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Bubble nucleation rate
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See also: J. Hirvonen, 2403.07987, A. Ekstedt 2201.07331



Statistical part

In the saddlepoint approximation
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¢, is the solution to Euclidean EOMs,

¢ is the false vacuum

See also: J. Hirvonen, 2403.07987, A. Ekstedt 2201.07331
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See also: MK, B. Swiezewska, T.V.I Tenka



High-temperature Dimensional Reduction (DR)
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Daisy resummation = DR at LO matching
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Andreas Ekstedt®* Philipp Schicho®', and Tuomas V. I. Tenkanen®!:5*




(Soft scale) 3d EFT

See also: MK, B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2312.12413



(Soft scale) 3d EFT

See also: MK, B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2312.12413



Effective action perturbatively

Serldp] = SHO[O1 + SNO[h O] + ...

6(g") O(g*)

One can get to NLO just with the LO bounce solution!

See also: A. Ekstedt 2201.07331, 2104.11804



Nucleation rate in 3D SU(2)cSM at 1-loop
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See also: A. Ekstedt, O. Gould, J. Hirvonen, 2308.15652; A. Ekstedt 2104.11804



Nucleation rate in 3D SU(2)cSM at 1-loop
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N — Vector-Goldstone
Can be easily computed using determinant
BubbleDet: A Python package to compute functional (NOt SO eqgsy to combpute )

determinants for bubble nucleation

Andreas Ekstedt*!, Oliver Gould'?, and Joonas Hirvonen*3

See also: A. Ekstedt, O. Gould, J. Hirvonen, 2308.15652; A. Ekstedt 2104.11804



Vector-Goldstone determinant in derivative expansion
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See also: A. Ekstedt, O. Gould, J. Hirvonen, 2308.15652; A. Ekstedt 2104.11804, J. Hirvonen et al 2112.08912,
MK, B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2312.12413



S.¢ at LO and NLO in derivative expansion
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See also: MK, B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2312.12413



Q: Is derivative expansion always
valid? &




. O bounce solution
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See also: S. Coleman Phys.Rev.D 15 (1977), A. Ekstedt 2201.07331, 2104.11804



Scale-shifters in SU(2)cSM




Q: Is derivative expansion always
valia?
A: Nope ®




Results: Nucleation rate from different “recipes”
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NLO nucleation rate results: percolation temperature
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Direct influence of scale shifters: percolation temperature
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How to approximate the scalar prefactor?

Reminder:
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NLO nucleation rate results: bubble radius
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U(1) model results & pBHs

See also talks by
Yann and Piotr

MK, et al 2506.15496,



T% can work

Including scalar ~etter than
determinant helps, ¢ 3
but it's not the main T4 [ —

source of errors ( 27?)

y
Derivative expansion

for gauge modes introduces
significant errors.

To do: Compute the
dynamical part more
carefully

summary

9 It'd be nice to have a

To do: comparison to lattice!
impact of NLO

corrections on model

reconstruction from
GW

NLO corrections are
mandatory for reliable
oheno predictions




Thank youl!

Feel free to ask questions: macie] kierkla@tuwedu.pl




What happens at high-temperature?

We are interested in dark sector only 1.e. scalar + SU(2) gauge boson

IM, (o, 1) M(p,t)* 5 IM,(p)* MAp) 3
HT X X X X
Vot Vew + Ve = v (log v log 272 5 +2yp |+ ...

u(@)? 6




Computing effective action - 3D EFT toy model

Consider a simple theory involving two fields @, y

In order to find nucleation rate we want to
compute effective action using the background field method

Integrate out fluctuations
on the backgrounc

32



Computing effective action - 3D toy model

- xpand field on its
nackground

At 1-loop we need
ic terms only
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Higher-order momentum terms
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See also: MK, P Schicho B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2503.13597



Higher-order momentum terms

At 2-loop
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All of the red terms are divergent at large radius

See also: MK, P Schicho B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2503.13597



Taming scale-shifters

Step 1. Obtain LO bounce solution qbg“o using S*¢

Step 2. Evaluate determinants numerically DetVG[d)l}O]

Step 2. Get the NLO bosons contribution S™-O ~ V?LO on ¢,

Step 3. Obtain the action
Seff = (S 0 — Slgo(gons) - lOg DetVG a Sll\)l(lit()

Step 4. Calculate nucleation rate
[ = Agyy Detyy e~%l?

See also: O. Gould, J. Hirvonen, 2108.04377, MK, P. Schicho, B. Swiezewska, T. Tenkanen, J. Van de Vis 2502.xxxxx
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LISA SNR ([NLO grad] vs [daisy])
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See also: MK, B. Swiezewska, T.V.
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See also: O. Gould, J. Hirvonen, 2108.04377

Scale-shifters
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1
2 _ 2 42
My 3 _ng 3
|

See also: O. Gould, J. Hirvonen, 2108.04377

Scale-shifters
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Trouble!
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