Investigation of the post-muonium stage of
depolarization of . mesons in germanium

V. I. Kudinov, E. V. Minaichev, G. G. Myasishcheva,
Yu. V. Obukov, V. S. Roganov, G. |. Savel’ev, and V. G. Firsov

Institute of Theoretical and Experimental Physics
(Submitted February 17, 1977)
Pis’'ma Zh. Eksp. Teor. Fiz. 25, No. 7, 331-334 (5 April 1977)

The rate of slow relaxation of the spin of the w* meson in n-type germanium
single crystals was measured as a function of the temperature of the medium and
of the concentration of the doping impurity. The data are discussed in the
framework of the overall picture of the interaction of muonium (u* meson) with
germanium.

PACS numbers: 76.30.—v

The method of observing the Larmor precession in transverse magnetic
fields!!! was used to study the slow depolarization (occurring after the comple-
tion of the muonium stage)'?) of u* mesons in germanium. The rate of relaxa~-
tion of the u*-meson spin was measured as a function of the temperature of the
medium and of the concentration of the doping impurities. The experiments
were performed in the strong-focusing channel of the synchrocyclotron of the
Nuclear Problems Laboratory of the Joint Institute for Nuclear Research. 31 A
beam of polarized (P~ 0. 86) ;* mesons was stopped in the investigated target
and the positrons of the it e decay were registered at an angle ~ 0° relative to
the initial momentum of the p* mesons. In a transverse magnetic field (Hl),
the distribution of the registered events in time was modulated because of the
spatial asymmetry of the decay at a frequency w=gH , where g is the gyromag-
netic ratio for the p* meson. The time distribution of the registration probabil-
ity w(t), after taking into account the background and the exponential behavior
of the y*-meson lifetime, is given by

W(‘)N[l-c'e-)\t cos (wt + )],

[

where cf is the experimental asymmetry coefficient in the medium at the instant
of time £=0 (the time is reckoned from the instant when the p* meson is stopped
in the target), A is the rate constant of the slow relaxation of the u *~meson

spin, and ¢ is the meson-precession phase shift due to the presence of the
muonium stage. Absolute normalization of the polarization of the u* mesons
was carried out in accordance with control experiments with a standard bromo-
form (CHBr;) target with allowance for the energy spectrum of the registered
decay positrons. The principal measured quantity in these experiments is the
parameter A. At the chosen field intensity (H,~ 120 Oe) and observation time

~8 usec, we traced 12—13 periods of the precession at a total statistics of the
registered decay events ~ 2.5x 10° in each experiment.

The investigated samples of single-crystal germanium doped with arsenic
with concentrations 1x 1014, 1.5x10'%, and 1.5%10!" em™ (n-type conductivity)
were placed in a thermostat, in which the specified temperature was maintained
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FIG. 1. Dependence of the
strength of the post-muonium
depolarization of y* mesons (A)

in n-type germanium single crys-
tals with different concentrations
of the carriers on the tempera-
ture (T) of the medium; 1—1x 104
em=; 2—1.5%x 1015 em=3; 3~1.5

z 5 x 1017 em3,
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accurate to + (1—2)°. A contribution not exceeding 5% from the p* mesons
stopped in the thermostat walls was taken into account.

The results of the experiment on the determination of the rate of the rapid
depolarization of the u* mesons are shown in Fig. 1. We note two important
conclusions that follow from the presented data: first, the depolarization ac-
celerates with increasing temperature; second, the increase of the carrier den-
sity produces the opposite effect, i.e., it slows down the process.

The revealed dependence of the depolarization rate on the temperature (d)/
dT > 0) for * mesons in n-type germanium (an analogous effect was noted by
us?) also in p-type germanium) distinguishes this process strongly from the
mechanism of the dipole—dipole relaxation of the pu*-meson spin, 12:%1 where d)/
dT < 0. We note that under the experimental conditions considered above, all
the germanium samples were nondegenerate, with fully ionized impurity atoms.
A comparison of the data for samples with successively increasing concentra-
tion of the arsenic atoms shows that the inverse proportionality of the relaxa-
tion rate of the u *-meson spin and the conduction-electron density have a non-
linear character, and a limiting value of A may be reached with increasing tem-
perature (for the germanium sample n=1.5x10!? cm=—only in the region of
higher temperatures).

It was shown in our earlier papers!4:¢! that the u* mesons produced in ger-
manium, with a near-unity probability, muonium atoms which subsequently
enter in chemical reaction with the crystal-lattice atoms. The resultant dia-
magnetic coupling produced by a pair of spin-compensated electrons prevents
the “rapid’ (during the muonium stage) depolarization of the ;i* mesons on ac-
count of the hyperfine interaction in the muonium atoms. "] The most probable
is the formation of a chemical bond of the hydride type Ge—H. 81 Thus, the
process of slow (post-muonium) depolarization investigated in the present
paper can be regarded as subsequent thermal disruption of the chemical bond,
which results in formation of a paramagnetic center that depolarizes the u+*
mesons.

The foregoing dependences of the rate of depolarization of the u* mesons on
the temperature in media other than germanium have not yet been observed.
In these cases, the phenomenological theory of depolarization of the u* mesons
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with allowance for the possible formation of unstable diamagnetic compounds,
which was described in the paper of Ivanter and Smigla, [*] may be quite pro-
ductive. However, a more detailed analysis of the interaction of the muonium
(4 * mesons) with germanium calls for additional experiments, particularly at
higher temperatures. A determination of the quantitative characteristics of the
process of violation of the diamagnetic Ge-Mu bond will undoubtedly reveal the
actual mechanism whereby this bond is produced.
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