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ABSTRACT

We illustrate the use of superfields for computing the
effective potential in supersymmetric theories by appl-
ying the superfield tadpole and vacuum bubble methods

to the general renormalizable action of interacting
chiral superfields. We work with the unconstrained chir-
al superfield potentials over which the functiomal inte-
gral for the chiral superfields may be easily formulated.
The additional abelian gauge invariance thus introduced
is taken care of by adding to the action a ghost-free
gauge-fixing term. The superpropagators in a classical
background are derived in a conveniently compact form

to be useful for calculatioms.

Key-words: Supersymmetry; Effective potential; Superfields.
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1 INTRODUCTION

For the globally supersymmetric theoriesl) the superfieldz)

formulation is very economical to calculate quantum corrections. The
cancellation of the divergences associated with the bosonic loops with
those of the fermionic loops is automatically taken care of through the
superpropagators. The number of supergraphs required to be calculated

is greatly reduced compared to that needed in the component formulation.

The non-renormaliztion theorems may be shown directly. The superfield

path integral formulation is a powerful calculational tool, for example,
through the background field methodB) , the possipility of performing a
change of variables with the corresponding evaluation of the Jacobi
deteminant leading to Ward identities apart from comactness and other
advantages. The superfield formulation has now been developed sufficie-
nt1y3)’a)so as to allow manageable calculations to higher order loops.
We first derive for the case of several ineracting chiral super-
fields the superpropagators of the unconstrained superpotentials in the
presence of a classical backgroundS). After a short comment on the back-
ground field method we discuss in detail the superfield tadpoles)’s)
and the vacuum bubble methods for computing the effective potential to

two-loops.
2. THE GENERATING FUNCTIONAL FOR CHIRAL SUPERFIELD

2.1 Unconstrained Chiral Superfield Potential

The chiral superfield satisfies differemtial constraint D é= 0
and it seems difficult to formulate the functional integral over ,
which could take care of these constraints. We may, however, analogous
to the case of the e.m. field introduce the unconstrained superfield

7),5) S, § and write

é ——(1/5)D% 8 . Q ~-(1/4)D* § (1)

potentials

It introduces in the theory an additional invariance under the abelian

gauge transformations: S—3 5 + DF , 5—» § + DF . We may take care of
8)

it by adding to the action the following ghost-free gauge-fixing term

\

{8 =
I, p =% Jd z 5,1 -Pp)OS; (2)
8)

The functional integral may then be formulated ’ over. S, S and the

perturbation theory done with the S, § propagators rather than ? ,§
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ones results in the integrals over the full superspace. This is also
clear from, say, if we write the cubic interaction term as the full

superspace integral
L. e(1/3g... | &2 5. (-1/6)D%s. (-1/4)B’s, + C.C 3)
int. ijk i 3j k e _
and consider, for example, the following self-explanatory diagrams

which also indicate the Feynman rules for the vertices following from

the Wick's theorem

m\
D

(a) (b) (c)

Fig.l: Feynman rules for the vertices {a) two internmal S lines,
(b) three internal § lines, {(c) f\?é vertex where V is
the gauge superfield.

2.2 S8, § Superpropagators For The Shifted Theorys)’s)

It is well known that in order tocompute the effective action
we are required to know the propagators of the ‘shifted' theory obtained
in our context by substituiting each chiral superfield §i {and V when
the gauge superfield is present) by Qi"’ C; where C; are background
superfields satisfying ]-ZOCi=I:vEi =0. For the case of several interacting
chiral superfields we obtain the following terms in the resulting

action

I, = jdsz Eici +[j e w(C) + C.C.] (4)

Iint‘fd'ss 139 +my (; @5 +dijw C;_C,' ®, + f‘ra C; Q‘. ]

2 (5)

=]

NV TN, a8z lej(-ual 5,

8 -2 — e D
I,= Jd z [ 8; P, O 85; -(1/8) C;;5,D 5,-(1/8) €;,5;D §j ]

8 - -
+ IG.F. +Jd z (Jisi"' Jisi) (6)
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Here W(é) = Aiéi + (1/2)111:ij @i éj +(1/3) 8 ik Qi @j Qk indicates
the superpotenual,(cij) = (mij + 2 Bk Ck) am.i to the free action
I0 we have added a source term and the gauge-fixing term given in (2).

The equations of motion following from (6) are

-2 K |
s -(1/4)¢; B OB+ & (Py+P)I1Y [ 8 J
A L [
- o - 2 - -
] O [P + o (P,+P,)] -(1/4)C;.D 5 J
(7)
The free superpropagators ¢f the shifted theory may be defined by
SS sS
A A .8
A __ =18 (z-2") (8)
A’s‘s [}SS
We find
s§ - 35
0 p+ 0(4(P2+PT)]A -(1/4) C p? A Sa(z—z') (92)
e 2 A5« gt epang ) 1852 (9b)
From the properties of the projection operators P]’,P2 and PT it is
clear that (9b) is satisfied if
3 33
N sann) et D (10)
It follows then from (9a) that
- -1 : s§ . . .
[ 2,(0 -CPC) + &' (Bysp)O] A =1 § (2-2") (11)

We may easily invert it if we note that EPIC= PIEPIC = EII:'ICP:l and find

sS
D7 aifa@ur)ig + 2 (0-07"1 PGz (12)

The other propagators or Green's functions have analogous forms,

3)

In the background field method™” the effective action is obtained
by evaluating in the perturbation theory 1PI graphs with only internal
S, § lines and external C, legs. The terms which are linear in § or

§ are dropped as they do not contribuite to 1PI graphs with no
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external é, é legs. The term in (4) gives the background action; it
is the classical contribuition ‘to the effective action. The background
vertices are read from (6) and the S, S propagators obtained from (10),
(12) by replacing C; by m;; SO that P, (0O —EPIC)-1—+ Pl(ﬂ—ﬁ w1,
We note that the background superfields Ci are not required to be
expressed in terms of the unconstrained superfields in order to write
the background vertex term in (6) as an integral over the full super-
space. The non-renormalization theorem is then apparent. The Feynman
rules derived above give rise to the contribuitions that involve only
full superspace integrals and the couplings to the constrained back-
ground superfields C; and Ei’ If we admit only local operators it is
not possible to write counterterms depending only on Ci as full super-
space integrals and consequently they are ruled out; the superpotential

is not renormalized.
3 SUPERFIELD METHODS FOR COMPUTING EFFECTIVE POTENTIAL

3.1 Superfield Tadpole Method

The well known methods of calculating effective potential in
ordinary field theory may be extended to supersymmetric theories
formulated in terms of superfields. The number of supergraphs required
to be evaluated is greatly reduced compared to that needed in the

corresponding component formulation.

In the superfield tadpole method the background field is a
constant chiral superfield with vanishing spinor components, Ci=ai¥fiez.
We remark that the auxiliary fields must also be shifted along with
the physical fields to obtain for the initially supersymmetric theory
a non-vanishing tadpole contribuition from the corresponding 'shifted'
theory. A compact form for the superpropagators expliciting the poles

5)

and the 9,,5 dependence is easily derived™’ for the case under consi-

deration:
P, (7 -CP,0) ' 58<z-z')
= P, (O -M) T 5 (z-2")
-i6028-1 603 [ 48°0%sr cBE @7 15 k") 13)
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vhere (B -—-3 ikp )

= (kz-n-]!'_*lbi)-1 -[ kz +MM - 1 (kz -|-l*!ll_'1)_1f.]"1 ’
k2B = (k2 +Mt) g c .
K2¢ = [F (2em)~ "¢ —k2-id 1Y EMGZe !
K2E = (k2+1~'11~1)'1 Mf [f(k2+uﬁ)'1f -kZ-EM]-1 (14)
with H-(Mij) .j+ 2g1Jk K and f= (fij) =Zgijkfk.

The one-point function to zero loop approximation is readily

calculated from (5) and we find

S fdz&l)‘;*m,-_jcj<9)+sijkcjck+ fdzﬁﬁi@)] $.(0,68) +c.c. (13

where a tilde denotes the Fourier transform and
ot

- ~ ~ g
@ (0,0, =X, (0) w2 84, (0) + 8" F,(0) (16)
We find
[’(') £ 3!! ) F ) +m,, fj'K.(O) + C.C. (7
The tadpole contr1bu1t1ons of the component fields may be read offs)
as the coefficients of F.(O), Ai(O) etc. Hence we obtalng)’ )
M W 2V
- — -f. y - _M-. f. (18)
3 Tt Sa; i

plus their complex conJugates. On integrating (18) we find the tree

level expression for the effective potential

Ve -(FE 4 LA S (19)

i - =
i i3a; 124,
where a —> A and £ —3 F, is understood.

The computation of the one~loop effective potential requires the
evaluation of a single superfield tadpole graph. From (5) we read its

contribuition to be

- 35
i Ff”- i (1/3).3.Id46 El(o,e,e) [ Tr g, (-1/4) D2 A (22N,
(20a)
where (gl) gllf. Working out the 6, ) integrations in a straight-

5)

forward fash1on1n view of (13) we find
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..)VI/)?L =tr gl (k2+}1ﬁ)-1 f[k2+ﬁﬂ-f(k2+ﬂﬁ)-lf]‘1 .

..?Vlfaﬁ.’_ =tr aﬁ{(k2+}-ﬁ{)-1-[ k2+ﬁM -f(k2+b1171)P1f]_1}
' trH%!{(k2+Mﬁ)_1— o - Zain 1171} (20b)

AkTr/(ZH)QIhe expressions are valid even when the super-

where trn—i[d
symmetry is spontaneously broken with evident modifications during the
substituitions of a and f by A and F. A straightforward integration

of these partial differential equations leads tos)’10)
v, = /2 tr1al T - GPe 0T E 8 4 M) E) 21)

Analogous procedure may be followed to calculate the effective

potential to two-loops. We must evaluate the foliowing supergraphs

. ss,L_1L 1
JLsf’ 8 & % 2

Fig.2: Two-loops superfield tadpole diagrams needed for effective

potential in two-loops.

In practice we need to calculate only three diagrams; the others being

obtained by inSpectiOn11).

3.2 Superfield Vacuum Bubble Method

The superfield tadpole method results in the partial derivatives
of the effective potential and is very convenient to study the new
minimum when the supersymmetry is spontaneously broken and imposing
the renormalization constraints. On the contrary the vacuum bubble
method gives directly the effective potential. We are simply required
to calculate for the 'shifted' theory discussed in Sec.3.1 the vacuum-
vacuum diagrams. For example, in the zero loop approximation we find
from (4)

-i V. = ijdt*e C.C. +[ Idzo w{C) + C.C.] (22)
a] 11

On performing the integrations we find the tree level result. At the
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two~loops level we have simply to evaluate the three distinct diagrams
shown in Fig.2 with the external lines removed. The calculation is

much less tedious than using the component formulation and a computer
program makes it quite manageable even in still higher loops except

for the usual difficulties associated with renormalization of the effe-

ctive potential.

4 RENORMALIZED EFFECTIVE POTENTIAL TO TWO-LOOPS FOR THE W-Z MODEL

We describe here briefly the procedure for obtaining the renorm-
lized effective potential in the case of a single chiral superfield.
From the comments made earlier on the background field method it is
clear that we need to perform only the wave function renormalization.

The action written in terms of renormalized superfields and parameters

reads as
fdsz A Y] +[Jd65 {(1/2)n§2 + (1{3)353} + C.C.] (23)
where Z is the renormalization constant which is expressed as Z=1+h21+
2

H 22+.. with 41 explicitly indicated to keep track of the order of the

counterterms., We obtain at the zero-loop

vaev©®aev i, (24)
O s}

where Voo = Vo is the regular zero-loop contribuition to the effect-—

R
ive potential while

vo1--ﬁz1 | £ |2 ,Vozn-'ﬁzzzlflz (25)

and which act as counter terms in the cancellation of the divergences
at the one and two-loops. Writing f= 2gf, 4= m+ 2ga we obtain the one-

loop correction ’
~ 3 i =T
v, =_(ﬁ/z)fdf(f*/z") fgigq [(E+1ZP) =117 (26)
21
where we make use of (20) and perform? change of variables Zf-— f,

Zk—% k. We use the dimensional regularization and find

1 2
1=V VY ’

v11=(ﬁ/64ﬂ'2) [ _(;%,, 3»|E|%.....0,

v

v’ &%z en?) | 2(- %+ DEI? +.....] (27)
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The two-loop correction is calculated to be
2 2.2, 1112 B4k 2 .4 02,2 b4 . 2,2
v,=tag™ 2 e mH D 5| £ ..-é-{(—-i—-)lﬂ 4 naa, /,A -3 @ 2pd)

+(1/2)5+2|f|1n(§*20w2)—(1/2)§*2|f|1n(a Ow ) +2a In(a 0& }1u. (29)

where E;%_)= Eztt’lfl and only divergent terms are displayed.

An important point to note is that in the conventional theories
the coupling constant is renormalized independent of the wave function
and any renormalization prescription for the first on cannot influence
the kinetic energy terms which are controlled by the second. In the
supersymmetric theories it .is clear that the kinetic term dictates the

correct remormalization prescription so as to avoid negative kinetic

termslz). In the case under consideration we may determine Z1 and 22
by imposing the following constraint
*
32V 3f’3 f=1 for f=f =0 (29)

We find

z=bg?116D) [ & +(/2) WG Y 1,

Z.=-16(g2/16 12?2 [J.i+L{.§.-i+ 1n(52//~2)}-(1/z)1n( /,*)+(1+'r)/z
2 €Lz
€ (30)
The complete regularized expression for the effective potential hence
obtained is given in the ref. 11 where its behavior with respect to
the physical field A when the suxiliary field F is eliminated using its

{corrected) equations of motion is also discussed.



CBPF-NF-026/85

REFERENCES
1. J.Wess and B.Zumino, Nucl. Phys., B70(1974)39
2, A.Salam and J. Strathdee, Nucl. Phys. B76(1974)477;B86(1975)142

3. M.T.Grisaru, M.Rocek and W.Siegel, Nucl. Phys.B159(1979)429;

see also the earlier references cited therein.

4., See for example,
M.T. Grisaru and L.F.Abott, Nucl.Phys. B169(1980)415;
A.Sen and M.K.Sundaresam, Phys. Lett. 101B(1981)61;
W.E.Caswell and D. Zanon, Nucl. Phys. B182(1981)125;
M.T.Grisaru, M.Rocek and W.Siegel, Nucl. Phys. B183(1981)141;

S$.J.Gates,Jr.,M.T.Grisaru,M.Rocek and W.Siegel, Superspace,
Benjamin-Cummings, Massachusetts, 1983,
5. P.P. Srivastava, Phys. Lett. 132B(1983)80 ;CBPF preprintsNF-21/
April '83;NF-30/June'83,
6. R.D.C. Miller, Nucl. Phys. B228(1983)316
7. See for example, P.5. Howe, K.S., Stelle and P.K. Townsend,
Nucl. Phys. B214(1983)519 and the references therein.

8. P.P. Srivastava, Phys. Lett. 149B(1984)135

9. S. Coleman and E. Weinberg, Phys. Rev. D7(1973)1888;
S. Weinberg, Phys. Rev. D7(1973)2887;
S.Y. Lee and A.M. Sciacciluga, Nucl. Phys. B96(1975)435;
B. Fleming, P.S.5. Caldas and R.L. Garcia, Nuovo Cimento 424
(1977)360

10. M. Huq, Phys. Rev. D16(1977)1733;
M.T. Grisaru, F.Riva and D. Zanon, CALT-68-945/82 and
references therein.

11. R.P. Santos and P.P. Srivastava, CBPF preprint NF (1985).

12. D. Amati and K. Chou, Phys. Lett. 114B(1982)129



CBPF-NF~026/85

APPENDIX

POTENCIAL EFETIVO NAS TEORIAS SUPERSIMETRICAS
USANDO SUPERCAMPOS*

1)

Supersimetria ‘€ uma simetria relativistica no espago-tempo, diferente
das simetrias internas, entre bosons e fermions. Esta € no momento atual a Unica
maneira de obter uma unificacao de simetrias do espago-tempo e de simetrias inter-
nas da matriz $ no contexto da teoria de particulas relativisticas. Os multipletos
de supersimetria contém tanto as particulas( ou campos) bosonicas como as fermio-
nicas. Tentou-se, antes da descoberta da supersimetria, formular de diversas
maneiras simetrias 'superiores’ cujos multipletos contenham todas as particulas
ou com espins inteiros ou todas com espins semi-inteiros, por exemplo, a simetria

2)

SU(6). Demonstrou-se ’, entretanto, que estas simetrias 'superiores' nao sao
relativisticas e a unificagao acima mencionada € trivial. Os teoremas 'mo go'

se basearem sob a hipotese do que os geradores de simetrias sao bosonicos e
geram a bem conhecida algebra de Lie. Os geradores de supersimetria por outro lado
sao fermionicos e, portanto, obedecem relagdes de anti-comutagao. Verifica-se que
os geradores de grupo de Poincaré junto com os de supersimetria nao geram uma

3)

algebra de Lie, mas, sim uma algebra™ Lie-admissivel sob o seguinte comutador

modificado ou gradado
"ﬁ”@1’4 M
{M;, M1 = MM, (-0 "M My
onde 'm' indica o nimero total dos indices fermionicos no operador M. Devido a
mudanca em algebra os teoremas 'no go' acima nao 5ao mais validos e a unificacao
relativistica agora torna-se nao trivialé).

A supersimetria torna sempre uma teoria de campo comum em uma teoria
com alto grau de renormalizibilidade. As divergencias quadraticas decorrentes dos
loops bosonicos sdac milagrosamente canceladas pelas divergencias correspondentes
geradas em loops dos companheiros fermionicos. Elevando a supersimetria ao nivel
local a gravitcao é introduzida automaticamente. A teoria de Supergravitagéos)
€ a unica teoria no momento atual candidata para unificar as interacdes fortes,
eletromagneticas, fracas e gravitcionais bem como serve como ponto de ligacao
entre problemas nao resolvidos de Cosmologiaﬁ)e de fisica das particulas elementarss

A introdugao de nocio de superespago que contem além das coordenadas
X tmabém as coordenadas anticomutativas 6, , 5& e do supercampo7) permitiu um

rapido desenvolvimento da teoria de campos supersimetricos, E viavel agora usando

supercampos quantizados calcular acao efetiva, por exemplo, usande método de

* .
Apresentado no 59 Eancontro RKacional de Fisica de Particulas Elementares e
Campos (Itatiaia-1984).



CRPF~NF~026/85

‘background field' em loops de ordens superiores. Contribuimos neste contexto
recentemente com os seguinte trabalhos:
P.P. Srivastava, Superfield Tadpole Method For SUSY Effective Potential,
Phys. Lett. 132B(1983)80
P.P. Srivastava, On The Functional Integral For Chiral Superfield, CERN preprint
TH-3937/84 e Phys. Lett. 149B(1984)135
R. P. dos Santos e P.P, Srivastava, Two-Loop Effective Potential for Wess-Zumino

and 0' Raifeartaigh Model, CBPF preprint 1985

Introduziu-se no primeiro trabalho supercampos 8,5 sem vinculos para
supercampos quirais de matéria e demonstrou-se que para quantizagao estes e nao
os supercampos com vinculos diferenciais eram relevantes. Foram achados também
os propagadores para a teoria ‘deslocada’ na qual a massa em vez de ser um constant
torna-se um supercampo. Estes propagadores sio necessarios para computagac de
potencial efetivo usando Supercampcs. No trabalho seguinte formulou-se o integral
funcional sobre os supercampos 5, 8§ achando-se inclusivo uma condicao de fixacao
de 'gauge' sem fantasmas. Nio € conhecido tal integral funcional em termos de
supercampos quirais com vinculos onde sempre se interpreta o integral funcional
em termos de campos em componentes. F possivel agora trablhar diretamente com 05
supercampos também no caso de supercampo de matéria. Estudou-se também o teorema
de nio-renormalizacdo usando supercampos. No ultimo trablho estendemos O caleculo
de potencial efetivo feito no primeiro trablho até 1-loop para até dois -loops

usando supercampos € métodos de 'tadpole" e de bolha de vacuo.
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