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The concept of & Goldstone fermion which must accompany s spontaneously

broken supersymmetry was formulsted in Ref.l. Subsequently, explicit models

Internationsal Atomic Energy Agency were constructed which exhibit the emergence of such fermions 2). It is our
and purpose in thims note to prove a general theorem, for any given model, con-
United Nations Educational Sclentific and Cultursl Organization cerning the compesition ©of such fermions in terms of the fields and their

expectation values. We wish to consider in particuier models which
INTERNATIONAL CENTRE FOR THEORETICAIL FHYSICS contain & mmber of matter and gange supermultiplets corresponding to intermal

symmetry groups of the usuel kind,

To begin with, we summarize the anaiogeus and well-understood case of |

the Goldstone bosons 3) which accompany spontanecus breekdovn of & global
internal symmetry. Given a set of spin-zero fields ¢i(x) belonging to

A THEOREM CONCERNING GOLDSTONE FERMIONS * some representation of a global symmetry, with

56t = uMrl od

Abdus Salam
International Centre for Theoretical Physics, Trieste, Italy, the invariance of the effective action V(¢) implies:
and . : .
v X "y
Imperial College, London, England, o = = {Tu)i ¢ . {1}
and

Cne gan now deduce the following theorem.
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ABSTRACT
where <¢i> denotes the expectation value of ¢1 in the physical vacuum,
For any given model Lsgrangian with spontsancous super-— then there existe a zerc-mass particle associated with thig value of a ,
symzatry bresking we give the composition of the expected whose composition is given by

Goldstone fermion in terms of fields in the wmodel.

o= 3 > et ) <>

1 .

MIRAMARE = TRIESTE Here § is & normelization fector. On dlfferentiating (1) with respect to

oen 112 ¢2' . the thecrem is easily proved 3) by considering the hoson mass matrix
2.
[ 2 VJ] and showing that Gu(x) is an eigenvector corresponding to
37 3¢ ¢l= <¢i>

# 7o be submitted for publication. & zero eigeavalue
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Consider supersymmetry now. The sction of & supertranslstion on

a set of real supermuwltiplets, in the absence of gauge intersctions, Is glven by
SA‘ = f,?a
$31 = 5'5511-‘,
59,

(r’ %8 -w(A,ng%,)) ‘
¥ (“7¢:)
3 (""T(‘“) '

L1}

B

N .
where € 1s san infinitesimal Majorana spinor ). The components A, , B

J >
F‘j and GJ are real while lpj is @ Majorana spinor (the index J referring

to the internal eymsetry group, which for illustrative purposes we have

teken as orthogonal O{n)). In the presence of gauge interactions these
rules must be modified to read K :

TN

§8, » ThY,

(5-1.5153 A %B,))e

= Ty o g0 e igh 0);)
ta {-( - %Y, 439 (8), - g 3’,(“)2) ,

o,

d

where the Yeng-Mills covariant derivetives are defined by

vuA.‘.l = 3u“_1 - ig Wu”a .

9 These formuise are valid in the speeial gauge of Wess and Zumino who
gave the Abelian formulation in Ref.5.
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ete. Here ‘k‘u is a resl antlsymmetric matrix as is also A

rules must be suppiemented by the transformation formulee

"potentials” H’u s A 80d DS:

+ These
for the gauge

&, = -1ByA

i
§h = [-—TSDS v auv 'lluv] £
&, = -ﬂhsa
where
Vo = UM, - AN - ig qu,wv]

YA o= 3 -dg W] .

These transformation rules cen be used to deduce Ward identities for the

current Suct (a Rarita-Schwinger spinor) which generstes supertranslations.

In particular,we find *)

%<1 Sy () F0)> = ifem) CF -%6,)

"

BT S0 Rpta)) = LB K- % Bpe?

Now spontanecus supersymmetry breskdown can be effected by non-

vanishing <Fy , {G» or DD 's . From the form of these identities,
elearly the Goldstonme fermfon G{x) must heve the composition

L Py -

s =2 D Cry-ved> e 4k > K gy g |
: d Je

vhere N is a normelization factor. The result can be verified {anslogous

to the Goldstone boson case) by considering the Fermi mass metrix,with matrix
elements

v 2%y 22y

awi awj ”1.1 aapk ”1,1 3"1;1

TR T

® Tne first of these identities was given by Abdus Salem and J. Strathdee
in Ref.l.
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Although the above result has been stated for an orthegonal internal
symmetry group, it is in fact quite general. Its significance emerges if we
identify the Goldstone spinor with the neutrino. In a unified supersymmetric
theory of weak, strong and electromagnetic interactions, where the leptonic,
baryonic as well as the electrie charge content of matter end geuge
fields wi and "13
one of the neutrinos will uniguely determine which of the expectation values
<Fi> . <Gi> or <Dij> must be non-zeroj thereby specifying the manner
in which supersymmetry will have to break spontanecusly. As ncoted by Fayet

is pre-specified, the identification of G(x) with

6)

the basiec supersymmetric group (with one current Sua(x)) can zive rise to just

one Goldstone fermion end therefore {barring parity-doubling) just one

massless neutrino. To admit of more than one massless neutrino through the
mechanism of this note, the supersymmetry group will need to be extended to
contein more currents Siu(x) The resulting models will probably be non-

rencrmalizable.
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