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1. A dynamic production of vector fields is known to

be characteristic of chiral models. This phenomenon has been

investigated in detail in symmetric CPN"1 [1] and O(N)/O(N-K>

xO(K) [2] models. The vector fields emerging in these models

appear to be massless. In O(N)*O(K)-invariant models on Stie-

fel's manifolds O(N)/O(N-K), as shown in [3], the production

of massive vector fields is possible. These models are not

symmetric, but belong to a larger class of invariant models on

homogeneous spaces. Having lower symmetry than the symmetric

theories have, they can include several coupling constants.

This fact leads to new phenomena lacking in symmetric theories.

The method for construction of such models is suggested in [4]«

In the present work, in the framework of the 1/K-expansion,

a model is investigated which is tha supersymmetric generali-

zation of 0(N)X0(K)-invariant 0(N)/0(N-K) model. It is shown

that the massive supermultiplets of fields (vector fields among

them) are dynamically produced in the leading over 1/N order.

The O(N)xO(K)-symmetric phase of the theory is homogeneous in

contrast to the usual case [3] when it is inhomogeneous and,

in its turn, consists of two phases differing from each other

by the presence of massive vector particles. ••

The paper is organized as follows. In the section 2 the 3

effective potential of the model is calculated in the leading J

over 1/N order; in section 3 the spectrum of the particles |i

present in the theory is investigated for its O(N)xo(K)-sym- I
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metric phase which turns to be aupersymmetric and in which the f

absolute minimum of effective potential is realized.

2. So, let us consider the theory described by the

action

(1)

where G (X, Э)= g
ta
(*) + 6^ (X) + 5{6)F

La
(X) istheKxN-

-matrix real superfield on which the following constraint ia

imposed

(summation over repeating indices is supposed), 8<* is a

two-component Majorana spinor, Д^ is a covariant derivative,

Л, and Лg are coupling constants (Л, > О, Л, > Л
г
 ;

the meaning of the second condition will become clearer later).

Note, that the case of К а 1 corresponds to the model

O(N)xO(N-1) and is considered in [5].

For more convenience in further calculations,'let us use

the standard procedure of introduction of auxiliary fields,

namely, the auxiliary Majorana superfield ф!" (Х,6) which

allows to get rid of the quadruple interaction in the action

(1), and also the superfield С0^(Х,6) which is the Lagrange

multiplier for the constraint (2), and rewrite the action (1)

as
 "

 lj8
xd'ei



f
The generating functional of Green*s function of the theory is

(4)

where $ is given by the expression (3).

Let us investigate the possibility for spontaneous break-

ing of the symmetry of the theory by the nonzero vacuum expec-

tation values of G (
x
>@) and u> (*,6) superfielde (the vacuum

expectation value of the superfield ф^ (*>9)
 i s

 assumed to be

zero). For this purpose let us reduce the functional (40 to &

form convenient for apllication of the stationary-phase method

at large N . Then, choose boundary conditions for the super-

field G
ia
(X,в) m (4) as: G

la
(X,6) -(G

ij
(0),O) at

|x|-»-e>o , where G
lJ
 , as distinguished from G

ta
 , is

a square matrix of dimension К . It, obviously, does not

restrict the generality, since this choice of "coordinates"

in the space of matrices G
i a
 when G

ta
(X,6)J . ^ = 0

for a = K + 1
7
...,N , may always be realized by O(N)

rotations. Integrating in (4) over G
ta
(*,G) , a= K+1,..,, N

one obtains

Z(3)
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U
(1,2)- [-

where 1""-""(*$в, 0<Л) t 2~--(X^,, 6
г ы
) and G

4
 is sub-

stituted by \/NG
lJ
 • The system stability points G

s

4
 and

Ct>e will be found from the condition of minimum of the

effective potential V . Restricting to their constant values,

s
 and C0

s
let us represent G

s
 and C0

s
 in the form of G

s
 =

-gf + 5(0) F
s

tj
 , coif = fj* + S(6) 6£ (the vacuum expec-

tation values of the fermion components of G and 00

superfields are equal to zero under requirements for Lorenta-

-invariance). Following the technique used in ref.[5j» we obtain

the expression for the effective potential of the system in

the leading over 1/N order

V (Gs, G>3) (d
8X = - Y Str en MgJ (1,2) +

For simplicity assume, that even if the initial O(N)xO(K)-sym-

metry is broken by the vacuum state » the O(N-K)xO(K)-sym-

metry ia preserved. As 0(K)-subgroup let us choose the dia-

gonal 0(K)-subgroup of the group O(K)xo(K) which, in its turn,

is the subgroup of O(N)*O(K). Then the values of Gig and

Ct)3 will be tensors of second rank, invariant under the

subgroup 0(K) and they can be written as Gs = Sl (9s +

+ 6(©)FS), u>g = 5
tJ(fs+ 5(в)б3

) . Substituting these expansions

into (6) and integrating over 9 , we obtain the following

expression for V •

6-
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The F
s
 and 6g components can be excluded using the

stationary conditions 8V/aF
s
»O and 8V/36

8
 =

Then, integrating over the momenta we finally find that •

where A-JR is the renormalized charge introduced by the

relation

1 1 . i f d*K 1f d'K _J
 f

The potential (7) has a minimum at the following values of Q.

and О г

and F
s
 = 6§ = 0 . The solution (8) corresponds to the

explicit supersymmetric phase, and, besides, has initial

O(N)xO(K) invariance. The further calculations will be carried

out only for that phase.

3* Now let us consider a new superfield u)'^(x,0je

Q)
J
(x,6)- mS

li
 * the vacuum expectation value of which

is zero, and integrate over the superfields Gr
4
(Xj9) in

the functional integral (5). We»11 obtain

(9)



where

To obtain the 1/N expansion, one must expand the exponent in

(9) in powers of superfields ф£ and 0)^ . In the

expansion of S(<p}0>') the coefficient of the first power

of the superfield C0/ij turns to be zero owing to the

stability equation dV/d%-Q , As to linear over the

superfield ф ^ terms, they will also lack due to the

antisymmetry of <ft̂  . The next terras of the expansion give

the free propagators of these superfields. Since in this case

we are interested in the structure of free propagators, we'll

consider only the terms quadratic over <$>
 arL

^ d> *
п
 ^

n e

expansion of S($,0u') . The quadratic part of 8(ф,Сй') (let us

express it by 5
0
(Ф,С*)') ) has the form

where Л and Si~ are given by the expressions

8



There is divergence in (П~* )
л
 which is removed by renormal

izing the charge Л
г
 s

1 1 L f d
2
K 1

After simple transformations one obtains the following expres

sions for (П"
1
^ and oO"' :

d t
 - .

bK
4
) (12)

J3

Note, that there is no inverse value for (П"
1
^ at A m * ASR

and the superfield (̂  becomes a gauge one. This situation

for the supersymmetric CP -model was considered in [6] .

We'll obtain the propagators of the superfields <p£ aad

Од *" by inversing the expressions (10) and (11 )
9
 respectively»

(13) I
at

i



(H)

21 (к
г
) is a value inverse to (12). The propagator o±

the basic superfield G (x>6) is found from (9):

к
г
-т

г

Now let us thoroughly investigate the obtained expressions.

The values of К at which the propagator П^ (К
8
) of the

superfield ф^ (the multipliers corresponding to isotvopic

structure will be omitted below) has a pole, is evidently

determined from the condition Д(К
2
) » 0£ which is equivalent

to two equations

Let us consider the first one. The value of £Z(K2) in the

range of О ̂  К < 4m is real and positive which directly

follows from the eq.(12); the ^ ( K
2
) , derivative of- ZT(K

2
)

over K
2
, is also positive. Besides, ZI(O) = i/^sttn

2
 and

21(К
г
) -*-+оо at К

г
 — ^ т

г
 . The following properties

of the function У
+
( К

г
) * 5Г(К

г
)(к

г
+2тУк*) result from

it: У+(К
г
)>0 in the range of 0 < K

2
< 4m

S
 and monoton-

10



ously increases with К
2
; У+(0) = 0 , У+(к

2
)—'•+«> at

К
2
—*"4m

2
 • Thus, the right side of the equation considered

is a monotonously growing positively determined value. It is

clear that at Лщ < <Лгя this equation has no solutions,

while at AIR > A
2
R it has but one solution. Let us designate

2 2

the value of К , which satisfies this equation, by M

(0< М
г
< 4 т

г
) . Later we shall restrict ourselves to consider

the case when Лщ > AgR . It is easy to see, that the second

equation in (16) has no solution, since the function У_(К
г
)=

= 1(К
г
)(К

г
-2т/к

?
) satisfies the condition У-(к

г
;<0

in the investigated range of К .

Thus, the propagator П£( к
) bas a P°le at К = M •

Let us write the expression П,х(К) in the pole:

(л
1
-- a,,) ( 1 7 )

where T^ (к^^бг) is the transverse projector in momentum

representation (see «e.g., ref.[6]) taken in the point К » M

- л

and the /i'(M
2
) is the derivative of Д(К

г
) taken in the point

2 2
К = M , is expressed as

Note, that Д
У
(М

г
)<0 (2Г

/
(М

г
)>0)

It follows from the expression (17), that the pole of the

и !

Щ



propagator M^f(K) is in its transverse part. To definitely

speak about the appearance of particles of mass M in the

theory, one must be sure that the residue of the propagator
a

П,(,(К) in the pole is positive. For this purpose let us use

the expression for the propagator of the, say, flu (X) -component

ftj* ̂  ^ Ъ ^ / $
of the superfield % - % '

+ V. b(Q) which can be deri/ed from the general expression

(13):

and find its value in the pole:

P m / J L - *.\
2"Ч л» ЛцУ

It follows from the expression obtained, that Z , which is

the residue of ГТ^ДК) in the pole, is positive (д'(М
г
)<0 ).

It should also be noted that at ¥г « О the propagator

rUiv (
K
) has no singularities, which just follows from the

expression (13) for П^ (К) .

Thus, the.analysis of the expression for the propagator
A

r\j (K) shows that in the supersymmetric O(N)*O(K)-symmet-

ric phase of the model considered at HtR
 >
 Лгн , therê  dyna-

mically appeals a vector O(K)-supermultiplet of mass M .

Besides, the model includes a scalar N x K-supermultiplet of

mass m , witnessed of by the expression (15) of the propaga-

12



tor of the superfield G
m
(x,0) . The O(N)*O(K)- symmet-

ric phase at AIR •> Лги turns to be homogeneous, while in cas<

of the usual (not supersymmetric) model [3] it is inhomogene-

ous and, in its turn, consists of two phases differing from

each other by the existence of massive vector fields. As to

the propagator (14) of the superfield u/
tJ
(X,9) , it has

no pole singularity in contrast to the expressions (13) and

(15). Namely, at К*~4т
г
 =©(К) ~ ( К

г
 - 4т

г
)''

/ г

since И~*(К
г
)~(к

г
-4т

г
/

г
 at К

г
~ 4 т * . That is

why it is evidently impossible to speak about appearance of

particles of mass 2m in the theory.

In conclusion the authors express their gratitude to

Tyutin I.V. for many helpful discussions.

ш
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