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The precession of the spin of a /L - meson in a magnetic field perpendicular to the initial 
polarization is considered. The mu·nucleonic atom with charge Z - I formed after the capture of a 
/L - meson in a K orbit can have an electron shell of total angular momentum j. The cases j = 1/2 
and j =3/2 are considered in detail. Attention is drawn to the fact that in the case j =312 three 
stopping points for the spin precession can be observed. In particular, the investigation of the 
stopping points of the precession appears to be of considerable interest as a possible precision method 
for the study of hyperfine structure. It is proposed to utilize the analysis of precession of the spin of 
a!J.- meson for the investigation of the hyperfine structure of acceptor impurity levels. The nature of 
the expected precession picture and the possibilities of the method are analyzed. It is noted that in 
the "quasimuonium" formed when a /L - meson is captured in a semiconductor the scale of the field 
for the hyperfine splitting can be diminished by a factor of 10-102 compared with muonium, and 
effects for the observation of which in muonium superstrong magnetic fields of the order of 
105_106 G were required (stopping of precession) can be observed in fields of the order of 102_103 

G. It is pointed out that the proposed method provides a possibility of measuring the relaxation time 
for spin of a hole and of observing the tensor nature of hyperfine splitting. 

1. At the present time a large number of experi
mental investigations are available in which mesic 
atoms and mesic molecules of light elements have been 
investigated with the aid of decay electrons. A detailed 
list of references can be found in [1-4]. 

At the JINR in recent years systematic investigations 
are being developed of the precession of spins of J.L
mesons in a magnetic field perpendicular to the initial 
polarization with the aim of studying chemical proper
ties of atoms and molecules of light elements[3,5]. One 
should also note separately the work of the group at 
MIFI (Moscow Engineering PhYSics Institute)[ 6] in whic h 
the precession of the spin of J.L- mesons captured by 
neon nuclei was studied, and the coupling of the spin of 
a J.L- meson to the magnetic moment of the electron 
shell was observed directly for the first time. In the 
present paper we wish to discuss certain possibilities 
for the study of precession which, apparently, have not 
been mentioned in the literature. 

2. As is well known, at first the J.L- meson is cap
tured into a high-lying orbit of a mesic atom (mesic 
molecule) and quite rapidly (characteristic times of 
10-1°_10-12 sec) passes to the ground state as a result 
of conversion and dipole transitions. The ion arising as 
a result (generally speaking a multiply-charged one), as 
is shown by experiment, picks up in a broad class of 
cases the missing electrons during times comparable 
with the time of the cascade, so that as a result from 
the point of view of a chemist an atom of atomic number 
Z - 1 is formed. In future we shall call such atoms mu
nucleonic. 

In accordance with the accepted terminology the 
nucleus of a mu-nucleonic atom is a mesic atom of 
atomic number Z. Indeed, as a rule, in discussing the 
properties of mesic atoms one almost always has in 
mind the system of a nucleus Z + J.L- meson ([1], pp. 
239-252). For example, the mesic atom of hydrogen 
(PJ.L-), the mesic atom of helium (aJ.L-) etc. Attempts to 
utilize this term more broadly having in mind the com
plete resulting atom including its electron shell lead to 
an obvious inconvenience: the mesic atom of atomic 
number Z has the electron shell and the chemical 
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properties of the element Z - 1. The proposed term 
"mu-nucleonic atom" allows one, it seems to us, while 
retaining the accepted terminology to get rid of the con
fusion existing in the literature (cf., for example[3]). It 
can also be easily generalized to the case of atoms 
formed as a result of the capture by a nucleus of other 
elementary particles. 

During the cascade process the J.L- meson loses an 
appreciable portion of its initial polarization, however, 
as is shown both by theoretical estimates and by experi
ment it retains 10-20% of the initial value. 

The further behavior of the spin of a J.L- meson in an 
external magnetic field is dictated by the magnetic 
properties of the resultant atom. In other words, every
thing is determined by the spin and the magnetic moment 
of the mother nucleus (atomiC number Z), and also by 
the Lande factor of the electron shell containing Z - 1 
electrons. Indeed, in all atoms in order to break the 
(LS) coupling external fields are required of the order 
of 105_10 6 G, so that at least in fields up to 104 G the 
total angular momentum of the electron shell remains 
a very good quantum number. It is also clear that in the 
J.L- meson + nucleus system the total angular momentum 
is an immeasurably "better" quantum number since 
characteristic fields which determine the coupling of 
the J.L- meson to the nuclear magnetic moment have 
tremendous values of the order of 10 9_10 13 G. 

These obvious considerations considerably simplify 
the subsequent analysis. From general considerations 
one can expect that observation of the manifestations of 
precession for isolated atoms can be most conveniently 
carried out in gas targets of chemically inert sub
stances; however, they can also be observed in liquids 
and, possibly, in certain crystals. Indeed, the situation 
regarding the observation of precession in the case of 
isolated mu-nucleonic atoms is in principle absolutely 
analogous to that which exists in the case of muonium. 

In an exactly similar manner the precession picture 
may not become manifest as a result of the mu-nucleonic 
atom entering into a chemical reaction with the forma
tion of a diamagnetic compound, or as a result of the 
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complete depolarization of the jJ.- meson brought about 
by the relaxation of the spin of the electron shell. How
ever, as the example of muonium shows, in a broad 
class of substances and in a broad range of physico
chemical conditions the manifestation of precession 
ought to be observable. The factors noted above can be 
taken into account in a manner completely analogous to 
the theory developed for muonium. However, we shall 
not concern ourselves with this in the present paper in 
order to turn our attention principally to the possibilities 
provided in principle by the investigation of precession 
of mu-nucleonic atoms. 

3. We shall first of all give the trivial formula for 
the polarization of a jJ.- meson captured in the 1s state 
of a nucleus of spin i, in the case that the resultant 
mu-nucleonic atom is diamagnetic. The effects of hy
perfine splitting have been investigated in a number of 
papers [7-11]. It was shown in the course of these investi
gations that in the process of cascade transitions the 
nucleus becomes partially polarized, so that in the 
formation of states of hyperfine structure in the jJ.
meson + nucleus system one can not assume that the 
states with different components of nuclear spin are 
formed with equal probability. However, an exact cal
culation of the process of cascade transitions is diffi
cult. At the same time the simple formula for the com
ponent of the polarization vector in a magnetic field 
Bz perpendicular to the x axis (the direction of the 
initial polarization) obtained on the assumption that all 
components of the nuclear spin along the x axis are 
equally probable, is sufficiently informative. It has the 
form[7] 

<P(t) = 6(:i~~),[2(i+1) (2i+3) cos Ctl+t+2i(2i-1)cos Ctl-tJ. (1) 

Here P( 0) is the polarization of the jJ.- meson which it 
has when it is captured into the K shell of a mesic atom, 
while 

(2) 

where the plus and minus signs correspond to states of 
total angular momentum i = i + Yz. Averaging denotes 
that we have omitted terms in the polarization which 
depend on high (of the order of 10 '5_10 '8 Hz) frequen
cies characterizing the hyperfine interaction in the jJ.
meson + nucleus system. It is evident that in the ex
perimentally observed polarization the dependence on 
these frequencies is averaged. Naturally, as a result of 
what has been said (P(O) '" P(O). Both here and every
where in subsequent discussion we have omitted the 
subscripts x, z. 

4. If the mu-nucleonic atom that has been formed is 
paramagnetic, then in defining ( P (t) one should take 
into account the interaction of the magnetic moment 
jJ.i of the jJ.- meson + nucleus system with the total mag
netic moment jJ.j of the electron shell. Since the 
formula for the polarization of the jJ.- meson for arbi
trary i and j is not susceptible to an easy overview, 
we consider important special cases. 

Let the total angular moment of the nucleus be zero, 
then i = Y2 = i. The Hamiltonian for the interaction of 
magnetic moments has the form 

(3 ) 

We introduce the operator for the total angular momen
tum F = i + j. The energy levels in an external mag
netic field B for the Hamiltonian (3) are given by the 
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well known Breit-Rabi formula (cf., for example[l2,13]), 
whic h we reproduce in dimensionless form: 

EF~i±'I .. mF sign A 2mrr 
y± (mF ) = l/.IAI(j-t-'/.) = - 2j + 1 + 1-a 

[ 4mrr sign A ]'" ± 1 - 2j + 1 + x' sign A; 

here 
B B(I1Bg(jLS) +211.-) 

x = Be = IA I (j+1/Z) 

. 11.-
a=-2] I1sg(jLS) , 

g( jLS) is the Lande factor, Bc is the characteristic 
field for the hyperfine interaction. The square root in 
the formula is extracted in accordance with fXJ = x. 

(4) 

The formula for the component of the polarization vector 
of the jJ.- meson along the x axis (direction of the initial 
polarization) is the following: 

P(t)= P(O) {-, {R+,(m;+~)Q+,(mi-~) 
~+1 ~ 2 2 

'fflJ=-i 

xcos[ y.+ (m;+4-) -y+ (m;-+)] HR+'( m;++) 

xQ_' ( m;-+) cos [y+ (m;++) - Ii-( m;-+)] t (5) 

+R_' (m;++ )Q/ (m;-+) cos[ y+ (m;-+) -y-( mi++) 11 
+R_'(m;+ ~)Q-'(mi-+)cos[y-(mi+4-)-y-(m;- ~)]l}. 

Here t = t( j + 1a) \ A \In is a dimensionless time, R! 
= 1 - Q!" 

The coefficients ~,Q± can be easily related to the 
elements of the density matrix at the instant when jJ.
lands in a K orbit. However, as has been pOinted out 
earlier, it is complicated to carry out a calculation of 
the density matrix, which is to any degree reliable, al
ready because we are necessarily forced to utilize one 
or another model concept concerning the nature of cas
cade transitions on the one hand, and concerning the 
state of the electron shell of the atom which has cap
tured the jJ.- meson on the other hand. In particular, it 
is certainly not possible to exclude the possibility that 
the atom is ionized during the cascade. 

In the case under consideration a large number of 
model concepts leads to the conclusion that the com
ponents of the magnetic moment of the electron shell 
along the x axis at the instant of capture of the jJ.
meson into a K orbit are all of equal probability. How
ever, one can also develop schemes which are in con
tradiction to this. Therefore, the most sensible ap
proach is to consider % and ~ to be parameters of 
the theory, all the more so since their values can give 
us information only concerning the cascade process, 
while the most interesting part of the information is 
determined by the frequencies of precession of the 
polarization. For estimates it is useful to indicate the 
value of Q2 in the case of equally probable components 
of the total angular momentum of the electron shell j: 

1 ( 2m" ) 1 ( 4m"x signA )-". Q±'(mF)=-=F ---xsignA - 1- +x·. 
. 2 2j+1 2 2j+1 (6) 

For x » 1, i.e., in the case of fields B » Bc one 
can significantly simplify the formula for the polariza
tion since in this case a number of the coefficients tends 
to unity, while other coefficients tend to zero. We then 
have 
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1 

P(t) "" P(o) \"1 COS [2ax _ 4mJ _ (2;+t)'-4m/-1] 'l (7) 
2;+1 4..l 1-~ 2/+1 (2;+1)· x . 

tn}--i 

In the table are given data concerning the hyperfine 
splitting for certain mu-nucleonic atoms with j = Y2 
and j = ~2' The hyperfine splitting constant was recal
culated on the basis of spectroscopic data for ordinary 
atoms, and, in the course of this, corrections associated 
with the fact that the mu-nucleonic nucleus is not a point 
charge, and with relativistic effects, were not taken into 
account. Accordingly all the values are quoted with an 
accuracy of 0.1%. 

5. We begin with the case j = Y2' We note at once 
that in this case the mu-nucleonic atom is in the spin 
sense very like muonium the precession of which was 
considered in detail previously[14,151• However, since 
the hyper fine splitting constant in our case has the op
posite sign to that for muonium the triplet state turns 
out to be lower than the singlet state (cf., Fig. 1). For 
x = B/Bc « 1 (in the region of the anomalous Zeeman 
effect) this difference from muonium is of small im
portance and the polarization can be written in the 
same form as in[15]: 

(P(t) )=1/2P(O) cosx'l cos (x'lI2). (8) 

For large B "" mlJ. Bc 12me a point of the stopping of 
preceSSion must be observed just as in the case of 
muonium, but due to the opposite signs of the magnetic 
moments of IJ. - and IJ. + this effect is here associated with 
the crossing of the singlet term and the y +( 1) term 
from the triplet, and not with the crossing of the com
ponents of the triplet as in the case of muonium. The 
point of crossing is x = Y20 - a/2. 

As can be seen from the table, the characteristic 
fields in mu-nucleonic atoms with j = Y2, as a rule, are 
considerably larger than in muonium. Correspondingly 
investigations in "strong" fields are more difficult in 
comparison with muonium. However, for "weak" fields 
more promising perspectives open up. 

Just as in the case of muonium [16], in high fields one 
should again observe two-frequency preceSSion, but for 
the elements shown in the table the experimental obser
vation of this picture is even more difficult than in the 
case of muonium. 

6. We now consider the case j = ~2. In the table are 
given data for a majority of mu-nucleonic atoms which 
give rise to the term j = ~2' From the data exhibited 
there it can be seen that the hyperfine splitting con
stants for this case are very small for a number of 
elements. This circumstance can turn out to be conven
ient for experiment, since "high" fields turn out to be 
of the order of 10 3_10 4 G and are easily attainable. 

For weak fields B « Bc under the same assumptions 
as before the polarization can be written in the form 

P(O) (3 3 x' _) 3+a xi 
P(t) ""-- cos-x'i+-cos-t cos---

8 8 2 8 1-a 2 

P(O) x' _ 5-a xi 
+--cos-tcos---. 

16 8 1-a 2 

~(9 ) 

Formula (9), as can be easily demonstrated, can be re
written in the form 

P(O) x' _ x' _ 3+a xl 
P(t)~-4-cos2tcos4tcos 1-a 2" (10) 

P(O) x'i 2x _ x'l 
+ --cos-cos-- t cos -. 

8 8 i-a 2 

Accordingly a complicated picture of three-frequency 
beats should be observed experimentally. 
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Term FYmbo~ Initial 
I-A. Hz I Be. kG~ Term element" ~ymbo Initial' I 

element" --A, Hz Be. kG 

'8./. { 

IH He' (100J 4.516 1.6 

·S,. { 
,N o (99.96) 0.4599 0.33 

nNa to.64 3.8 "P S (99.3) 0.4325 0.31 
"K 

Mg(89. ) 
Ca (99.9) 15.73 5.7 .. .. As Se (90.4) 1.229 0.89 

.,Rb Sr (93.0) 33.21 12.0 I1Sb Te(92.1) 2.002 1.4 
"Cs Ba (82.1) 55.71 20.1 ( ,F Ne(99.7) 6.794 7.4 
.. Cu 70.36 25.0 "CI 6.655 7.2 

'8./. { .,Ag 
Zn (95.9) 
Cd (74.9) 134.5 48.6 'P'I. \ 86Br 

Ar ~1(0) 
Kr( 8.5) 11.23 12.2 

?tAu Hg (70.0) 565.3 204.4 .. 1 Xe(52.4) 13.15 14.3 

·P'I. { 

,B C" (98.9) 3.628 4.0 ,B Cl'(98.89) 0.7269 
"AI Si (95.3) 6.121 6.7 

'P" { 
"AI Si ~95.3) l.f50 

alGa Ge (92.2) 17,74 19.4 " .uGa Ge (92.2) 2.528 
.. ,In Sn (83.5) 33.11 36.2 "In Sn(83.5) 2.842 
81Tl Pb (77.41 U7A 128.6 

'P,/. { 
,F Ne (99.7 34.62 37.9 
nel Ar (100) 33.62 36.8 

"Brackets contain the percentage content of isotopes of zero spin. 

FIG. I FIG. 2 

FIG. I. Dependence of the energy levels on the magnetic fields 
(Breit-Rabi diagram) for j = Y2. Cf. the text for notation (formula (4)). 

FIG. 2. Schematic dependence of the energy levels on the magnetic 
field for j = 3/2, Actually the pairs of curves yJ+l), y+(+2) and y_(O), 
y+(+ 1) intersect at very small angles. 

In the domain of "superweak" fields (B ~ 1-10 G) 
formula (9), naturally, turns out to be absolutely analo
gous to formula (1), and two frequencies of precession 
of the spin of the IJ.- meson associated with the upper 

0.79 
1.2 
2.7 
3.1 

(_ ) and the lower (+) states (cf., Fig. 2) will be observed. 
A characteristic feature of the j = r2 term turns out to 
be the possibility of observing the stoppage of preces
sion in relatively low fields B "" 1.65Bc , determined by 
the crossing of the y _( -1) and y + (0) terms. Near this 
point the slowly oscillating part of the polarization, as 
can be easily verified with the aid of formulas (4) and 
(5), has the form 

P(t) ""O.22P(O) cosO.3(x-t.65)'l. (11) 

In addition to this point of the stoppage of preceSSion, 
in high fields in accordance with formula (7) we can ob
serve two more such points: in high fields near 
B"" mIJ.Bc/12me and B '" mIJ.Bc/4me. The first is de
termined by the crOSSing of the y _( 0) and y + ( 1) terms 
at the point 

x,=i8:6, (12 ) 

and the second by the crOSSing of the y _ (1) and y + (2) 
terms at the point 

(13) 

As can be seen from the table, in the case of N, As, 
B, Al all the points of stoppage of precession turn out 
to be situated in fields easily attainable experimentally. 
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Two points of stoppage can be practically observed for 
all the elements shown in the table. 

In very high fields B» Bc for such elements as N 
and B, apparently, one can successfully observe beats 
of two integrally related frequencies A/2 and A"", 5 
X 108 Hz: 

2ax _ 1 
P(t) ""P(O)cos--t cos-cos 1 

i-a 2 
(14) 

In this case the first frequency can be made larger than 
the other two, and one can observe the phenomenon of 
two-frequency beats. However, one should remember 
that formula (14) is obtained only on the assumption of 
equally probable components of the angular momentum 
of )J. - along the x axis. 

7. An investigation of the points of stoppage of pre
cession appears to be of considerable interest, in 
particular, as a possible precision method for the study 
of hyperfine splitting. Indeed, although in the case of 
ordinary spectrometric measurements in atoms the 
constant itself can be measured with a high accuracy, 
nevertheless, since the magnetic moments of many 
nuclei are measured with an accuracy not greater than 
10-3 , the density of the wave function at the origin which 
determines the hyperfine splitting constant for the S 
term can be determined only with the same accuracy. 

An analysis of the hyperfine splitting in mu-nucleonic 
atoms opens up new perspectives for this problem. Of 
course, we must keep in mind that theoretical formulas 
given in the present paper do not take into account the 
fine effects and in the first instance the correction to 
the hyperfine splitting constant due to the fact that the 
mu-nucleonic nucleus is not a point. The nonrelativistic 
correction to the hyperfine splitting constant can be ob
tained comparatively easily with the aid of ordinary 
perturbation theory. A calculation of the hyperfine 
splitting constants for mu-nucleonic atoms was given 
in the paper by Otten L17 ]. The author correctly notes 
that the standard perturbation theory can not pretend to 
be very accurate, but the method of calculation proposed 
by him is not sufficiently consistent and well founded. 

We should note that the ratio of fields at which dif
ferent points of the stoppage of precession should be 
observed is a function of a single quantity - the ratio of 
the magnetic moment of the electron to the magnetic 
moment of the )J.- meson in the bound state. Thus, pre
cision measurements of the pOints of stoppage of pre
cession can provide a new method for the measurement 
of the magnetic moment of the )J.- meson in a bound 
state, This method is all the more convenient for terms 
with j = :Y2 because utilizing all the points of stoppage of 
precession one can have control relations for determin
ing the magnetic moment of the )J.- meson in a bound 
state. 

We further note that by investigating the precession 
one can obtain information concerning the final reaction 
products of the capture of a )J.- meson. It should be 
stated that even in the case when the )J.- meson is cap
tured in a monatomic gas, different variants are, 
generally speaking, possible, As is well known,[2-4,18,19] 
in the initial stage of the cascade process the probabil
ity of Auger transitions is much greater than of radia
tion transitions, and therefore by the time the cascade 
ends a singly charged or a multiply charged ion can be 
formed. During times of the order of collision times 
(10- 11 sec) this ion takes electrons away from atoms of 
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the surrounding medium. However, cases are possible 
when the ionization potential of the mu-nucleonic ion is 
lower than the ionization potential of the atoms of the 
medium [5,20J. Then during its whole lifetime (10-7 sec) 
the mu-nucleonic ion remains ionized and a picture of 
the precession will be observed which corresponds to 
the term of the ion. In order to remove this possibility 
an impurity is introduced into the medium consisting of 
a monatomic inert gas with a low ionization potential[5]. 

In the case that the )J.- meson is slowed down in 
molecular gases the number of possible variants in
creases sharply. Firstly, as was first noted in [18), a 
molecule multiply ionized as a result of the Auger
effect can break up ("fly apart") into ions and subse
quently to this the situation does not differ from the 
behavior of a )J.--meson when captured in a monatomic 
gas. This hypothesis is developed in the work of the 
group at the JINR [3). Generally speaking, one can also 
discuss the possibility of the molecule breaking up be
cause the nucleus acquires a recoil momentum as a 
result of emitting a 'Y quantum in transitions at the 
lower steps of. the cascade. 

As an elementary estimate shows, in the radiation 
transition 2p - 1s the nucleus acquires the kinetic en
ergy E"" 10-3 Z3 eV. Subsequently to this vibrational 
degrees of freedom can become excited and the mole
cule can be dissociated. Corresponding general esti
mates of similar processes can be found, for example, 
in the book by Migdal and Krainov [21). In the case of 
light elements Z ~ 20-30 the probability of dissocia
tion is very smalL However, more rigorous estimates 
of the probability of dissociation are difficult, and one 
can only conclude that in the case of heavy elements 
Z ~ 50-60 this possibility has to be taken into account. 

By analyzing the precession one can establish in what 
chemical compound does the )J.- meson finally find itself, 
and this may enable one to determine the fate of the 
mother molecule. 

8. In solids the precession picture, naturally, de
pends on the electronic structure of the crystaL We 
here consider only the beautiful possibility which the 
)J.- meson provides for the study of the properties of 
semiconductors, 

In recent years the attention of the experimenters 
is being more and more attracted to the investigation of 
the structure of the wave functions of impurity centers 
and, in particular, to the determination of 1 <P(0)1 2-the 
density of the wave function for an electron (or a hole) at 
the nucleus[22-25). To achieve this aim the so-called 
method of double electron paramagnetic resonance 
(DEPR) is utilized. 

It should be noted that the corresponding theoretical 
calculations which have their origin in the papers of 
Kohn and Luttinger[26] are of necessity based on one or 
another model picture, On the other hand, experimental 
investigation of acceptor centers in semiconductors by 
the DEPR method is in a number of cases associated 
with definite difficulties [27] and, therefore, the number 
of experimental investigations in which values of 
1 <p (0) 12 would be obtained for acceptors is, as far as 
we know, very small. 

Earlier Otten[17,28] has pointed out that a study of the 
precession of the spin of a )J.- meson slowed down in 
superconductors can turn out to be convenient for the 
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investigation of acceptor impurity centers. However, 
the principal possibilities of the method and the charac
teristic features of the precession of a 11- meson in 
superconductors have not been analyzed. As of today 
investigation of 11- mesons in semiconductors is only 
beginning. In JINR [29] a study has been made of the 
residual polarization of a 11--meson in Si and CuO. 
During times shorter than 10-10 sec the resulting atom 
is thermalized. One can quite simply choose physico
chemical conditions in such a manner that the given ac
ceptor should not be ionized (for example, low tempera
tures or an appropriate alloying of the semiconductor). 
Then the hydrogenlike atom: mu-nucleonic acceptor 
+ hole will in the spin sense be similar to an atom of 
muonium and the precession picture will be similar to 
the case of muonium(l4,15]. 

We note the significant differences. Firstly J </! (0) 12 
can turn out to be smaller by a factor of 10-10 than in 
the case of muonium[27,14]. Secondly, the details of the 
picture of hyperfine splitting become more complicated 
in view of the tensor nature of the spin-spin interaction 
in a crystal. 

The smallness of I</!( 0) 12 opens up broad possibili
ties for the study of precession in "strong" fields com
parable with the magnetic field produced by the spin of 
the hole at the position of the 11- meson. In the case of 
muonium this field is of the -order of 104 - 3 X 105 G, 
but here it is lower by a factor of 10-102. Correspond
ingly the two-frequency precession in strong fields[16], 
the stoppage of precession [15], etc., can be observed in 
fields of 102_10 3 G. Of particular interest is the possi
bility of investigating asymmetry in the hyperfine 
structure constant. For example, for As in ZnSe in the 
case of different crystallographic orientations the values 
of the constant vary from 108 to 28 MHz [30]. In this 
connection we note that, just as in the case of muonium, 
additional important information can be obtained by ob
serving the reestablishment of residual polarization in 
longitudinal fields. It is also of interest that for a theo
retical analysis the situation is in one respect more 
advantageous than in the case of muonium. The life
time of muonium prior to entering a chemical reaction 
is unknown, and is a parameter of the theory[31,14]. The 
lifetime of "quasimuonium" is known - it is the lifetime 
of a 11- meson captured by a given nucleus. 

One should have in mind that if the relaxation time T 

for the spin of a hole is very small and 1/7 » Wo (wo 
is the frequency of the hyperfine splitting), then the 
coupling between the hole and the muon is broken and 
damped precession should be observed at the frequency 
of the free muon[14J. As DEPR data show[27] under 
normal conditions T is very small. In order to reduce 
the relaxation time the sample is cooled to 2-10oK and 
sometimes is subjected to strong deformations [27]. In 
such a case the relaxation time can be successfully re
duced to 10-3_10-6 sec. For acceptors Wo ~ 107_10 9 

sec-I. Accordingly "quasimuonium" can be observed 
when T ~ 1O-B_10-1o sec. We note that in this sense the 
proposed method, apparently, has definite advantages 
compared to the DEPR method. It is also very conven
ient for an exact measurement of the relaxation time. 
For As in ZnSe[30J and B in SiC27 it turned out to be 
possible to carry out observations by the DEPR method. 
Therefore these systems can be conveniently taken as 
starting points for investigations by the proposed method. 

It appears that a systematic study of acceptor cen-
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ters with the aid of negative muons can Significantly ex
tend the available information. 
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