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THE ONE-LOOP EFFECTIVE ACTION

IN THE CASE OF
NON—CANONICAL GAUGE KINETIC ENERGY1
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Abstract

We calculate the one-loop effective action for-a four dimensional bosonic model when
the gauge kinetic energy and F-F-dual terms are coupled to the scalar fields, The simple
form of the coupling we choose is particularly relavent to string lnsplred supergravity
models :
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1. Introduction.

In the present paper we find the one-loop effective action for a four dimensional
bosonic theory with scalars, gauge vectors, and gravitons, when the gauge kinetic energy
term involves couplings to scalars. The Lagrangian we consider is

o GR+ %\/gng,,&@mfzﬁ(sé) = VaV(9)
& pvaf
—Zx(¢)\/§9“a9yﬁT7' FuFop - (¢) :

Our notation is thatof reference [1], and is outlined .brleﬁy in the appendix. Here z(¢)
and y(¢) are gauge invariant real scalar functions of the scalar fields ¢! (i = 1...N)
and, in the case that (1) is part of a supergravity Lagrangian, are the real and imag-
inary parts, respectively, of a single holomorphic function. We take the normalization
k=1 = (1/Ng)TrK, where K is the Casimir operator of the gauge group SO(N) in the
representation on which the matrices F,, are valued, and Ng is the number of gauge

degrees of freedom. Also, k = 1/v/87GN.
Although not the most general such Lagrangian, equation (1) is of the form found in

Tr F Fop. (1)

effective four dimensional supergravity models from superstrings [2]. In [1] we found all

the leading one-loop corrections for z(¢) and y(¢) constant.? Here we find additional
logarithmically divergent and quadratically divergent corrections which will be 1mportant

in understanding the physical content of string inspired supergravity.

In Section 2 we will give the background field expansion for the last two terms in
(1), and in Section 3 we incorporate this with the results of [1] to give the complete
divergent correction. Section 4 closes with a summary. Throughout, we follow closely the -
methodology developed in references [1,3,4], including the double subtraction scheme [3]
to regulate divergences. '

2. Background field expansion.

We expand the last two terms of (1) to second order in the quantum fields (&, A,, )
about a background configuration (¢*, A,,7,,). In this section 7, is general. The (non-
abelian) field strength is given in curved space-time by :

Fo, =V,A, —V,A, +€¢A,,A). 2)

Here V,, is the general coordinate transformation covariant derivative, which is just the
ordinary space-time derivative J, on Lorentz scalars, and on Lorentz vectors is just

V,A, = (828,-173)A,,

2In [1) we included the noncanonical normalization of the gaugino kinetic energy terms, so that the
terms calculated here and the parity—odd fermion loop corrections reported in [8] are the only modifica-
tions to [1] needed for the complete leading bosonic corrections to N = 1 Supergravity for flat background
space—time.
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Tw = 59 P(0ugov + 0u9pu — 0pguv)- (3)
A straightforward covariant Taylor expansion gives
~ 1 13 - 1 Tl ~
y=y[1+§¢D$sy+‘2-§¢¢’Dd;.'Dd;jy+'“],' (4)

for the expansion of y(¢) about a background §(¢), and

A

z=% [1 ~2¢'Dy Iné +24'¢ (D;.- InéDy;Iné — %D,;,.-D,,;,- In é) + ] ,  (5)

for the expansion of z(¢) about a background #($) = e?/ 62(8). Dy; is the covariant
derivative with respect to the background field &' [1]. Notice

ViV, A, = (V, +[V,,n&)ViA,, (6)
s0 that we can make the gauge kinetic energy canonical by working with rescaled gauge
fields:

A# = \/gAm fpu = \/%Fuua (7)
where »
Fu=(Vu+[V,,né)A, — (V. +[V.,lné))A, + €A, A,]. (8)

That is, $F,, Fop = Fu,Fap. Interestingly, the combination V, + [V,,,n €] functions as
a covariant derivative for rescalings of &€ (or #) and A, by a function of the background
scalars:

E—§'e, A,—GA,. 9)

However, the gauge kinetic energy term changes by an overall factor §? under these
transformations, so it is not a symmetry of the Lagrangian.

Working with the rescaled fields, the gauge covariant derivative on the scalars is

D¢’ = 6V, + EA, )¢, (10)
which by virtue of [V, €] = €[V, In é] satisfies
[Du, D¢ = EF,. 4" (11)
The gauge transformations are:
¢ - U, |
Ay = VAU + (V00 (12)

We now write the entire Lagrangian (1) in terms of the gauge fields .A. The last term
in (1) is a total divergence when y(¢) is just a constant, in which case we could neglect it

2
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for our purposes. However, more generally, it will contribute to the one-loop Lagrangian.
It is convenient to write it using the Chern-Simons term. In terms of the unscaled gauge

fields
1
ZéuyaﬁTTFy.uFaﬁ = PV, Tr A,V Az + %eA,,AaAg . (13)

Integrating by parts, and using (7) and (8) and the antisymmetry of €#**# to simplify the
results, and dropping total divergences, we find for the last two terms in (1)

k
L > —-(a:/i)\/_g““g"ﬁTrfwfag

V¥l ua 2.
+k[ 2“:1,' ]6“ ATr [Ayva’Aﬁ'*'geAyAaAﬁ . (14)

The expansion of the space-time metric g, about its background 7, is

o = TNuw + b, _

9" = 1" = 0" 0Phep + 000 hophy, + -, (15)
where 7*” is the inverse of 7,,,. From now on, all Lorentz indices on background quantities
are lowered and raised with the background space-time metric and its inverse, respectively.

Also, we denote by Y~7,, the background covariant derivative found from V, by replacing
the space-time metric and its derivatives with the appropriate background quantities.

We now expand the gauge fields about a background A,. Then,
Fuw = Fu+Duh —DA, +EA, Al
+[V,,In g4, — [V,,né)A,, | (16)
where
ﬁuvau = 6u";iu +‘§[j{‘“ “‘iv}’ ,
Fr = (Va4 [V @) A, = (Vo + [V, n @) 4, + &[4, A]. (17)

Notice that there are no terms with k,, dependence in the expansion of the field strength
about its background This is because F,, is antisymmetric in y and v, whereas Yoy 18
symmetric in these indices, so that such terms cancel. Terms in the Lagranglan quadratic
in A yield the gauge kinetic energy operator. To find this we need only work with the
background space-time metric ,,, and the corresponding background connection #;,.
Use of the relations

Va\/g = Vaguu = vag‘w =0,
Vo1 = Vanu = Vo = K (18)

and the gauge choice

a

F(A) = =(D* + V¥, In¢) A, =0, (19)

o | o
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simplifiés the analysis. Note that this gauge choice is just 'f)"fiﬂ = 0 in terms of the
unscaled quantum gauge fields.

Dropping total divergences, terms in the Lagrangian quadratic in A reveal themselves
to be

. )
L) = SR A, (20)
where

(A™HEY = (1" Dy D* + 26F*) oy + 6T + W, (21)

and
T = p*|[(VaV'Iné) - (Valn)(Vo &)l

—2(V¥V¥In &) 4+ 4(V#n &)(V¥ In &) + r#,

o (95,3,

\/77 7 (Da)aba (22)

and the background Ricci _ténsor r is found from r,,, 4* = —[V,,V,]A* to be

my
Wab

_ .8 A= i awoap _apap
ri = ruﬁu’ rcl;aﬁ - aﬁ’yga - aa‘)'ga + ’75,07(‘;0 - 7:;)7509 (23)

where the background Riemann tensor satisfies /34 = [V, Vo] A%

In (A-?!)% the covariant derivative D, and the field strength F,, are represented as
matrices in the adjoint representation of the gauged group. That is,

A# = AZTM
DA, = ((D)ndl) T,
[Fu /i,,] = ((Fueds) T, (24)

where the T are the generators of the gauged group satisfying TrT, T, = bas/ k.

Before determining the terms involving the other quantum fields (¢¢, h,,) we use the
Faddeev-Popov procedure to determine the correct gauge field measure for our path
integral. The procedure remains unchanged from the canonical case. To gauge fix with
(20) we add the ghost term o _

Lo = 6*(D*D,)ust’, | (25)
to the Lagrangian and integrate over the Faddeev-Popov complex ghost fields 6 in the
path integral. Furthermore, writing §(F(A)) = [da’ exp(ia’F(A)) we can implement
this 6—function in the path integral by adding to the Lagrangian the term +i(é/e)o/(D* +
[V#,né]).A, involving the auxiliary fields o’. However, it is more convenient to work with
the rescaled field a = (é/e)a’ = o'/ V%, for which the appropriate auxiliary field term is

(in component form) i i .
Lo = +ia® (D + 6.[V*,1n¢]) A°. (26)
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Returning to the Lagrangian (14), we see that only the first term contributes to terms
that contain h,,, whereas both terms contribute to terms containing ¢ and/or .A. Some
algebra reveals

L(hY) = —3?&,5 (2nkF°‘ﬁ"“’) by,
L£($) = —Azﬁéivijéj,
E(h7 ‘i) _\/ﬁéiy#yh;wa
L(hA) = +yiha aK“ﬁ"«‘i
L£($,A) /18 [(8)ai + (2*)ai] A2, (27)
where
Fobww = —%P"ﬁ"“’Tr FrysF1e + 2PPTr Fo s 78 + —l—Tr FeeFte,  (28)
wi = k(DglnéDyné— DDy lne) Tr F o
| PeDapt ez 29
BT B, (29
g = 2kn(Dd-,.-1n€) [Paﬂ,&rn& + 4in1aneﬁn’yo] Ty _7:'60.7':"76’ (30)
af,e af,bo, ~e 1 o, e, 6o N T v V(T
Ko = _ax [P Bhoy 4 iy’ ] (BoFre)e = Vo, nél (o], (31)
(8")ia = 2(D$.~lné)[6“,lne](f“")a, ' (32)
v . ~ Tty i D 'y 6# vel »
(z)ic = 2(Dglne)(F* )”(D,.)ab——%—-Z\/_( Fa8) (Du)abs (33)
and finally '
poBwy — _}_ (lnaunﬁv - _l_naﬁn;w) (34)
2rc 2 4

Here F,, = (F,,).T*, and so on.

The above results may be combined with previously developed techniques [5,6,7] to
determine the one-loop corrections in a curved space-time background. Here we will give
the results only for a flat background metric.

The full expansion of (1), in the case of a flat space-time background, to second
order in the quantum fields and with all the quantum gauges fixed, can be deduced from
reference [1]. The new pieces due to nonconstant = and y, described by egs. (29), (30),
(32), (33), and the é-dependent term in (31), are terms that mix the different quantum
fields so we generally expect them to yield at most log-divergent corrections (in four
dimensions). With the the exception of (33), this is true. The 2” term of (33) yields a
quadratically divergent correction due to the appearance of the derivative. There will also

5



be additional quadratically divergent corrections from the mass like terms of (22). We
find all these in the section below.
3. Leading one—loop corrections.

For the remainder of this paper we take the background space-time to be flat (7,,
is the Minkowski metric). In ref. [1] the fields (¢, .4, h) were considered as part of one
“multiplet” of bosonic fields, ®. For a Lagrangian given by

L= —%qf-’zoﬁ + M?)® = —%,@TAg‘@, (35)

where Z is the metric for @ represented by a block diagonal matrix (when @ is thought of
as a column), d,, is the derivative, M is the mass matrix, the leading regulated one-loop
corrections are [3]

ACreg = -

- 417r2 Tr [(M4 + %d’M’ + %G“"G“V) In(2u2/4?) + 4Mu2In 2] . (36)
Here G, = [d,,d,], and a specific [3] double subtraction scheme was used to obtain the
results: p is the regulating scale and yq is a characteristic low energy scale. The presence of
the term (33) makes the use of this relation difficult, since this term cannot be interpreted
as an off-diagonal mass term. Additionally, we must worry about the derivative term in
(22). Nevertheless, we may still use the general result due to the following observation.

For the derivative term in (22) we employ the following trick. Eq. (21) can be written
as
(AN = (D, D> + 26F* )y + 6T + Q4, (37)

where the hatted “covariant” derivative is

(éu)gz = (Du)b 3+( ﬂ)ﬁa’

1
(T#)gcbl = 2 p.Bp a(ap )/.’B, ‘ (38)

and )
W= (TS TN = — sz (1050, - 9*0°5) (39)

where we dropped a D, T term because of antisymmetry (eq. (37) is sandwiched between
quantum gauge fields).

We employ a similar trick for the term (33). Consider the simple multiplet consisting
of two bosonic fields A and ¢:
A
¢ = 40
(%) “o

We define a “covariant” derivative which on ® has the matrix form

— au —Cu
n-(2 %), @

—
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so that D,®T® = 9,87 ®. From this it is straightforward to verify

- SAB,0"A~ %¢8“3“¢ — 26C*(8,A) = —%@T[D,‘D“ + m)8, (42)
up to total divergencés, and where .
C,0* —8,0
2 _ M f .
""(-mcucno‘)' @

Since we drop total divergences, we can calculate the one loop corrections from (39)
in a similar vein to (35). More generally the partial derivative is replaced by a reparame-
terization and gauge covariant derivative, we have many fields fla‘" and q;i, and the gauge
kinetic term (20) is different from that of scalars. This means that the derivative, as well
as the “connection” C,, carry indices themselves.

To include the mixing terms due to both (22) and (33) and use the compact result of
(36) we define a derivative d, which includes the C, and the T, terms. This derivative is
block diagonal except for the terms induced by C,. The block diagonal parts without the
T, term, as outlined in [1], are the appropriate background gauge and reparameterization
covariant derivatives on the scalars, vectors, and spin two fields. By inspection we have
(d)3 = (D), (d)2% = —(C.)%, (d,,)g’ = —1pe(C,)"", and (d,,); is the fully background
covariant derivative on the scalars: (d,)} = 9,6} + I‘]'ka,,qzk where T%, = Z"Tyj is the
scalar connection defined in Eq.(56) of the Appendlx Also, —24 nm,( )b,('D“)“bA“ =
¢'(z"),,,A“ We immediately obtain from (33)

Dgi
(G = +73L

(faﬁ) (D lné)(F,"). (44)

We may now write down the full expansion of (1) in the form of (35), neglecting
auxiliary and ghost terms for the moment. From the results of [1], after all gauge fixing,
we have for the metric

ZAa,;Av = P,\a,;w, Z:ll: = _mw'éab, .Zij = Z;,-(JS). (45)
The mass terms, including the modifications from C,, and T, dependent terms, are

(ZM2)A0,;4u - XAa,pu,

(ZMP)5, = —n.(MP)* - 28F5, — 6T, — Q5 — (C“)Z,-(Ca)ﬁ,-Z‘j = -Ng,
(ZM*);; = Ui = Vi + Rij +vij + (C*)u(Ca)a; = Hijs
(ZM*) = Y4yl =D,
(ZM2)Z,~ = —&55; — (DC")yi — spi = Suis
(ZMP) = K — Q. (46)



We have collected the undefined expressions X, U, V, R, Y, S, M, and Q from [1] in the
appendix. The derivative on C, is given just below.

The only contributions to G, of (36) are:
((c‘:,w);f: (Gw):a) _ [( Ay —(cﬂ);*a) ( @)% -G )}
(G;W):yc (EM) —np6(Cy )M F(d#);' ’ —7o(C)P° (d)i
(Grericnols (o -(OE)
(D,C) = (D.CE  (GRL+(CunCilk

where [Cy, C,]5¢ = (C,)%(C.)"°n,, — p > v, and the action of the fully covariant deriva-
tive D, is defined by (D,C,)% = [d,,C,]% = (@,,)EZ(C’#)‘,{:,, - (C’,,);?’a(d,,)f; and so on. G’ﬁv

and G?, are seen to be
(Gllga = (GL)SE +[Dw Tul52 = [Py Yulis + [T LI,

(G%,): = DD ¢R i+ €&( ,,,,) +eI“kJ(.7",w¢)
(G = &Fuk, (48)

where R and T' are given in the appendix, eq. (60).

The ghost contributions are given in [1]. Combined with those from (36) they yield
the quadratic corrections .

p%In2
£ = ~E22 T (1 = 20y + X + M), (49)
and the logarithmic corrections
27,2
Ly = -%Tr [H? - 2U%, + X% + N? + 2)* - 2(K + Q)*

-28% + %(azx —-28%U,, + d*H + d°N)

l(G“’ G2 4 2GA G +2[C,., ] + 4(D,C.)(D*C")
—-4(D C,)(D*C*) +2G L[C*, CY] +2G JC#,CY]
+2(D,T,)(D*T) — 2D, T,) (DY T#) + [T, TJ7)] - (50)
A few words of caution. The Tr stands for a full contraction of all indices on the matrices
using when necessary the metrics Z;;, Pag,uvy Oab, Nuo and their inverses. Thus, for example,
Tr N = +N26,n*", whereas Tr GA,GY = (G4,)ab(GY)ca6*°6". The traces of terms

involving only C, (and derivatives) is over a matrix with scalar indices only (see for
example the diagonal terms in (47)), e

Tr(D,C,)(D*C*) = (D,C,)%(D*C* )6 nap Z%*. (51)

L 3 ¥
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As in [1], a similar convention is used for the traces over the sqares of other matrices
(S,K + Q,)) that are off-diagonal with respect to spin. The trace over terms involving
only T, terms (and derivatives) is over the indices given in the first line of (48). The.
total derivative terms involving X, H, and N arise from the second term in (36). The
non-diagonal contributions from d,, cancel under the trace. In addition, we have not kept
terms that vanish because TrG%, = 0 (over gauge indices). Uy is defined in (59).

Finally, we come to the auxiliary field contribution. As in [1], by a field redefinition,
(26) can be rewritten in a form purely quadratic in the auxiliary fields,

L(a2)=—§a (D + 620,10 8])(A6)2, (DY — 6ca[0”, In €])e®. (52)

This contains derivatives in the denominator, so that a formula like (36) is not appli-
cable. To find the divergent corrections we may expand (52) in decreasing powers of the
(covariant) derivatives, keeping only order 8;* terms. We find:

(Ds, + 64'5[6“ In€])(As), be (D¥, — 6.4[0",1n é]) =
ab(AA) S Dl + 0%, 10 €)6:0(A )5 Dy — Dliy(D4)5 80a[0”, In ]
Dh(A)(ZM2)5( D) (Z M), (AA)W o .
Diy(Aa)ie (ZM2)blxa(Ah)M”"(ZMz)ar (Aa)ih D+, (53)

PT
where A7, A7', Aj? are the appropriate block diagonal parts of Ag'.

To calculate the leading corrections we follow refs. [1,3,4]. In this section, for technical
reasons, we do not rewrite (21) by introducing a new derivative as in (37), i.e. the gauge
covariant derivative is D, and not ﬁ The gauge field “mass” term is then given by a
matrix N’ + W, where N’ is N without the § terms (see eq. (46)) and W is defined in
(22).

We use the following substitution rule [1,3]:

F — F—i(d,F)om - -;—(dm d,, F)O 90 +

dp — i(pu+ G’,,,,a"),

= 1

G;w - EGuv - (deuu)a“ - _(dm duz Gw)ama“? (54)
for a matrix valued function F' and a covariant derivative d. In the expansion of the
logarithm of (53), viz., In(1 +€) = e — 1e? + - - -, derivatives with respect to p that appear
to the far right may be dropped, as may, after integration by parts derivative to the far
left. We retain terms of O(p°), O(p~?), and O(p~*) in the expansion of the In, and since
the sum of O(p~?) terms cancel we dropped all O(p~3) terms in the intermediate equation
that follows. Using [G,,p~2p*,0%] = 64G% = 0 and the antisymmetry of (T*) in its



three indices, the components of eq. (53) reduce to
[0, ln&)(A)5 Dl — —i(8*ln&)5pup~? +i(0* Iné)p™? [N}, + nusa], p72p"
-~ - aqo, . — v 2. o ~ a Qo -—
— (8" In&)p~(daN,, )i 8;p7"p" + 5(8°0°0" In €)8; 8, Oy pup™
- —(8°8*1n&)830sp,p~?
~2(8,In &)p~ [(T*)pep™2N'], p™2p"
b(Da)Rl0", 8] — —ip,p (8" In&)6; +ip*p? [nwes — N, | p72(8" Iné)
—P'p (o N, )3 057 (8" Iné)
i - ~ o - o = o
+§p,,p 2(0°8°9* In €)0; 65 — pup~%(0%0" In €)o7,
- 1 a ¢ YVl 5
29,072 | =5 (dydo (YN8 5;pa) 770" 1nE)

- —2 oy 1H% —2 001 =
—4p,p™% [(d,T7)02pep2(T*)ps|", p~2(0" Iné)
—2p,p~" [N'p~2(T*)pa]’, p72(6" Iné),
Diy(Aa)i Dy — 1—pup lapp™p#
+4pup~ zap 2 2ap™ " + pp T NG PR
_p“p—ZNI;wp—2$2p—2py _ p“p—2m2p—2Nl;wp—2pu
1
= 5Pup ™ (duy duy N*)0}2 077" py + PPup™ Ny N'**
+2p,p~[d, T8 pa)yp~2N,’p~?p"
(35)
where the RHS of the last expression is a matrix with labels ad. For the last two terms

of (53) we may simply use D¥ — ip* both in the numerator and in the denominator to
this order. In these expressions z = 2p,G**3P + G,,,,G”"‘B;’Bf,, and z4 = p,G**0F.

- If Ais (53) after the substitution rule, then the one-loop corrections are £ =
3 (—g;r%Tr In A, and the divergent integrals can be regulated as shown in [5]. The result
of these computations is:

2 2 2 .
(1) = K In2 tpy M [__l AN _1_ 1uv Ariaf
Lo 64n? Tr 77#!{N + 3272 Tr 4Nth + 48PuucxﬁN N
!‘_ 2 l 2 i a 38 ATtuvY _ _1_ Tuv A
1 EV(d* N' v 1 1 Vi 3 o
+5(0* I E)(& N, + ' NL,) + (5 Puvas = 3T} (00 NS
1 oV [
+'2'77una[(daT )N’]ﬁ] (56)

]. 2 2 2 1 ~ ve ~ ax 14 -4
+NGW [ﬁﬂuuaﬁ(a“a" In €)(9°0" In &) + d,(Y7)5(T*),minap0” In e]
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where

Puvap = Nuvlap + Nualup + NupTva- (57)
‘The T'r is over gauge indices and is made explicit below. This result agrees with a previous
computation [1] when the functions z and y defined in the first section are constant. We
note that the precise coeflicients of the quadratically divergent terms are renormalization
prescription dependent. In (56) we chose the coefficient so as to reproduce the standard
Coleman-Weinberg result in the canonical case £ = y = constant. However, the relative
coefficients for the different terms in the expression for N 4 can be reliably determined
only when a manifestly supersymmetric and gauge invariant regularization procedure is
used. Finally, the third to last term in (56) vanishes because &;N/% is symmetric in its
Lorentz indices, whereas T is totally antisymmetric in all its Lorentz indices.

T
AN

4. Conclusion.

The total leading correction, given by the sum of (49), (50), and (56) can be written
in a more explicit form:

2In2 y 3
L(l) = _'#—16—‘”7 [H,‘_,‘Z'J - Z(Ugh)uvun‘.w + qu,aﬁpuu’aﬁ + —N,ab(sabnuu]

4= #
- In(2u2/ p? N 3
B (6{:;/2” ) [HintJ - 2(Ugh)“"(U9h)‘w + X:BX:E + 2yfyyfﬁZ”P#u,aﬁ

3 v,€ a 3 a 15w
, —'2'(K + Q)I: ! (K +_Q)bﬁ'nPMu,aﬂncn6¢zb - 58“582]'6@2 ’777“

1 1 v\ a 1 v ATtaf\a 1 i v\J 1 a v
+§(N,WN “)0 6,5 + ﬁpuvaﬁ(N,“ NPy 6, + E(Gﬁu)j(Gz )i+ §(ny)b(Gi )f;

(N )3(GAY — 200 )N L6 — (0 &) NLnS

uv/a
2

N = o ~ o e v\oia
+TGPuvaﬁ(a“au In€)(0 In €) + g(Cu)ja(CV)m (CH)L(CY ) nypNao

2 ] v oia 2 o v :
2O Y (CILCH) apas + S(DuC.)(DHC7)
2 1 ¢ viaa 1 1 v (e
~2(DuCLI(D"CH + S(GAICH, O + 5(GEILIC, CF + 2N, 0]
3u?ln2 '
3272
2/,2
L o BB (s aui0, 5650, + (9450,5)° — 62°04§6°0,4)
"

Ng(0"§0,9)/%*

23 6472
+total divergence. (58)

4 B We have dropped all total divergences since we did not consistently keep them. The
matrix N’ is given by N in (46) without the  term, and we have explicitly evaluated the
purely YT-dependent terms from (50) and (56).

The result (58), which differs from the canonical calculation of [1] by quite a few
quadratically and logarithmically divergent terms, is easily modified for a different gauge
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group and complex scalars. For the case of effective four dimensional supergravity models
from strings, where z(¢) and y(¢) are respectively the real and imaginary part of a single
dilaton chiral multiplet, the complete results are given in ref. [8].

As mentioned above, while the coefficients of the logarithmically divergent terms are
prescription independent, those of the quadratically divergent terms are not. A reli-
able evaluation of these coefficients requires the introduction of an explicit regularization
scheme which is consistent with the symmetries of the theory and which can modify [5,9]
the coefficients of some terms that grow quadratically with the regulator mass y. In this
sense, combining our results with those of [1] and [8], we have identified all the ultraviolet
divergent terms at one loop in effective bosonic lagrangian of supergravity theories, and
determined the coeflicients of the logarithmically divergent terms, for a flat space-time
background metric. The generalization to a curved background metric is implicit in the
combined results of [5], [7], [10] and (for noncanonical gauge kinetic energy) the curvature
dependent parts of the operators (27)-(34) that we did not explicitly evaluate here.

Appendix.

Here we collect some notation and results from ref. [1]. The space-time metric g,, has
the flat limit 5, =diag(—1,1,1,1). Z; is the metric on the scalar manifold; the canonical
case corresponds for our real scalars to Z;; = §;;. We also take 1% = 1.

The undefined terms in (43) and (47) are
X’\”:Iw _ : %n,\aDuaiDu&j Zij _ naupkaippaj Zij

1 1 wip i
+ 07 Dob D Zis — o0 Dpd DG 2

—26V(§) P + 2knF’\""“’,
v mayw 11 1 v m bt
YV = —Zn(d")]'D"¢ + EZ’""”” (AT Dr
1 .
+§77lwa$‘v(¢)’
Uj = —2D,¢™ZimD*$"Zjn,
QM' = _43'5P'\a'w"7up(Ta$).i(Dv‘Z)jzij,
ME = 62(Ta$)j(n$)izija
i (S,)? = =2[Tij(Dud)*(T°) + (T°D,¢Y Zij),

R'J = D#&Du‘gq&qu»
Vi = DgDgV(¢),
(Ugh)w = —2"'Du$ipu¢jzij, (59)

where the background scalar curvature and the scalar connection are

Tpij = % [Q;.-ij + 03 Zmi — 3,,;mZij] )
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=

L



4
S8

R, = 0T, —8;", + %I, — T4 T (60)

PqJ ¢

In all of these, Z;; is taken at its background.
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