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→ constraint on V (to have finite ∆φ):
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bounce (Hawking 84): analysis without Λ & brief remark on
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Determining f
Fixing C

first try: WKB in both directions

ψ ∼ e−SE , SE = Eucleidean action ↔ t = ∓iτ?

NO; we need to
know the lateral term in the exponent with the accuracy O(1)

second try: WKB in a-direction only
T. Banks, C. Bender and T. T. Wu, Phys. Rev. D8, 3346 (1973)

separate longitudinal WKB part out of ψ, and then get rid of φ2

terms by introducing lateral cutoff factor exp
[
−f (ar )φ

2
r
]

(‘r’ = re-
scaling out Λ); f ↔ latitudinal mode on S4 with noninteger l
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What next?

Determining f
Fixing C

a not-so-friendly separation constant

we are still left with a PDE of 2nd order in (a, φ); it can be
separated, BUT for nonzero separation constant C we are again
confronted with exploding ends in lateral direction

going down to nearby region

extend 2D WKB in nearby region by the O(1) lateral term and
THEN match it with our solution; this yields C = 0 X

x

y
WKB WKB

QM

r

x

y
WKB

QM

ext WKB
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possible extensions: description of HM/CdL instanton; as for now:
mathematics works, solution looks as expected

THANK YOU
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