2 _ .2 2 2 M2
M
x{ #2 F1 + 12 - In > 1. (5)
(M2 —p2 V(M2 - p2) (M2-p2) "

Now, saturating the spectral functions pv(uz), D",(uz), DA(ue), and pA(p.e) with the
single-particle states p(770), K*(890), Al(lOSO), and KA(132O), and taking as usual the com-
mon coefficient anili'i for the corresponding 5-functions in p 1(;;2), as well as the experi-
mentally known values FK = 1.28F,t = 220 MeV and cos 8 sin 6 = 0.22, we arrive at the re-
sult (1).

We emphasize that in our calculation we do not encounter the problem of the so-called
¢ terms, since it can be readily seen that they do not appear in our case.

As is well known, the unsatisfactory result obtained when the electromagnetic mass dif-
ference of the K+ and KO mesons is calculated by an analogous method, is attributed just to
the unaccounted-for o terms.

It is of interest to trace in (5) the transition to the local limit of weak interaction
(M2 - oo, ﬁge/Mg = 10'5/)€ = G). In this case it can be readily seen that the matrix ele-
ment AK x diverges like 1ln M. It becomes finite if we use the second ("less reliable") sum
rule [ a(ue) du2 = 0, which played an important role in [2] for the elimination of the diver-

gences from the matrix element of the K, + 2r decay with finite M. In our case the use in

S

(5) of the condition [o(uZ)au® = O with M » = and fixed G leads to the finite value

-rsAm =~ -0.36.
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As is well known, short-period nuclei produced upon bombardment of different targets
in accelerators as a result of nuclear reactions {4, p), (n, 7), ete. or Coulomb excitation,
have recently come into use as sources of emission in Mossbauer transitions, in addition to
the long-period parent isotopes.

We wish to call attention here to the possibility of direct or cascade excitation of
nuclear levels in the accelerated nuclel themselves (beams of heavy ions) as & result of
their Coulomb excitation as they are decelerated in the medium. Such a manner of exciting
the Mossbauer levels would afford unique possibilities for a direct investigation of the
mechanism of stopping and relaxation of the heavy ions penetrating into matter, their chem-
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ical and erystalline surroundings, the hot regions produced around these ions, and the in-
fluence of the so-called string effects.

The calculations presemted by us, in conjunction with the already known date on (m, 7),
(4, p), and (o, a') reactions enable us to obtain such relative estimates of the probability
of excitation of the Fe57 nuclei for different variants of bombardment of a target of a
natural mixture of iron isotopes of thickness 10 mg/ cm2 (see the table).

Table
Bombarding particles Yield of Energy loss in target
and excited (per Remarks
character of interaction nucledi incident particle)
Thermal neutrons 3 x 10"* - Summary yield of all
(Fe3S(n, 7)Fe®7) levels
Deuterons 1073 300 keV
(FeS8(a, p)FeST)
Ed = 20 MeV
a particles ¥ x 1078 3 Mev Yield for excitation of
Ey = 10 MeV the Fe®7 136-keV (5/2)
Coulomb excitation level
Fe37 ions accelerated to 1077 100 MeV
100 MeV (deceleration)

As seen from these estimates, the excitation of the Mossbauer levels not in the nuclei
of the target but in the decelerating heavy ilons themselves 1s perfectly cape.bvle of com-
peting with other variants. A certain shortcoming of this mammer of excitation is the rela-
tively large amount of heat released in the target per particle, which can cause the need
for a more effective overall cooling of the target. However, the number of local-heating
regions along the nmuclear track, which serve as the sources of radiation in our case and
which are the most important for the Mossbauer effect probability, is not larger in our case
than, for example, in the case of Coulomb excitation with a particles, since the decelerating
heavy ions spend the greater part of their path in a region where their ionization losses
are minimal, If the heat release is referred not to the incident particle, but to the yield
of a definite interaction product, say Fe57 excited to the 136-keV level, then even the
total heat released upon deceleration of the heavy ion turns out to be not larger than in
the case of Coulomb excitation of the target muclei in the natural mixture of the iron
isotopes.

We now turn to calculations of the excitation probability of the Mossbauer levels for
two examples - decelaration of the Fe57 and Fl9 ions. The isotope Fe5 7, as is well known,
is among the most widely used isotopes in y-resonance spectroscopy, and Fl 9 might have
turned out to be the lightest Mossbauer isotope if fluorine compounds with sufficiently high

frequencies (say at a Debye temperature 8 _ =~ 1000°K or as a result of optical branches)

D
were avallable.
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The probability of excitation of the f-th level of the heavy-ion nucleus decelerated
in the target is obviously

W E £ dE
f '£”I( )—[(?)—-' (1)

where ¢ f( E) 4s the cross section for the excitation of the f-th level of the mucleus from
the ground state, k(E) is the decelerating ability of the target, and E 1is the ion energy
in the laboratory system,

o (E) = 3 Lo (E) + HMEN + RATY o EME) +a™*MEN, (2)

where a? and d}g‘ are the cross sections for the excitation of the direct transition of the
corresponding type and multipolarity (see {1]), and of‘ and ol:" are the cross section for the
direct excitation of the n-th higher state from which the f-th state of interest to us is
produced with a probability f'nf after emission of a 7y quantum. The deceleration of the

heavy ion is determined essentially by the ionization energy loss [2]:

2224
KE) = 120t 213 (113 (3)
mvv 2Z3v,
where 7% = 1/3(v/v ) is the effective (equilibrium) charge of the bombarding ion (mass nuin-
ber A )., v is the velocity, = e /h, and Z, is the charge of the target nucleus (mass

number A )

As a rule, Oe /UE(M']‘) ~ lO , therefore the main interest in (2) attaches to electrie
transition of the smallest multipolarity from among those allowed by the selection rules
(usually El or E2). The cross sections om are determined by the excitation functions
f (g), which are tabulated in [1] (¢ = 2 22/12 65)A /2 1+ (Al/Aa)](AE/E3/2, AE 1is the
transition energy). Approximating f. (§) /f 1(5) = 75 exp(-2nt) (the accuracy of the ap-
proximation is 15 - 204 at 0.3 < ¢ < 2) and f (§) = exp(-3.5¢ 4/3 ) (approximation accuracy
10 - 15% at 0 < ¢ < 2), we obtain for the probe,bility W

W, =SWEM & 34, WEA ()
A ny
where
El .5.10-6A3/2 z=1/2 Z’“B(El}ﬁ‘l”ﬂ‘(]—) ‘Y("' 2”_2)]
1 1 2 3 E,/z »

A
E2 -2y -
WE2 L1904 A31/2”+A: ) -2 215/222 1/58(52)31/3[]"(__43_) -

140



/3
3 358"
'Y(""—' -—-E-z—‘-)] (5)

y(q, x) 1is the incomplete » function, and

zZZz 1/2 A
Bm LAl (14 —AJ-) AE.

12,65 2

ﬁ‘
Probability of excitation of .
Mossbauer levels of the ions
F1° and Fe®7 decelerated in ,
different media: 1 - F1° 4
+ FeS7, 2 - Fe357 4+ Fe, 3 -
Fe57 + Po, 4 - Fe57 + Be. W
ﬂ"

The figure shows the excitation probability, calculated with the aid of formulas {(4)
and (5), of the 14.4-kev (3/2)" level of Fe57 and the 110-kev (1/2)" level of Fl9 when the
Fe57 and Flg ions are decelerated in different media. For Fe57 we took into account both
the direct (1/2) - (3/2)” E2 tramsition (B(E2, (1/2)” - (3/2)" = 0.001 [3]) and excitation
via the 136-keV (5/2)" level (B(E2, (1/2)” ~ (5/2)" = 0.05 [1]) followed by & y(E2) transi-
tion to the (3/2) 1level, n(5/2)_’(3/2)_ = 0.91 [3]. The main contribution to the excita-
tion cross section of the 110-keV level of F19 is made by the direct El transition, for
which B(ELl, (1/2)* - (1/2)" = 6 x 10‘6 (4]

The results of the calculations show that the choice of the target introduces no ap-
preciable changes in the character of the Wf(E) dependence.
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l. The charge asymmetry was recently measured in K(e)3 (1) ana KS3 (2) decays with
greatly differing values of the asymmetry parameters a = (Tt - Te-)/(Tet + Tg-):
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