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Abstract
We show that a supersymmetric two dimensional field theory with
quartic fermion interactions can be dynamically broken. As a conse

quence the fermion field acquires mass.
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For some classes of massless fermion field theories in two dimen
sions (Gross and Neveu (1974); bPohlmeyer (1976); D'Adda et al. (1978)),
it has been shown that they are asymptotically free, renormalizable
and present dynamical mass generation among other properties.

Recently the supersymmetric generalization of the Gross-Neveu
model for four fermion interactions in two dimensions has been ex
hibited (Mahdavi (1984)). It has then been shown that it is fi-
nite up to one loop and that the ultraviolet divergences for the
self-energy graphs up to two loops cancel each other. Here we want
to show that one can also apply a dynamical symmetry-breaking mecha
nism to generate mass for the fermion field.

The supersymmetric Gross-Neveu Lagrangian (Mahdavi (1984)) is

given by

. 2
L = Pigy + auA*BUA + FF* - % g[(A*F + AF*) +

+ (Ty) 2 +(AELA*)2-+(AA*wi%@-+wA£FA*q)+h.cJ] (1)
. . . 10 0 1

where g is a dimensionless parameter and Y, = r Yy .
0 -1 -1 0

This Lagrangian is invariant under the following infinitesi-

mal supersymmetry transformations

SA = iy (2.a)
Sy = (F-gn)¢ . (2.b)
SF = -1iEgy (2.c)

where £ is a constant Majorana spinor parameter.



In order to obtain dynamical mass generation let us consider

the generating functional for the Green's function in the path in

tegral formulation.
( -
z(n,n,J3,3%,7,3%) = dedwdAdA*dFdF*exp{i.
Y = - . *_ %
A"xX(L+ny +yn +JA+ T A"+ JF+ J°F )} (3)

with L given in eq. (1).
In order to functionally integrate in the fermion field, let

us introduce a scalar field ¢ (Nambu and Jona-Lasinio (1961)).

Then, we can write
% = dedmdAdA*dFdF*do exp{i{d“x[@iﬂw + auA*a“A + FF*] -
- [%(A*F+AF*)2 +0% +1/2g Woﬂt%(AﬁlA*)z +

+ (%(AA*mi?w) ¥ % TAigA*Y + h.c.)]} (4)

or
Z = fdwdwdodAdA*dFdF* exp i Jd”x{tﬁ [i§ - i/2g 0 -
-(igAA*3 +igAA* +hoc )l U + Ny + Un + ...} (5)
So after integrating over ¥ and y, we obtain

{
7 = JdOdAdA*dFdF* exp i {[-iTr &n Al *

H A% e - o2 ) (6)

( _
+ Jd“x[-(nA .



where
Byg = 186 o -1V2g 8,60 —(igAA*EcSOLB+ ig 6 . A#A* +h.c.) (7)

In order to avoid infrared divergences we would like the scalar
field ¢ to acquire a non-vanishing vacuum expectation value. We
can show that this is indeed the case by investigating the o ef-
fective potential in the one-loop approximation.

The oné—loop effective potential for the field ¢ with an ul-

traviolet cutoff A is given by

: 2
V. (0) = (0% 4L g (en 299" _1)] (8)
27 A?

As one can see from the figqure for Veff(o) the minimum oc-

curs for <o(x)>=00. Then we can perform the shifting

o' (x) = o(x) -0, (9)

In this way, after the substitution of (8) into (6) we see

that the y field acquires a mass term given by
m, = V2g o (10)

and so supersymmetry is dynamically broken.
Let us foccus our attention now in expression (7). It contri

butes to the effective action as

1

S = =iTrfn {le—m0 =
i§-iVZg o,

eff gl(ina™y +

+iA8A*+h.c.)+i}/§ L (11)
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Let us expand (11) into a power series in q.

. 1l s . 2 '
-iTr fn {1 - JIAAA*F+iAgA* +h.c.) +1 | /2 0')] }4=== =
iZ—iVZgoo V{;
R M 1 gl(iAA*F + iAPA* +hc.) + 1 Vézo'nf1+~.__
n=1 0 i§-iVZgo, 9

(12)
Now considering those terms containing only the scalar field
o' one sees that by requiring the vanishing of the 1linear term

in o' we can obtain the value of Oo(in euclidean momentum) :

2 ]
4g00I dp _0'0) _ 554 (0) (13)
(2m) * p?+2g0f

or

2g| d?p 1
(2m) 2 p*+2g0?

=1 (14)

1 ]
The quadratic term in o'(EI‘0 ° ) is given by:

[] ] : ) 2 2 ‘
9% o fep| ——9 " 4 ilazx & (15)
2 ig-iv2g 0, _ g
where
ii‘r[ ; T - s [¥pd% _ 3(p) F(-p) Uk +kp - 29 0]] (16)
2 |ig-i/2g0, | (2m)*  [k?+2g 031 [(k+p) *+2g 02]

If we use the Feynman-Schwinger integral we can write (16) as

1
ig g 2 _Zi[cb(d?pdﬁ< &'(p) 8'(=p) [k*-p?x (1-x) -2g0f (17)
2 ig-iv2go (2m) 2 [(k?+p?x(1-x) + 2g 02 ]2

0]



So now from (17) we easily see that the field ¢' acquires ki

netic and mass terms, with

m?, = 4g o2 (18)

We can note that the number of degrees of freedom is the same

for the bosonic and fermionic modes

2(mw)2 = m’ (19)
as one should wait from a theory with broken supersymmetry.

Then we have seen that supersymmetry has been dynamically bro
ken and as a consequence the fermion field has acquired mass. So
the physical spectrum of the theory is given by a massive scalar
field (o), a massive fermion field (y) and a "massless scalar

field (A).
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