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summary

® VKB Is typically used to motivate the tuclidean prescription
for tunneling calculations.

® [N situations with non-trivial real-time dynamics, this
motivation breaks down.

® \/\le can evaluate the trustworthiness of the Euclidean
orescription In the general case by considering gravitational
decoupling,.

® \/\le find that gravitational decoupling generically tails in the
Euclidean prescription!

® \/\le need another way... (see Jon Brown's talk)



WKB and Euclideanization

® Semiclassical approximation:wavefunction
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® ~or tunneling+rolling, we have real and imaginary momenta.
Euclideanization is no longer sensible/maotivated by WKB.

® Similar problems for time-dependent potentials, non-localized initial
states.

® Does Euclideanization still give a good approximation in these
cases”

® An independent test: gravitational decoupling

lim S, = 5¢

Mp—o0

® |f not satisfied, we can't take a limit and treat the field theory as living on
a fixed gravitational background. \WWe can never neglect backreaction.

® \\le find that in the Euclidean prescription, amplitudes generically fail
to decouple.



Decoupling Gravity
® Consider the action
Sy = /d4x\/7<

® Successful decoupling means

Sy — /d4x\/—goﬁmatter(qb) + const as Mp — o0

M2
L R + Lmatter(¢)> =+ Sboundary

® [ake the boundary term

Sboundary — CGHYM%/ de |h‘ (IC — /CO)

We'll leave oM

arbitrary for now



Decoupling Gravity

® \/\V\hen do we expect decoupling to work?

® Consider a solution (9o, ¢o)and a nearby configuration (g, ¢)
g = (90 + Ag) + dg

® Here go + Ag is on-shell given configuration @

® Integrate out the metric. d¢g renormalizes the action and Ag = O(M )

Sg — S]g)e}rIlJrGHY(QO) T MJQD(CHAQ T CL2A92 T .. )
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Decoupling Gravity

® Collecting terms that survive the M p — oo limit

1

oS, = 5/ d*z/—g (T* — MBPG*™) Aguy  Varishes by O
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\Vanishes for

Catv=1 | |
GHY We're only left with the terms we want for decoupling!

When does this argument fail”?



CdL Bounce

® \/acuum decay In the presence of

gravity V o

® [uUnneling amplitude dominated by ”\\ /\
if ) S/
bounce N

® Bubble of true vacuum inside sea of Very fine-tuned!

false vacuum

configuration

® Decoupling: (9» ¢) — (gb7 be)

background (907 ¢O) — (gfalsea ¢false)
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Successful decoupling, fine-tuned solution



Hawking-Turok Instanton

M# 1
S = [ deys (2R 4 La,00r0 1 V(o)
® —uclidean theory with single-well Vv

pootential

® S0O(4)-symmetric ansatz, regular
boundary conditions

® [cld rolls off inverted potential, solution b
pinches off with singularity i

® Assumptions of our “proof” fall,
decoupling Is not guaranteed




Decoupling and Axion Monodromy

® Check decoupling numerically in two-field
tunneling setup with H1-type solutions,
motivated by axion monodromy

® Compare with flat-space calculation
[Brown,Cottrell,Shiu,Soler]
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Decoupling fails! HT-type solution is generic



Summary  Thanks!

® VKB Is typically used to motivate the tuclidean prescription
for tunneling calculations.

® [N situations with non-trivial real-time dynamics, this
motivation breaks down.

® \/\le can evaluate the trustworthiness of the Euclidean
orescription In the general case by considering gravitational
decoupling,.

® \/\/e find that gravitational decoupling generically fails in the
Euclidean prescription!

® \/\le need another way... (see Jon Brown's talk)



