HIGGS EFFECT FOR GOLDSTONE PARTICLES WITH SPIN 1/2
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We consider the introduction of gauge fields and the Higgs
effect for Goldstone particles with spin 1/2.

) Higgs and others [1 - 3] have noted that when interactions are turned on between Goldstone
particles gnd‘gauge fields, the Goldstone particles vanish and those gauge fields whose quantum
numbers coincide with the quantum numbers of the Goldstone particles acquire mass (the Higgs
effect).

We consider in this article a variant of the Higgs effect, in which the "absorption" of
the Goldstone particles is effected by a "foreign" gauge field, i.e., by a gauge field whose
quantum numbers differ from those of the Goldstone particles.

We gonsider as the symmetry group G the direct product of a Poincare group with a certain
group of internal symmetry, supplemented by the following transformations:
'/,-)'p’:'/l*'f", (1)
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" "‘u';(f" o ¥ - 9ro, £)

We use the definitions of [5].

The spontaneous violation of the considered symmetry group under the assumption that the
direct product of the Poincare group and of the internal-symmetry group leaves the vacuum
invariant, leads to the appearance of a Goldstone particle with spin 1/2 [4, 5].

Let us consider the gauge transformations of the group G with parameters £, u, t, and &,
which depend on x,, and gauge fields that are coefficient functions of the differentials dx,
and dy of the differential forms A(d) with the following transformation law:

Ad) = G(1, & L, A 6-i(t, &; {,u) + —:—G(r,f;f, v)dG-Y(t, & &, u), (2)

where A(d) = A'(d)Zi and Zi are the generators of group G.
The differential forms
a(d) = H-YL, v)a(dH(E, v) = 6-1(x, y; {,u)dG(x, y; €, v) +

(3)
+ £6-1(x, y; €, u)A(d)G(x, y; €, v),

which are invariant to the transformation (2) and correspond to the translation generators in
the transformations (1), take the following form as functions of the gauge fields:

w,(d) =Dx, + 2—‘:[¢,+o#(o¢+ AG(d)) - (Dy + 2F0(d) ) o, 9] +FW (d),

wl(d) = (Dy+FO(d))2, °% (d) =0l(d)", @
Dxu = dx“ + 2Q“V(d)x",

Dy = dy + FQEY(, 0 - V(DI 4,

where I = (1/4)(6u°v - 3,0y), I, are the generators of the internal-symmetry group, and the
gauge fields qu(d), W (d), V&(d), and ¢%(d) are the coefficients of the expansion of the form
A{d) in terms of the generators of the considered group.

The forms w(d), which correspand to the generators of the Lorentz group, as well as
the internal-symmetry group, depend on the parameters £ and u. There is no such dependence in
the second-order differential forms

REV(S, d) = 5QRYd) - dQH¥(5) +20(04(5)QM(d) - QY(5)QM (d)]; 5
Fo(s,d) = 8Vo(d) - dva () « FCZ _VE(5)Ve(d),
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where C%C are the structure constants of the internal symmetry group.

The invariant action integral is made up in the form of outer products of fourth order,
which are invariant with respect to the Lorentz group and the internal-symmetry group, of the
forms (4) and (5) (or in the general case in the form of a homogeneous first-order function of
such products (see [5, 6])).

The simplest permissible invariant combinations are

imé(do)ﬁmg(dl)Awg(dﬂ Awdfd,) (6)

D, Awl(d,)Aug jd,) Aw® Fld,) - D Aw¢ (d)ha, gd;) A0l (d,), )

qgg(t,dJAwBJdﬁAwya(%)-R%(a,dJAwBW%)A%h(@)L (8)
[Fe(d, . d,)AwBld,) Amf,(d3)][Fa (dy . d,)Awf(d,) Aof(d,))
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- :
’“;(do)Awg(dl)Aa@(dz)Amg(d;
where A is the outer-product symbol.

Expressions (7 - 9) contain kinetic terms for gauge fields with spins 3/2, 2, and 1, re-
spectively. Expression (6) contains a kinetic term for Goldstone particles.

All the field variables in the products (6 - 9) can be parametrized in the form of func-
tions of x,,, so that the gauge form can be reduced, by redefining the fields, to a form contain-
ing only tﬁe differentials dxu and the redefined gauge fields corresponding to the coefficients
of the differentials.

To consider the Higgs effect it suffices to examine the structure of forms (4, 5). In the
form w@(d) the gauge form ¢(d) for spin 3/2 enters together with Dy, so that we can define as
a new gauge form

£6'(d) = Dy + fo(d). (10)

In this case, however, the Goldstone field y in the form w_ {d) is not eliminated completely, so
that there is no Higgs effect for this field. Moreover, gy imposing the invariant condition!

w*({d) = 0 (11)

we can exclude from consideration the gauge field with spin 3/2.

The gauge form W, (d) enters in the form wy (d) together with other terms that contain, in
particular, kinetic terms of Goldstone particles. A change to a new gauge form

W' (d) = wy(d) Ca

eliminates the variables connected with the Goldstone fields. This circumstance corresponds to
the Higgs effect in which the Goldstone particles vanish as a result of a redefinition of the
metric tensor.

Owing to redefinition of the gauge field Wu(d), the invariants (7 - 9) correspond to inter-
acting Yang-Mills fields, to a field with spin 3/2, and to a gravitational field with a cosmo-
logical term (6).

A Goldstone field with spin 1/2 can be retained only by violating the gauge group. There-
fore the program proposed in [4], of including the weak and electromagnetic interactions in the
scheme of Goldstone particles, can be carried only with allowance for this violation.

1) The possibility of using conditions such as (11) to eliminate some of the considered
fields was pointed out to us by V. I. Ogievetskii.
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Stimulated Raman scattering by electron Langmuir oscillations
is considered at large gradients of the plasma density. It is shown
that the scattered Stokes component is amplified in this case only
in a definite interval of angles between the direction of the den-
sity gradient of the medium and the wave vector of the pump wave,
and is proportional to the characteristic length of the plasma inho-
mogeneity.

In connection with the suggested [1] possibility of laser heating of a plasma to obtain
a thermonuclear reaction, it is of great interest to investigate stimulated scattering of light
by collective oscillations of ions and electrons (decays of the ''photon'" - "phonon" + ''photon
or of the '"photon' - '"plasmon'" + "photon" type) [2]. Such decays can influence strongly the
kinetics of plasma heating and, in particular, lead to an appreciable reflection of the laser
energy.

The characteristic parameters of these processes depend strongly on the state of the
scattering medium (distributions of the density or of the ion and electron temperatures, etc).
The present paper deals with stimulated scattering of light by electron Langmuir oscillations
at large values of the gradient of the equilibrium density py of the plasma, such that
c|Vp0[/po >> v, where v is the longintudinal-oscillation damping due to the Cerenkov absorption
and collision of the particles. This relation can be satisfied, for example, in the case
of a target in the form of a drop, where the characteristic radius Ar of drop decrease is of the
order of 10!~ 102cm (see, e.g., [3]). As will be shown below, under these conditions the
scattering process has a number of significant features in comparison with the analogous process
in a homogeneous and weakly-inhomogeneous (c[VpOI/pO << v) plasma (the latter case is considered
in [4]).

We consider a one-dimensional model of a collisionless plasma whose equilibrium electron
density pg varies along the z axis (with py 5 p./4, where p. is the critical electron density).
The perturbation of the density p, neglecting the ion motion, can be expressed in the hydro-
dynamic approximation (see, e.g., [5]) in the form

2 e O¢ E E
._a__zp+wnzp—-—Ean°=—-— poA °o I-1 (1)
at m, 91 87
diV En = - 4n——p—i

m
e

Here E and g&l are respectively the amplitudes of the incident and scattered Stokes waves,
E. is the field intensity of the longitudinal wave, and w2 = 4m(e2/m3)p (me is the electron
mass). The equation for E_; is
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