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| ... and framework: I

Open strings XXIth century
f . : and .
string DOF D-branes M-string theory
Dirac
Born-Infeld ’{
Q~’
~Q
0”
’Q
Non-Abelian: not unique )
(7) Symmetrized trace Electrodynamics
(4%) Trace \/over indices - (1934)
Energy: point particles
0"'
Investigate: %,
0"
gravity perspective ‘
p = —p/3 (strong) Cosmologies:
and U(1) - Bianchi-I
p = p/3 (weak) SU(2) - FRW
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- |

R —2A) /—4 62 —1) /—4
167G dx—/ Jd'

1
1 — [ pawv
232" MY ™ 1634

N 9 1/2
(F;;VFW) ] |
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Action:

o J A e [ 8 e

| N 511/2
R = ll—ﬁFWF“ + T (FWF“)] .

Closed FRW metric

— SO(4): group of spatial homogeneity and isotropy.

g = —N?dt* + a*(t) Z w’ ® WP,
b=1,2,3

Paulo Vargas Moniz (UBI-CENTRA/IST) —22-a
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Class of gauge fields <— homogeneity/isotropy.
— SO(4)-invariance: too restrictive.

< ... transform under SO(4) transformations if compensated by gauge!

e Useful class: SO (4)—symmetric fields

) 1 c
Aut)= Y AT adt+ (1 folt)eaa Ty o,
1<k<i<N-3
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Class of gauge fields <— homogeneity/isotropy.
— SO(4)-invariance: too restrictive.

< ... transform under SO(4) transformations if compensated by gauge!

e Useful class: SO (4)—symmetric fields

i 3 1 3)
Aut)= Y AT adt+ (1 folt)eaa Ty o,
1<k<i<N-3
Reduced Lagrangian:

1 3aa® 3 A gNa? 372
L = ——— +-aN - Na’=| — 1— °__1
47TGﬂ[2N+8a a2] \/

— Vgauge field = 0; fO(t) # 0; g = Gﬁ

Paulo Vargas Moniz (UBI-CENTRA/IST) —23-a
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Friedmann equation:

1
§a2—|—§——Aa2 2

2% TR T2 \/1 B
2a2N?2

Physical Context
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Friedmann equation:

3 3 1
—a* + = — =Aa® — ga® —1] =0

L Ve

Hamiltonian constraint

J 2 4 4 2 1 4
> —|—4 — 3Aa™ — 6ga <\/1—|—§¥7Tf0 1) =0.

Paulo Vargas Moniz (UBI-CENTRA/IST) —24-a
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First, consider large a, 7TJ2CO = (C, small fy small

2 1
39 at 7Tfo < L
— Wheeler-DeWitt equation
0 9 2 2 0? 1 o
- — 3Ad?
8a2+ ! +gc?fQ ‘3>g3a48f6l+

— Ansatz: ¥ (a, fo) = Q(a)e*k/o

Physical Context
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First, consider large a, 7TJ2CO = (C, small fy small

2 1
39 at 7Tfo < L
— Wheeler-DeWitt equation
0 9 2 2 0? 1 o
— — 3Aa? | W= 0.
8a2+ ! +gc?fQ ‘3>g3a4c9fél+

— Ansatz: ¥ (a, fo) = Q(a)e*k/o

String/brane corrections: Solutions — Bessel functions

Q = vaz CJ_%>5— —6, 10

i
5

0

< Interpretation: X perfect fluids «— v = 5/3,v = 3,y = 13/3.

Paulo Vargas Moniz (UBI-CENTRA/IST)
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4

Second, investigate case of K2 large, a™ small.

k2 <0 e, —k?2=k2>0, ik = k.

2

< Assume 342 ;—4]62 dominates

e Hamiltonian constraint:

4

9
™ + a (—:|:2\/6\/<;]> —a* (3A —6g) + - -

— F2v/6a? |k| and 6ga* « Bl string gas contributions

Physical Context
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4 small.

Second, investigate case of K2 large, a
— k? <0, ie., —k*=kr?>0,ik = k.

2

< Assume 342 ;—4]62 dominates

e Hamiltonian constraint:

9
T + a’ (Z:FQ\/E\/@O —a*(3A —6g) 4+ --- ~0,
— F2v/6a? |k| and 6ga* « Bl string gas contributions

Quantum solutions <— Wheeler-DeWitt equation

— Hartle-Hawking state — Q1 ~ Ai[z(a)]

— Vilenkin state — QY ~ C1 Ai[z(a)] + CoiBi[z(a)]

Paulo Vargas Moniz (UBI-CENTRA/IST) —26-a



B-1 cosmo Faro, U.Algarve- 06/2004 Physical Context

.. Calculations ! — Physical Consequences !? ...

e Effective Friedmann equation

1 . A
.2 L N L 2 _
a—l—(4 b) (3 c)a @’ + f —ga® = 0.

. o . [y
— Solution: DeSitter-like universe a = \/;(:osh Vgt

Paulo Vargas Moniz (UBI-CENTRA/IST) =27
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.. Calculations ! — Physical Consequences !? ...

e Effective Friedmann equation

1 . A
.2 L N L 2 _
a—l—(4 b) (3 c)a @’ + f —ga® = 0.

o o . R
— Solution: DeSitter-like universe a = \/;(:osh Vgt
Wheeler-DeWitt equation (Rg = \/g)

0> 9 o 4
a—acg — —RO {a2RO 2f — a,4RO 4g} Q =0,

— Potential V (a) = 2R3 [a2R0_2f — a4RO_4§}

e Turning points: a; = 0; ag = \/%\/%

— Shorter distance between the turning points <= 7 ¢, increases

Paulo Vargas Moniz (UBI-CENTRA/IST) —27-a
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3 2
Potential extremum at ag = \%\/%RO = V(ag) = ﬁ—g,

* Similar effect: Friedmann eq. — original action (wo/ approximations)

Physical Context

A
a’+1—a’ (§ +D> —D\/a4 +16dr3 =0,
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r2

Potential extremum at ag = \%\/%RO = V(ag) = i—g,

* Similar effect: Friedmann eq. — original action (wo/ approximations)

A
a’+1—a’ (§ +D> —D\/a4+16d7rj%o =0,

Probability of tunneling: "increased”...!...?
~ »—SE . 2A : - -
—['~e , SE = — 14— Va: Euclidean action

— V4: Volume of the 4-sphere «— a ~ \/%\/%

e Smaller Euclidean action < == no Born-Infeld matter sector.

Paulo Vargas Moniz (UBI-CENTRA/IST) —28-a
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Wormbholes: non-singular solutions <= Euclidean equations
— Only some types of geometry/matter

— Ricci (RW) eigenvalues: negative

— Connect two asymptotically flat regions

s Transition: Tmin < S° —— Fmaz < S°

< Coleman mechanism: A — 0 & "fix” others ...

Physical Context
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Wormbholes: non-singular solutions <= Euclidean equations
— Only some types of geometry/matter

— Ricci (Ruv) eigenvalues: negative

— Connect two asymptotically flat regions

s Transition: Tmin < S° —— Fmaz < S°

< Coleman mechanism: A — 0 & "fix” others ...

Action («+— Euclidean)

s— -0 | [ Sg VEadts - 2 - 1)

1 1 N 9 1/2
R— |14+ o pam _ (F“ FW) |
[ + 232" KV 1634 pv ]

< Metric and fields: ¢ — 7

Paulo Vargas Moniz (UBI-CENTRA/IST) —29-a
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Lagrangian:

L

1 3aa® 3 A
— ———— —ZaN+Na*= +gNa®> (R -1
47TG6[ o N gV NG FgNa( )]’

—g=Gp,t— %t a— B2,

1/2

3f3 3V; . 92V,

1
o 2a2N? - a? 2a N?

= [(1+K2) (1+Vv2)]?

Paulo Vargas Moniz (UBI-CENTRA/IST) -30
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Lagrangian:

L

1 3aa® 3 A
— ———— —ZaN+Na*= +gNa®> (R -1
47TG6[ o N gV NG FgNa( )]’

—g=Gp,t— %t a— B2,

: : 1/2
3f2 31 9f21;
R = |1
+2a2N2 i a?t +2a6N2
= [(1+K%) (1+ V)],
312 3V 1
2 _ 0 2 _ _ 2)2
K :ZOJQNQ’V —?,Vl—vgaugefield_g(l_fO) :

Paulo Vargas Moniz (UBI-CENTRA/IST) -30-a
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Equations of motion:

— Friedmann equation

Physical Context
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Equations of motion:

— Friedmann equation

a AN 4dnG g [ ¢ 2g £ A 4ndG
L P - = 3P
. 37 73° 3<5C+ > 3 (ec+s)+g 375 B3P

Paulo Vargas Moniz (UBI-CENTRA/IST) -31-a
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Analysis : Interpolating regimes

- 2

+A
a” — —a" = ———
3

H~ [ =

Physical Context

5 TG C' «— string ef fects
3 a% — Y M — Radiation
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Analysis : Interpolating regimes

N A TG C' «— string ef fects
—q = ——
3

3 a% — Y M — Radiation

a’ —

H~ [ =

Wormhole ... possible in YM-radiation limit
— Wormbhole ... NOT possible in the string/brane limit
— Investigate: Bl perturbations in wormhole scenario
e \Wormhole solutions and Bl modifications

— Analytical (approximated ...)

1 1 2 1 CL2—1
T —T9 = == —— | arcsin

I-F

Paulo Vargas Moniz (UBI-CENTRA/IST) -32-a



B-1 cosmo

Faro, U.Algarve- 06/2004

I
©
ol

Physical Context

I//////’—\\\\\\\\\ ) P /’_\\\\\\\\
,, \\ \ O. 5_ // \\
/ \ \ / /
I \ \ / I \
‘ i ‘ ! ‘ ‘E |\‘ ‘ o |, ‘ ! ‘ ‘ ! ‘ ‘ a
1 ! 0.5
-3.5 -1 1-0.5 S5 1 1.5
/
“\ S 7 -0./Z5¢ AN /
AN 7 / N\ //
\\\\\\\_’// // ~ \\_’;///

\

\
©
o1

-0. 75}

1t

Paulo Vargas Moniz (UBI-CENTRA/IST)



B-l cosmo Faro, U.Algarve- 06/2004

Integral trajectories (curves)

2
3(b2+%—1> — 4ga® (b2+%—1

Physical Context

)=c
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Integral trajectories (curves)

2
3(b2+%—1> — 4ga® (b2+%—1>:0.

Physical consequences (Bl modifications):
— Widening/Shortening between turning points
— Energy level quantization modified

— Gauge field vacuum <« source: fermionic current

Paulo Vargas Moniz (UBI-CENTRA/IST) —34-a
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Quintessence & Extra Dimensions:

* Recent measurements
— Expanding universe — currently accelerating <= qg =

— SN-type la, CMBR peaks, mass spectrum

__aa

C'LQ

<0

Physical Context
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Quintessence & Extra Dimensions:

* Recent measurements

< Expanding universe — currently accelerating <> qo = — %3 < 0

— SN-type la, CMBR peaks, mass spectrum

... "and the nominees are”

— (0) > Acyy

— Dynamical energy (quintessence) < ¢

— V(¢) < shallow potential (e.g., exponential)
— ... damped until recently by expansion

— Non-minimal coupling, ... , ..., ...

Paulo Vargas Moniz (UBI-CENTRA/IST) —36-a
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Explore :

e gauge fields (BI) & extra dimension «— M

SlGan, Ap) = — /MD dr/—
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Explore :

e gauge fields (Bl) & extra dimension < MP = M* x [¢

Slipn, As] = — /MD da:f — 24 + g (a% _ 1)] |

167k 4m

Metric :

§g=—N?t)dt* + a*(1)T3_ wiw’ + b2(t) D43 wmw™
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Gauge field:
3 Ll \N—3-dppg (N) 1 (N) g5 1 (N) ~m-
A = §Ep,q:1 B (t)73+d+p 3+d+th + §Eléi<j§37;;j W™+ §E4§m<n§37mn w

1 1 : 1
3 3 (N) N—-3—d (N) d+3 N—3—d
+ X Zfo(t)zj,k:ﬁjiijk t o%p=1 fo ()T, d—|—3—|—pi| W'+ 30 {§EQZ1
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Gauge field:
3 Ll \N—3-dppg (N) 1 (N) g5 1 (N) ~m-
A = §Zp,q:1 B (t)7?3+d+p 3+d+th + §Eléi<j§37;;j W™+ §Z4§m<n§37mn w

1 1 : 1
3 3 (N) N—-3—d (N) i d+3 N—-3—d
+ 25 {Zfo(t)zj,kzlejiktz}k + 52p:1 fp(t)lzz:d+3+pi| W'+ 2 |:§Eq:1

Effective action:

.72
Seg = —167% | dtNa® ___{_}Jr RS K P
! 7T/ a{ Stk a? | N 391k a2 5 | N
/2
Qa, ) = ivdbgedwvﬁ?e—mvw 1+€2d7wiv1 n €_4W¢4d(d_A1) ]
| o p2€2at bé 8¢2 32

1 d(d-1) 1 LA
16rk 4 b3 8wk

Y

+ e—d7¢ [_8—2’7¢

k= k/vabl € = & Jvgbl, v = \/167k/d(d + 2),¢ = v In(b/bo), A = vabiA.
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— Friedmann equation

-\ 2 19
(9) = () +

a a2 3 2

Physical Context
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Equations of motion & Analysis :

— Friedmann equation

-\ 2 19
(9> = () + )

a a2 3 2

Raychaudhuri equation

a = ——a,¢

— Deceleration parameter

. 3
8tk 2 2 Ak poag 8wk 2
=3 a Ve + o 5 Q

a3
1 i 87'rk CL2¢2 87Tk PO 0 + 87rk Q

4

q:
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Case 1: e bI s vo > 1,

— Internal dimensions small, Bl effects dominate

Physical Context
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) _47¢id(d—1)
Case 1: e bI s vo > 1,

— Internal dimensions small, Bl effects dominate

Cosmological potential

1 € _gpy —oyp L V/d(d—1)
47 Be ‘ b% \/562 \/@
e_d,yw 8_2,)/?70 1 d(d - ].) 1 A

167k 4 b% Stk |

Qa,p) ~

Paulo Vargas Moniz (UBI-CENTRA/IST) —41-a



B-1 cosmo Faro, U.Algarve- 06/2004 Physical Context

Compactification exists <= 1., >~ 0 with

~ 8mk(d+2) (d(d—1) é \/d(d—1)
A= b 8 B \@E €2 Vo2

~— Local maximum <«— unstable < Transient effect ... 1? ...
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Compactification exists <= 1., >~ 0 with

~ 8mk(d+2) (d(d—1) é \/d(d—1)
A= b 8 B \/25 €2 Vo2

~— Local maximum <«— unstable < Transient effect ... 1? ...

Admiting negative values ... fine tuning
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— Internal dimensions large, Bl effects <— perturbations
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. —4vy1p 4 d(d—1)
Case 2: e b1 g2z vy K 1,

— Internal dimensions large, Bl effects <— perturbations

Cosmological potential

Q) ~ e DY [Ae_lww + Be Y — Ce™27¥ 1 D} :

1 1 d(d-1) 1 1 1 d*(d—1)* v; _ 1 d(d-1) 1
— A= 2 V2, B = 3 C= 167 1 b’
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Compactification exists <= 1, >~ 0 with

d—1(d+2)* vy 1

A
S 16k d+4 64 €2

Y

Physical Context

d(d —1) (1+6)

1662 ¢
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Compactification exists <= 1, >~ 0 with

d—1(d+2)? vy 1 d(d—1) (1+9)

A< A ~

16k d+4 64 €’ 162

Admiting negative values ... fine tuning

Of'Hgag _ ag d(d—1) 6
2 b2 48 ¢
qo ~ 5 .
1 mrr2,2 9% d(d-1)§
1 T Hoag + 32 — 55 ¢

— Admiting negative values ... fine tuning

Physical Context
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«-varying Bl cosmology
® Recent observations — QSO— « change in cosmological time

x ... Bl framework <« "early” string/brane inprints (?...)

— 7 1 w 1
L= 9 |:167TG (R - 2A) + LM - 53;%03“@0 + LMaace_Qw + _L?Wal‘e_élw}

1 1
Lpr = _562 (1 - \/1_ @PQ) _>L]\4aa:(ﬁ_> OO)

(e0 > e=-¢epe(x) = Ay — A, — Ay + X,u, Fuv = % [(5141/),,4, - (5Au),y} )
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«-varying Bl cosmology
® Recent observations — QSO— « change in cosmological time

x ... Bl framework <« "early” string/brane inprints (?...)

— 7 1 w 1
L= 9 |:167TG (R - 2A) + LM - 53;%03“@0 + LMaaje_Qw + _L?\4a$e_4wi|

1 1
Lpr = _562 (1— \/1— @FQ) _>LMax(ﬁ_>oo)

(e0 > e=-¢epe(x) = Ay — A, — Ay + X,u, Fuv = % [(5141/),,4, - (5Au),y} )
FRW:

3 [ a2 )2 A
_ s <a a Nka) 4 2772&353—]\[ B 27T2a3N_G . 27T2a3NpOag(1+v)a—3(1+’y)

4G\ N 87

—27r2a3Np0ra61a_4e_2¢ — 27r2a3Np0m§a3a_3e_2¢

1 _ 1 _ 1 _
—@27#0,3]\7/0%6 W _ §27T2a3]\7£2p72ne W @47r2a3]\7§p7~pme 4y

Paulo Vargas Moniz (UBI-CENTRA/IST) —45-a



B-l cosmo Faro, U.Algarve- 06/2004

Equations of motion: Dilaton

i 4 €2p2 6—4w

. .9
§ o+ BH & Zeppe 4 o=
W 6% w

Physical Context
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Equations of motion: Dilaton

.. . 2 1 4
Y+ 3HY = =Eppe 2 + 5 —Epp e
W 6% w

Equations of motion: Friedmann and Einstein
a\? ok kA 876
a) a2 3 3

i a\ k
2_‘|‘<—> :——2—|—A—87TG
a

a a

2

(& —2) —24) o4
W7—|—pm—|—pre ‘|‘€,0m€ +62£

2 3

ww—Q + Pre2v 525 wl

2

pT = Ww_ + pm + pre Y + Epme? 52 52 —4v
V2 pr ey 4y

Pr = w—

T W + — 3 +52£
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