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Abstract The Higgs boson mass, the fine structure
constant, the Weinberg angle, the critical exponents are
estimated by polymer statistics methods. Friction forces have
electroweak nature. New phase transitions by changing the
even number of components of an ordering field, n, near the
« - relaxation transition point in melt-crystallized polymers
is revealed. The transition from n = 0 to #n = 2 is found. In
frameworks of scaling theory of phase transitions and critical
phenomena the results obtained are in a good agreement with
experimental and theoretical data.
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1. Introduction

About the a—relaxation transition the draw ratio at break,
Apr, has a maximum [1, 2] in copolymers of low pressure
ethylene — acrylic acids with the small number of the latter
comonomer (~0.1-0.3mol% [1, 3]) as well as in linear
polyethylene (PE) (see [4] and refs. in it). At this point the
expression A,”/ 4, = P(N) (obtained for room temperature)
should be changed as formulated in [2]. Here, 4, is the neck
draw ratio, P(N) = [,/I,” is the probability of collision of
chain ends, /, is the mean thickness of amorphous layers in
isotropic material, /,” is the same value at N= N, N= M, /u
is the polymerization degree, 1= 14kg/kmol is the molecular
mass of repeated CH, group, InN,~ 15.89. Figure 1 shows
the dependence of A, on N at room [5] and elevated [4]
temperatures. The theoretical curves 4, = (N/Ncr)(l_Wl)/2 are
also presented in Figure 1, v is the critical exponent of
correlation radius, d is the space dimension. It has been
recently shown [6] that v=0.5(1 +¢- 1/f) where t=1+27(n
+ 2)/f, £= 137, n is the number of components of ordering
field; it should be underlined that » may be only by the even
number, otherwise, the gauge symmetry breaks (see
Appendix). The theoretical curves in Figure 1 seem to
confirm our assumption that near the « - relaxation transition
the phase transition from n =0 to n = 2 occurs. Here, we have

used precise value for InV,~ 15.69 in comparison with [2].

2. Results and Discussion

2.1. Two Phase Model of Polymer Structure; An
Estimation of Density Ratio

Let a polymer chain with the polymerization degree, N,
walk over two lattices having a total boundary, both being
the simple cubic. In that case z is the number of neighbour
monomers surrounding a site of the crystalline lattice (z = 2d
= 6 for three-dimensional space). If we will regard z* as the
same parameter for the second amorphous lattice and
introduce the probability p=z*z< I then we can write the
partition function, Z:

< N
Z = Z p
N=0 " =1/1-p)

where p can be defined as the probability discovering a
monomer of the chain in the first phase while / - p is the
same probability for the second phase. Assuming Z = z* we
find

1=Z(1-p) = pz(1-p) )

From the solution of the equation (1) we obtain
pi=0.5[1%(1-4/2)"]
Z=3+3"~4.732:
Ziz=p=p,=1-p.=1-1/Z

and

The other solution p. = I/Z = I — p has no interest for
subsequent considerations. Taking the logarithm of the
expression (1) we obtain

InZ = Inp + Inz. 2)

Multiplying the equation (2) by ¢/Inz where c is the mean
concentration of chain monomers in the first phase we find
cnZ/lnz=clnp /Inz+c=C

where C is a mean concentration. We suppose that C is the
concentration of monomers of the chain in the second phase
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Figure 1. The draw ratio at break, A, vs the polymerization degree, N.

Experimental data are obtained at room temperature [5] and at 75C [4],
they are marked by circles and by squares, respectively; the theoretical
curves Ay = exp(-0.5(vd — 1)In(N/N,)) correspond to N~exp(15.69) and v
from Table 2 for n = 0 (dash line) and » = 2 (solid line)

Table 1. The density ratio of the crystalline phase to the amorphous one
for some polymers. The theoretical value is /.753.
the ratio
polymer densities, p/p.

polyethylene 1.177
polyester, -(CH,),-O-CO-(CHy)x-, k=8 1.167
trans-1-4-polybutadiene 1.163
trans-1-4-poly-2-methylbutadiene, o - form 1.161
polyester, -(CH,),-O-CO-(CHa)x-, k=6 1.152
polytetrafluoraethylene 1.151
polyoximethylene 1.126
polymeric selenium 1.125
cis-1-4-polybutadiene 1.122
polyvinyledenefluoride 1.122
polyester, -(CH,),-O-CO-(CHy)-, k =4 1.111
isotactic polypropylene 1.110

Thus, we can draw an important conclusion: for the
two-phase model of polymer structure the density ratio of the
most dense phase to the second phase is the constant which is
equal to

Inz/InZ~ 1.153

for three-dimensional space. It should be underlined that this
relation is correct within the error which is less than 4% for a
number of semicrystalline polymers. In Table 1 the
experimental data [7] are presented for 12 polymers. The list
may be expanded to a great extent.

The value of Z ~#4.732 is very close to that of 4.68 which

is a characteristic of the polymer statistics for the excluded
volume problem [8]. This enables us to solve our problems in
frameworks of the scaling theory of critical phenomena. This
is the second important conclusion obtained by help of the
present model.

2.2. 3D-exponents

In Table 2 the theoretical values of critical
exponentsv, 3, fare presented. If » = 1 or n = 3 then such
systems can be regarded as examples of materials when
states with n =0 and n =2 (or n = 2 and n = 4) must have the
same probability, while n = 6 seems to be realized in some
percolation systems such as gels [8]. The experimental value
of the exponent 7 is not determined exactly. The theoretical
estimations [9, 10] show its weak dependence on #. In this
connection, we may attribute any reasonable meaning to 7.
Then for S and y the following evaluations can be obtained
by standard ways (y+ £ = 9f) [9] if to suppose 7= d/f and to
use the identity 6= -1+ 2d/(d -2 + 7). Thus, ~0.0350, y=
vd(o-1)/(0+ 1), = vd/(5+ 1). These values are presented
in Table 2. They are in a good accordance with recent
theoretical data [10]. However, more accurate experimental
checking could be made in future. If 1/f=0 and d = 4 then we
obtain the Landau exponents.

Thus, we can see that friction forces have electroweak
nature. Firstly, 4, is expressed by help of the f-exponent and
connected with the energy dissipation during drawing [2, 3].
Secondly, the exponent 7 is dealing with a dynamic
exponent [2, 3, 8] and characterized the viscosity of swelling
polymer coil [2, 3].

Table 2. Critical exponents to the 4th decimal place.

n v ¥ p (vd-1)/2
0 0.58787 1.15516 0.30423 0.38181
2 0.66923 1.31503 0.34633 0.50385
4 0.74549 1.46487 0.38579 0.61823
6 0.81766 1.60669 0.42314 0.72649
1 0.62927 1.23650 0.32565 0.44390
3 0.70793 1.39106 0.36636 0.56189

3. Conclusion

If the fine structure constant
Q= ke

(where e is the electron charge, 277 is the Planck constant, ¢
is the light velocity) will be approximately correspond to '
= 1/137 then the universality of the critical laws should not
be explained — everything is clear. In this case 7 may be
connected with the gauge constant g = 77'* of a field, for
example, sinBy = e/g =~ 0.457 if 6y is the Weinberg angle in
the theory of electroweak interactions. Supposing N =
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My/m, we find the Higgs boson mass My = exp(15.69) m, =
3.33TeV where m. =~ 0.511MeV is the electron mass.

The rest exponents are expressed in terms of the similarity
laws [8-10]. Friction forces have electroweak nature.

Appendix

Following Edwards [11] a behaviour of polymer chain
with the excluded volume can be described by help of
function, y(r), which is the solution of the diffusion
equation

OWlON=[(a*2d)\V* — o (1) /T w=H y  (A.])

with the boundary condition y(r, ¥’) = 6 (r —r’) @ at N=0,
a is the monomer diameter (the lattice constant); ¢(r) is the
potential connected with the excluded volume parameter, V,
as follows

V=[1[1-exp(— or) /T)] dr.

Let y(r) be an eigen function of the operator H(r). Let us
assume also that there exists an uniform field H with a
vector potential A(r). While the symmetry of the operator
H(r) can be broken due to the vector potential is not the
periodic function of coordinates, a physical translation
symmetry of the polymer system does not change, as the
lattice over that the macromolecule makes random walks is
periodic. Further we will use the well-known solution about
the symmetry of electron states in the lattice with a
magnetic field [12]. Let us choose the gauge for the vector
potential of the uniform field:

A= Hxr/2.
Upon a translation » — r + L (where L is one of the
lattice periods) y(r) — w(r + L). The latter is the eigen

function of the H(r + L) which does not coincide with H(r)
due to substituting

A(r+L)=A(r) + HXL/2

forA(r). To return to the initial H(r) the following gauge
transformations are necessary

A(r+L)—A(r+ L)+ Vf, f=-HXL¥/?2.

The wave function y(r) ~ exp(ik-r) is the eigen function
of the operator H(r) (if ¢(r) = 0 in (A.1)) as it may be seen
from the solution the equation

-1V oy(r) = ky(r).

Under the gauge transformations the wave function must be
multiplied by e where z = const:

[- i V=2A()y— [V —24() - 291 €= - i V(™) -
&y [24(r) + 2Vf]) = & [V ~24()] .

Let the translation operator S; be the result of all
mentioned above actions:

S (r) = y (r+ L) exp(ihxL-r/2)

whereh = z H. One can obtain

SLSL‘ = SL+L‘g (L,L)

where
g (L, L") =exp (—ih-LXL"/2) (A.2)
and
SLSL‘ = SL‘ gL g2 (L, L").
If the field & will be
h =4 v'a; (A.3)

where f is a simple number, a; is one of the lattice periods,
and v is the volume of the elementary unit (v = a’ for the
primitive cubic lattice which we will use for the sake of
simplicity), then for the translations

L =a (mi+ fnj+ k)

where i, j, k are the unit vectors of the orthogonal basis,
here, m, n, and / are the whole numbers, g(L, L) =1 in (A.2)
and SLSL‘ = SL‘ SL.

Returning to estimations of the critical exponents we
have found [13] that the wave vector ¢

an]\IOAS-v

gives the main contribution to the integral for receiving the
pair correlation function of concentration fluctuation. The
wave vector ¢ has a very important meaning for polymer
statistics, since it is connected with the fluctuation
interactions of the chain ends, and, consequently, with the
field & corresponding to the chain ends [14, 8].

Let /4 designate Ak in (A.3) and let us choose N = exp
[1/(ha®)]. Then N<N,, at h>h,, where N, is the value of the
polymerization degree at which the transition from a
swelling coil to ideal (A — h,> 0) can be revealed [13]. One
may find

(A.4)

In(N/N,,) = Ahl(haa)* (A.5)

where 4h = h -h,,.
Let us assume

q/CIcr -1 = h/hcr —1. (A6)

Using (A.5) and expanding the exponential form of (A.4)
yields

q/qe:— 1 =2exp [(0.5 - v) In(N/N)] - 1 =
(v = 0.5) Ahl(hea)*
From (A.6), (A.7) and (A.3) we write
v=05+47f=05+2x(n+2)/f=t-0.5 (A.8)

(A7)

Where n is the number of components of an ordering field,
f=137 to obtain the best agreement with the estimation v~ 1
—6"atn=0[3, 13, 15], =1+ 27 (n + 2)/f. We have used
the expression v— 0.5 ~ n + 2 by the Wilson g-expansion [9,
16]. Thus, n may be the even number only, otherwise, g(L,
L") can have the pure imaginary value in (A.2).

The formula (A.8) can be rewritten in other way
supposing 27 (n + 2)/f by a small parameter

v=0.5(1+¢- /7). (A.9)
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The expression (A.9) seems to agree with the results [9,

16-18] (see refs in these works).
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