
-~-__ 

ASITP 

~UTE OF THEORETICAL PHYSICS ACADEMlA SINICA 

A.S-TTP-92-63 
. Dec. 199~ 

INFLATION IN GENERALIZED JORDAN­


BRANS-DICKE THEORY 


Yuan-Zhong ZHANG 

P.D.Box 2735, Beijing 100080, The People's Republic of China 

Telefax: (086)-1-2562587 Telephone:' 2568348 

Telex: 22040 BAOAS CN Cable: 6158 



AS-ITP-02-63 

CCAST D2-:3D 

Inflation in Generalized Jordan-Brans-Dicke Theory 1 

Yuan Zhong ZHA:'\G 


Center of Theoretical Physics, CCAST ('World Laboratory) Beijing, Cllinu. 


and 


Institllte of Th,~oretical _-\cndelllia Sin:ca. P.O.Box ~73.5. 


China~ 


Abstract 

New inflation in generalized Jordan-Bnns-Dicke theory is ilm:·sti:;ated. We 

estimate the rollover time which gives a limit on rhe coupliu:f ':OI1:iranf. iu the 

generaiized JBD th<!ocy, 
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Recently the reinterpretation of Jordan-Brans-Dicke (JBD) theory was 

proposed by Cho ~2J~ in which [he Pauli metric is :identified as physical space­

time metric. The reason is that only the Pauli metric can represent the massless 

spin-two graviton and thus can correctly describe Einstein theory of gravitation_ 

\Ve refer this theory as generalized JBD theory. The generalized .JBD theory, 

is a new version of scalar-tensor theory of gra\-itation and h'~nce the coupling 

constant in it should be a new parameter to be determined by re-analyses of 

observations. It is shown [31 that the linearized field equation predicts the same 

effects with the linearized Einstein's field equation. Although motion of a test 

particle deviates from geodesic motion because of existence of an additional 

force exerted by the dilaton field. howe\-er~ there is no way to distinguish the 

new force from that exerted metric fidd in :'\ewtonian limit. This implies 

that the effects of :Strong fields <lp..d pos;;-:'\cwtop..ian terms should be con:iide~'ed 

in order to derer::nine ~h~ COapi!l::! constaur in generalized .JBD tilt:or~-. In fn~t. 

some authors [3A} has used the Pauli me~:ic to construct innntion models wl11ch 

seems to rf!soh'e cosmo!og:cal puzzles_ Howf\,cr some ambiguir.ies exist in the 

literature as shown in ~5J. In this paper we consider an inflation model in the 

generalized JBD theory and proyide a limit on the coupling constant in the 

theory. 

In original .J BD theory Lagrangian is gh-en by 

r ["'R-~ 'A,r --
1 TO( 1 (1)"VA;,)J....BD = "va.3~D;/p -!- _AI~ (j, ;:U.,· + \' "1 

-, II- • 2' .... 1"' T, 

where (SJ,V is the Jordan metric, j' == det(;SJ,v), R == R('y), ~ is ~ scalar field 

and;.,,; is the .JBD parameter, ,; is a matter (scalar) field. 

Introduce the Brans-Dicke dilaton field (1 and conformal transformation (i.e. 

the \Yeyl scaling of metric), 

~= 

'~a guv = eli-V (3) 
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with a2 = 2".2/(2w +3), the Lagrangian (1) becomes 

(, = H [- 2~2R -	 ~gp"apO'O"O' ~e-IJO'gP"Op''';O''~ - e-21J0"V(y)] (4) 

where R = R(9), gp" is the Pauli metric. It is sho.......·n by Cho [2} that only 

the Pauli metric can represent the massless spin-two, and thus identify it as 

physical. Lagrangian (4) yields the following field equations: 

1 R . 2,.,.. -IJO'.,...)R"" - 2gP" = -~ (.1.(0')"" +e .1.(",)"", 

1 -'10''''''O 0' = '2ll/! .I.(m), 	 (6) 

0:,; = agP"op';O".; +e-!1(l"V'(;;) 	 (j) 

where 

1(<'-)PlI = O,;.crO,,;'T - ~gll"g()JO:l'O"Oj'.i. 	 (3) 

_ .,. ,. 1 ell]..". -'lff • .,,"
T(m)Il" - o;,<.,..Dv'r - '2 9,,,g a':J7'"OJ.,. - gu"e " (r)' (9) 

Tim) = g""1(rn)II" = -all"OIl';OJi' - 4e-!1"V(;-) ( 10j 

ar:.d 0 == ....f.--OIlHgP"O", 	 (i') may be obtained 
V-9 

making use of Bianchi identity and Eqs. and (6), For a perfect fluid 

T(m)"" = pgll" + (p -+- p)F"F" 	 ( 11) 

wi th gil" Fil [ill -1, 	P is energy densi ty and p is pressure. For this case Eq. 

(7) should be replaced by co'.'ariallt conser'\'ation law, 

(T(':; +e-IJO'T(,::)):" O. 	 (12) 

The dynamical systcm (5)-(7) is called the generalized .JBD theory. In this 

theory [5} the coupling constant a = 3,., ,.2 = S..G, G is )!'ewtonian gradta­

tional constant and J is an ar:)itrnry constant to be independent of the .JBD 

parameter ....:. Thus we should make different of obser':n.tions in order 

to determine;1, In this papc!' we d:scuss the new inflation and gh'e a limit to 

2 

the constant p. 

Let us consider the Robert.son-\Valker univcrse with the line element 

dr2ds 2 = -dt2 +R(t)2 -- +r2,J(l2 + r2 sin2 8d:p21. (13)
[1- kr2 

Eqs. (5)-(7) become 

. k2 ".'l 1H2 + _ = _(_.;.2 +e-IJO'p)
R2 3 2 

.. 1 ( )
0' +3H';' = 2ae-1J0' p -	 3p (15) 

P+3H(p +p) = ~fl';'(P +3p) (16) 

where the overdot == dldt. H = R/R is Hubble ;;constant", and 

P _ ! ;,2 +e-<1"t.-·( -) p _ !;2 _ e-,JO'1r'(' -) (17)-27'"' T' -2"" Y' 

Inflationary epoch of unh'er~e is the potential-dominated inflationary phase 

i.e. 	p ~ -po and Eqs. (14)-(16) reduce to 


2 k2 1\.2(1 .2 -20')
H + - = - -0' +e pRl 3 2 ' 

;;. +3H(; = 2ae -~O'P, (1!J) 

p= -aifp. (::!O) 

Solution to Eq. (20) is gi\'en by 

p = Voe-<lO'. (21 )' 

Comparing Eq. (21) to (17) in case of p = -Po \\'e know that Vo is just the 

potential V(tp) = constant. for a flat uni\"f~rse (k = 0), Eqs. (18) and (19\ with 

hm'e the following power-law solution 

= [232x?vo/( :2­
2.~ 
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R(t) = (t/to);:7 (23) 

where to is an arbitrary constant. 

We consider the new inflation model [71 in which the standard SU(5) model 

with Coleman-\Veinberg (C~V) effective potential [81 is taken as the matter 

sector. We take the inflation potential to be 

1 ..
V(<<r') = Yo - -,\1' (24)

4 

where the adjoint Higgs field is re-expressed as ¢> = ;diag(1.1, 1, -~, -~), 
,\ -. ~, l-~1/4 '" 2 x lO14Gev, and the finitt:' temperature corrections to th~ eff;c­

tive potential is neglected. This is a good approximate for Ire potential 

In the original .JBD th~or:: the energy density p and pressure p for.:; are 

gi':en by fa] 
_ 15 _ 15 . ., 

p = 4 + \-'t;), P = -:t~. -l-T;) (2.5) 


where the loss of energy through radiation is ignored~ and the oyerdot is the 

derh'ative ·.vich respect to the time coordinate t in Jordan frame. ('sing the 

transformation. d/dt = eJa.<1d/dt, to change the "Jordan time" t to the Einstein 

conformal time t, one arrives at 

. 15 15 
p = e-"HI j5 = "4<p2 +e-"(I'V(;), p = e-~lTp = -:t.,.;l - e-'s"T(y} (26) 

where th~ o\'erdot corresponds to the Einstein confor:nal :ime. i.e. the physical 

time. 

During the inflationary epoch, 

p = -p = -e-"(I'\-·(:;) = -e""'lo, (27) 

4 

Now we consider the time evolution of the Higgs field y. Substituting (26) 

into (16) we obtain the evolution equation of the Higgs field 

15.. 3H 15 .) . (15 .) -'1(1' Tfl(' 02" l' + (2..p - au 2:P + e y «r') = . (2Sj 

\Ve shall estimate the time required after the tunnelling event fqr the H:ggs 

field to roll down from <;'0 =..p(0) "" 3 x 108Gev to the global minimum at 

«r' =y(tr ) ::::: 4 x 1014 Get'. In this range, ;p can be ignored since the potential 

is ve.ry flat. Using Eqs. (22). (23) and (24), Eq. (28) becomes 

-3 . 2,\
«r' «r'::::: 15 [(3 - 2p2)~2VotI/2. (29) 

Solution to Eq. (29) is 

1 4.\tr ]-1/1. .... -l ,.;~ -15)13 ­ 2;p)~:qo (30) 

The rollo....er time is 

tr::::: ( 
1 

--;;­
';0 

1) 15V(3 -. 2j2)~::l-o
- -'-'2

'Yt tr j 4,,\ 
::::: 

1.3 r::-:::-:3"'t.'
--'JV' ~-\O 
4'\:;0 

(31) 

for small 3 2 and 'Po << ..p( t,.), Therefore the amount of inflation of the unin.'!'se 

after the formation of a bubble from Eq. (23) is 

R( t. ) ( I 'I i::JJ
Z = --, =tr/ to) . (3~)

RUa} 

In order to resoh'e the cosmological puzzle:i~ we should have Z > 1O~'. This 

gh'es a limit for tht! coupling constant 3 as follows 

(t r /tO)I/2J2 > 10::5• (33) 

Substituting Eq. (31) into (33) one arri\-es at 

.J J t):7 T ~·o[1 - /-:--G'O]
/3'2 < In ; .. !. /56/HIO. (3~) 

-'\Y';') 
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Using the GUT's values for the parameters: <Po ,..", 3 x 108 Gev, to ,..", 10-13 

Gev- I , VOI/" '" 2 x 1014Gev and ,\ .... 0.5, we obtain .82 < 0.3. Eq. (34) shows 

that the value of ;32 is not sensitive to the values of the parameters. 
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