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Bubble nucleation

Barrier implies a first order phase transition
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Bubble nucleation

Barrier implies a first order phase transition

exponential
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Bubble nucleation

Barrier implies a first order phase transition
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Motivation

QFT rates in physical systems, flat spacetime

=4

Zero temperature QFT, vacuum stability

SM lifetime, BSM constraints on parameters A;, y;

g, TN, TR

Finite temperature TFT, existence of new phases

Cosmology: GWs, genesis, primordial B-fields, inflation...

Topological defects, condensed matter, more?

curved ST + gravity...



Motivation

QFT rates in physical systems, flat spacetime

This talk (mostly)




Formalism

Minkowski to Euclidean t? — 7 — t* + 27 = p?

..., Devoto, Devoto, Di

+ adlternative derivations, not this talk L uzio, Ridolfi ‘22
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Fuclidean action  S|¢] = /dDCB (%(%Q + V(¢))

Saddle point field configuration: bounce @
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Formalism

Minkowski to Euclidean t? — 7 — t* + 27 = p?

..., Devoto, Devoto, Di

+ adlternative derivations, not this talk L uzio, Ridolfi ‘22

r Ime¢e_S[¢]

_ Coleman 77
V [ D¢ o—S[d] Callan, Coleman ‘77

Fuclidean action  S|¢] = /dDCB (%(%Q + V(¢))

e, 08 1028] o
S[gb]_S[¢]+£$5¢+?WE5¢J+...
=0

7 + fluctuations



Semi-classics

0S =0 — p(p)
Polygonal bounces Guada, Maiezza, MN 18
FindBounce Guada, MN, Pintar 20
2nd talk
Thin wall lvanov, Matteini, MN,
Ubaldi 22
Thin to Thick Matteini, MN, Shoji,

Ubaldi 24




BOUDCG Coleman 77

: o0 B 1 . . 27TD/2
potion 5= [ dpy <§¢2+V_V>’ YT T DR)
Extremize ¢+ =——é = 6(0) = 6. 6(o0) = 6
$(0) = ¢(00) =
V(@ particle _V(¢)
analogy —Vrv solution existence

>

inverted .
¢ potential ¢V ¢

o1V 0



V = % (gb2—’v2)2—|—)\Av3(gb—v)

Overall coupling Scale of the model TW parameter
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From Thin to Thick
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Semi-analytic: fix D numerically, go up to A%°
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Parametrization dependence of TW expansion
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Cubic potential, optimal truncation at N=2
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Hylbrid approach: cubic to linear
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Zoom into the inflection point, very flat potential, e.g. supercooled
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Even unstable potentials, (a bit crazy since we started from TW)
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Hluctuations
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*not this talk, some aspects relevant here




Decay rate at one loop Callan, Coleman 77
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Renormalized bounce action, counter-terms

lvanov, Matteini, MN, Ubaldi 22
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One loop counter-terms Peskin & Schroder
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Renormalized bounce action, counter-terms

Counter-term for the Euclidean action
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Functional determinants

e -

We wish to get the eigenvalues of O and multiply them

The bounce and fluctuations spherically symmetric, orbital decomposition

det’ O |2 B ﬁ
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+ +

det’ @)
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Oy hipy =0,  Yipy(0) ~ pf ‘%\

(20l4+ D —2)(I+ D — 3)! do =1

Scalar degeneracy factor  d; =
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simplest instance of GY formalism ‘magic’ QM potential well, classical 1D string
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a) impose Dirichlet (fixed) boundary condition at L
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b) solve the Cauchy (open) boundary condition
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Fluctuations
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Define the ratio R =
Virv
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lvanov, Matteini, MN, Ubaldi ‘22

and solve the stable GY equation
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Correct UV behaviour lim R,(0c0) =1 not low-I, though, as expected
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Negative, zero

Ri(00) = AQGD_1§(Z -1)(l+D—-1)

- 1
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needs RV
Renormalized determinant

2.=2.7 2 2

asymp re

Two approaches (different power counting)

Ta) organize in multipoles, minimal subtraction Z ~ FFV #2;

asymp

quadratic  log divergence

1b) organize in coupling x insertion Z ~ FHix + #2:132

asymp

Renormalize - replace divergencies with MS and introduce

2a) ¢ function



Renormalized determinant

det O = 2
i 1 = Y d,WhR,, d~ P2
Sum over multipoles In (det OFV) = n Iy, , (D - 2)!V

Diverges in the UV as expected from QFT
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quadratic and log in D=4

Finite sum 2p = Z Op = Z d, (In R, — In R})

Vv=ro V=1

asymptotic subtraction

Renormalized determinants VKB bunne, Min 05
G Dunne, Kirsten ‘06

(subtractions and logs for Ds) mproved Hur Min ‘08



Renormalized determinant D=4

det O 1 1 1~
1 = MR, — —1I; + —=1I | — =1
n(detOFV> Z (n 2v 1+8u3 2) 3"
Asymptotic subtractions remove first two divergencies in any D
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Av
Final sum done by Euler-Maclaurin, dominated by large multipoles, use y = —
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Eigenvalues have d=2,

nFV
Zero removal [ =11 (v?)P/?
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Vdet®'’
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With Gelfand-Yaglom, all the =1 eigenvalues are multiplied
Modify GY (O1=1 + p2) iy =0

o) = gl o Ve Lsa e gy

We already have the fluctuation functions, easy to off-set

* two other ways of
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answer

This answers the question of dimensional analysis estimate
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Explicit closed form renormalized rate at one loop o = Vv
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General procedure for even and odd D
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Multiple methods, same result, similar for the linear potential
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Seminar series devoted to tunneling in QFT
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Important Information
Whether it be vacuum stability, phase transitions, or analogue quantum systems, tunneling is part and
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understanding of these phenomena.
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