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We compute the effective actions for the-Q dimensional scalar field interacting with an Abelian gauge
background, as well as for its supersymmetric generalization at finite tempef&0856-282(199)02008-1
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The effective action for 8 1 dimensional fermions inter- de( — m?)
acting with a background Abelian gauge field, at finite tem- =iN;¢ IOQm
perature, has received much attention during the past year t
[1-3]. In this Brief Report, we present the finite temperature de(iD,—m) de{(iD,+m)
effective actions for scalar fields interacting with an Abelian =iNy| log detio—m) og detia +m)
gauge background as well as for its supersymmetric exten- t t
siof- =T(m)+T(-m), )

Let us consider the interacting scalar theory described by

the Lagrangian whereT'(m) is the effective action obtained from the much

simpler, first order scalar Lagrangian of the form
L=(De))*(Dip)—m?¢* ¢j, j=12...Ny (D) o _
L=¢](iD(—m)¢;. )

where Calculationally, this is much simpler. In fact, at zero tem-
perature, this would lead to the same effective action as from
D=, +iAd; . (2)  the fermionic theonyf1-3] (except for the negative sign as-
sociated with the fermion logp

Unlike the theory of massive fermion4], this theory is, in ~ i
fact, invariant under charge conjugation and, consequently, I'(m)=-— 7sgr(m)J dtA(t). (6)
the effective theory can only contain terms involving an even

number of photons. The simplest, of course, is the two poinf; follows from this that the effective actiof®)
function and involves two distinct Feynman diagrams. At

zero temperature, this gives r=T(m)+T(—m)=0. @
2 dk 2 Namely, there is no radiative correction to the theory in Eq.
il ¢ (p)—f orl Tk Tie (1) at zero temperature.

The evaluation of the effective action, at finite tempera-
(2k+p)? ture, also follows in a straightforward manner. Let us con-
+ (K—m?+ie[(k+p)2—m’+ie]| 3 sider the theory in Eq(5) (with m>0 for simplicity) and
note that because of the bosonic nature of the fields, the
propagator at finite temperature has the forh

:O,

i
G(p):m"_z"TnB(m)‘S(p_m) 8
implying that there is no quadratic term A) in the effec-

tive action.
As we go to higher point functions, the number of graphs with (4= 1/kT)
increases rapidly and a diagrammatic evaluation becomes 1
complicated. Consequently, we follow an alternate proce- Ne(M)= —gm— . (9)
dure. Let us note that the effective action obtained by inte- e”—1

grating out the scalar fields has the fofproperly normal- _ _
ized The propagator in coordinate space has the form

G(t)=[6(t)+ng(m)Je”"™. (10
*Permanent address: Instituto desiEa, Universidade Federal do

Rio de Janeiro, RJ 21945-970, Brazil. The one-point function is easy to evaluate:
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iTO(t)=—iN{ 6(0)+ng(m)] odj= ey,
iN m = )
=— TfCO'[hBT. (11) &JIJ I(Dt¢J)E'
SN =Ag€, (16)
This, of course, reduces to the one-point function from Eq. SA=—i€dN\,

(6) at zero temperaturéfor m>0). Furthermore, following
[2], we can show that in this case, the recursion relatiorwhere we assume that a Majorana fermion is a real fermion,
between amplitudes has exactly the same form as in the feg* = ¢ andE= J* . The transformations of the scalar and the
mionic theory charged fermion, in Eq(16), are the conventional ones
whereas those of the photon and the photino look unconven-
tional. This is primarily because in91 dimension, the pho-
ton has no kinetic energy term and is like an auxiliary field
and that a fermion with an auxiliary field can describe a
supersymmetric multiplet in lower dimension§,6] (the
conventional SUSY transformation would imply that the
so that all the amplitudes are related to the one-point ampliphotino does not transform since the field strength associated
tude recursively. Thus, in this case, the effective action takewith the gauge field vanishgdn fact, it is worth noting that
the form[a= fdtA(t)] a Chern-Simons term in81 dimension would be automati-
cally supersymmetric under such a transformatiionfact,
the Chern-Simons term can be supersymmetric onl if

T

— T(N+1)
Frou i B(N+1)T(N*D), (12

- ) - ~ transforms like an auxiliary field It is worth noting here that
I‘(m)=—|2 aN(iTN)y . . X
& even though the transformation Afin Eq. (16) appears like
a gauge transformatide it with a fermionic parameter as
i BN; 1 /ia\N gN-1 Am in a Becchi-Rouet-Stora-TyutifBRST) transformatiof, it is
T2 &N B WCOIhT because the auxiliary fields transform as a total derivative
T under a supersymmetry transformation and the photon, in

this theory, is an auxiliary field. One can check explicitly
)- (13 that the transformations ofA(\), indeed, satisfy the super-

symmetry algebra and not the Abelian algebra of the gauge

symmetry. The theory in Eq15) is, of course, not the most

Consequently, the effective action for the interacting scala@eneral supersymmetric interacting theory involving
theory in Eq.(1) has the forn{see Eq(4)] o, ¢ ,AN. For example, it is easy to check that

L=(Dy¢))* (Dygpj) —m? ¥ ¢+ 4 (iD—m) o

—iN I 2 i coth sin2
=INjyl0g COSE-FI cot TSmE

r=T(m+T(-m) 1
_ a sm . a FINEN b — U 8) — 7 (6 by)° (17)
=iN;log cos’-§+cothz TSII’IZ 50 (14
is also invariant under the transformatidi$) on-shell. It is,
however, not clear if this theory is soluble because of the
This can be easily seen to reduce to the zero temperatuflartic scalar interactions. On the other hand, it is interesting
result of Eq.(7) and is invariant under the large gauge trans-that the simple theory in Eq15) is already invariant under
formationa—a+ 27N as well, for any number of flavors, supersymmetry and is soluble.
Ny . The effective action for Eq(15), of course, follows from
Let us next consider the supersymmet®USY) gener-  EQ. (14) as well as from earlier workl] and has the form
alization of Eq.(2),

I'susy=iN; Iog[ cog g+c0t|¥ ﬂTmsinz g]
Lsusy=(De))* (D) =Pt oy + 5 (iD= m) . a gm  a
(19 —Iog{ cos +i tanhTSini] : (18)

The supersymmetric multipletd ,#;), is interacting with a  Furthermore, this action, in addition to being invariant under

background, Abelian gauge field. There is no photino in thidarge gauge transformations, is also invariant under the su-
theory and yet, because of the simplicity of @ dimension, persymmetry transformations, E@.6). In fact, it is interest-

it can be easily checked that this Lagrangian is invarianing to note that a SUSY transformation that leaves the

under the supersymmetry transformations Chern-Simons action invariant would also automatically be a
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symmetry of any nonextensive function of it. This behavior 50=—ie€é,
is quite distinct from the conventional expectatipf] that (20)
supersymmetry is broken at finite temperature.

In closing, we would like to add that the effective theory

in Eq. (18) is purely bosonic and yet is supersymmetric. This 56= €.

is interesting and is complementary to the work8h How-

ever, one can also trivially add a fermionic tefta give the ] ]

theory a conventional forjrto our starting theory15) with- These transformations also satisfy the supersymmetry al-

out changing any of the conclusions above simply as folgebra and the Lagrangian in EG.9) is invariant under the

lows. Let transformations of Eqs(16) and (20). Adding this to the

o o1 . Lagrangian in Eq(15), does not change the calculation of

L'= E()‘+§)()‘+§)+ §(A+ 0)%, (19 the effective action which would now be a sum of EfS)

and the action coming from Eq19).
where (6,¢) represent a Stuckelberg supermultiplet trans-
forming under supersymmetry d¢he Stuckelberg fieldd

transforms under a gauge transformatiorigg#= — a, to This work was supported in part by U.S. DOE Grant No.
maintain gauge invariance, whewe is the parameter of DE-FG-02-91 ER40685, NSF-INT-9602559 and CNBep-
gauge transformatign zilian agency.
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