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,Transport of e* (and e”) beams which are guided by a magnetic field to a non magnetic field was measured for the frst

weing high intensity slow e’ beams using a
beams are guided through a flight tube by a
gnetic field."® On the other hand, in some
A -apparatus using a radioisotope, the et
wided by an electrostatic lens system, because
ath is rather simple. Tt is necessary, however,
scattering experiments utilizing the slow e*
2. non magnetic field. In particular, the
hancement by which the e’ beam character-
1 brightness and narrow energy width are
performed in a non magnetic field. No study
ransport from a magnetic field into a non
+has been attempted, though such studies
i the e’ beam technique. In this letter,
asurements of et (or e”) beams are perform-
gy range of 100-2000 eV. It is shown for the
+-the beams guided by a magnetic field are
ith : fairly sufficient efficiency into a non
d by means of an einzel lens system.

i’ efficiency of e (or ¢7) beams was
ng the experimental arrangement shown in
or-e”} beams were measured at positions
a-Ceratron, a kind of CEM detector. A
of 4.5 mT parallel to the flight pipe pro-
oil (a) is used for a beam-guide in the left
i the solenoid coil is not used in the right
one. case. Position B is located 180 mm
stnzel lens is set between 4 and B. The coun-
e case of the detector set at A is almost the
solenoid because the draw-in potential of
beams is applied to the entrance of the
an e beam source, a radioisotope *Na of
it has characteristics of the energy and
tion of the ¢* beam similar to those of a
Yous are converted to slow positrons by a
1 moderator. Moreover, secondary elec-
'rom the same radioisotope and moderator
he e~ beam source. The intensity of e
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orders of magnitude stronger than that of -

e under several eonditions. The transport efficiency when using an einzel lens was more than 80% for energy higher

positron beam, electrosiatic lens, transport of positron/electron beam

e*. The beams of e™ and e in the flight tube uniformly
spread about 8 mm in diameter.

The comparison of counts at 4 with those at B is easily
carried out using the time spectrum in a TOT system.”
The ratio of the counting rate measured at B to that at 4
is defined as the transport efficiency from magnetic to
non magnetic fields. To examine the characteristics of the
einzel lens, a measurement at B' was carried out without
the einzel lens. The efficiency was measured under several
conditions. The results are shown in Fig. 2.

The performance of the einzel lens used is investigated
in terms of the theory of the electrostatic lens.” The
calculation program of Canter ef al.” was used for the ex-
amination. The Larmor radius p(=muv, /(eB)} of charg-
ed particles increases with decreasing magnetic induction
B, where v, is the velocity component perpendicular to
the flight tube. Hence, the motion of radial direction
comes into existence as a result of the change of the
magnetic field. In our case, the radial angle 4 is very
small, about 0.01 rad, because the average transverse
energy mi* /2 of ¢ beams is about 0.2 eV and that for
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Fig. . Schematic diagran of the main part of the experimentai setu‘p.
Magnetic induction on the axis of the flight tube is shown below.
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Fig. 2. Transport efficiency vs beam energy. , fore™; A,e7; A, e
in magnetic field (a) +(b)y; @, et at B’ without the einzel lens; ¥, e~
with 3 mme hole at the detector. Error bars are shown only for the
main results, O and A.
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Fig. 3. Schematic diagram of the einzel lens.

e~ is about 0.8 eV for the present condition” of the
solenoid current. For example, in the case of the incident
e* beam energy of 1500 eV, the radius =35 mm, and the
geometrical size of the lens X,=46 mm and X,=114 mm
(X, and X; are denoted in Fig. 3), the beams with the
radial angle 8, between +0.025 rad are collected on the 8
mm diameter entrance of the detector. The trajectory of
e* (or e”) particles is not simple even in a uniform
magnetic field, because of the complicated spatial
distribution and transverse energy distribution within the
beam. The complete check of the applied condition by
the calculation is very complicated and not important for
the present purpose since only the high efficiency of the
beam transport is necessary on the whole. The conditions
for good efficiency agree roughly with those predicted by
the lens theory. The conditions were as follows. The
potential distribution within the lens was nearly sym-
metrical. The potential ratio V2/ ¥V, was about 2, where
v, and ¥, were the potential for the side lens and that for
the center, the value of ¥; was about 4 keV for the beam

of 2keV and 1.5 keV.
The following conclusions were obtained from the ex-

perimental results.
1. The beam-transport efficiency from a magnetic field

into a non magnetic one for ¢ of energy higher than
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1500 eV was higher than 80%. The efficiency
considerably lower than that for ¢*. This differe
plicable based on the fact that the transverse eng
beams is larger than that of e, as mentioned ah
2. By the additional magnetic field of the co
transport efficiency increases.
3. The focus effect was not achieved easily.
4. To obtain high-transport efficiency for
energy lower than 1keV, the kinetic energy
Iens should be increased by the applied potent
lens.
5. The lens system should be located close
solenoid coil. :
In conclusion, in the range of several keV wher
emission phenomenon of positrons takes place:
ly, e* beams are easily transported from a magnel
into a non magnetic one with sufficient efficiency 1
einzel lens. By applying the present technique ¢
tense slow e” beam production using an electr
we can resort to the conventional simple metho
e* beam guide using solenoid coils, and then t
the ¢* beam from a magnetic field into a non
one. This has a further advantage in comparisony
method of beam transport method by an elect
lens system since only the present beam transport
done after the pulsed e’ beam is stretched inta
mode using a Penning trap method.'*!?

Acknowledgments

The authors would like to thank Dr. Ludwig
and Professor Hiroshi Tanaka for helpful discus
garding the electrostatic lens. This research w
ported by the Grand-in-Aid for Scientific Resear
the Ministry of Education, Science and Culture.

References

1} R.H. Howel}, R. A, Alvarez and M. Stanek: Appl. Phys.:
(1982) 751. .

2} M. Begemann, G. Graff, H. Herminghaus, H. Kalinowsk
Ley: Nucl, Instrum. & Methods 201 (1982) 287.

3) O. Sueoka, Y. Ito, T. Azuma, S. Mori, Y. Katsum
Kobayashi and Y. Tabata: Jpn. I. Appl. Phys. 24 (1985

4) F. Ebel, W, Faust, C. Hahn, 3. Langer and H. Schneide
Phys. A 44 (1987) 119.

5)  A. P. Mills, Ir.: Appl. Phys. 23 (1980) 18%.

6) W. E. Frieze, D. W, Gidley and K. L. Lynn: Phys. Rev
(1985) 5628.

7) O. Suecka and 8. Mori: J. Phys. B 19 (1986} 4035.

%) E.Harting and F. H. Read: Electrostatic Lenses {Elsiever, A
dam, 1976).

9} K. F. Canter, P. H. Lippel and D. T. Nguyen: Positron Stk

Solid, Surfaces, and Atoms (Symp. to celebrate S, Berko

birthday), ed. A. P, Mills, Jr.,, W. 8. Crane and K. ¥.

{World Scientific, Singapore, 1989) p. 207.

Y. Ito, O. Suecka, M. Hirose and Y. Tabata: Proc. §th Int.

Positron Annikilation (World Scientific, Singapore, 1989)

T. Akahane, T. Chiba, N. Shiotani, S. Tanigawa and T. Mik

Proc. 8th Int. Conf. Positron Annihilation (World Sci

Singapore, 1989) p. 592.

10)

11)



