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We give the results of some experiments to determine the critical adiabatieity parameter for elec- 
trons moving inamirror-type magnetic trap with different magnetic field geometries. We show that for any 
configuration of the magnetic field the critical adiabaticity parameter has a constant value of (3.9 ~: 0.4) �9 10 -2. 

The determination of the critical adiabaticity parameter e, = (pL/~R)I for electrons moving in a mir- 
ror-type magnetic trap was described in [i, 2], where R is the characteristic field dimension and PL is the 
Larmor radius. 

Let m be the electron mass and v• the component of the electron velocity vector perpendicular to the 
line of force of the magnetic field H. Then, when ~ < e. the magnetic moment # = mvs is conserved 
and the particle can remain in the trap for a very long time, i.e., the motion is stable. When e ~ e, the 
particle soon escapes from the trap. 

According to the experiments in [I, 2], the critical adiabatieity parameter ~. = (4.0 =~ 0.5) �9 10 -2. In 
all the experiments referred to in [i, 2] the magnetic field on the axis varied according to the law H = H 0 + 
(~z 2, where H 0 is the magnetic field on the axis of the system in the median plane (point z - 0). If the field 
conforms to some other law, the equation given in [i, 2] will be invalid. The critical value of the adiabati- 

city parameter (e.) determines the boundary between the stable and unstable regions of motion and, hence, 
the question of whether e. is independent of the magnetic field parameters, or the parameters of particles 
oscillating between the magnetic mirrors, is of great importance. We showed in [i, 2] that ~. is indepen- 
dent of the energy of the injected particles, the injection angle, and the mirror ratio. 

The aim of the experiments described below was to determine the critical adiabaticity parameter for 
different laws of variations of the magnetic field on the system axis. Variation of the magnetic field was 
effected by several solenoids placed between the main magnets, which produced a magnetic field of the mir- 
ror-trap type (see Fig. la). By altering the number of extra solenoids and the direction and strength of the 
current in them we were able to produce magnetic fields of 30 different configurations. Figure Ib shows 

some of them [the coordinate origin (z = 0) is in the median plane]. A description of the experimental ap- 

paratus and method was given in [4]. The electron injector was an electron gun placed behind the first mir- 
ror outside the trap. Injection was effected by a rapid change in the electric field applied to a hollow cylin- 
der mounted in the first mirror. 

The trapped electrons were detected from the current on a collector located in the second mirror. 

In the experiments described in this paper the electron energy varied from 7 to 23.5 keV, and the electron 
lifetime ~ varied from 2 to 12 sec. In this case ~ was not defined as the time for reduction of the current 
pulse by a factor e, but as three times this period. By altering the field strength we determined the life- 
time T of trapped electrons as a function of the field strength. Figure 2a shows some of these curves. 
The electron lifetime T in sec is plotted on the y axis and the field strength in oersteds at the center of the 
magnetic mirror is plotted on the x axis. 

Figure ib illustrates the variation of the magnetic field H on the system axis for which the plot of 
lifetime of the trapped electron against field strength (Fig. 2a was determined. If the curve of H = H(z) is 
numbered 1 in Fig. ib, the relationship ~- -- T(H) obtained for this magnetic field geometry is also numbered 
1 in Fig. 2a. 
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As the electron osci l la tes  between the magnetic m i r r o r s  its r and z coordinates  a re  connected with 
one another by the motion integral  r 2H( r ) - - cons t .  Hence, the pa rame te r  e, which in the general  case  is a 
function of the two coordinates  r and z, can be regarded  as a function of the var iable  z alone, i.e., e :-- 
f ( r  (z) ; 2}. Figure  2b shows this function as a function of z. It is obvious that the picture is symmet r i c  r e -  
lative to the median plane (z -- 0). The regions close to the maximum value (z -- z m) a re  of most  interest ,  
since it is here  that the requi rement  of smal lness  of the adiabaticity pa rame te r  may not be satisfied. The 
l ifetime of par t ic les  in the t rap  was determined experimental ly  as a function of the magnetic field, and the 
field at which the l ifet ime ~- ceased to depend on the field s t rength was called the cr i t ica l  magnetic field 
H. .  The pa rame te r  e calculated for  this magnetic field at the point z -- z m was called the cr i t ica l  adiabati-  
city pa rame te r  and was denoted by e , .  

When the axial variat ion of the field is given by H -- tt 0 + az l  2, the cr i t ica l  pa rame te r  can be ca lcu-  
lated f rom the formula  

3.4 V~- V~ - - : i -  
e ,  = H0. zo F (0 ~ . 

Here W is the energy,  y is the m i r r o r  rat io,  0 ~ is the mean injection angle, and 2z 0 is the distance be-  
tween the m i r r o r s .  In all the other  30 cases  we had.to find a relat ionship of the type in Fig. 2b and deter -  
mine the cr i t ica l  adiabaticity pa ramete r  as e .  --Sma x. When coil 3 alone (Fig. la )  was switched in, the 
magnetic field in the median plane increased  or  decreased  and the field in the m i r r o r  was pract ical ly  con- 
stant. The resul t  was that in the f i r s t  case  the gradient  dt t /dz  decreased  and,as Fig. 2 (curve 1) shows, 
the field H ,  at which a sharp reduction in the t ime ~- occur red  was reduced. 

When the field in the median plane was reduced by the switching in of coil 3 the gradient  dH/dz in- 
c reased  and the reduction in T occur red  at a higher value of the magnetic field (curve 3 in Fig. 2a). As 
measuremen t s  and calculat ions showed, the field strength H,  increased  so that the rat io H,-2dH/dz r e -  
mained constant.  The switching in of the three additional coils (coil 3 reduced the field strength,  coils 4 
and 5 increased  it) enabled us to produce various field configurations (two of them a re  shown in Fig. lb - 
curves  2 and 3). In this case  the pa rame te r  e ,  was again found f rom a figure like Fig. 2b. After t r ea t -  
ment of the resu l t s  of measuremen t s  for 30 different magnetic field configurations we found that the c r i t -  
ical adiabaticity p a r a m e t e r  was e ,  = (3.9 • 0.4). 10 -2. Measurements  made in a parabolic field for different 
m i r r o r  ra t ios ,  energies ,  and injection angles gave e , - -  (4.0 =k 0.5). 10 -2. 

Thus, the conducted experiments  conf i rm the hypothesis  that the cr i t ical  adiabatieity pa ramete r  is a 
constant charac te r iz ing  the motion of e lectrons in inhomogeneous magnetic fields and is, in fact, the bound- 
a ry  of the stable and unstable regions of motion of the charged par t ic les .  
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The r e su l t s  of s i m i l a r  expe r imen t s  we re  given in [5]. The c r i t i ca l  p a r a m e t e r ,  however ,  was  calcu-  
lated by a method (not descr ibed) ,  which lead to a va r ia t ion  of the c r i t i ca l  p a r a m e t e r  e .  with the field ge- 
ome t ry .  T rea tmen t  of the expe r imen ta l  cu rves  given in [5] by our method led to the s a m e  value of ~ .  for  
the di f ferent  field g e o m e t r i e s .  

The authors  thank B. V. Chirikov, in whose l abo ra to ry  the whole p r o g r a m  of r e s e a r c h  was conducted 
f o r  suggest ing the theme of this work and for  d i scuss ion  of the obtained r e su l t s .  
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