¢) The spontaneous magnetization below the transition point behaves like [B(c)A(aT)]lls.

Accurate to a factor on the order of unity, we have

SUVBIe (o BevE (25)
Blc) exp 3¢ (l -3 T ‘/2)2)

We note that the lattice magnetization due to the A-spins does not reach saturation at
T = 0, since a fraction of the A-atoms is isolaeted from the remainder of the system as a
result of the nonmagnetic impurities.

In conclusion, we can express the hopes that the character of the singularities obtained
in this paper, as well as the (qualitative) dependence of the transition temperature on the
impurity concentration, are possessed not only by the model under consideration, but also by
a broader class of systems, although the symmetrical form of the specific-heat singularity is
a typical property of this model, connected with the Kramers-Wannier symmetry of the initial
impurity-free model.
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It is well known [1, 2] that there are four possible types of volume collective exci-
tations of nulcear matter (NM), which can be regarded, in accord with the Landau theory of
the Fermi liquid, as different types of zero sound in NM: density waves, spin waves, isospin
waves, and coupled spin-isospin waves (henceforth denoted by the indices 0, s, i, and si).
In this paper we determine the information that can be obtained concerning these execitations
by investigating the interaction between slow pions and nuclei,

The exceptional properties of slow pions (with energy up to several MeV) are connected
with their small scattering length compared with the radius of action of the nucleasr forces
and with the aversge distance between the nuclecns of the nucleus (Ericson [3]), as a result
of which the interaction between a slow pion and a nucleus can be described (Just like the
interaction between a slow neutron and s molecule or a crystal) with the aid of a sum of
Fermi pseudopotentials. If we confine ourselves to a consideration of the interaction in the
s-state, then the effective Hamiltonians of the 7 -meson radiastive capture and of the scat-
tering of the pion by the nucleus are [Y4, 5]

H() = 4frl§Aor (cae)a(r - 1e), (1)
H) = 4n 3B, + B 7,78 € - 1p), (2)
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>
where ; and ;k are the radius vectors and ?ﬂand T, are the isospins of the pion and of the

2
-2 -2
2~th nucleon, gl is the nucleon spin, e is the photon polarization vector, Ao = 3.hx 10 2m

s
and BO,l "~ O.Lm;2 (m1T is the pion mass; i = ¢ = 1),

The cross sections for the different interactions between pions and nuclei are expressed
in terms of the NM correlators. We define the latter by starting from the Fermi-liquid model
of NM [6], in which the state of NM is described by the quasiparticle distribution function
over the coordinates and momenta, n(;, ;, t), which is simultaneously the density matrix
with respect to the spin and isospin variables, It is assumed here that the function F, which
enters in the Landau kinetic equation [7] for n and which characterizes the interaction
between the quasiparticles, is of the form

F=F°+433°F () + 477 F() 4+ 16 G&VG7)F (51, (3)

(a)

-5
where F are scalar functions of ; and p'. In accordance with such a structure of the

function F, we can determine the four correlators of NM

- C R .

CD(")(q, @) =2—QSPF\')F'(“)S drdte=/ar +'(‘"<p(rl,fl)p(f2v >, (%)
where ©

4 d3p

r‘(“) = {],a"fl,a’,fl!; p(l‘, f) =Sn(p, l'f) ;_
(2q7) 3
. =1 4 4 16}
R NI o o

{<...> denotes quantum-mechanical averaging).

If existence of o-sound is possible in ™ (o = 0, s, i, si), then the correlator Q(a)
has ‘the following structurel

o 0 =0V W) + 0P o) |
(I)(:) @ o) =273 an*Rc( ;) my( ;){(w - s ;)CI) 2'+Y( ;)2} .1. (5)
i (w > 0)
q’(;)’q- @) = ;ai-'-ﬂ'zPo’"*R(d“) Hav, - »)

o

where s(a) is the velocitx and ¥y o) is the damping of the o-sound, Réa) is a constant on the
order of unity, Réa) z Réa)(w/qvo) 1, 6(x) = (1 + sgn x)/2, and p, and vy 8re the limiting

momentum and velocity of the nucleon d%stribution, with m¥* = po/vO (if the a-sound can not
propagate, there is no pole term of @iu)).

Formula (5) corresponds to a breakdown of the cross sections of the different processes
into two terms, do = do(c) + do(d), where the smooth term do(d) ~ @d describes the direct
process, i.e., the interaction of the pion with individual nucleons of the nucleus (with
allowance for the correlation between the nucleons, and do(c) ~ ¢c describes a process

accompanied by excitation of the collective execitations of the NM, In particular, such a

l)ExPressions (5) generalize the well known expressions for correlators in a Fermi
liquid [8] to the case of nonzero F(l) and F(SI).
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structure should be possessed by the cross section for radiative pion capture (m + y), which

is expressed, according to (1), in terms of the correlator Q(Si)

do, o= (2vp) 1 IA,| 2 1) (g 0) d3k’ = do(c)yr-by+da(d)n-0y) (6)
where E =k - ﬁ', W =€ ~ k', € and k are the energy and mamentum of the incident pion, k'

is the momentum of the radiated photon, v = k/m“, and pg is the density of the NM. The pole
term in the cross section of this process describes the radiative. capture of the pions with

excitation of si-sound, and it can be shown that in this case

o 1-
(C)~ 8 (s= s(si}) (1)

In (1-— ;;—)I

In radiative capture of pions with excitation of si-sound, the following conservation

%d)

laws are satisfied:

k2
-k +sCk- k%],
2m (8)

m

m"+

As a result, a sharp maximum should be observed in the spectrum of the emitted photons at

k' = mw(l - s(Si)). (The function dcxﬂ_w/dk'(m1r - k')_l is shown schematically in the figure).
The ratio of the width of this meximum to the width
of the plateau corresponding to the direct process
M+ vy is I‘c/I‘d v (mﬂ/MvO)e, where M is the nucleon
mess. Experimental observation of such a maximum
could serve as a check on the existence of si-sound

Py in nuclei.

1-stY 1-v, 1 ] Using (2), we can determine the cross sections

for the scattering of slow pions by nuclei (w + 7).
(0) (1)

They are expressed in terms of the correlators ¢ and ¢ and contain pole terms corres-
ponding to excitation of 0- and i-sound. The cross section ratio G(C)W*ﬂlo(d)ﬂ*ﬂ are de-
termined as before by formula (7) (with s = s(o) or s = 5(1)0: the ratio of the widths of

the corresponding pion distributions is rc/rd ~ (m"v/Mvo)g

We note that interaction in the p-state comes into play when the pion energy increases.
Then i-sound is excited in the m + y reaction besides the si-sound, and s- and si-sound is
excited in the m + w reaction besides 0- and i-sound.
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