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Trace anomaly induced effective action and 2D black holes for
dilaton coupled supersymmetric theories
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The action for two-dimensional~2D! dilatonic supergravity with dilaton coupled matter and dilaton multip-
lets is constructed. A trace anomaly and anomaly induced effective action~in components as well as in
supersymmetric form! for a matter supermultiplet on a bosonic background are found. The one-loop effective
action and large-N effective action for quantum dilatonic supergravity are also calculated. Using an induced
effective action one can estimate the back reaction of dilaton coupled matter to the classical black hole
solutions of dilatonic supergravity. That is done on the example of a supersymmetric CGHS model with dilaton
coupled quantum matter where Hawking radiation which turns out to be zero is calculated. A similar 2D
analysis may be used to study spherically symmetric collapse for other models of 4D supergravity.
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I. INTRODUCTION

There are various motivations to study two-dimensio
~2D! gravitational theories and their black hole solutions~see
@1–5#, and references therein!. First of all, it is often easier to
study 2D models at least as useful laboratories. Second, s
ing from 4D Einstein-Maxwell-scalar theory and applying
spherically symmetric reduction ansatz@6#, one is left with a
specific dilatonic gravity with dilaton coupled matter. Henc
in such a case 2D gravity with dilaton coupled matter m
describe the radial modes of the extremal dilatonic bla
holes in four dimensions@7#. Similarly, the dilaton coupled
matter action appears in string inspired models. Recentl
dilaton dependent trace anomaly and induced effective ac
for dilaton coupled scalars have been studied in Refs.@8–
10#. That opens new possibilities in the study of black ho
with the back reaction of quantum matter@9#.

It could be extremely interesting to present a supersy
metric generalization of the results@8–10#. The above moti-
vations are still valid in this case. Indeed, let us consider
spherical reduction ofN51, d54 supergravity theory tod
52 theory. In order to realize the spherical reduction,
assume that the metric has the following form:

ds25 (
mn50,1,2,3

gmndxmdxn5 (
m,n5t,r

gmn~ t,r !dxmdxn

1e2f~ t,r !~du21sin2udw2!. ~1!

The metric~1! can be realized by choosing the vierbein fiel
em

a as follows:
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250.
~2!

The expression~2! is unique up to a local Lorentz transfo
mation. The local supersymmetry transformation for t
vierbein field with the parameterz and z̄ is given by

dem
a 5 i ~cmsaz̄2zsac̄m!. ~3!

Here cm is the Rarita-Schwinger field~gravitino! and we
follow the standard notations of Ref.@11# ~see also,@12#!. If
we require that the metric has the form of Eq.~1! after the
local supersymmetry transformation, i.e.,

dgtu5dgru5dgtw5dgrw5dguw50,

dgww5sinudguu , ~4!

we obtain, up to local Lorentz transformation,

z15 z̄1, z25 z̄2, ~5!

cw15sinucu1 , c̄w
15sinuc̄u

1 ,

cw252sinucu2 , c̄w
252sinuc̄u

2 ,

c̄u
152cu1 , c̄u

252cu2 ,

c r12c̄ r
1522e2fer

3cu2 , c t12c̄ t
1522e2fet

3cu2 ,

c r22c̄ r
2522e2fer

0cu1 , c t22c̄ t
2522e2fer

0cu1 .
~6!

,
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Equation~5! tells that the local supersymmetry of the sphe
cally reduced theory isN51, which should be compare
with the torus compactified case, where the supersymm
becomesN52. Let the independent degrees of freedom
the Rarita-Schwinger fields be

2c r
1[c r11c̄ r

1 , 2c r
2[c r21c̄ r

2 ,

2c t
1[c t11c̄ t

1 , 2c t
2[c t21c̄ t

2 , ~7!

x1[cu1 , x2[cu2 , ~8!

then we can regardc t,r and x to be the gravitino and the
dilatino in the spherically reduced theory.

If we coupled the massless matter multiplet, the action
the spherically reduced theory is given by

S52
1

4E d4xduE~D̄D̄28R!F i
†F i

;4pE drdtAge2fS 2]mAi]
mAi

2
i

2
@x is

mDmx̄ i1x̄ i s̄
mDmx i #1••• D . ~9!

Here the ellipsis denotes the terms containing the Ra
Schwinger fields and dilatino. Note that in the spherica
reduced theory, the dilaton fieldf couples with the matte
fields. Therefore if we want to investigate 2D dilaton sup
gravity as the spherically reduced theory, we need to cou
the dilaton field to the matter multiplet.

The present work is organized as follows. The next s
tion is devoted to the construction of the Lagrangian for
dilatonic supergravity with dilaton coupled matter and di
ton supermultiplets. A dilaton dependent trace anomaly
induced effective action~as well as a large-N effective action
for quantum dilatonic supergravity! for the matter multiplet
are found in Sec. III. Black hole solutions and their prop
ties are discussed for some specific models in Sec. IV. S
conclusions are presented in the final section.

II. THE ACTION OF 2D DILATONIC SUPERGRAVITY
WITH MATTER

In the present section we are going to construct the ac
of 2D dilatonic supergravity with a dilaton supermultipl
and a matter supermultiplet. The final result is given in
perfields as well as in components.

In order to construct the Lagrangian of two-dimension
dilatonic supergravity, we use the component formulation
Ref. @13#. The convention and notations are given as follow

Signature:

hab5dab5S 1 0

0 1D ~10!

g matrices:

gagb5dab1 i eabg5 ,
-

ry
f

f

a-

-
le

-

-
d

-
e

n

-

l
f
:

sab[
1

4
@ga ,gb#5

i

2
eabg5 . ~11!

Charge conjugation matrixC:

CgaC2152ga
T ,

C5C2152CT,

c̄52cTC. ~12!

Here the indexT means transverse.
Majorana spinor:

c5cc[Cc̄T. ~13!

Levi-Civita tensor:

e125e1251, eab52eba, eab52eba ,

emn5eea
meb

neab emn5e21em
a en

beab. ~14!

In this paper, all the scalar fields are real and all the spi
fields are Majorana spinors.

We introduce dilaton multipletF5(f,x,F) and matter
multiplet S i5(ai ,x i ,Gi), which has the conformal weigh
l50, and the curvature multiplet1 W

W5S S,h,2S22
1

2
R2

1

2
c̄mgncmn1

1

4
c̄mcmD . ~15!

HereR is the scalar curvature and

h52
1

2
Sgmcm1

i

2
e21emng5cmn , ~16!

cmn5Dmcn2Dncm ,

Dmcn5S ]m2
1

2
vmg5Dcn ,

vm52 ie21eameln]len
a2

1

2
c̄mg5glcl . ~17!

The curvature multiplet has the conformal weightl51.
Then the general action of 2D dilatonic supergravity

given in terms of general functions of the dilatonsC(f),
Z(f), f (f), and2 V(f) as follows:

1The definition of the scalar curvatureR is different than that of
Ref. @13# RHUY by sign:

R52RHUY.

2The multiplet containingC(f), for example, is given by

FC~f!,C8~f!x,C8~f!F2
1

2
C9~f!x̄xG.
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L52@C~F! ^ W# inv1
1

2
@F ^ F ^ TP„Z~F!…# inv

2@Z~F! ^ F ^ TP~F!# inv

1(
i 51

N H 1

2
@S i ^ S i ^ TP„f ~F!…# inv2@ f ~F! ^ S i

^ TP~S i !# invJ 1@V~F!# inv ,

@C~F! ^ W# inv

5eFC~f!S 2S22
1

2
R2

1

2
c̄mgncmnD

1C8~f!~FS2x̄h!2
1

2
C9~f!x̄xS

1
1

2
c̄mgm@hC~f!1xSC8~f!#1

1

2
C~f!Sc̄msmncnG ,

@F ^ F ^ TP„Z~F!…# inv

5eF S Z8~f!F2
1

2
Z9~f!x̄x D ~2fF2x̄x!

1f2h@Z~f!#22fx̄D” @Z8~f!x#

1
1

2
c̄mgmH 2xS Z8~f!F2

1

2
Z9~f!x̄x Df

1D” @Z8~f!x#f2J
1

1

2S Z8~f!F2
1

2
Z9~f!x̄x Df2c̄msmncnG ,

@Z~F! ^ F ^ TP~F!# inv

5eFZ8~f!~F2f2x̄xF2fx̄D” x!2
1

2
Z9~f!x̄xfF

1Z~f!~fhf2x̄D” x1F2!

1
1

2
c̄mgm$D” xZ~f!f1x@Z~f!1Z8~f!f#F%

1
1

2
Z~f!fFc̄msmncnG ,

@ f ~F! ^ S i ^ TP~S i !# inv

5eF f 8~f!~FaiGi2x̄j iGi2ai x̄D” j i !2
1

2
f 9~f!x̄xaiGi

1 f ~f!~aihai2 j̄ iD” j i1Gi
2!

1
1

2
c̄mgm$D” j i f ~f!ai1@j i f ~f!1x f 8~f!ai #Gi%

1
1

2
Z~f!aiGi c̄msmncnG ,
@S i ^ S i ^ TP„f ~F!…# inv

5eF S f 8~f!F2
1

2
f 9~f!x̄x D ~2aiGi2 j̄ ij i !

1ai
2h@ f ~f!#22ai j̄ iD” @ f 8~f!x#

1
1

2
c̄mgmH 2j i S f 8~f!F2

1

2
f 9~f!x̄x Dai

1D” „f 8~f!x…ai
2J

1
1

2S f 8~f!F2
1

2
f 9~f!x̄x Dai

2c̄msmncnG ,
@V~F!# inv5eFV8~f!F2

1

2
V9~f!x̄x1

1

2
c̄mgmxV8~f!

1S 1

2
c̄msmncn1SDV~f!G . ~18!

The covariant derivatives for the multipletZ5(w,z,H) with
l50 are defined as

Dmw5]mw2
1

2
c̄mz,

Dmz5S ]m1
1

2
vmg5D z2

1

2
Dnwgncm2

1

2
Hcm , ~19!

hw5e21H ]n~egmnDmw!1
i

4
z̄g5cmnemn2

1

2
c̄mDmz

2
1

2
c̄mgncnDmwJ .

TP(Z) is called the kinetic multiplet for the multipletZ
5(w,z,H) and when the multipletZ has the comformal
weight l50, TP(Z) has the following form:

TP~Z!5~H,D” z,hw!. ~20!

The kinetic multipletTP(Z) has conformal weightl51. The
product of two multipletsZk5(wk ,zk ,Hk) (k51,2) with the
conformal weightlk is defined by

Z1^ Z25~w1w2 ,w1z21w2z1 ,w1H21w2H12 z̄1z2!.
~21!

The invariant Lagrangian@Z# inv for multiplet Z is defined by

@Z# inv5eFH1
1

2
c̄mgmz1

1

2
wc̄msmncn1Sw G . ~22!

In superconformal gauge

em
a 5erdm

a ~e5er!, cm5gmc~c̄m52c̄gm!, ~23!

we find

vm52 i e m
l ]lr,
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eR522]m]mr,

emncmn522ieg5gmS ]m2
1

2
]mr Dc,

h52Sc1gmS ]m2
1

2
]mr Dc,

c̄mgncmn522c̄S ]m2
1

2
]mr Dc,

c̄msmncn52c̄c. ~24!

Hence, we constructed the classical action for 2D d
tonic supergravity with dilaton and matter supermultiplets

III. EFFECTIVE ACTION IN THE LARGE- N APPROACH
ON A BOSONIC BACKGROUND

Our purpose in this section will be the study of the tra
anomaly and effective action in the large-N approximation
for the 2D dilatonic supergravity discussed in the previo
section. We consider only the bosonic background below
it will be sufficient for our purposes~the study of black hole
type solutions!.

On the bosonic background where dilatinox and the
Rarita-Schwinger fields vanish, one can show that the gra
and dilaton part of the Lagrangian have the following for

@C~F! ^ W# inv

5eF2C~f!S S21
1

2
RD2C8~f!FSG ,

@F ^ F ^ TP„Z„F……# inv

5e$f2h̃@Z~f!#12Z8~f!fF2%,

@Z~F! ^ F ^ TP~F!# inv

5e@Z~f!fh̃f1Z8~f!fF21Z~f!F2#,

@V~F!# inv5e@V8~f!F1SV~f!#. ~25!

For matter part we obtain

@ f ~F! ^ S i ^ TP~S i !# inv5e@ f ~f!~aih̃ai2 j̄ iD”̃ j i !

1 f 8~f!FaiGi1 f ~f!Gi
2#,

@S i ^ S i ^ TP„f ~F!…# inv5e$ai
2h̃@ f ~f!#12 f 8~f!FaiGi%.

~26!

Here the covariant derivatives for the multiplet (w,z,H) with
l50 are reduced to

D̃mw5]mw,

D̃mz5S ]m1
1

2
vmg5D z,

h̃w5e21]n~egmn]mw!. ~27!
-

s
s

ty
:

Using equations of motion with respect to the auxillia
fields S, F, Gi , on the bosonic background one can sho
that

S5
C8~f!V8~f!22V~f!Z~f!

C82~f!14C~f!Z~f!
,

F5
C8~f!V~f!12C~f!V8~f!

C82~f!14C~f!Z~f!
,

Gi50. ~28!

We will be interested in the supersymmetric extension@14#
of the Callan-Giddings-Harvey-Strominger~CGHS! model
@1# as a specific example for the study of black holes a
Hawking radiation. For such a model

C~f!52e22f, Z~f!54e22f, V~f!54e22f,
~29!

we find

S50, F52l, Gi50. ~30!

Using Eq.~26!, we can show that

(
i 51

N H 1

2
@S i ^ S i ^ TP„f ~F!…# inv2@ f ~F! ^ S i ^ TP~S i !# invJ

5e f~f!(
i 51

N

@gmn]mai]nai1 j̄ ig
m]mj i2 f ~f!Gi

2#

1total divergence terms. ~31!

Here we have used the fact that

j̄ ig5j i50 ~32!

for the Majorana spinorj i .
Let us start now the investigation of effective action

above theory. It is clearly seen that theory~31! is confor-
mally invariant on the the gravitational background und
discussion. Then using standard methods, we can prove
theory with matter multipletS i is superconformally invarian
theory. First of all, one can find trace anomalyT for the
theory~31! on the gravitational background using the follow
ing relation:

Gdiv5
1

n22E d2xAgb2 , T5b2 , ~33!

where b2 is the b2 coefficient of the Schwinger–de Wit
expansion andGdiv is the one-loop effective action. The ca
culation of Gdiv ~33! for quantum theory with Lagrangian
~31! was done some time ago in Ref.@8#. Using results of
this work, we find

T5
1

24pH 3

2
NR23NS f 9

f
2

f 82

2 f 2D ~¹lf!~¹lf!

23N
f 8

f
DfJ . ~34!
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It is remarkable that Majorana spinors do not give the c
tribution to the dilaton dependent terms in the trace anom
as was shown in@8#. They only alter the coefficient of the
curvature term inT ~34!. Hence, except the coefficient of th
curvature term inT ~34!, the trace anomaly~34! coincides
with the correspondent expression for the dilaton coup
scalar@9#. Note also that for particular casef (f)5e22f the
trace anomaly for the dilaton coupled scalar was rece
calculated in Ref.@10#.

Making now the conformal transformation of the metr
gmn→e2sgmn in the trace anomaly, and using relation

T5
1

Ag

d

ds
W@s# ~35!

one can find the anomaly induced actionW@s#. In the cova-
riant, nonlocal form it may be found as the following:

W52
1

2E d2xAgF N

32p
R

1

D
R2

N

16p

f 82

f 2
¹lf¹lf

1

D
R

2
N

8p
lnf RG . ~36!

Hence, we got the anomaly induced effective action for
dilaton coupled matter multiplet in the external dilato
gravitational background. We should note that the same
tion W ~36! gives the one-loop large-N effective action in the
quantum theory of supergravity with matter~18! ~i.e., when
all fields are quantized!.

We can now rewriteW in a supersymmetric way. In orde
to write down the effective action expressing the tra
-
y,

d

ly

e

c-

e

anomaly, we need the supersymmetric extention of (1/D)R.
The extension is given by using the inverse kinetic multip
in @15#, or equivalently by introducing two auxiliary field
Q5(t,u,T) andY5(u,v,U). We can now construct the fol
lowing action:

@Q ^ @TP~Y!2W## inv . ~37!

The Q equation of motion tells that, in the superconform
gauge~23!,

u;r;2
1

2D
R, v;c. ~38!

Then we find

AgR
1

D
R;4@W^ Y# inv ,

Ag
f 82~f!

f 2~f!
¹lf¹lf

1

D
R,

;2FF ^ F ^ TPS f 82~F!

f 2~F!
^ Y D G

inv

12F f 82~F!

f 2~F!
^ Y ^ F ^ TP~F!G

inv

,

Aglnf ~f!R;2@ lnf ~F! ^ W# inv . ~39!

In components,
@Q ^ @TP~Y!2W## inv5 eF tS hu1
1

2
R1

1

2
c̄mgncmn2Sc̄mcmD1T~U2S!2 ū~D” v2h!1

1

2
c̄mgm$~D” v2h!t1u~U2S!%

1
1

2
t~U2S!c̄msmncnG , ~40!

4@W^ Y# inv54eFuS 2
1

2
R2

1

2
c̄mgncmn1Sc̄mcmD1US2 v̄h1

1

2
c̄mgm$hu1vS%1

1

2
uSc̄msmncnG , ~41!

FF ^ F ^ TPS f 82~F!

f 2~F!
^ Y D G

inv

5eFf2h@uh82~f!#1~2fF2x̄x!$h82~f!U1u„2h8~f!h9~f!F2@h92~f!1h8~f!h-~f!#x̄x…%

22fx̄D” @h82~f!v12uh8~f!h9~f!x#1
1

2
c̄mgm

„$D” @h82~f!v12uh8~f!h9~f!x#%f2

12xfˆh82~f!U1u$2h8~f!h9~f!F2@h92~f!1h8~f!h-~f!#x̄x%‰…

1
1

2
f2

ˆh82~f!U1u$2h8~f!h9~f!F2@h92~f!1h8~f!h-~f!#x̄x%‰c̄msmncnG , ~42!
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F f 82~F!

f 2~F!
^ Y ^ F ^ TP~F!G

inv

5eFuh82~f!fhf1Fˆf@h82~f!U1u$2h8~f!h9~f!F2„h92~f!1h8~f!h-~f!…x̄x%

22h8~f!h9~f!x̄v#1uh82~f!F2x̄@vh82~f!12xuh8~f!h9~f!#‰

2@uh82~f!x̄1fh82~f!v̄12ufh8~f!h9~f!x̄#D” x

1
1

2
c̄mgm$xuh82~f!f1@xuh82~f!1vfh82~f!12xufh8~f!h9~f!#F%

1
1

2
uh82~f!fFc̄msmncnG , ~43!

@ lnf ~F! ^ W# inv5eFh~f!S 2S21
1

2
R2

1

2
c̄mgncmnD1h8~f!~FS2x̄h!2

1

2
h9~f!x̄xS1

1

2
c̄mgm@hh~f!

1xSh8~f!#1
1

2
h~f!Sc̄msmncnG . ~44!
u

f-

s
-

q

he

ic
Of
ss-
-

iza-
of

ila-
et-

we
ike
plet
-

ter
.

Here

h~f![ lnf ~f!. ~45!

That finishes the construction of the large-N supersym-
metric anomaly induced effective action for 2D dilatonic s
pergravity with matter.

At the end of this section, we will find the one-loop e
fective action ~its divergent part! for the whole quantum
theory ~25!,~26! on the bosonic background under discu
sion. Using Eqs.~25!,~26!, one can write the complete La
grangian as follows:

e21L52S Ṽ1C̃R1
1

2
Z̃~¹mf!~¹mf!2 f ~f!

3(
i 51

N

@~¹mai !~¹mai !1 j̄ ig
m]mj i # D , ~46!

where

2Ṽ52CS22C8FS12Z8fF21Z8fF21ZF21V8F1SV,

C̃5
C

2
,

2Z̃53fZ81Z, ~47!

where auxilliary fields equations of motion which lead to E
~28! should be used.

The calculation of the one-loop effective action for t
theory ~46! is given in Ref.@8# in the harmonic gauge with
the following result:
-

-

.

Gdiv52
1

4p~n22!
E d2xAgH 4823N

12
R1

2

C̃
Ṽ1

2

C̃8
Ṽ8

1S C̃9

C̃
2

3C̃82

C̃2
2

C̃9Z̃

C̃82
2

N f82

4 f 2
1

N f9

2 f D ~¹lf!~¹lf!

1S C̃8

C̃
2

Z̃

C̃8
1

N f8

2 f D Df

2S 3 f Z̃

4C̃82
1

3 f

4C̃
2

f 8

C̃8
D (

i 51

N

j̄ ig
m]mj iJ . ~48!

Thus, we found the one-loop effective action for dilaton
supergravity with matter on a bosonic background.
course, the contribution of fermionic superpartners is mi
ing there. However, Eq.~48! also gives the divergent one
loop effective action in the large-N approximation ~one
should keep only terms with multiplierN). This effective
action may also be used for the construction of renormal
tion group improved effective Lagrangians and the study
their properties, such as BH solutions in Ref.@16#.

IV. BLACK HOLES IN SUPERSYMMETRIC EXTENSION
OF CGHS MODEL WITH MATTER BACK REACTION

In the present section we discuss the particular 2D d
tonic supergravity model which represents the supersymm
ric extension of the CGHS model. Note that as matter,
use a dilaton coupled matter supermultiplet. We would l
to estimate the back reaction of such a matter supermulti
to black holes and Hawking radiation working in the largeN
approximation. Since we are interested in the vacuum~black
hole! solution, we consider a background where mat
fields, the Rarita-Schwinger field, and the dilatino vanish
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In the superconformal gauge the equations of motion can be obtained by the variation overg66, g67, andf:

05T66

5e22f@4]6r]6f22~]6f!2#1
N

8
~]6

2 r2]6r]6r!1
N

8 H @]6h~f!]6h~f!#r1
1

2

]6

]7
@]6h~f!]7h~f!#J

1
N

8
$22]6r]6h~f!1]6

2 h~f!%1t6~x6!1
N

64

]6

]7
@h8~f!2F2#, ~49!

05T67

5e22fS 2]1]2f24]1f]2f2l2e2r!2
N

8
]1]2r2

N

16
]1h~f!]2h~f!2

N

8
]1]2h~f!2

N

64
h8~f!2F2

1SN

16
US1

N

2
@2h~f!S21h8~f!FS#De2r, ~50!

05e22f~24]1]2f14]1f]2f12]1]2r1l2e2r!2
N f8

f H 1

16
]1@r]2h~f!#1

1

16
]2@r]1h~f!#

2
1

8
]1]2rJ . ~51!
d-
io

d,

x-

e

Heret6(x6) is a function which is determined by the boun
ary condition. Note that there is, in general, a contribut
from the auxilliary fields toT67 besides the contribution
from the trace anomaly.

In the large-N limit, where classical part can be ignore
field equations become simpler:

05
1

N
T66

5
1

8
~]6

2 r2]6r]6r!1
1

8H @]6h~f!]6h~f!#r

1
1

2

]6

]7
@]6h~f!]7h~f!#J

1
1

8
$22]6r]6h~f!1]6

2 h~f!%1t6~x6!, ~52!

05
1

N
T67

52
1

8
]1]2r2

1

16
]1h~f!]2h~f!2

1

8
]1]2h~f!,

~53!

05
1

16
]1@r]2h~f!#1

1

16
]2@r]1h~f!#2

1

8
]1]2r.

~54!

Here we used theQ equation and the equations for the au
illiary fields S andF; i.e.,

U5S, u5r52
1

2D
R, S5F50. ~55!

The functiont6(x6) in Eq. ~52! can be absorbed into th
choice of the coordinate and we can choose
n
t6~x6!50. ~56!

Combining Eq.~52! and Eq.~53!, we obtain

2
1

2
~]6r!21

1

2
r@]6h~f!#22]6r]6h~f!50, ~57!

i.e.,

]6h~f!5
11A11r

r
]6r

or

12A11r

r
]6r. ~58!

This tells us that

h~f!5E dr
16A11r

r
. ~59!

Substituting Eq.~59! into Eq. ~54!, we obtain

]1]2$~11r!3/2%50, ~60!

i.e.,

r5211@r1~x1!1r2~x2!#2/3. ~61!

Here r6 is an arbitrary function ofx65t6x. We can
straightforwardly confirm that the solutions~59! and ~61!
satisfy Eq.~53!. The scalar curvature is given by
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R58e22r]1]2r

524
e22$211[r1~x1!1r2~x2!] 2/3%

@r1~x1!1r2~x2!#4/3
r18~x1!r28~x2!.

~62!

Note that whenr1(x1)1r2(x2)50, there is a curvature
singularity. Especially if we choose

r1~x1!5
r 0

x1 , r2~x2!52
x2

r 0
~63!

there are curvature singularities atx1x25r 0
2 and horizon at

x150 or x250. Hence we got the black hole solution in th
model under discussion. The asymptotic flat regions
given by x1→1` (x2,0) or x2→2` (x1.0). There-
fore we can regardx6 as corresponding to the Kruskal co
ordinates in 4 dimensions.

We now consider the Hawking radiation. The quantu
part of the energy momentum tensor for the generalized d
tonic supergravity is given by

T66
q 5

N

8
~]6

2 r2]6r]6r!1
N

8 H @]6h~f!]6h~f!#r

1
1

2

]6

]7
@]6h~f!]7h~f!#J

1
N

8
$22]6r]6h~f!1]6

2 h~f!%

1
N

64

]6

]7
@h8~f!2F2#1t~x6!, ~64!

T67
q 52

N

8
]1]2r2

N

16
]1h~f!]2h~f!

2
N

8
]1]2h~f!2

N

64
h8~f!2F2

1S N

16
US1

N

2
@2h~f!S21h8~f!FS# De2r.

~65!

Here we consider the bosonic background and put the fe
onic fields to be zero. We now investigate the case that

f ~f!5eaf @h~f!5af#. ~66!

Substituting the classical black hole solution which appea
in the original CGHS model@1#,

r52
1

2
lnS 11

M

l
el~s22s1!D , ~67!

f52
1

2
lnS M

l
1el~s12s2!D ~68!

~here M is the mass of the black hole and we us
asymptotic flat coordinates! and using Eq.~30!, we find
re

a-

i-

d

T12
q 5

Nl2

64
~414a1a2!

1

@11~M /l!el~s22s1!#2

2
Nl2

16
~11a!

1

@11~M /l!el~s22s1!#
2

Nl2a2

64
,

T66
q 52

Nl2

32 H 12
1

@11~M /l!el~s22s1!#2J
2

Nl2a2

16

ln@11~M /l!el~s22s1!#21

@11~M /l!el~s22s1!#2
1t6~s6!.

~69!

Then whens1→1`, the energy momentum tensor behav
as

T12
q →0,

T66
q →

Nl2

16
a21t6~s6!. ~70!

In order to evaluatet6(s6), we impose the boundary con
dition that there is no incoming energy. This condition r
quires thatT11

q should vanish at the past null infinity (s2

→2`) and if we assumet2(s2) is black hole mass inde
pendent,T22

q also should vanish at the past horizon (s1

→2`) after taking aM→0 limit. Then we find

t2~s2!52
Nl2a2

16
, ~71!

and one obtains

T22
q →0 ~72!

at the future null infinity (s1→1`). Equations~70! and
~72! might tell that there is no Hawking radiation in th
dilatonic supergravity model under discussion when
quantum back reaction of the matter supermultiplet in
large-N approach is taken into account.~That indicates that
the above black hole is an extremal one.! This might be the
result of the positive energy theorem@17#. If Hawking radia-
tion is positive and mass independent, the energy of the
tem becomes unbounded below. On the other hand, the n
tive radiation cannot be accepted physically. Of course,
result may be changed in the next order of the large-N ap-
proximation or in other models of dilatonic supergravit
From another side, since we work in the strong coupl
regime it could be that new methods to study Hawking
diation should be developed.

V. DISCUSSION

In summary, we studied 2D dilatonic supergravity wi
dilaton coupled matter and dilaton supermultiplets. Some
sults of this work have been briefly reported in@18#. The
trace anomaly and induced effective action for matter sup
multiplet as well as the large-N effective action for dilatonic
supergravity are calculated. Using these results one can
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mate matter quantum corrections in the study of black ho
and their properties, such as Hawking radiation. Such a s
is presented on the example of the supersymmetric CG
model which corresponds to a specific choice of generali
dilatonic couplings in the initial theory. Similarly, one ca
investigate quantum spherical collapse for different 4D
higher-dimensional supergravities using 2D models.

It is interesting to note that there are the following dire
tions to generalize our work. First of all, one can consid
extended 2D supergravities with dilaton coupled matter. T
general structure of the trace anomaly and effective ac
will be the same. Second, one can consider other type
black hole solutions in the model under discussion with
er

,

i-

v-
ed
s
dy
S
d

r

-
r
e
n
of
-

bitrary dilaton couplings. Unfortunately, since such mod
are not exactly solvable, one can only apply numerical me
ods for the study of black holes and their properties. Third
could be important to discuss the well-knownC theorem for
the dilaton dependent trace anomaly. We hope to investig
some of these questions in the near future.

ACKNOWLEDGMENTS

We would like to thank R. Bousso, I. Buchbinder,
Hawking, S. Gates, and K. Stelle for useful remarks. T
research was supported in part by COLCIENCIAS~Colom-
bia! and RFBR, project No. 96-02-16017~Russia!.
V.
@1# C.G. Callan, S.B. Giddings, J.A. Harvey, and A. Stroming
Phys. Rev. D45, 1005~1992!.

@2# J.G. Russo, L. Susskind, and L. Thorlacius, Phys. Lett. B292,
13 ~1992!; Phys. Rev. D47, 533 ~1993!.

@3# S.P. de Alwis, Phys. Lett. B289, 278 ~1992!; A. Bilal and C.
Callan, Nucl. Phys.B394, 73 ~1993!; S. Nojiri and I. Oda,
Phys. Lett. B294, 317 ~1992!; Nucl. Phys.B406, 499 ~1993!;
T. Banks, A. Dabholkar, M. Douglas, and M. O’Loughlin
Phys. Rev. D45, 3607 ~1992!; R.B. Mann, ibid. 47, 4438
~1993!; D. Louis-Martinez and G. Kunstatter,ibid. 49, 5227
~1994!: T. Klobsch and T. Strobl, Class. Quantum Grav.13,
965 ~1996!; G. Amelino-Camelia, L. Griguolo, and D. Sem
nara, Phys. Lett. B371, 41 ~1996!.

@4# S. Bose, L. Parker, and Y. Peleg, Phys. Rev. D52, 3512
~1995!; M. Katanaev, W. Kummer, and H. Liebl,ibid. 53,
5609 ~1996!.

@5# T. Banks, inString Theory, Gauge Theory and Quantum Gra
ity, Proceedings of the Spring School, Trieste, Italy, 1994,
ited by R. Dijkgraafet al. @Nucl. Phys. B~Proc. Suppl.! 41, 21
~1995!#, hep-th/9412131; A. Strominger,Les Houches Lec-
tures on Black Holes, hep-th/9501071; S. Giddings, in1994
Summer School in High Energy Physics and Cosmology, Pro-
ceedings, Trieste, Italy, edited by E. Gavaet al. ~World Scien-
tific, Singapore, 1995!, hep-th/9412138.

@6# S.P. Trivedi, Phys. Rev. D47, 4233~1993!; A. Strominger and
S.P. Trivedi,ibid. 48, 5778~1993!.

@7# G.W. Gibbons, Nucl. Phys.B207, 337 ~1982!; G.W. Gibbons
and K. Maeda,ibid. B298, 741 ~1988!; S.B. Giddings and A.
,

-

Strominger, Phys. Rev. Lett.67, 1930 ~1991!: D. Garfinkle,
G.T. Horowitz, and A. Strominger, Phys. Rev. D43, 3140
~1991!.

@8# E. Elizalde, S. Naftulin, and S.D. Odintsov, Phys. Rev. D49,
2852 ~1994!.

@9# S. Nojiri and S.D. Odintsov, Mod. Phys. Lett. A12, 2083
~1997!; Phys. Rev. D57, 2363~1998!.

@10# R. Bousso and S.W. Hawking, Phys. Rev. D56, 7788~1997!;
S. Ichinose, hep-th/9707025; W. Kummer, H. Liebl, and D.
Vassilevich, Mod. Phys. Lett. A12, 2683~1997!.

@11# J. Wess and J. Bagger,Supersymmetry and Supergravity~Prin-
ceton University Press, Princeton, NJ, 1991!.

@12# S.J. Gates, M.T. Grisaru, M. Ricek, and W. Siegel,Superspace
or One Thousand and One Lessons in Supersymmetry, Vol. 58
of Frontiers in Physics~Benjamin Cummings, New York,
1983!.

@13# K. Higashijima, T. Uematsu, and Y.Z. Yu, Phys. Lett. B139,
161 ~1994!; T. Uematsu, Z. Phys. C29, 143 ~1985!: T. Ue-
matsu,ibid. 32, 33 ~1986!.

@14# Shin’ichi Nojiri and Ichiro Oda, Mod. Phys. Lett. A8, 53
~1993!.

@15# Mihoko M. Nojiri and Shin’ichi Nojiri, Prog. Theor. Phys.76,
733 ~1986!.

@16# S. Nojiri and S.D. Odintsov, Mod. Phys. Lett. A12, 925
~1997!.

@17# Y. Park and A. Strominger, Phys. Rev. D47, 1569~1993!.
@18# S. Nojiri and S.D. Odintsov, Phys. Lett. B416, 85 ~1998!.


