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1. A dyramic production of vector fields is known to
be characteristic of chiral models. This phenomenon has been
investigated in detail in symmetric (','PN'1 [1] and 0(N5/0(N-K)l
*0(K) [2] models. The vector fields emerging in theae models
appear to be massless. In O(N)x0(K)-invariant models on Stie-
fel's manifolds O(N)/0(N-K), as shown in [3], the production
of messive 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 symmetriec
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/N-expansion,
a model is investigated which is thes supersymmetric generali-
zation of O(N)%0(K)-invariant O(N)/O(N-K) model. It is shown
that the massive supermultipletq of fields (vector fields among
them) are dynamically produced in the leading over 1/N order.
The O(N)x0(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 twb phases differing from each other
by the presence of massive vector particles. |

The paper is organized as follows. In the section 2 the
effective potential of the model is calculated in the leading
over 1/N order; in section 3 the spectrum of the particles

present in the theory is investigsted for its O(N)XO(K)-sym-




metric phase which turns to be supersymmetric and in which the H

absolute minimum of effective potential is realigzed.

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

action

. ) b B
5= &dax d%e %{(D"‘GLQ)(Dd ) -7 (6°D*6"")(6 8D¢G‘g)} ,

(1)
GLaE Gja - Gi'uDd_Gja - (-Do( G_i.a) Gja.,
where G'°(x,8)=g'%(x)+ 8% (x) + §(8)F @ (x) is the K x N-

-matrix real superfield on which the following constraint is

imposed

ia i N cij .
G (x,G)G‘a(x,6)=x5”’ a,b, ... = .., N; w,...:l,...,K (2)

(summation over repeating indices is supposed), 6y is a

two-component Majorana spinor, Iy 1is a covariant derivative,
A, and JA; ere coupling comstants (A, > 0, A, > A, ;

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

Note, that the case of K = 1 corresponds to the model
O(N)x0O(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 (Pl‘a (x,6) which
allows to get rid of the qhadrup_le interaction in the action

(1), and also the superfield wY (X,6) which is the Lagrange

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

2 s={ddle 3 {(B*6*)(0ae™)+ SN (GHTLE) +
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The generating functional of Green's function of the theory is
Z(1)= gdGiad¢dwexp{L[S+ Sdexdee J‘“G"“]} , (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;'a(x,e) and Colj(x,e) superfields (the vacuum
expectation value of the superfield (P;' (X,8) is assumed to be
zero). For this purpose let us reduce the functional (4) to &

. form convenient for apllication of the stationary-phase method
at large N . Then, choose boundary conditions for the super-
field G.‘a(X,G) in (4) as: G"“(x,e)————(e“"(e),o) at
|X|=~~<== , where GY , as distinguished from G°* , is

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

restrict the generality, since this choice of "coordinates”

in the space of matrices gie when Gia(x,e)'lxl__“ =0

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

rotations. Integrating in (4) over Gi“(x,e) y A=K+, .., N

one obtains '

Z(1) =Sdc'“jd¢do> e)fp.{t [NS. + Sz]} ’

s gstrtnmicnz)s { (16" mminae™ @y 2,5 0 ellne Lo,

. . N o - o
5= str taM 2 {14 2 3%y oy @entaI*u], )

n



mY1,2)=[-895*De* &) Dty + $¥4(2) D (2)- 26571)] 6.12),

where 1""()(.},, 6i) , Eﬁ(xgp,ead) and G"'j is sub-
stituted by N GY . The system stability points GO  and
0%? will be found from the condition of minimum of the
effective potential Vv . Restrictlng to their constant values,
let us represent G;‘ e.nd (a) in the form of G" =
=9, +8(9)F . Cr) P +5(3)6 g (the vacuum expec-
tation values of the fermion components of GJ and COL“
guperfields are equal to zero under requirements for Lorentz-
~invariance). Following the technique used in ref.{5], we obteain

the expression for the effective potential of the system in

the leading over 1/N order
V (Gg » @) Sd* = -+ strba Mg’ (1,2) +

R Sd*e [+6.") (6 Vser aieweco;‘(e))eg“(a) - o, @) (d% (6)
Por simplicity assume, that even if the initial O(N)x0(K)-sym-
metry is broken by the vacuum state » the O(N-K)x0{K)-sym-
metry is preserved. As O(K)-subgroup let us choose the dia-
gonal O(K)-subgroup of the group O(K)xO(K) which, in its turn,
is the subgroup of O(N)XO0(K). Then the values of C‘z:j and
w;j will be tensors 6f second rank, invariant under the
subgroup 0(‘K) and they can be written as G;i =§ i"i(gs+
+8(8)F5), ®;J=5ij(§>5+ 5(8)6;) . Substituting these expansions
into (6) and inteérating over € , we obtain the following

expresaion for V -




d? t g’
Vo0 K[| G tn(1- 2 ) B 2 Rt 566 2,65].

The F and 6 components can be excluded using the
stationary conditions SV/BFS =0 and av/36,=0
Then, integrating over the momenta we finally find that

A M
V(Gg, %) = K{--— 1 En}f—— + ;s tET exp[asr( - J\m)]} (7

where A4r is the renormalized charge introduced by the

relation

Ao dik
A, Ar 2 S (em)?  KE-ut

The potential (7) has a minimum at the following values of 9

and S)s :
= 2 e me =t -8z
30, fo=m=p exp( lm)’ (8)
end F3=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 supertie'ld W'y (x,8)=
@Y (x,0) - m&H , the vacuum expectation value of which
is zero, and integrate over the superfields Gi‘i(x,e)‘ in
the functional integral (5). We'll obtain

Z(3 )-gdrb dwexp[- £ goudzJ“u)(m'-’)“'u,z):l"‘m +is(o,0)], (9)
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whore

5(#,)= 7 strinMi2) (8 [ 72 3N &l + 3o ],
M'i(32) =[5 (-2m- D) +&*H(1) D 1)+ $*7(2) D (2)-20 (1) ]8 1,2).

To obtain the 1/N expansion, one must expand the exponent in
(9) in powers of superfields cP;J end (4 . In the
sxpansion of S$($,w’)  the coefficient of the first power
of the superfield w'H turns to be zero owing to the
stability equation SV/ 86, =0 . A8 to linear over the

superfield ;j terms, they will also lack due to the
entisymmetry of ¢;3' « The next terms of the expansion give
the free propagators of these superfields. Since ir this case
we are interested in the structure of free propagators, we'll
consider only the terms quadratic over @ and @' in the
expansion of S(P,®@') . The quadratic part of S(¢$,@') (let us

express it by So(®P,@’') ) has the form
So<¢)w‘)=Sdfda[fﬁ"‘""m(n")i<',2>¢§(2>+w’“’um*(az)w'“(z)] ,

where 17" ana 07! are given by the expressians
(rl")f(t,a)-—- %L[Dag“)M;'“;Z)'EP(Z)M:U,Z) -

) e L o
- M;'(1,2): D (N DRI MS'(1,2) - 3-8 6(1,2)],

D'(1,2)=-iINMM' (1,2),  Me(h2)=M02)] .
¢=Q)80




There is divergence in (l'l"')t,":l which is removed by renormal-
izing the charge ]\a LI
{ L d2k 1
=—t 5 2 2_ 42
Ar 2 (2x) KE-u
After simple transformations oﬂe obtains the following expres-

sions for (ﬂ")f end 027

1

i

(M6 (12)= 3 (3 T )86 6(142) + | (10)

N d® ~LK (X1=Xa2) A X §Ree
+ Ff o e Zo@m-koR[6(6-00)- 1 € ]}i,

¥ d K ~LR{X=K2) “1"
27(12)= %Sm)ze Z)ems (8,8 ™ * ], (15

1 T dt
Z<»<2>~an§ Jelt-ame (£-K5) (12)
4m®

- P
Note, that there is no inverse value for (M), at Am= Az

and the superfield 4)(‘ becomes & gauge one. This situation

-1

for the aupersytﬁmetric CP -model was considered in [&] .

We'll obtain the propagators of the superfields ;" and

G)“J by inversing the expressions (10)_ and (11), respectivelys

~iKR(X1-X2)

W -a, . N i R de .
<blnd* 2> - (576" 576" | G M (x),

) H A aq¥
ﬂAK#m%m [49 - Z (k9K (2m + k)], *

20+ Zoekizm-R)S(0r6 4 £ perem-ioe™ ], P




A(K2)= 40 -2VKE 5 (k) - 4 k2 4K (4mP-K?), V=i - A

IK(M"‘Z)

<wq“)wxe(a)> (5|.KSJG GLESJK)S (23{)3 D(x),

ealkez

D(K) = _ﬁ_ Z"(Kz) 2m& (6,-62)-

?

-1
2 (K?) is a value inverse to (12). The propagetor ol
ia
the basic superfield G (X,8) 1is found from (9):

A2k -ik(xexg) mt‘i(&‘et)“ee'“z (15)
(2m)? e K®- m? |

i : L «ijcab
<616 (2)>= 58 g

Now let us thoroughly investigate the obtained expressions.

»
2 @t which the propagator [y (K%) of the

The values of K
superfield 430( (the multipliers corresponding to isotropic
structure will be omitted below) has a pole, is evidently
determined from the condition A(k?) = 0. which is equivalent
to two equations

== =g L)k 2m i), ) ra— =4 L()(e*-2miie) (16)

Let us consider the first one. The value of Y (K2) in the
range of 0 < K2 < 4m2 ia reel and positive which directly
follows from the eq.(12); the ZJ(K"’) s derivative of 2_(K?)
over Ka, is also positive. Besides, 2 (0)={ / 4qm? and
Z(k¥)—~+o0 at K —=4m® . The following properties
of the function Y, (K%)= 3 (K*)(k®+2mJkt) result from
1t: Y4(K¥) >0 1in the range of 0« K° < 4n° and monoton-

10
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ously increases with K2; y,©0)=0 , Ye(K2)— + o0 at
K¢ — 4m? . Thus, the right side of the equation considered
is a monotonously growing positively determined value. It is
clear that at AR < Az this equaetion has no solutions,
while at A > Asp it has but one solution. Let us designate

the value of K2

» which satisfies this equation, by m?
(0< M? < 4m") . Later we shall restric’ ourselves to consider
the case when Agr > Ao . It is eagy to see, that the second
equation in (16) has no solution, since the function Y_(k?)=
= Z(Kz)(Kz‘me) satisfies the condition Y. (k%)< 0
in the investigated range of K2.

Thus, the propagator ﬂi(K) has a pole at K% = M2,

P
Let us write the expression [l4(K) in the pole:

i
£ 6m (A ~ Am) Ky¥ 8 (17)
Mg (K) g % (KQ_MZ)A,EW)(WM)G—;d-)ac Ty (K,81,8e),

B
where Tx (K,6y,6z) is the transverse projector in momentum

2 2

representation (see ,e.g., ref.[6]) taken in the point K< = M

P gEike
T, (%,6:,82)= 4 (6(6-6,) Ma) 0"

and the A(M?) is the derivative of A(K?) teken in the point

2

K = M2 s» 13 expressed as

1 \[ 18m(M+m) / { 4 °
A(Mz) (ﬁzﬂ }\1R} [ MZ(M+2m)* (ﬂzn A a)f‘l-mMZ (Mﬂ)]

Note, that A(M2?)<0(Z’(M¥)>0) .
It follows from the expression (17), that the pole of the

11
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propagator l’l,,‘,{3 (K) 1is in its transverse part. To definitely
gpeak about the appearance of particles of mass M in the
theory. one must be sure that the residue of the propagator
|14(K) in the pole is positive. For this purpose let us us=
the expression for the propagator of the, say,‘ﬂF(X)-component
’f the superfield ' = o "j+ 6, d“+(x56)¢ A4+ L(x”e) J e
. 5(9) which can be derived from the general expression

(13):
Moo= {8 0 (35 - ) =™ 3 Lo

Ku Ky _ Ku Ky
Bv=go~ @ 0 e

and find its value in the pole:

N
- 2"‘( Am m)
); N(M+2m)A'(M3) |

n/“’(K)K M* K? (}"' K*

It follows from the expression obtained, that Z , which is 4
the residue of [Tuy(K) in the pole, is positive ( A'(M*)<0 ).
It should also be noted that at K2 = 0 the propagator
I'I)N (X) has no singulparities, which just follows from the .
expression (13) fer ﬂ, (K) .
Thus, the.arialysias of the expression for the propagator

1 j(K) shows that in the supersymmetric O(N)XO(K)-symmet-
ric phase of the model considered at Ar > AR , there dyna-
mically appears a vector O(K)-sui)emultiplet 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- ; B

12




tor of the superfield GM(X,G) « The O(N)*0O(K)~ symmet~
ric phase at Ar > Aan turns to Be homogeneous, while in case¢
of the usual (not supersymmetric) model [3] it is inhomogene-
ous and, in its turn, consists of two phases diftering from
each other by the existence of massive vector fields. As to
the propagator (14) of the superfield qu(x,e) , it has
no pole gingularity in contrast to the expressions (13) and
(15). Namely, at K2~4m? D(K) ~ (K*-4m?) ,
since Z-i(Ke)"‘ (k2- 4m2)’/a at Ki~ 4m® . That ie
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.
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