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It is shown that the number of particles and the
energy density are linear combinations of gquantitiles
that have definite scale dimensionalities near the
liquid-vapor critical point. It is proposed to veri-
fy an important consequence of the conformal-invar-
lence hypothesis, viz., the orthogonality of quanti-
ties with different scale dimensionalities, i.e., the
vanishing of the palr correlator of such quantities.

The conformal hypothesis of invariance (CI) in the theory of phase transi-
tions was advanced by A.M. Polyakov [1]. It had appeared so far that the ex-
perimentally measured thermodynamic quantities could not yield any information
on the conformal invariance of the fluctuation fleld ¢(x). Scattering experi-
ments are likewise unsuitable as checks on the CI, since they yleld only infor-
mation on the pair correlation function <¢(x)¢(x')>. Yet the form of this cor-
relation function 1s determined uniquely from considerations of homogeneity,
isotropy, and scale invariance. The measurement of triple correlators whose
form is determined by the CI is hardly possible.

An important consequence of CI 1s the "orthogonality" relation for the
quantities O; and 0, having different scale dimensionalities A; # Ay:

<< 0,0,>>=<0,0,>-<0><0,>=0 (1)

To assess the possibility of verifying (1), we perform a dimensional analysis
of the physical quantities near the liguid-vapor critical point.

We note first the important difference between a real liquid or gas and
the model of a lattice gas (see, e.g., [2]). In a lattice gas the fluctuations
of the energy E and of the number of particles N are statistically independent
on the critical isochore

<ANAE>Iv=VC= 0 (2)

This equality 1s connected with the special symmetry of the lattice model. It
is known that this model is isomorphic to the Ising model. Equation (2) 1s the
analog of the obvious relation

<AM AE>|, . -0, (3)

where M is the total moment and h is the magnetic field in the Ising model. In
a real liquid-vapor system, AN and AE are not independent:

dE}
< AN AE>=(—) <CAN)®> = |u +Ts-1v(~—a-‘3) @) . (m)
aN V. T 3 Th|\dn T,V
Here 1 is the chemical potential, s the entropy, and v the volume, all per par-
ticle. The quantity in the square bracket 1s by no means equal to zero on the

critical isochore.
Equation (4) means that AE 1s Just as strongly fluctuating a quantity as
AN. Let 0; and O, be two singular additlve operators with positive definite
dimensionalities A; and A,. The latter means that
cops~y T (8 <8< ) (5)
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Here Pc is the correlation radius. We assume also that the dimensionalities of
the other algebra operators of the fluctuating quantities are Ak > A2 (k = 3,

4, ...). We represent AE and AN in the form of a linear combination of algebra
operators, neglecting all the quantities with the exception of 0; and Oi:

AN = a0, + b O, (6)
AE =a’0, + b°0,

In the principal order, such thermodynamic quantities as the compressi-
bility, the thermal coefficlent of volume expansion, and the heat capacity CV
U
are determined by the fluctuations <0%> of the quantity O; and are proportional
to one another. The experimentally measured quantity is the heat capacity CVN

and not CV . It is surprising that the singularity of CVN 1s connected with

fluctuations of 0, and not of 0;! In fact, let us express C with the aid of

the potential @ = -pV: VN
02, - Q 0
_ uT up CTT
Cyn =T ) (7)
np
(the subscripts p and T of Q denote differentiation). The second derivatives
of & are equal to the fluctuation mean values:
- 2. - Ey2s . _ E
th =~ <(AN)2>; Q7 =-<(AE)?>; EMT" < AE‘AN> (8)
E =E - uN

Substituting (8) and (6) in (7), we find that the coefficlents of <0%> and
<0102> in Cyy vanish identically'’. and in the first nonvanishing approximation
we have

{ab” - a'b)?
Cyy = ——5—— < 02> (9)

a

The singularity of CVN

with the compressibility, as in the lattice-gas model and in the experiments [4].

turned out to be weak in ccmparison with CpN and

We use the well-known relation

(6L ) -

It follows from it, in particular, that (ap/aT)n also assumes a finite value at

the critical point:
G0 2
aT, o/ €

We replace in the left-hand side of (10) the quantity (ap/BT)n by its value (11)
at the critical point. The obtained quantity no longer vanishes identically,

1)A similar cancellation takes place also in the case of the point of He
(see [31).
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but the principal singularities proportional to %<O§> are subtracted. After
simple operations we obtain

GoH67e, G frem s

b~ a’b b
s 2270 <0,0,>+ —(ab"-a’h) <Of>.
a a

n-n

c , 2
aa <:01> +

Dimensionally, <0%> 7Y, <02> & 1%, ana s, -8V 172, Finally, <0,0,>
[<O%><O§>]1/2 \ T_(u+Y)/2 if this mean value differs from zero. Putting v =
1.25 and o = 0.12, we find that the order of magnitude of (12) (vt=".7) is de-
termined by the second term if <0;0,> # 0. Otherwise the first term becomes
principal (vt=%-*), The measurements should be made along an isochore very
close ton = n,, or else the term with <0%> will become more significant. The

re%agive measurement error of all the quantities should not exceed T_<Y_a)/2 Y
T"‘ .
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The maximal group SU(2)® U(Ll), which unifies weak and electromagnetic
interactions of known leptons in a renormalizable gauge theory with spontan-
eously broken symmetry [1], predicts the existence of weak interactions of neu-
tron currents, with obligatory participation of a neutrino current in the form
de(l + Y5)v. The experimental data seem to contradict this prediection [2].

The need for a hypothesis calling for the exlistence of heavy leptons in order to
eliminate from the weak interactions the symmetriec neutral neutrino currents
within the framework of the scheme with violated isotopic properties of the lep-
tons was first indicated in [3]. Quite recently, a similar 1dea was used in an
interesting model by Georgl and Glashow [U4] for complete elimination of weak
interaction of neutral currents in a renormalizable theory of type [1], but with
the SU(2)® U(1l) group replaced by 0(3).

We call attention in this article to a logically simple possibility of
unifying Weinberg's initial SU(2)® U(1l) symmetrical lepton model [1] with the
classification given in [3] for the family of leptons, such that the Interac-
tions of the (ﬁbuv) current are naturally eliminated together with the diffi-

culties with the triangular anomalies of the axial current. We shall classify
the massless leptons with respect to the invarlants of the fundamental (doublet)
representations of the SU(2) group: lepton charge £, hypercharge Y, and hellc-
ity (the eigenvalues of the operator Ys). In Table I are marked 4 of the 8
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