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A method, in which no strong magnetic field need be used, is proposed for determining the 
magnetic moment of the ~ + hyperon. The method is based on the phenomenon of depolari­
zation of positively charged particles in condensed media. It is shown that the ~+-hyperon 
magnetic moment can in principle be determined by analyzing the experimental data on 
asymmetry in the decay ~ +- p + 1!"0 in flight and after stopping. 

1. At the present time understandable interest 
attaches to measurements of the magnetic moment 
of the ~ + hyperon. However, the use of standard 
methods.for this purpose, in which spin precession 
in an external magnetic field is used, entails great 
difficulties, for the fields necessary to observe the 
precession have an intensity which lies at the limit 
of modern technical capabilities, owing to the small 
lifetime of the ~ + hyperon and the low value of the 
magnetic moment. In this connection we wish to 
call attention to another approach to this problem, 
which makes it possible to get along without an 
external magnetic field or to confine oneself to 
magnetic fields of the order of several thousand 
Gauss. 

The main idea of this approach is to replace the 
external magnetic field by the internal atomic field. 
We are referring to the well known phenomenon of 
depolarization of positively charged particles in 
condensed media. In agreement with theory and 
experiment, the majority of slowed -down particles 
form hydrogen-like systems in the ground state. 
If we disregard many complicating factors for the 
time being, the depolarization is produced by the 
magnetic field of the electron which acts on the 
magnetic moment of the given particle. The de­
gree of this action can be calculated theoretically. 

2. The depolarization process was considered 
many times as applied to the muonium atom (see, 
for example [l-5] ). So long as we have in mind 
polarization which is not averaged over the time, 
the entire reasoning can be repeated also for the 
~+ hyperon (see also [5J). The transitions between 
the singlet and triplet states of the "sigmionium" 
atom, with zero spin projection on the initial direc­
tion of polarization, lead to time -dependent oscil-

lations of the polarization in accordance with the 
law 

P=Po~ (1+cosw0t), (1) 

where w0 -magnitude of the hyperfine splitting, 
proportional to the magnetic moment of the ~ + 
hyperon ( w0 = 3% ~-~~ 1-te I a~, where a 0 is the Bohr 
radius ) . In the case of the 1-1 + meson, when the 
probability of decay per unit time is many times 
smaller than the frequency of the hyperfine split­
ting, we obtain after averaging over the time 

1 
(P) = z (Po). 

For the ~ + hyperon, the lifetime T can turn 
out to be comparable with w01, and the average 
polarization is described by the formula 

1 \ 1 
(P) = P 0 2 J (1 + cos w0t) T e-1/<dt 

= ~ p 0 ( 1 + 1 + !b2 ) ' (2) 

The physical meaning of relation (2) is that half of 
the ~ + hyperons, which capture electrons with 
spin directions parallel to the direction of the 
initial polarization, retain all the polarization, 
while the other half of the ~+ hyperons, which 
capture electrons with opposite spin direction, 
do not have time to become completely depolarized, 
unlike the 1-1+ mesons. Thus, ( P) > P 0 /2. 

It is of importance to us that relation (2) de­
pends in explicit fashion on the hyperfine splitting 
of the '' sigmionium, '' and consequently also on 
the magnetic moment of the ~ + hyperon. It is 
possible to measure in the experiment a quantity 
proportional to I ( P) I, namely the asymmetry of 
proton emission in the ~ +- p + rr0 decay, relative 
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to the polarization direction. Knowing the ratio of 
the asymmetry coefficients in the decays after 
stopping and in flight, we can determine in prin­
ciple the magnetic moment of the ~ + hyperon. In 
the approximation which we are using for the time 
being, this ratio takes the form 

~ = ~ ( 1 + 1 + ~0 2-r2 ) • (3) 

It is clear from (3) that {3 does not depend on the 
absolute value of the initial polarization of the ~ + 
hyperon. 

3. In the region ( w 0 T ) 2 « 1 (small magnetic 
moments), formula (3) is insensitive to the value 
of w0r. It is not excluded, however, that the mag­
netic moment of the ~ + hyperon is equal in order 
of magnitude to the magnetic moment of the proton 
or even exceeds it 0 . In this case w0r ~ 1. In par­
ticular, if w0r = 1 then {3 = %. i.e., the deviation 
of {3 from unity and from ?'2 becomes noticeable. 

If w0r is large, the value of {3 becomes prac­
tically indistinguishable from ?'2• In this case, to 
determine w0 it is advantageous to apply a weak 
longitudinal magnetic field. Then, {3 increases 
and its dependence on w 0 is expressed by the for­
mula 

W = 2 (1 ~ x2) ( 1 + 2x2 + 1 + (1 +1 x2) Wo2't2 ) ' (4) 

x = eH I meCWo = w' I Wo, w' = eH I mec. (4a) 

When w0r » 1 formula (4) goes over into the well 
known formula of Orear et al. [Z], which is widely 
used in the analysis of J.l +-meson depolarization. 

4. So far we have regarded the "sigmionium" 
atom as isolated, neglecting its interaction with 
the surrounding medium. Yet under real condi­
tions this interaction may be appreciable, and 
formulas (3) and (4) become unsuitable for the 
analysis of the experimental results. Various 
complications that modify the depolarization 
scheme adhered to above, were investigated in 
detail for the case of muonium by many authors, 
particularly by Nosov and Yakov leva [3 J. These 
complications include: the depolarization of the 
muonium electron by exchange with free electrons 

1lThe main contribution to the magnetic moment of the ~+ 
hyperon is apparently made by the virtual dissociation of the 
type ~+ -> ~o + rr±. An analogous dissociation (p -> n + rr+) 
takes place also for the proton. There are therefore no grounds 
for assuming beforehand that the magnetic moment of the~+ 
is appreciably smaller than that of the proton. In this connec­
tion it must be noted that dissociation with emission of a 
charged pion in a state with L = 1 is impossible in the case 
of the 11.0 particle. This may be the reason for the low value 
obtained in recent experiments for the magnetic moment of 
the N[•]. 

of the medium and with electrons of the atomic 
shells, interaction with the crystal fields, charge 
exchange, formation of a negative muonium ion 
with subsequent loss of an electron, etc. In addi­
tion, the depolarization of the 1-l + meson may be 
greatly influenced by the chemical interaction 
between the muonium and the atoms of the me­
dium. The same factors are significant also in 
principle for ~+-hyperon depolarization. How­
ever, owing to the short ~+ lifetime, we can ex­
pect that the related depolarization does not have 
time to take place in many substances. 

In order for the pure "sigmionium" depolari­
zation mechanism to take place it is sufficient that 
the frequency v of the electron spin flip, and the 
time T chem of the chemical relaxation, satisfy 
the inequalities 

v<wo, (5) 

or 2> v « 1010 sec-1 and Tchem » 10-10 sec. 
A detailed analysis [7] shows that inequalities 

(5) are apparently satisfied for emulsions, liquid 
argon, and krypton at "sigmionium" velocities on 
the order of 105-106 em/sec. Judging from the 
aggregate of the data, they are satisfied also for 
many other dielectrics with diamagnetic proper­
ties 3 >, provided the latter either do not interact 
chemically with the hydrogen at all or interact not 
very actively. Estimates show that for "sigmio­
nium" that slows down to velocities on the order 
of 106-105 em/sec the value of v does not exceed 
106-108 sec-1. 

Yet the short lifetime of the . z;+ hyperon can 
lead to complications of a different kind, which do 
not exist in the case of the 1-l + meson. The point 
is that at velocities on the order of 108 em/sec 
the ~ + hyperon no longer forms a visible track, 
i.e., is treated as having stopped. At the same 
time, inequalities (5) can be satisfied only at ve­
locities v~ + for which the probability of ion.iza­
tion, exchange with excitation, and other inelastic 
processes that contribute to v is sufficiently small 
(v~+ ~ 105-106 em/sec). As shown by simple es-

2 lThe limitations imposed by the inequalities (5) are more 
stringent for muonium: v« 106 sec-• if 1Chem >TIL+ or v Tchem 

« 1 if Tchem < TJL+• In the case of AgBr, v 1Chem "-' 102['], 

i.e., inequalities (5) are certainly not satisfied. 
3 l1n this case exchange of electrons with spin slip is 

practically impossible in elastic collision, since the concen­
tration of the free electrons is negligible, and the spins of 
the atomic electrons are saturated. In metals and paramag­
nets, owing to the intensive exchange v » 1010 sec-• the bond 
between the electron and the~+ hyperon is broken, and the 
~+ hyperon is not depolarized at all. Therefore metallic and 
paramagnetic media are utterly unsuitable for our purpose. 
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timates, the time necessary for the ~+ hyperons 
to slow down in emulsions, liquid argon, or krypton 
from v~+ "' 108 em/sec to v~+ "' 106-105 em/sec 
amounts to approximately 10-11 --10-10 sec, i.e., it 
is comparable with T. This causes a considerable 
fraction of the ~+ hyperons to be able to decay 
either in the free state, or under conditions in 
which the pure "sigmionium" mechanism of de­
polarization does not take place. 

We note, however, that owing to the very abrupt 
(nearly exponential) decrease in the cross sec­
tions of the inelastic processes at velocities v~+ 
« 108 em/sec, the range of velocities where v 
"' w0 is rather narrow. The ~+ hyperon covers 
this velocity region within a time that is small 
compared with its lifetime (estimates yield t 
::::; 10-12 sec-1 ). At large velocities v » 1010 sec-1, 

and the ~+ hyperon decays practically unpolarized. 
At lower velocities, v « 1010 sec - 1, the inequali­
ties (5) are satisfied and since practically all the 
~+ hyperons form in this case "sigmionium" 
atoms in the ground state [7], we can use formu­
las (3) and (4). 

Starting from this, we can introduce an addi­
tional parameter f, which determines the fraction 
of the ~+ hyperons that have decayed prior to the 
start of the depolarization. Although the introduc­
tion of this parameter leads to a certain compli­
cation in the calculation formulas, its determina­
tion for its own sake is of physical interest. Tak­
ing the foregoing into account, we rewrite relation 
(3) in the form 

1-/' 1 ) ~ = f + -2- ( 1 + 1 + ffio2't'z . (6) 

The two parameters f and w0T can in principle be 
determined by making use of the results of experi­
ments with the magnetic field. In this connection, 
it is meaningful to consider the problem of the de­
polarization of ~+ in a "sigmionium" atom placed 
in a magnetic field of arbitrary direction. 

5. The system of equations for the polarization 
parameters of the "sigmionium" takes the form 
(compare with [3]) 

dP-< 1> i e 
--'- = -- ffioEistTst< 1 •2>- -- EistHsPt<1>, (7a) 

dt 2 mr,c 

dP-< 2> 1 e 
-'- = - ffioEistTs/1·2) + --- EistHsPt< 2 >, (7b) 

dt 2 m.c 

dT 1<1•2> i e d = -2 ffio (EstzPz<1)- EstzP/2>) --- EsmnHmT nt(l.2) 
t mr,c 

+ _e __ EtmnHmTsn< 1•2) (i, S, t, m, n = i, 2, 3). 
m.c 

(7c) 

Here pW -~+-hyperon polarization vector, p<2> -
electron polarization vector, Tst -electron and 

.z:;+ -hyperon polarization correlation tensor, and 
Eist -absolutely anti symmetrical tensor. 

We shall henceforth assume that the quantity x, 
introduced in (4), satisfies the inequality xme /m~ 
« 1 (the direct interaction between the ~+ hyperon 
and the external magnetic field is small compared 
with the interaction of the spins of the ~+ and elec­
tron). In this approximation, the terms EistHsPI0 x 
e/m~c in (7a) and EsmnHm Tby 2 >e/m~c in (7c) can 
be discarded. We solve the approximate system 
of linear equations obtained in this fashion under 
the initial conditions 

P<1> (0) = Po, T,/1-2l(O) = 0. (8) 

As a result, we obtain the following expression 
for the time dependence of the vector of the ~+ 
polarization: 

i 
P (t) = n (P0n) 2 (i + x2 ) {i + 2x2 + cos ffi(1lt} 

+ rn(Porn) { ~ ( i +Vi :x2) (cos ffi< 2>t +cos ffi<a>t) 

+..!... (i - x ) (cos ffi(4lt + cos w<5>t)} 
4 Vi +x2 

+ l (Porn) { ! ( i + Vi: x2) (sin ffi(2)f + sin w<a>t) 

+ ..!... (i - x ) (sin ffi(4)f + sin w<s>t)} . (9) 
4 , Vi +x2 

Here n -unit vector along the magnetic field, 
m -unit vector perpendicular to the direction of 
the magnetic field in the ( P0H) plane, 1 = m x n, 

w<1> = ffio V1 + x2, 

Wo v--2 ffi4.5 = 2 (x ± i + 1 + x ). 

After averaging over the time T we obtain 

p<1> (P ) i ( i 2 2 i ) < n) = on 2 (i + x2) + x + 1 + (i + x2) Wo2't2 ' 

(10) 

X ( i + (!<2>1')2 + i + (!<3lT)2) 

+ (i- Vi: x2) (1 + (!<4>-i) 2 + i + (!<s>T)2)] • 
(11) 

(P(l)l) =(Porn) ! [ (t + V1: x2 ) 
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We note that the coefficient of P 0•n in (10) coin­
cides with the right side of (4). 

Formulas (11) and (12) are too cumbersome. 
However, they become much simpler if x » 1. 
Neglecting terms of order x-2, but assuming as 
before that 4 ' x « m~/me, we obtain 

(P<1)m) = 4Pom / (4 + w02-r2), (P<1>l)O. (13) 

We see that (13) does not contain the magnetic 
field at all. This is connected with the fact that in 
the approximation under consideration the station­
ary states of the electrons are states with definite 
projection of the spin on the H direction; on the 
other hand, we neglect the direct action of the ex­
ternal magnetic field on the ~+-hyperon spins, 
assuming it to be small compared with the elec­
tron magnetic field. We note that inasmuch as 
half of the electrons have a spin projection n/2 
on the H direction, and half of them have a spin 
projection - fi/2 in the same direction, we have 
in this approximation symmetry with respect to 
the direction of the external magnetic field, and 
this leads to the equality P(t)·m = o5l, which 
naturally remains valid also after averaging over 
the lifetime. 

6. We now consider the possible experimental 
procedure for the determination of the magnetic 
moment of the ~+ hyperon. Assume that a beam 
of ~+ hyperons with a certain polarization P 0 

averaged over the emission angle 6', is incident 
on the analyzer. The angular distribution of the 
decay protons is of the form 

dW = (1 + aD0k)dQ, 

where k -unit vector in the direction of proton 
emission. 

(14) 

We now choose the z axis along some direction 
i and integrate (14) over the azimuth angle. As a 
result we obtain 

dWi = (1 + aPoi cos 8) d cos 8, (15) 

where cos (J = cos ( k, i). Thus, the asymmetry co­
efficient Yi relative to some direction i is propor­
tional to the projection of the polarization vector 
on this direction 

'V 1= aPoi. (16) 

We first consider the decays of the ~+ hyperons 

4)The intensity of the external magnetic field should in 
this case be of the order of 104 G. 

S)For the projection on the vector m we will have 

P(t)m = P0m cos (w0t I 2). 

6 )Qf course, the geometry of the experiment must be such 
as not to cause P 0 to vanish. 

in the absence of an external magnetic field. In 
this case, regardless of the choice of i, the ratio 
of the asymmetry coefficients in the decay after 
stopping and in flight is determined from (6). We 
then turn on the magnetic field H and determine 
the asymmetry coefficient of the decay in flight 
( YW) and after stopping ( YU') relative to the H 
direction. It is easy to see that 

rH<1> 1 -1 1 
~H = rH(O) = I+ -2- 1 + x2 

x( 1 + 2x2 + 1 + (1 +1 xz) Wo~t2 ) . (17) 

Even this series of measurements is in principle 
sufficient to determine f and w0T. The external 
magnetic field can in this case have an intensity 
on the order of several hundred Gauss, corre­
sponding to x ~ 1. 

We can proceed also in a different fashion, and 
measure the asymmetry coefficients yf 0 l and 
yf<Ol relative to a certain direction t perpendicu­
lar to H, at an absolute value H ~ 104 G. Taking 
(13) into account, the ratio f3t will in this case 
have the form 

r/<1> 4 
~t = ·rt'<o> = I + (1 -I) 4 + (wot)2 

(18) 

From (18) and (17) we can also determine f and 
w 0T. If it turns out that w 0T ~ 2-3, it is most 
advantageous to combine the measurements that 
lead to (18) and (17). 

In conclusion we note that in principle it is pos­
sible to measure in analogous fashion also the mag­
netic moments of light hyperfragments. 

The authors are grateful to S. S. Gershte!n, I. I. 
Gurevich, V. G. Nosov, and I. V. Yakovlev for in­
teresting remarks. 
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