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1. Early studies

1. Motivation

massless free scalar field

The quantum field thiewasisolved¢n curved space-timesat
temperature h@ﬂuﬁ@t&nﬁé@t@%the

(for example): back-reaction was studied.

“M.B. Altaie, M.R. Setare, Phys.Rev.D67:044018,2003, gr-gc/0301009¢
“T. Inagaki, K. Ishikawa and T. Muta,Prog.Theor.Phys.96:847,1996"
“M.B. Altaie and J.S.Dowker, Phys.Rev.D18:1978"

2. Our study

2006/9/15

We study the theory of massive scalar field in D -
dimensional curved space at finite temperature and
eval uate the back reaction of this theory.

Finite mass and coupling constant modify the back
reaction and the evolution of the universe.
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2. Model

¢ Space-time model |
metric of the static space-time:

ds? = dt? + a?do? ( a ‘timeindependent scale factor)

- T ® S D_ 1 Cei

T
s

. I
...negatively curved space
dS2p_»> :metric on aunit sphere -2
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¢

L agrangian density of scalar field

_1 7 1 20,2 _/10 4
L—25; w;;1¢+2¢% gOR) 4'¢

140 :bare mass of the scalar field
Ao :bare coupling constant for the scalar self-interaction

R :scalar curvature of the space-time

£o :bare coupling constant between the scalar field and
the scalar curvature
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3. Analysis of the Modé€

* Effective potential (1-loop correction)

Effective potential in D-dimensional flat space:

> h D/2 D/2
Yo(9) = —%qﬁ N %¢4 B 2(4E)D/2r(_§) [(H(%Jr);)‘f’z) — (~)” ]

Bare constants are renormalized by the renormalization conditions:

U G

Y

¢=0

=1

=M
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=

Effective potential in D-dimensional Einstein space:

5 A DY
Vip) = %Rqﬁ)z — 1”2_0¢2 - 4—?qb4 - Tﬂfn dm*G(z.,x;m)
Two point function in Einstein universe
T sP~] b ; F(l¥+ia5-)F(¥—ia5)
G(x,y:m) = ! D o= -
. (4m)>-1)/2 | 2r F(D—z_ 1)
xF (?—i— iocg,DZ_Q —iaS,DZ_ 1 - cos’ (%))
D—1
el F(D—_2+o: r(iia
a3 do .0« . c 2 A 2 T THE
- o i L-—ﬁ) 2-D—« el
Glx,ym) = (471-)(5'—1)/2 2ne " Hcosh ! (2a) ' 2oy +1)
D-2 1 . ,(O
x F ( 5 + o, 3 + oz, 20 + 1;cosh (E))
_7)\2 N2
o5 = .\/f((u)a2+(D— 1)(D—2)&— (D 42) y o= -\/f(m)aZ—(D— 1)(D—2)&+ (D 42)
f(w)zmz—ngr%mz “T. Inagaki, K. Ishikawa and T. Muta,

Prog.Theor.Phys.96:847,1996"
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=

Effective potential in D-dimensional Einstein space at Finite
Temperature:

T®SD_1

T® HD—l
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Following the standard procedure of the imaginary time formalism,
dw 1 & : :
2 En:z_m scalar two point function

2n e
w— W, = FJ’I"

at finite temperature is obtained

So Ao

_ 2 MG o s T 7P 3D
V(o) = RO -+ 5 Am@2 \ 2
2 . D—_2+icx3 I D—_z—i[).'g
¢ 5 2 2
X dm~ z
0 e I l+r‘c::r I 1—r'o:
7 LS 2 5
V o @R 2 ﬁ 2 @ 4 2:'_11(} HS_D r 3 —D
(9) = FRO =9+ 0 Y B amo 2
D-2
# = b (T N ”H)
X dm* Y ) T. Hattori, M. Hayashi, T. Inagaki,
- (_T N aﬂ) and Y Kitadono, hep-th/0408220
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¢+ Energy momentum tensor
28

Tﬂ‘ — LV
i E gx-
1 T 1 I A' ]
- _a%z¢aif¢ + Eg;zvgﬁ ap¢8rr¢ - [E /U(fgmﬂ + ‘/:‘:O(J,Lw ]¢2 T Z?g#"¢4
. R -
¢ Back reaction Eingtain tensor

R, ->Rg, =8x(T,), <= Einsenkq
(T ), = (L)~ (),

<TW >E :renormalized expectation value of energy-momentum tensor

<11 > .expectation value of energy-momentum tensor
" inflat space at O temperature

...expectation value of the field (¢) is evaluated from Gap eq. :

V(o)
oL PN

=0
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¢ Energy component of Einstein equation

1
_§R=87Z'<T44>F
"7 st
(Ty) = %(—;}% + fnR)(qb>2 4+ %«b)z B (4W1D2_1 P (3 —2 D) Ta3-D
; ﬂio wﬁF (252 +ias) T (252 — ias)
n=—00 [ (% -+ Z(’If-}‘) [ (% — ’M]’g)
BT ® HD—].
"= ol (% T O{H)
. “n 4—D
n=-—oo F (T -+ (}’H)
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4. Numerical Calculation

“? I T T E! 8 | I T I [;
=M+ T
1.8 -\‘1, A=0.5M*" . 7h || 2,=05M*0 i
16 % - |
I',.', E - _
148 4 . |
12 \ i 5r | _
E 17 \.\ ) E 4r I"x -
08T . i 3+ -
06} T 7 \
2 b - -
04 - - —
{J | 1 ; | y [] | 1 | 1
0 0.5 1 15 2 25 0 05 1 15 2 25
aM alM
(a) R sP-1, k2 = 0.aM2, A= M2 g5M4-D (b) re HP-1 42 = 0.aM2, X = M-D 05M4-D

Figure 1. The T — a relationship for a conformally coupled scalar field £ =
(D —2)/(4D - 4).
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5. Summary

1. EInstein equation for amassive scalar field

IS exactly solved
In static and higherly symmetric curved
space at finite temperature.

2. Therelationship between the temperature
and the scale factor 1s shown as the
coupling constant varies.

3. Weinvestigate the four-fermion interaction
model now.
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