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ABSTRACT

It is pointed out that parity doubling does not provide a
satisfactory resolutlon of the conflict between perity and fermion-number
conservation in supersymmetiric gauge thecries. A pew generalized gauge
principle is proposed which overcomes this difficulty for both abelian

and non-sbelian local symmetries.
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I. INTRODUCTION

The purpose of this mote is to exhibit a supersymmetric model with
global 8U(n) x SU{n)} and lccal U(1l} dinvariance which conser;es both
-
parity &pnd fermion number without introducing parity doubling. In toe last
section we generalize the new method to non-abelisn locel symmetries.

For the construction of supersymmetric and renormalizable Legrangian
medels there are aveilable essentially two types of field **). Firatly, there
is the chiral superfield, ¢+(x,9) , which includes two complex scelar fields,
&, (%} and F+(x} , and & positive-chirality spimer ¥, (x) . (Closely related
to this is the superfield ©_(x,6) conmtaining two scalars, A (x) =and
F_{x), and & negative-chirslity epinor P {x).) The fields A, .Y, end
Fy, f(or A_, w_ and 7_) must belong to the same representation of any given
internal symmetry group. Secondly, there is the gauge superfield ¥(x,08),
which {in a suitable gauge) includes a vector, Uu . & negative—chirality
spinor, A_, &nd a scalar, D, all belonging to the adjoint representation
of the internal local symmetry. (The fields F, and D play en auxiliery

*
role end are not associated direetly with particles.)

To our knowledge there is only one way to assign a conserved fermicn
(baryon or lepton) number to these fields 0 . '.‘1"1115 is by means of the
75 transformetions on the Majorans spinor co-crdinete 8 , viz., 6 + eu'Y5 g .
On defining the negative—chirality geuge spimor X_ to be & "fermion", one
finds that the compeonents (A+ » w_‘_ s F+) must carry the respective fermion
mubers (0,1,2).  Similarly, the components (A, §_ , F_) must carry
{(2,1,0). Thet is, = negative-chirality fermion (or positive-chirality anti-
fermion) is associated through supersymmetry with an ordinery boson A+ H
a positive-chirality fermion {(or negetive—chirality entifermion), however,
is sssociated with a "di-fermion” A {or antidi-fermicn A:). It is in
this supersymmetric correspondence ¢f fermion-number zero bosons A+ with
ferrion-mmber two bosons A that all the confliets of parity versus

fermion-number conservation lie.

¥) In previous wofk it has not been realized that parity doubling does nct
provide & way out of conflicting demands of parity and fermion-number
conservation in supersymmetric theories. This will be discussed in a

forthcoming paper "Supersymmetry and unified gauge theories”.

#%)Here we shall follow the notation and techniques set cut in Ref.l.

##¥)The use of YS trensformations for {this purpose was suggested by Seliam
and Sirathdee and, independently,by Fayst in Ref.2. {Special
instances of this epplication (not recognized at the time ss such) were
given by Salam and Strethdee, by Ferrara and Zumino end by Delbourgo,
Salam and Strathdee,in Ref.Z2.
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This rigid linking of fermion nmumber to chirality appears to be a
fundamental feature of supersymmetry. On the face of it one cannot expect
tc have both parity and fermlon number comserved in such thecries. Of course
it would be possible to restore reflection symmetry by doubling the set of
fields and assigning fermlion nurber in the mirrer world thus created by means
of the reflected Y5 transformaticns 6 -re— 58 + This parity doubling
does not yield any fundasmental improvement, however,
since there can be no comrunication between the world ard its mirror

image without viclating either fermion number of supersymmetry explicitly.

The model to be discussed here is designed so a5 to aveid the
dilemmas of perity doubling. We shell in fact show that by equating two
coupling ccnstants = which are independent inscfar as supersymmetry and
fermion nuwber are concerned — one is enabled t¢ define a conserved parity

without viclating fermion number.

II. THE MODEL

The model contains two matter superfields, d?_;_ and ¢_, which belong
to the represeptatioz (n,n) of global SU(n} x SU(n) &and transform

sccording to
> e d and P e [ (1)

under local U(1). In addition to the gauge potentisl ¥ , which is &
global singlet and transforms like a local gauge field,

i *
\v+w+z(,\+-1\+), (2)

there is the local and glcbal sceler S+ . The most general supersymmetric,

ys-inva.riant and renormalizable Lagrangian is given by
§ )2 EEgW Tr{8.0,) + e 25 Tr(ale ) + s:s;I
1) lm+ns) mele) s ne
2 * -+ e (3)

plus the gauge field terms. Introducing compoments for the various super-

fields by

P, = e {At N 5'5(14"5)*?, - 4'50*4)’5)9?;)

0 & {ﬁ('+475}5+ + 35('*‘&)0 f*)

- L d
L N8 Ve 4 zLﬁéeB?\ - 'if.(ee) L,
(k)
where X = l+ + A is 8 Majorans spinor, and the gauge bosons Vu and
D are reel, one can write the Lagrangien in the form
{4 = —évp: +i_;}3_ + %D‘ —ED
| A V- P, a9 A
P pAa. [ ALY "'tP.Q-‘ q)-i- - + Ty
- —_ t
*‘iﬁ (A} b, - tp*a_A,,) + 4D AcA,
o Al $av + 7%
N LN R -
viod (N T4 - A-) - 4D ATA
g \ " ‘( L.
+ I"Orﬂ’r + 2*‘)Z¢ + |§,r
v M Tr [ AR, « FTA, gy o+ Ac.]
¥ "'\TYICLF(AJF++F_1-‘\‘) v hoata,
L
SR, - RAL - T A, abe|,
(5]
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vhere [_=C E_._T » & negative-chirality entifermion, is defined such that the ¥here the potential is given by
5
sam L= + is aMajorana spinor of the same type &8s X .

: v = 3P« milr, 4 8lR) (10)
The Lagrangisn {5} respects fermion number but not parity. However, . * -
parity conservation is restored if we make the identification rith
D = £-grrda, - ala)
o= g (6)
. =|m +
end define the Dirac fermions o [m S(Ehib)] A
Vo= oy, vV Fo= -{m+ g(a,-t—i‘b)] A, .
‘ (11)
l.e

X = oL, 4k

2 ' .
- Ve % [g - Tr(A A, = AfA_)] + [(m + ge)2 + szz] i‘z-mirﬁ‘+ +‘AIA_) .
and the antifermion
(12)
¢ = 7+ (7
X [ + T The covarient derivatives which appear inm {9) are all of the same type,
It is useful also to resolve the singlet &, into real and imaginary parts:
+ VA =34 -1gVaA
[T S T e T
a, = L (e + ib) . ) (8) Mec. It follews that the Lagrangian (9) is inverient under spece reflectioms
2 . . with Vu a vector, & and b scalsr and pseudoscalar, respectively, >
¢ i
Making these substitutions in (5) and eliminating the auxiliary A, and A scalars, snd the spirors Y,x and X all {ransforming like
fields F, and D , the Lagrangian takes the form: L AN

To summarize, the system conteins the scalers A, and A in {(m,n);
2 -
+ 76 Bx + é (bkﬂ-)’ 4 -'2 {By b} the singlet scalar, a , and pseudoscalar, b ;3 the singlet vector VU B

L= "3 .
the Dirac spimors Y and X in {(n,n} and (1,1), respectively. The

V
9 A; T A . V{- Aj. 7 AL I “'? { Y- ‘m‘)g’_\ bosens A_  carry fermion number F = 2 . The fields A+ N A_ and Y are
¥ r ! ecoupled minimally to Vu . There is one dimensionless coupling constant,
N g , and two parameters, m2 and E , with the dimension (mass)2 .

b - b z | T oA K" fe
-4 % o -4, L3d - ’d"r‘ (“P Ak« FA * /_J Tt is easily seen that the potentisl (12) has an absolute minimum

¥y =0 given by

_ V(A A, @, b) ,

%) In terms of the chiral components: v, 'Yo'l’_'; v_ 'Yol_u+ s AT -—i'yoi;+ .

. v T _uiT T
*) That is, [« 4027 end A _:C-X - ° L, iyol . )\+ - -iyoz;_ and L_ + iy0A+ . These rules are of course
*%) Yotice that xf_ = -CK_T s X_ = CX, o de. XS —i'\rs YT . The factor - . . ?T o
-iy_ serves to give X even parity relstive to yx &nd leads te the compatible with the Majorana constraints A = Ci_ end 7 =Cf, .
designation of A_ as a scelar. It counld be left out, in vhich event

A_ becomes a pseudoscalar {see Eq.(9) and footnote on p.6.)

-6~
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ey = -

|

{p» =20
<A‘> = 0

+ 1T _ L
=<2 < e {(13)

provided E£/g is positive. The vacuum therefore respects supersymmetry,
parity and fermion nmumber but violastes the global SU{n) x 8U(n) . The
minimum is degenerate, however, and ¢ne cannot discover the residusl symmetry
without teking into consideration at least the cne-loop corrections to V .

The local symmetry 1s of course broken and the gluon scquires a mass.

To conclude we indicate  brierfly how the system is generelized
for non-sbelian local symmetries. Suppose we have a pair of metter multiplets

¢+ and & (whick transform 1ike the fundemental represeptation of
Su{nl}),

so thet ¢t®+ is inveriant. In addition to the usuel egesuge potential,

¥ - & hermitian treceless n %X n wmatrix - which transforms ecccording to
+ .
in =-iA
eEgW + e * 2g¥ e

we introduce a subsidiery traceless matrix of "gsuge" fields, 5, in

the adjoint representation,

The invariant, supersymmetric and fermion-number-conserving Lagrangian for

this system takes the form
' _2g® T, .
%(tﬁo)x 11: e.:udl§ g, 4 Eﬂj it S Tr( S: P 3, czgg)

1
2

BD[MQ_T@‘ + hats, 8, + b

-7-

plus the kinetic terms for ¥ . It can beishown,after a certain amount of
labour, that the identification h =g iz suffices to admit & c¢onserved
parity. -What happens is that the n2 - 1 fermicns l_ from ¥ end [
from S+ conbine to meke n2 - 1 Dirac spinors ¥y = oLt i3%_ . These

Dirac spinors transform according to yx —+ yox under space reflections.

What we eppear to have here is & generalized pauge principle in

which the basic gauge fields are comprised in two seemingly independent
supermultiplets ¥ and S+ B Clearly they are not independent, however,
and we expect that a deeper understending of the supersymmetry formalism
will gllow them to be treated in a manifestly unified manner.

-8~

FE 2

.‘_._. e

[

el



1}

2) .

REFERENCES

Abdus Sslemsnd J. Strathdee, ICTP, Trieste, preprint IC/Th/L2, to
be published in Phys. Rev. D.

Abdus Selam and J. Strathdee, ICTP, Trieste, preprimt IC/Th/126,
toc be published in Nuecl. Phys. B;

P. Fayet, preprint PTENS T4/7, to be published in Nucl. Phys. B;
Abdus Selsm and J. Strathdee, Phys. Letters 51B, 363 (1974);

S. Ferrars and B. Zumino, Nucl. Phys. BJ9, 413 (197h);

R. Delbourgo, Abdus Salam snd J. Strathdee, Phys.letters 31B, ks
(19743.

CURRENT ICTP PREPRINTS AND INTERNAL REPORTS

IC/4 /1t* S.L. KALLAs Inversion of some intepral
INT.REP. equations.

1C/74/12% AT, KALNAY: On superfields,
INT.REP.

1C/74/13% B, BASIT: Almeost autermorphic functions with

INT.REP.  values in Banach spaces.

C/74/1a D, CHRISTODOULOU: On the quantization of
self -gravitating fields of integral spin « Iy
Scalar and vector fields,

JC/M /5% AT, KALNAYS On Grassman algebras.
INT.REP. '

X./74/1i6  J, MICKELSSON and J. NIEDERLE: Confarmaliy
covariant field equations.

IC/74/1U7 A. BALLESTRERO, L. FONDA, G.C. GHIRARDI
and E. PREDAZZIt Theory of pion production.

1C/74 /1187 B. BASITs Convergence of Fourier series of

INT.REP, almost periedic functions with values in Sanach
spaces.

IC/74/U9% ALA. AMER: On Compron scattering of polarized
INT.REP. photons on relativistic electrons,

1C/74/120 W. WADIA and 5. MOHARRA On the structure
of He? and €12 nuctei.

1C/74 /1% LC. PATI, ABDUS SALAM and J. STRATHDEE!
INT.REP. On fermior-number and its conservarion.

1C/74/122% P, BANDYOPADHYAY: Constant c-(e-e+-hadrcns),
INT,REP. rising pp cross-section at ISR energy and the
structure of hadrons,

1C/74 1257 5, T WAREQUE ALI: Ireversibility in the theory
INT.REP. of the decay of ar unstable elenentary particle,

IC/74/124 L. FONDA, G.C. GHIRARDI and A, RIMINIs
Cn the Fermi golden rule.
[C/74/125% §. SHIRALIr Uniform convergence of a Galerkin-

INT.REP.. type methed fot a non-linear boundary value
ptoblem.

1C/74/126 ABDUS SALAM and J, STRATHDEE? Super-
symmetry and fermion-number conservation.

1C/74/127% 5.L. KALLA: On an integral equation associated
INT.REP, with electrostatic problems.

1C/74/128 L.M. NATH and A.Q. SARKERs Current algebra
and the low-energy wN scattering amplitudes.

1C/74/12% J. TARSKI: Phase spaces for spin and their
applicability.

1C/74/130% 1. K1sYASK1: On Integration of 2 Lic algebra

INT.REP, representation in a Banach space,

IC/74/131% Q. HAIDER, L.M. NATH and A.Q. SARKERs
INT.REP.  On scattering lengths and effective ranges in
low-energy «N scamering.

1IC/14/132 C.N, KTORIDES: A non-Lie algebraic frame-
work and its pessible merits for symmctty
descriptions,

1C/74/133 ABDUS SALAM and J, STRATHDEE: Transition
tc CP conservation and zeto Cabibbo angle in
strong magnetic fields,

1C/74/1347F. H, MAKARI; Existence theorem for a solution
INT.REP. of a system of integro-differential ¢quations.

1C/74/135% B, ETEMADL, A.]. PHARES and L. M. NATH: A
INT.REP. {field theory model for photoproduction of pions.

IC/74/136 A. AURILIA; ©On the analogy betweca super-
conductivity and chiral symmeuy breakdown in
the Coulemb gaupe.

1C/74/13T¥F.H. MAKARY: Uniqueness theorem for the
INT.REP. solution of a system of integro-differential
equations.

IC/T4/138=:’S. BHARGAVA; Sharp dual estimates for con-
INT.REP. ductance of optimal circular cooling fin,

1C/74/139% 5. SHIRALL: Inverse of the laplacian on a plane
INT.REP. domain with comners.

iC/74/140 ABDX)S SALAM and J. STRATWDEE: Transition
electromagnetic fields in particle physics.

IC/74/141 D. CHRISTODOULCU: The Chronos prirciple and
interactions of fields of spin ¢ and 1.

1IC/75/1 V. DOBREV, V. PETKQVA, 5. PETROVA and
i, TODCROV: On the exceptional integer points
in the representation space of the pseudo-orthogona
group 0T(2h+1, 1),

1C/75/2%  D.A. TRIFONOV: Coherent states and evolutiop

INT.REP. of uncertainty product.,

* Intersal Report; Limited diswribution.

THEST PREPRINTS ARE AVAILABLE FROM THE PUBLICATIONS OFFICE, ICTF, P.C. BOX 586, [-34100 TRIESTE, ITALY.

1T 15 NOT NECESSARY TO WRITE TO THL AUTHORS.



A g b O et

2

iR

ot

wi

.

‘-:p-_f — -

FT Yeevar s

.



