In recent years there has been interest in producing a dense "cloud"

- of relativistic electrons gyrating'in'a magnetic field with a small ratio _

of translational to rotational energies. It has been suggested that such__.i

a cloud of electrons may be useful for nuclear fosionl and particle accele_“'-'
e:atorsz. N N _ N L
"By injecting a relativistic'electron bean perpendicular to a magnetic B

field, B, such a cloud of relativistic electrons can be produCe&. The

electrons orbit in circular trajectories with the Larmor radius f’Le 1/ ce:

where V is the perpendicular component of the eleetron velocity (with

respect to the magnetic field) and w ce -_eB/Tmcf. .

- A different app‘roach_was suggested in 19633- for the production'of a
rotational cloud of relativiscic electrons.,:Non-ediabatic orbit calculatioﬁs
showed that charged particles injected into a cusped magnetic fleld along its

axis will pass the magnetic trap provided that

.:PLe V) = mv 2r ]- ' '. o -‘- (i)

ce
where V 1is the velocity and r the radiel distance of the injected.-
particles from the axis of the cusp. A very thin: annular beam of charged

particles (e.g. electrons) injected with a velocity v, parallel and




symmetrical to the cusp axis will emerge with velocity components: -
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where V,, and V, are the translational and ro'tat_io_nél velocity components

of the electrons respectively, and ro. -1s the radius of the annular beam.

If the magnetic field 6utside_ the ¢u5p is iongitudinal and homogeneous, the
emerg:u.ng beam will have the sape radius, L and a single electron will

describe a helix w1th a pitch.

b= 2mg eV ){ Aa v ))} _ '(&).
Le o

The closer x:‘ comes to SOL » the. tighter the helix w:.ll be. It has also
been shown4 that the injection of a low—intensity electron beam into a
cusped field is in‘ agreement with these calculations.:-'

We report here some prellminary results of an expefiment in which’ an
intense beam of relativistic electrons has been injected into a cusped

maganetic field._ The relativistic beam is produced by the Cornell Relativistic




Electron beam Accelerator descrlbed elsewheres.

A voltage pulse of 5 x 105 volts is applied to é'field—emission di6dé6

Vproduc1ng a beam current of~10 KA. The beam leaving the-diode"has_aﬁ anriular

shape with an oater radius :ou£'= 0.65 cm and_iﬁne;“radiué rin';.0735 em.
The_voltage pulse on the diode lasts for approximately 50 nsed..lfigﬁre l'
gives typical voltage and currént traces. 7 |

The diode and the drift tube through.which the beéﬁ pfoﬁagates'are'
evacuated to a c0mm§n base pressure of 2 :-:_].(.)-4 fqrr. A qﬁasi d*d‘ﬁagnétic -
field with an intensity that can reach 10 K géﬁss is,applied t§ the diodé
and.the-drift—tnbe region. Figure 2a shows the magnetic coil assembly and
the drift tube through which the beam 1s propagating. |

Figure 2b.shows a time~integrated—light photograph.taken when.the
relativistic.electron beam passes through the longitudinal homogeneous'ﬁag?

netized medium. Calorimeter measurements of the beam energy taken 60 cm

"downstream" showed that  95% of the calculated input energyi/qVI dt, into

the diode was_Being propagated. The energy in.the relativistic beaﬁ'ﬁas3 '-
found to be 100 joules. | . |

A cusped magnetic field was produced by reversing the directlén of the.
current in half of the magnetic field coil assembly. Flgure 2c shOWS'a
tima—integratedwlight photograph of the drift tube ;egibn taken while the

beam passed th;ough the éusped field.
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In order to verify Eq. 3, the magnetic fleld was raised from 3 K gauss: '

to 10 K gauss and hencef) changed from being greater to being smaller
than Tout® 'Figure 3 shows the dependence of the energy of the beam trans-
mitted through the cusp versus magnetlc field intensity.. Thie intensity
of the magnetic field at which a drop in the energy transmitted is observed
is equal to 5 K-gauss, this corresponds UDgI. = 0.6 cm. In that case
the Larmor radius is equal to Tout® the outer radius of the beam. The damage
pattern on a "Lucite" plate and photography of light emitted from a thin
scintillator plate, employed as a beam target, show that the annular character
of the beam has not changed after passing through the cusp.- It is interesting'
to note that from the energy detected by the-calorimeter_one'can determine :
that 1014 electrons successfnlly passed the cusp region.

Although we do not have conclusive evidence that the electrons describe
a helical trajectory after leaving the cusp, a qualitative 1ndication may be

obtained from Fig. 2¢. The beam enters the cusp with an energy of 100 joules

{at the left of the photograph) and emerges with an energy of 5 joules (at -

* the right). But the light recorded is more intense at the right than at -

the left. We ean thus conclude that the beam emerged from the cusp, with_a.
reduced velocity component parallel to the cusp axis c0mpared With the parallel
velocity before the cusp. As no serious energy losses are involved in passage
through a magnetic field, the assumption that the decrease in translational '

energy is followed by an increase in rotational energy 1s justified
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' The low efficlency in the number of particles transmitted ‘can Be.a
-resuit of: |
1, Ripples_iﬁ the.beam éreated_in the.tf§nsition teéion. It.
has begn'shown? that in.ordef to minimize these_:ippies:
the length of the cusp L should fulfill :the.'rel'.-lt'io'n:f.
Lere—une @y s
W ~ JLe .. o 1_‘
where A is the wave length of the ripples.. In the éxpéfiménﬁ described
above, relation 5 was not fulfilled and . L was of the order of a few X,
However it is possible to reduce L_ in order to evaluate this-intcrpre-'w
tation. | |
(h)ﬁ - . 2.  The experiments have been 1nterpret¢d on the basis of previous
calculations3 that are not ltlf«conaistent. Spaccmcharge
potentials,. such as those to be expactcd in the vicinity of'
the cusp, are neglected; This assumption is sétisfactbry for_.
high-energy, law-current beaml.‘rln ;hgse'experiments thq_.
éurfeht is éufficigntly high‘to make this approximation 1n;de-
quate. However #he 1oﬁ.efficieney of particle transmissioﬁ_ 
could'also be explained by the build-up of a'pdtentiai hill‘;
in thé vicinity of the cugp. Such an effect may be reduced'
‘by increasing the particle encrgy
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Figure 1 Typical diode voltage and current traces.

Figure 2. .
2a (topj Magnetic field coil and drift tube assembly.

" 2b (center) Electron Beam propagating in homogeneous magnecicifielda:f
2c (bottom) Electron Beam propagating through a éﬁsped magnetie fiéld;

-(The diode is on the left side of these photographs)

Figure 3 Energy of electron beam transmitted through the cusp vs magnétic—
field intensity.
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