The results of the calculation were qguite unexpected. At Q < 1, the de-
crease of the force constants fully offsets the change of the mass, and no local
oscillations arise. To the contrary, for a heavy impurity, owing to the in-
crease of the force constants, local oscillations do occur, but only with low
frequencies. There can exist altogether two local oscillations, the first of
which (odd) occurs at Q 2 1.3, and the second (even) at @ > 9. As Q - «, the
local frequencies approach from below a common limit equal to %l.OOSQwM (at

finite @, the even oscillations has the lower frequency). Thus, only minute
local oscillations can exist 1n the model under consideration, and the condi-
tion for their occurrence is the opposite of the case of a harmonlc crystal.

The results are determined, naturally, by the chosen value of the param-
eter p characterizing the degree of anharmonicity. The assumed value of p cor-
responds to strong anharmonicity. With increasing p, at a fixed value of Wy

the degree of anharmonicity decreases, and the local oscillations acquire the
same properties as in a harmonic lattice.

Thus, in spilte of the simplified character of the investigated model, it
can be stated that the dynamic properties of the defects can undergo consider-
able changes in strongly anharmonic crystals, and an experimental study of these
properties would be of definite interest.

The authors are grateful to V.V. Khizhnyakov and N.N. Kristofel' for use-
ful discussions.
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The existing methods for determining the magnetic moments (m.m.) of short-
1ived nuclear states are based on the study of the interaction of the m.m. with
the magnetic field [1]. The spin precession under the influence of the m.m.
interaction with the magnetic fileld leads either to a perturbation of the vy
correlation!) or to a Zeeman splitting of the levels of the exclted nucleus. The
latter is observed in a number of cases with the aid of the Mossbauer effect.

1)Resonant scattering of a vy quantum is also possible in this case.

525



A common shortcoming of these methods 1s that they apply only to nuclei with
sufficiently long lifetimes. Indeed, the measured effect is proport%onal in any
case to wp T, where wp = (p*/Jf)H is the Larmor precession frequency?’/, and u¥,

Jf, and T are respectively the m.m., spin, and lifetime of the excited level.

Modern laboratory fields, including internal fields acting on nuclei in ferro-
and paramaghets, do not exceed in order of magnitude H ~ 10° - 107 Oe, so that
the m.m. can be measured orly for levels with T 2 107! sec. 1In addition, to
determine the m.m., 1t isnecessary to know the lifetime of the nuclear level,
the measurement of which is frequently difficult.

We consider in this article a possible method of determining the m.m.,
based on Coulomb excitation of nuclei by polarized particles. We use in this
case a charged-particle magnetic field greatly exceeding the laboratory fields,
and the entire process occurs during the time of flight of the particle past the
nucleus, i.e., within the nuclear time 10722 sec. The effect in question is
therefore independent of the lifetime of the nucleus in the excited state.

The magnetic field is determined, first, by the orbital motion, Horb 0"

Zpev/az, where Zp is the particle charge in e units, v 1s the particle velocity,

and 2a 1s the shortest-approach distance in frontal collisions. Second, it is

determined by the particle magnetic moment, Hm m v up/as. In experiments on

Coulomb excitation, these two fields are comparable in magnitude. It must be
borne in mind, however, that the contribution of the M1 transitions in non-
spherical nuclei is quite small and amounts to flO"2 of the E2 transitions [2].
The experimental errors in the determination of the quadrupole moments amounts

to v20 - 50%. Therefore the contribution of Horb is practically impossible to

separate by studying the cross section of the Coulomb excitation or the angular
correlation of the vy quanta. The Hm m contribution is easier to separate,

since it reverses sign when the polarization of the incident particle is changed.
The difference Oy — 0y where 0¢(0¢) is the cross section of the Coulomb excita-

tion fgr a gpin<§irected parallel (antiparallel) to the normal to the reaction
plane n = [P, X pi]/lﬁf x 3i| (ﬁf and ﬁi are unit vectors along the final and

initial particle momenta) is determined by the m.m. of the excited state. The
order of magnitude of the effect is (u/va)(Xp/a)z, where a = 1/137 and Xp is

the Compton wavelength of the particle. We present below quantitativ§ esti-
mates on the basis of the classical theory [3] of Coulomb excitation?).

Let us consider the simplest situation, when the off-diagonal transitions
in the nucleus are pure E2 transitions, and the dliagonal ones can be either E2
or ML. It is easy to see that the difference ¢4 - 04 1s determined in this
case only by one known parameter, the diagonal matrix element of the M1l ftransi-
tion in the final state of the nucleus <Jf.||M1||Jf>.l+ By measuring this dif-

ference (or the left-right asymmetry 1in scattering) we can determine experi-
mentally the m.m. of the excited state. We parametrize the matrix element in

2)Here and throughout i = ¢ = 1.

3)Since we aim at obtaining estimates only, we neglect the energy lost py
the incident particle and assume that the direction of the spin of this particle
remains the same during the excitation process.

“)In the general case of E2 and Ml nondiagonal transitions, the expression
(1) for the asymmetry contains corrections necessitated by the magnetic_mgment
of the ground state and the matric elements of the nondiagonal M1 transitions.
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5)

in the following manner: <Jf[|Ml|]Jf,> = Fep)
VI5/8w(eu¥*X)/2, where X = 1/m is the Compton wave-
length of the proton. We also put up = eu(X/2). P ’p\\ca'
Using standard methods for the transitions Ji = //7
+ .
O+ - Jf = 2 , we obtain accurate to terms ~a, d // \
A= o - o K f(0, &) , o 42
1/2(9 + 9,) ¢ / / a&
_ -1 ~
1 15 Ap(1+AP/A nue ) @ // 4:\
== gyt —— ce— — & 4
VR 7 7z ” (1) ///
p nuc //
where 8 is the scattering angle, £ = e
Z_Z + - 0 3 s % 120 150 180
(a . rlucw/v )/A (1 ApAnuc) Zp, Ap, Znuc’ and ¢, deg
Anuc are the charges and masses {in units of the
nucleon mass m) of the particle and of the target
nucleus, respectively, w = Ef - Ei is the excitation energy, and the function

£(6, £) is expressed in terms of the classical orbital integrals JX (8, &)
whlch are tabulated in [4]:

1 i P
£(0,8) =- =l i uYzy(z 1 0) 4y (6, €) P x
» J (0’£+£’)J (0,-§')df L4 -1
< - % Yzf‘(?"’)’zzu“" a9 (2)

-00 é" [

In the derivation of (1) and (2) we used an expression for the probability
for the magnetic-transition probability (see [4], formula (2.A.42)), where it
is necessary to put

7} 1 n
Sua - |- vewy @) ]_‘“ZTYMI-#('{'O)X

V(IA

Zpea
(3)
X J/\#l,p.(e' f)-

In (3), the first term in the square brackets describes the contribution of
the orbital motion of the particle [5], and the second describes the contribu-
tion of its magnetic moment. Expression (3) is valid in the case when the m.m.
of the particle 1s parallel (antiparallel) to the normal to the reaction plane,
and in this case u =ty The (-) sign in (1) is obvious beforehand, for

when up-ﬁ = +up (-up) the magnetic field at the nucleus, produced by the m.m.

of the particle, is antiparallel (parallel) to the magnetic field due to its
orbital motion.

S)In accordance with the definition:

2 (1101 10)
M (iﬁ’i—_—_‘—'-——u,nmlun-

m | Na Vel +1
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The function f(6, £) has a maximum at & = 90 - 120° and decreases mono-
tonically with increasing &. Plots of the function £(6, &) for £ = 0.1 - 0.4
are shown in the figure. It follows from (1) that the magnitude of the effect
under consideration is determined mainly by the charge of the nucleus, K ~

l/znuc' Since w/m ~ 107% in experiments on Coulomb excitation, it follows that

the maximum value of the effect is A v 0.5 x 107" for nuclel in the region
of zinc. max

The Coulomb excitation cross section docOul/de, other conditions being

equal, increases with increasing particle energy Ep and with decreasing charge

of the nucleus. At large Ep and small Z however, the particles can penetrate

p’
inside the nucleus, and the interpretation of the results 1s greatly complicated
by the need for taking into account effects of the strong interaction, in which
the asymmetry can reach several times ten per cent. Estimating the cross section
for the production of the compound nucleus in accordance with the formula

Dgnuc/de W PR%/U4, where P is the penetrability of the Coulomb barrier and R =

1/3 _ : s
POAnuc + Rp (ro 1.4 7), we can obtain lower bounds for the quantities sznuc
and sznuc/Ep in the experiment. It must be borne in mind, however, that these

limitations can be highly overestimated, because decay of the compound nucleus
via the inelastic scattering channels 1s less probable than decay wvia all other
channels.

g e I e - e ——— —

. | 4 “ Ep 3 Alu* doCout “nuc
Particleflucleud Mev MeV dQ da
em?/sr) em? /st

JLi [ '3Sm | 0,551 | 15 0.4 [2:107°] 0.8-10-27}0,7-10~3>

g0 | S4Za | 0980 | 25 0.6 |3.7-1075 5.6+10-27| 2,5.10-33

The table lists the values of the asymmetry A for the case of polarized
ILi and 'J0 nuclei for scattering through an angle corresponding to the maxi-
mum value of £(8, £)/£Z, and also the cross section for the Coulomb excitation,

dGCOul(E2)/dQ and the cross section donuc/dQ for production of a compound

nucleus.

The authors are grateful to L.M. Vornina for calculating the integrals with
an electronic computer.
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