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Lagrangian:

3r [ d’a A
L =— — Na | — 2ra’N—— —27a’N
16 (5 ~Na) 2N - 2t

Wheeler-DeWitt equation:

G d* 3
x4 o U(q) —
[ 3rda? | 4G V‘)(a)] (@) =0
Vola) = a* — Aa* — ? p(a)a*
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Semiclassical approximation ¥ = ¢1 91 + ¢ 3!

(in/out - going; in/de-creasing modes)

e R ) e ¥

Linear approximation — (saddle points):

1 B]3aD
Vola) ~a? — Xa* —aBTa, «<a< [(onrl) Z]

U. Portsmouth and UBI-CENTRA/IST -19-a
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Turning point: depends on AEZ where B = BH;a

e AB2 > 4/9 = a classically allowed region.

~ 2 1 . .
[ ) - = — .
B =z 7r = two classically allowed regions

x AB? < 4/9 — two turning points as, a1; two classically allowed regions

(0 < a < a3, a; < a)and one classically forbidden region (a3 < a < aq).
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e FRW & ¢ = ewgo; m? ~ 902; T conserved — Born - Infeld phenomenology

e DeS 3+1 — brane in 4+1 Minkowski — bulk
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e FRW & ¢ = ewgo; m? ~ 902; T conserved — Born - Infeld phenomenology
e DeS 3+1 — brane in 4+1 Minkowski — bulk

Go Quantum:

The wave function in the WBK approximation is related to Sp(a) which depends on A B2

and the range of values of a; Compute:

/mda = \/gfl(a)da

U. Portsmouth and UBI-CENTRA/IST —-23-a
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AB? < 4/9

v, )
I 20,3 + CLl

+a1a§(a1 + a3)F (Ua q) o GBQF (Ua Q) T BGJ%F (Ua Q)
(a1 + a3)”

“ al a’(a — a 2a1 + a
/[(a)d@ = 3—5 ( 1)+7{&1a3(a%—a§)ﬂ( — ‘1)

+ 0

(a3 —a1) (v, 1,q) 4+ (2a1 + a3) F (v, q)]}

a%—l—ala —|—a,2 a ai1+a
where 3 = ( 3 ° 3),fy = (\/a1(2a3 T al)) 4 = \/afga;af%%

. . (2as+a1)(a—aq)
v = arcsin \/(2ai+a3)<a_a3),
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AB? < 4/9

2,
_%I B 5& (a:} a) + {a1a3 (a1 + ag) [(ag — al)H (X, Z—j,q
—66°F (x,q) + BvaiF (x,q)

2
+ ﬁ(;;;fi (a1 —a3) 1L (x,q°, q) + (2a3 +a1) F (x,q)] }

with Y = arcsin \/a’l(a?’_a)

as(a1—a)
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AB? < 4/9

al a’(a — a a1 — a
= — 40 ( 3)+7 —alag(alntag)ﬂ 0, ! 3,fr
3 1 ai

+66°F (6,7) — Bai [(a1 — a3) F (6,7) + asIL (5,1,7)]
+ G (a1 + a3) [&31_[ (5, 7“2,7“) — (2a3 + aq) F (6, r)]}

— 2_ 2
with 0 = arcsin \/a’l(a as) and r = \/ a1—4;

(a1—as)a (2as+a1)a;
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Hartle-Hawking wave function

Tla) = Ccos [%Lagmdwﬂ, (a < a3)
Tla) = Cexp [;l/a\/mda], (a5 < a < ay)
Ula) = QCCOS[ \/Tda——], (a1 < a)

T (41 . .
where C' = C exp [ RV, Vo(a)da} and C'is an arbitrary constant.
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U(a) =
_|_
U(a) =
_|_
U(a) =
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Vilenkin wave function

O exp [_23_; mda] [?ﬂ / N mdaﬂ]
@4cexp[§g ﬁda] cos[% / mda__],

(a < ag)
c (exp [_g’_g / " mda] i
2i exp B—g /aal mdaD , (a3 < a < ay)
2Ce ™/ exp [_z_ / \/Tda] (e < a)
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Transition amplitude

~

e Hartle-Hawking wave function: A = exp(217)

Physical Content
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Transition amplitude

~

e Hartle-Hawking wave function: A = exp(217)

~

e Vilenkin wave function: A = — exp(2/)

Physical Content
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1. When X = BY/(@+t1) /A increases A G decreases (for fixed values of A).

la. When X increases = The transition amplitude for the Vilenkin boundary condition
increases, while the transition amplitude for the Hartle-Hawking condition decreases (for

fixed values of A).
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1. When X = BY/(@+t1) /A increases A G decreases (for fixed values of A).

la. When X increases = The transition amplitude for the Vilenkin boundary condition
increases, while the transition amplitude for the Hartle-Hawking condition decreases (for

fixed values of A).
2. When B increases X increases (for fixed values of A and «).

3. When « increases X can increase or decrease (for fixed values of A and B).
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There is a singularity at a = 0 (R diverges)

B

R—4{A—|—27TG [A‘|‘ a3(1+a)

-
] [4A ¥

Physical Content
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There is a singularity at a = 0 (R diverges)

B | &t
R_4{A+27TG[A+G3(1W] [414"—

We assume that the wave function vanishes at the origin:

Physical Content

B
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Parameters o and B restricted to a set of quantized values
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Parameters o and B restricted to a set of quantized values

For the Hartle-Hawking wave function, e.qg.,:

3 s
% i v —Vo(a)da — % = nm,
o ST Gt g gy
4G

Physical Content
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Next order of magnitude - going beyond WKB...

) B THa N BT 1
+a3(1—|—a) g3 T

1 1 1 ! A
21+a \1+ «

Physical Content

1 A
_a3(04+1)_|_
l1+aB
2
6(a+1
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Next order of magnitude - going beyond WKB...

5 HLO& BH_LO‘ 1 A 3(a+1)
<A+a3(1+0¢)> e [1+1+a§a i

2
L L) A s |
214+a \ 1+« B2

Wheeler-DeWitt equation

G d? 3
[—37@ + va] W(a) =0,
Wave function
1
\If(a) — €XDp [—5 (So(a) + ASl(a,) -+ A252(a) + .. )
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Hamilton-Jacobi eq and ...

<dSC(l)C<La> ) 2 %Vo(a)y

2 dSQ(CL) dSl(a) 1 dZSl(CL)

3rG da da 3r  da?

Physical Content
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Hamilton-Jacobi eq and ...

(S5@) = ),

da 4
2 dSQ(CL) dSl(CL) B 1 dQSl(CL) 1 3_7TV
3IrG da da 3r  da? 4G 1
Potential terms
Vola) = a°®— Xa* — aBlJr;a,
a4—|—3a N
1% = — B~ Tte
l(a) 2—|—Oé + ’

Physical Content
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Compute wave function

as
J = / e g,
0

1
J ~ BB (9/2 + 3a, 5) ,

where B is the beta function |

Physical Content
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Compute wave function

1
J ~ B*t3%B (9/2 + 3a, 5) ,

where B is the beta function |

1

U(a) ~ exp [—5

(SQ(CL) + AS, (CL)) ]

Physical Content
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