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Abstract: | will discuss a novel approach to time-dependent background fields of string theory, which allows the identification of configurations
which satisfy the conformal invariance conditions to al orders in the Regge slope parameter alpha. | will present a graviton, dilaton and tachyon
configuration which is a resummation of all orders in the Regge slope and is shown to satisfy the conformal invariance conditions order by order, to
al ordersin apha, up to field redefinitions which do not change the dependence of the fields on the target space-time coordinates, due to a property
termed as & quot;homogeneity& quot; of the Weyl anomaly coefficients. It describes an inflationary universe in the ssigma-model frame, while in the
Einstein frame it corresponds either to a de Sitter or to a power-law universe, depending on the values of the dilaton and the tachyon amplitudes.
Possible ways to connect these different solutions, which may correspond to different epochs of the universe, will aso be discussed.
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» Introduction: String theory & time — dependent background fields

¥ A (bosonic string) toy — model: Time — dependent graviton, dilaton
aind tachyon backgrounds, which satisfy conformal invariance
ronditions to all orders in alpha’ due to “homogeneity” properties

¥ Cosmology: Expanding universe, Hubble rate depending on tachyon
ind dilaton amplitudes

¥ Outlook: Further applications of resummation technique: D-particle

'oam in curved space-time

—— B P [



String Theory & Quantum Gravity

Closed Bosonic String
D — dimensional “target” space — time
quantize string coordinates, X"

Tachyon
lowest state in the spectrum (M~ < 0)
Graviton, dilaton and antisymmetric tensor

massless states

* Introduce these states as badkground fields, then study
the effective theory

9z (X) o(X) B X) T(X)




String Theory & Quantum Gravity

#  Closed Bosonic String
D — dimensional “target” space — time
quantize string coordinates, X"

® Tachyon
lowest state in the spectrum (M~ < 0)
Open strings
#  Graviton, dilaton and antisymmetric tensor contain gauge field

at massless level

A, (X)

massless states

s Introduce these states as badkground fields, then study
the effective theory

Guv | X) &(X) B L(X) T(X)




World-sheet Conformal Invariance

* Diffeomorphisms and rescalings of the world-sheet coordinates do
not affect Physics in the target space.

@ Conformal invariance conditions:

B'(g) =0

Weyl anomaly coefficients - | | _
must vanish. g — (gpw- Q, B,uw 1, )

¢ Conformal invariance offers a tool for passing from the world-sheet
quantum theory to the effective theory for the background fields in
the target space.



World-sheet Conformal Invariance

B9 = BB =3¢ =37 =

~ v JLv

Conformal invariance conditions look like equations of motion for the
background fields; one has to find background field configurations that
satisfy these conditions.

39, = 'Ry, +2d'V,V,6—a'9,T0,T +O(a?)
D—-26 o

3? = : > V6 + o' 9" 09,0 + O(a’)

—27 — %VET -+ OLIOP:OOIUT + O(a’@) ( B;uz =0)

ol

Regge slope parameter: o' = (4,)




World-sheet Conformal Invariance

39 — (B2 = (A% = T =

v pL

Conformal invariance conditions look like equations of motion for the

background fields; one has to find background field configurations that
satisfy these conditions.

39, = a'R,, +2d'V,V,6—a'd,Td,T + O(a?)

D S 26 .:f ) ”i ; 2,
g" = : C; Ve + a'd*¢d,0 + O(a’™)
o 2 / < . 12"
5 = 2T — V°T +a/'0"¢9,T + O(e”) (B, =0)

Calculations of the Weyl anomaly coefficients are done
perturbatively. The parameter in the perturbative expansion is
the Regge slope.




Effective Theory

N 4 O\

Strings in |
background fields; |::> Conformal Invariance
CFT on the world-sheet Conditions
_J % J
N £ .
Effective action E.om. for the fields

in the target <:| in the target
space — time space — time




Cosmological Background Fields

® Consider dosed bosonic strings in time-dependent backgrounds

9ur(X°), 6(X°), Bu(X°), T(X?)

* Weyl anomaly coefficients are also time-dependent only

* Look for configurations that satisfy

SEU(A *‘J) ol 35 (AXTO) — 3@(}(0) — JT(-JXTO) — 1

1%




Cosmological Background Fields

* First example: Linear Dilaton (Myers 1987; Antoniadis et al. 1988)

y;u,f = I};;u T — 0
(X)) = -QQX° B, =0

s It satisfies the conformal invariance conditions as long as

—

O o’




Cosmological Background Fields

# Target space-time effective theory described by the sigma-model

frame action

" ')Qj
s _9 <L _ ‘ .
5.5%‘ X /dD»*’“ V—ge ° 2 R + 40,00"¢
| : 3 a
_ 4¢ 1Qx"Y
* Einstein frame: ¢,, — € P-2¢g,, — e P21,

so that the Einstein — Hilbert term takes the form / d°z/—qgR

@ Move to FRW coordinates f

s In FRW form, linearly growing scale factor: a(t) =t




Cosmological Background Fields

(Alexandre et al. 2006)
* New Graviton — Dilaton Background Configuration

: A
al _
Q;-tv(*X ) = (‘YU)E ym

x"
H(XY) = ¢ 111( I)

¥

@ It has a spedific property: it leads to “homogeneous” Weyl anomaly

coefficients




Homogeneous f's

* First order graviton — dilaton Weyl anomaly coeffidents

/

b ) 2
39 _ o (D 1) + 2 15 & O('-IE)
i = Xy (D — 1) 4+ 2¢0] 9;; a
& D — 26 o/ _(D T 1)(3‘ .}_ .
g = G 1 5 et o + O(a™)

® Higher order corrections have the same dependence on X°




Homogeneous f's

 E.g. the next order correction to the dilaton Weyl anomaly

coefficient has the form:

) <)
D) —26 o a'c

‘ } >
. ) F i 7 i .
09 = 6 — Tv‘*ﬂ} —+- Hf{)“f.')dpf.') — —() R;;u;mR“l 4 = O(“H)
) &

@ For the spedific configuration the order ((_L"Q) correctionis a

constant

(D —1)(2D — 3)

W po
R;u;;}rr RH —

A?
and similarly for all higher orders....




Homogeneous f's

> Similarly, all termsin (39  are proportional to (_X:U)_j

= uw

* This property of the configuration are called “homogeneity”

702
( X ) k—1 A
4 @9 a,.r 5 ~_1ﬁ;- B‘ff. C';l. %
J F = 0; : . B | — dimensionless
’ . (4\ 0)2 ;Z A constants




Field Redefinitions

@ (General field redefinitions leave the S-matrix unaffected and are
therefore a symmetry of the theory

gi_}gi:gi+(5gi
s _but alter the Weyl anomaly coefficients

_)”.(y) =3 “)‘,;((}]

~ | _ 08 (g
5(g) = Bi(g) — 3¢/ o + P22
' ' 0qg’ 0qgJ

* For time-dependent backgrounds:




Homogeneous f§'s

* Similarly, all termsin (37  are proportional to (_XU)_E

747

* This property of the configuration are called “homogeneity”

AT i&()\

*3{}0 i e
012
i W
C k A;. B;f. C;l- :
g - . -
.35_)- — \ U Z ( ) dimensionless
£ constants
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Field Redefinitions

@ General field redefinitions leave the S-matrix unaffected and are
therefore a symmetry of the theory

ge;%’gi:gi_f"figj
s _but alter the Weyl anomaly coefficients

Bi(g) — 5'(g)

- = _ 0B 5(6g")
B*(g) = .)”(g)—f)gﬂ’{ﬁ _ jj( j
‘ 0qg’ 0qgJ

* For time-dependent backgrounds:




Field Redefinitions

@ General field redefinitions leave the S-matrix unaffected and are

therefore a symmetry of the theory
g —§ =g +dg
s _but alter the Weyl anomaly coefficients
3'(9) — B'(9)

- = _ a0 %)
B'(g) = B'(g) —o0g’ — + 3 (, _
‘ 0qg’ 0qgJ

6g")

* For time-dependent backgrounds:

_ r“. ) ..[_] _ {\J‘ g _,H
(")) = £*(g(z")) — /rf;,r”r_ifﬂ('y”_! L ©i5m) + /f[y”.j’-’r[_r;(y”)) (99 )(.E )

i]}

0g’ (y 0g7 (y")

p— e o B oarwm i P N el el o



Field Redefinitions

* There is an ambiguity in the definition of the Weyl anomaly

coefficients starting from 2° order in alpha’
(Metsaev, Tseytlin, 1987)

o Z(rﬁ}")’r".ﬁ.
- —
o0
g —+g =g + Zl_ff)‘l“f}i
k=

| = | = - I(§t 9B
53¢ = Z(a‘f]ht’j.ﬁ_ _ Z ({__lf){—-—m l:j);* 0(94{.) {?}! (){ . L)

k— F.m=1




Field Redefinitions

* There is an ambiguity in the definition of the Weyl anomaly

coefficients starting from 2°° order in alpha’
(Metsaev, Tseytlin, 1987)

o0

Bt =Y (a)5;
—
00
g =3 =g+ (")
=

| | (54
5k —0 §E—1 9991)

dqg?




Field Redefinitions

* There is an ambiguity in the definition of the Weyl anomaly

coefficients starting from 2° order in alpha’
(Metsaeo, Tseytlin, 1987)

®.

g — Z(m’)’r".ﬁz

k=

g =g =g+ (),




Field Redefinitions

Starting from the first order Weyl anomaly coefficients, it is

possible to make a redefinition of the graviton and the dilaton
fields that

does not change their functional dependence on the fime
coordinate

Gr — w1 & G (alﬁ + a20,00" o + a.—;V"’d)

¢ = ¢+da (blR + 020,00" 0 + b;Nf@)

adds new (second order) terms to the Weyl anomaly coefficients

that are homogeneous to the existing ones




Field Redefinitions

’ 1 PWANL:
G — Q A (L) +0 (@)
- 1 o' k
g __ i E — + fy
Py = (-\'“)"}OU k—0 . (Jk) fus ((ﬂ- .) )

2 P\ K
#* — ¥ G (%) +0((@)?)




Field Redefinitions

a Result of the redefinition: ;,
- o | ~ o : | |
Be = Al—) +0()
00 (X0)?2 f;} ’ (4) ((H ) )
B ”; 1 . ”_f ke
g . ™ '\ 3
j)é_; - (‘\'u)gh’.i ;;_. BI\- (_1') + O ((” ) )
- 2 _ (a'\"
) — Z C;‘(:) —C)(({lf)ﬂ)
k=0 =

* Enough ambiguous constants introduced to set

| ! k 1 N I\ K 2 " I\ K
.—‘_ ;1 ‘h -

k=0

0

— =




Field Redefinitions

@ After the field redefinition, the Weyl anomaly coefficients vanish
to second order in alpha'.

® The procedure can be repeated order by order to all higher
orders in alpha’.

* The proposed configuration satisfies the conformal invariance
conditions to an arbitrary order in alpha’, up to field red efinitions
which do not alter the dependence of the background fields on
the time coordinate.

* The proposed configuration should therefore be thought of as a

resummation of all orders in alpha' and thus an exact

background for perturbative string theory.




Field Redefinitions

24
'j{f}{'}

g

j) 0

¥
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Field Redefinitions

Starting from the first order Weyl anomaly coefficients, it is

possible to make a redefinition of the graviton and the dilaton
fields that

does not change their functional dependence on the time
coordinate

g;w — Guuv . 3 Ct'f Guv (QlR - a9 '. JHCDC)’U'O -+ (I:jv-—)(j)

@ = o+ o (blﬁ’ + 020,00 ¢ + bgv%)

adds new (second order) terms to the Weyl anomaly coefficients

that are homogeneous to the existing ones




Field Redefinitions

/ 1

¥
( X0 ) 2 Z -
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Field Redefinitions

@ After the field redefinition, the Weyl anomaly coefficients vanish
to second order in alpha'.

® The procedure can be repeated order by order to all higher
orders in alpha’.

* The proposed configuration satisfies the conformal invariance
conditions to an arbitrary order in alpha’, up to field red efinitions
which do not alter the dependence of the background fields on
the time coordinate.

* The proposed configuration should therefore be thought of as a

resummation of all orders in alpha' and thus an exact

background for perturbative string theory.




Tachyon Background

* Found that the time-dependent graviton — dilaton configuration

) A » j{l]
y,uu(_-xu) - (A‘Cl])ﬂnhu O(‘XU) ™ e (?)

satisfies conformal invariance conditions to all orders in alpha’

* Add time-dependent tachyon background

| _YU
T(X") = 19 111( I)

@
# Weyl anomaly coefficients (almost) have the same homogeneity

properties

(Alexandre, A.K., Mavromatos, 2008)




Tachyon Background

* Tachyon Weyl anomaly coefficient has one inhomogeneous term

57 = C2D- SVT + a'9469,T + O(a”)

.L“""--_

v X’l] A 3
: . constanits
— 279 In

o

* but it can also be removed by a field redefinition (that doesn't
change the dependence of the tachyon field on the time
coordinate)




Tachyon Background

* Field redefinition

Gur = Guv + &' g (a1 R + a200 - 06 + a30¢ - 0T+
a,0T - 9T + a5V>¢p + agV°T)
® = ¢+ (b1 R+ 200 - ¢ + b3d¢ - BT+
b4OT - OT + b5V>¢p + bgV>T)
T =T(1+a' cR)+a (ciR+ 200 - b + e300 - 0T+
c,dT - OT + sV + ¢sV°T)




Tachyon Background

* Field redefinition

 Does not alter dependence of fields on the time coordinate, i.e.

Gun(X°) o (X°) 7w &(X°), T(X?) x In (X°/Ve)

* (ancels the inhomogeneous term in 37 as long as
2 A?
(/)*(D — 1) [D(D —1) + (D + 1)73]

c—= —

2 G
s Adds new homogeneous terms of order o'~ to all three coefficients

2 =4, :
s The new (O(a’") coefficients can be set to zero (there is enough

freedom in the parameters of the redefinition)




Tachyon Background

-]

The configuration A
roy 5
.q;fff(-x ) i (_XFU):‘) U,uu
'41{{_]
(X)) = &g In ( f )

| Ck

i\‘"i]
T(X?) = 7 hl( ;)
Q

is a consistent closed bosonic string background, satisfying the

conformal invariance conditions to an arbitrary order in the Regge

slope, up to field redefinitions which do not alter the time-
dependence of the fields.




Comments on the solutions

The vacuum configuration found is exact in alpha’, but is not a non-
perturbative string solution.

Field redefinitions are well-defined in the context of perturbative
string theory.

Massive degrees of freedom have not been taken into account.




Tachyon Background

-]

The configuration
_ -0
Gu(X") =

A
(X0)2

4\'[)
(X)) = & 111( f )

@

‘\*ﬂ
T(X“) — 78 111( ;>
Q

is a consistent closed bosonic string background, satisfying the
conformal invariance conditions to an arbifrary order in the Regge

slope, up to field redefinitions which do not alter the time-
dependence of the fields.




Comments on the solutions

The vacuum configuration found is exact in alpha’, but is not a non-

perturbative string solution.

Field redefinitions are well-defined in the context of perturbative
string theory.

Massive degrees of freedom have not been taken into account.




Effective Theory

Effective target space action from closed string partition function
g (Tseytlin, 1987)

S.I_}_'M — .)”' H_qu
o9 =

4

<D ' _op_ T 1 N " n
nb:j'; 2 /(/”J' \/’_UF 20—1 |:3y!” .));:“ 'S 2}, . jf

ODeff




Comments on the solutions

The vacuum configuration found is exact in alpha’, but is not a non-

perturbative string solution.

Field redefinitions are well-defined in the context of perturbative
string theory.

Massive degrees of freedom have not been taken into account.




Effective Theory

Effective target space action from closed string partition function

(Tseytlin, 1987)

~( D)

>

" S
— 3 —Zl[q’
[ 'f‘f; j - 'u_,-.g_.

dg’

4

1

+(D | e il | ik
b:j'; oy /{’]”J' f—_}f‘- 290—1 |:3UIH ));;f“ — 939 _ jur}




Comments on the solutions

The vacuum configuration found is exact in alpha’, but is not a non-

perturbative string solution.

Field redefinitions are well-defined in the context of perturbative
string theory.

Massive degrees of freedom have not been taken into account.




Tachyon Background

-]

The configuration
-.-U \
,q;:u( X ) —

A
(X0)2

4\—0
(X)) = & 111( f )

| Ck

i\*t]
Ty — hl( I)
Q

is a consistent closed bosonic string background, satisfying the

conformal invariance conditions to an arbifrary order in the Regge

slope, up to field redefinitions which do not alter the time-
dependence of the fields.




Comments on the solutions

The vacuum configuration found is exact in alpha’, but is not a non-

perturbative string solution.

Field redefinitions are well-defined in the context of perturbative
string theory.

Massive degrees of freedom have not been taken into account.




Effective Theory

Effective target space action from closed string partition function

_ (Tseytlin, 1987)
~( 1)) 0 u

e = .)”. —.th’f.‘
ff,f f‘).fj'f _uj |

d

1

~(D) D e oy ) e oy ad T




Effective Theory

Ambiguities in the (tachyon part of the) effective action...
(Swanson, 2008)
'Hr X /”'ﬂf V—ge 'J':{,f]iif'l + fi(T)R + 4f(T)0,00" 0

ef)

— f3(T)0,TO"T — fu(T)0,00"T + O[”r]}

f1(1T") : important for determining the form of the
background metric in the Einstein frame

Following Tseytlin's proposal htT) = e T




Sigma-model frame

Solution in the sigma-model frame:

4 [nﬂaﬂonarymetﬂc 'fh”_,{'f‘”] — (”HI}- {;_,.:'-" ¥E ”U)

P2 = VAe T/VA

."- = .J-

4 — Jd

the zero mode of X" plays the role of conformal time

s Dilaton and tachyon: linear in time O. T o j{}




Einstein frame

Passage to the Einstein frame:

E am w(o,T)
U;;:.r —= y,f”’




Einstein frame

Solution in the Einstein frame:

» If 209+ 717 = 0 : Inflationary expansion
f N f||
a(f) = exp
VA
» If 200+ 19 ?é 0 . Power-law expansion

)

a\t) = dy
72

accelerated if 20 + 19 > 0;

Minkowskiif 209 + 79 = 2 — D




Comments

@ The configuration presented is consistent with the conformal
invariance conditions of the world-sheet theory in any number of

target space-time dimensions.

* A toy-model for inflation in 4 dimensions, without the need for

compactification, has been constructed.

¢ The vacuum configuration found is exact in alpha’, but the model

has been formulated within the frame of perturbative string theory
(the freedom of performing field redefinitions relies on the S-matrix

approach).




Comments

Consistency with Perturbative String Theory

® String coupling has to be small (at late times)

g i Qg > 0 eleratin luti
b : 0 accelerating solutions
e — —
,j.'ﬂ ( I,F) :> { - ]

Q Dg decelerating solutions

® No horizons |:> eternally accelerating solutions are ruled out

o Exit from inflation?

* Incomplete effective action?

* Off-shell tachyon? (Alexandre, Mavromatos 2009)




Exit from Inflation?

* Inflation takes place in this model as long as the dilaton and
tachyon amplitudes satisfy the anti-alignment condition

2 Qg +Tg = 0
* Mechanism changing the value of the dilaton/tachyon amplitude
and thus disturbing the anfi-alignment condition?

® The universe then enters a phase of power-law expansion




Exit from Inflation?

b The analysis made so far has beenrelyingon f;(7) =e '

» If this is not correct? Try different choices for f(T) ...

b It is possible to obtain solutions in the Einstein frame that
interpolate between flat universes with intermediate inflationary

phases







Exit from Inflation?

b The analysis made so far has beenrelyingon f;(7) =e

» If this is not correct? Try different choices for f(T) ...

# It is possible to obtain solutions in the Einstein frame that
interpolate between flat universes with intermediate inflationary

phases




Effective Theory

Effective target space action from closed string partition function

_ (Tseytlin, 1987)
b I () )

e — ji fszr
of | 95 =9

|

1

~( D) | 2 —20-=T ’ ¢ O / i
Seff = /(/ T\ —qe {Sg*{” e — [




Tachyon Background

# Field redefinition

@ Does not alter dependence of fields on the time coordinate, ie.

G (X%) < (X°) P &(X°), T(X®) x In (X°/V!)

* (ancels the inhomogeneous term in 37 as long as
2 A?
(/)*(D —1) [D(D —1) + (D + 1)75]

cC—=—

2 57
s Adds new homogeneous terms of order o'~ to all three coefficients

2
s The new (O(a’") coefficients can be set to zero (there is enough

freedom in the parameters of the redefinition)




Tachyon Background

* Tachyon Weyl anomaly coefficient has one inhomogeneous term

57— C21)- S V2T +a'969,T + O(a”)

"=

\/ A
: ..\ - constanits
— 279 In

o

¢ but it can also be removed by a field redefinition (that doesn't
change the dependence of the tachyon field on the time
coordinate)




Field Redefinitions

@ After the field redefinition, the Weyl anomaly coefficients vanish
to second order in alpha'.

* The procedure can be repeated order by order to all higher
orders in alpha’.

* The proposed configuration satisfies the conformal invariance
conditions to an arbitrary order in alpha’, up to field red efinitions
which do not alter the dependence of the background fields on
the time coordinate.

* The proposed configuration should therefore be thought of as a

resummation of all orders in alpha' and thus an exact

background for perturbative string theory.




Field Redefinitions

Starting from the first order Weyl anomaly coefficients, it is
possible to make a redefinition of the graviton and the dilaton
fields that

* does not change their functional dependence on the time

coordinate

.C},uu — YGuv T a"f Guv (alR + a2 . ,u@()’uo i3 QSV;}O)

o = ¢+ a (blR + 020,00 ¢ _|_b3V3@)

# adds new (second order) terms to the Weyl anomaly coefficients

that are homogeneous to the existing ones




Field Redefinitions

* There is an ambiguity in the definition of the Weyl anomaly

coefficients starting from 2° order in alpha’
(Metsaeo, Tseytlin, 1987)

g =3 =g+) ()G




Field Redefinitions

]

General field redefinitions leave the S-matrix unaffected and are
therefore a symmetry of the theory

gi_}§£:g£+(5gi

s _but alter the Weyl anomaly coefficients
B(g) — .;”;(f)
- | . .0f 3(dg"
3 (g) = B'(g) — 6¢ o + B2 )
dq? 0qgJ

For time-dependent backgrounds:

= =28 (o 10 S8 ENe 0
2 0yy _ 0 5 i¢. 0y 9P (g(z ” ) 3d oy, 0(0g°)(Z7)
G (g(x”)) | / dy o0g’(y") 5a9 (40) | dy” 3’ (g(y")) 593 (4°)




Field Redefinitions

Starting from the first order Weyl anomaly coefficients, it is
possible to make a redefinition of the graviton and the dilaton
fields that

does not change their functional dependence on the fime

coordinate

Gor = Guw L@ g (alR + a20,00" o + a,—;V")@)

® = o+ o (blR + 020,00" ¢ + bBVE{D)

adds new (second order) terms to the Weyl anomaly coefficients

that are homogeneous to the existing ones




Tachyon Background

# Field redefinition

* Does not alter dependence of fields on the time coordinate, ie.

—

3 (X°) o (X°)n  &(X°), T(X®) o In(X°/Va')

* (Cancels the inhomogeneous term in 37 as long as
2 A?
(/)*(D —1) [D(D — 1) + (D + 1)74]

cC= —

.
s Adds new homogeneous terms of order o'~ to all three coefficients

2 =4 :
s The new (O(a’") coefficients can be set to zero (there is enough

freedom in the parameters of the redefinition)




Effective Theory

Effective target space action from closed string partition function

(Tseytlin, 1987)
~( D) () L

ef] (‘)Ur 9 |

4

1

~( 1)) ol [) i / e B LY Qg ¢ D I




Effective Theory

Ambiguities in the (tachyon part of the) effective action...
(Swanson, 2008)
| Hr > / dPz /[—ge > :{f“i T + HTYR + 4f(T)0,,00"®

ef)

— f3(T)8,TO"T — fi(T)0,00"T + O“‘I]}

f1(T") : important for determining the form of the
background metric in the Enstein frame

Following Tseytlin's proposal  f1(71') = e’




Einstein frame

Passage to the Einstein frame:

E _  _wl(eoT)
_rj;hr; — !jl{“”




Comments

@ The configuration presented is consistent with the conformal
invariance conditions of the world-sheet theory in any number of

target space-time dimensions.

* A toy-model for inflation in 4 dimensions, without the need for

compactification, has been constructed.

¢ The vacuum configuration found is exact in alpha’, but the model

has been formulated within the frame of perturbative string theory
(the freedom of performing field redefinitions relies on the S-matrix

approach).




Exit from Inflation?

* Inflation takes place in this model as long as the dilaton and
tachyon amplitudes satisfy the anti-alignment condition

2 Qg + Tg — 0
* Mechanism changing the value of the dilaton/tachyon amplitude
and thus disturbing the anfi-alignment condition?

® The universe then enters a phase of power-law expansion




Exit from Inflation?

b The analysis made so far has beenrelyingon f;(7) =e
» If this is not correct? Try different choices for f(T) ...

# It is possible to obtain solutions in the Einstein frame that

interpolate between flat universes with intermediate inflationary

3(T) + ( ) > 0

) (6/1(T) — fu(T

phases

3

=

b |
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Open String Gauge Backgrounds

® Study time-dependent gauge field backgrounds, as a different
application of the technique of resummation in alpha’

# The effective action for the gauge field is known to all orders in
alpha' and in the field strength, but not to all orders in derivatives of
the field strength.

@ DBI action

Sper = — 1, /f'ﬁ”.z_' =y —debig,.— ZaalF_ ]
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Open String Gauge Backgrounds

® The e.o.m. for the gauge field is homogeneous for a time-dependent

configuration of the form

A* oc u* X
* along with the graviton — dilaton configuration
4
| 0\ __ < _
.g,tllf’(_'*x ) N (JYU)H)I},I'IL’
. . (X"
(X)) = ¢ 11( f
X
@ = such backgrounds are exact solutions to the world-sheet

conformal invariance conditions




D-particle Foam in Curved Space-time

* Time-dependent backgrounds of this type appear in D-particle foam

models Ellis, Maoromatos, Nanopoulos, 1999

Gravanis, Mavromatos, 2002
Mavromatos, Papavassiliou, 2003
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D-particle Foam in Curved Space-time

@ Consider D3-brane in bulk space-time filled with D-particles

® Bulk graviton and dilaton configurations:
A

(’4 'I})l.f

X
r"}'(-\—“) — @p In ('_;)
Ch

* The presence of the D-particle foam can be effectively described by a

ﬂ;w( ‘\—H ) =

”;u.x

time-dependent gauge field

* Study recoil operator, take Liouville-dressed version...
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D-particle Foam in Curved Space-time

@ Such time-dependent backgrounds are conformal (up to field
redefinitions...)

® They are conformal even if higher-derivative corrections in the field
strength are included in the effective action / equations of motion (the

homogeneity properties remain valid)

* Role in cosmology? (enhanced growth of large scale sfructure?
Dodelson, Liguori 2006)




* Time-dependent backgrounds for perturbative string theory have
been studied.

® C(Certain non-trivial configurations have been shown to guarantee
conformal invariance of the theory, to all orders in the Regge slope,

due to their “homogeneity” properties.

® In the case of a graviton — dilaton — tachyon background these

configurations correspond to a de Sitter universe.

* The method can be applied to other models relevant to string

cosmology; a D-particle foam model is und er investigation.

—— T L JP—






* Time-dependent backgrounds for perturbative string theory have
been studied.

* C(Certain non-trivial configurations have been shown to guarantee
conformal invariance of the theory, to all orders in the Regge slope,

due to their “homogeneity” properties.

® In the case of a graviton — dilaton — tachyon background these

configurations correspond to a de Sitter universe.

* The method can be applied to other models relevant to string

cosmology; a D-particle foam model is und er investigation.

—— e e B oarwm ad P o W el el P —



= Time-dependent backgrounds for perturbative string theory have
been studied.

* C(ertain non-trivial configurations have been shown to guarantee
conformal invariance of the theory, to all orders in the Regge slope,

due to their “homogeneity” properties.

® In the case of a graviton — dilaton — tachyon background these

configurations correspond to a de Sitter universe.

* The method can be applied to other models relevant to string

cosmology; a D-particle foam model is und er investigation.

p— — e e o rw el J o S el e ot






