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Introduction: false vacuum decay

T=0 ; . )
False vacuum Euclidean time: 7 = it
1% -V
®
Decay rate: [ o e eles], p — bounce solution

@ Example: Higgs field in Standard
model

bounce with
the lowest Sg

M) <0 at pu>10°GeV dominates

Bednyakov, Fedoruk, Kazakov ‘25

o Black holes may catalyze the decay!
Hiscock '87; Tetradis '08
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False vacuum decay at T > 0

e Euclidean time becomes periodic: 0 <7< 3= T 1

o Potential barrier Egpp, = the energy of the critical bubble ¢y,

2 mechanisms of thermal decay

@ Quantum tunneling under the barrier:

energy

E < Eph = P o e SEl¥l]
periodic instanton ¢;(7, x)

@ Thermal jump over the barrier \\false

thermal jump

quantum
tunneling

E> Eppn = P ox e Bt

critical bubble @gpp(x)

\ field

v

Common assumption: least-action ©;,sph are O(3)-symmetric around BH

Are they?
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Example model in flat space
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Peculiarities:
e T=0 m=0: o T#0:

scale invariance
p(xe) = vp(rxe)
family of instantons:

a
PFL X —5——
x2 + a?
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Se = —
384 Fubini '76
Lipatov '77
e T=0 m#0:

invariance is broken

a— 0| — "“lipaton”

e lipatons — lipatonic chains v/
e finite—sized periodicinstantons v’
bUt alWayS Su ppl’essed Kuznetsov, Tinyakov '97

10 :
periodic 7@
instanons A--./"'
m lipatons
w20 | .
<
S
G
N &
c{\{\d&
0 |
0 1 mTt 2
mpB

Vasily Maslov (INR RAS)

QUARKS-2026, May 22



Spherical critical bubbles around the black hole

@ Schwarzschild black hole (isotropic coordinates)

2
dst = (1rR/R) d72+ (1+ Re/R)* [dR? + R
r(R) = R(1+ Rs/R)?, Rs=r/4

mR cos 0

o Hartle-Hawking vacuum:

BH in thermal equilibrium | 3 = T,,* = 47r, o 02 o4

mRsin 6

ori<m! — very hot black hole 91Epn

. . 20+
thermal jumps dominate

@ Spherical critical bubble:

4
Ohos + 7 Opps = (1+5) Vi) 1
boundary condition:  Jdgrp(Rs) =0 0 0.5 1 mrg
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Spherical bubbles lose their dominance

Dominant bounce solution should have only one negative mode
Callan, Coleman '77

e Eigenmodes & = £y(R)P;(cos ) over spherical bubbles satisfy

4

[—512? — rorOrR+ 4 (1+ %) V"(%)} &e = pebe Ro=1%
e For r; <0.194m™1: only ¢/ = 0 is negative
e For r; > 0.194m™1L: e =02 oy

¢ =1 i.e. dipole mode 1

becomes negative 2% g
@ Search for a new saddle point as < "’ o A -3 2

0.8 | —32 2
(PS(R) + Agfo(R) + A1§1(R) cos 6 "
_._and f|nd |t| —0.11 —OAIAO —0.09 —0.08
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Aspherical critical bubbles

Isotropic coordinates: Schwarzschild coordinates:

Rs; =0.05 re=0.2
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Asphericity: Zg = J 3 £E el “center of mass”, P[] >0
[ d*x\/ge - P[] .
eg Plel=¢
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Aspherical critical bubbles for larger, cooler black holes

[ d*x\/gE - z- Ply] B
= axym Pl A

“Center of mass’: Zy
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o Why do aspherical bubbles
disappear at large rs?
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Aspherical critical bubbles for larger, cooler black holes
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o Why do aspherical bubbles
disappear at large rs?

mR cosf

@ They bifurcate with the second,
suppressed branch of solutions!

mRsinf
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Branches of critical bubbles

26.8

Find saddle points with fixed Z,:
26.4
S—S—)\3Cly &
il = [ PxvEE 2 -2 Plel | ©
Takeaway: 25.6
@ Two separate branches 979
@ Another minimum connected
to secondary bubble,
welcome L 03 26.8
@ L beats asymmetric bubble =
at rs ~ 0.207m™! ’i s

Crossover between branches
at rg ~ 0.215m~ !

What is L? A lipaton!

Vasily Maslov (INR RAS)
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Lipaton on the horizon is also a critical bubble

o Euclidean space is regular on the event horizon!
@ Regular coordinates:
=(R—-Rs)\V/Rs/R

also: n=0Rs, T=71/8Rs

d 2 2d~/2
e _ 29T [dg2 + 1, <dn2 + R%sin? L

16 Vo
@ 7 becomes angle on the horizon = lipaton does not depend on it
e Plain theory: Sg = 872/3g; "
lipatons exist everywhere, size a — 0. =
. s -1
@ Regularized theory +gg¢°: S
. o » )
o lipaton acquires finite size a ~ g’ >0 = -2
e dominant contribution — on the horizon: 2
-3
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Results

@ Spherical critical bubbles:

rs <0.194m™t

)

Ty 2 0.41m,
@ Aspherical critical bubbles:

0.194m™ 1 < r,

T

0.384m < Ty < 0.41m

~

@ Lipatons:

rs > 0.207m™!

T

Ty <0.384m
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Conclusions and perspectives

@ False vacuum decay in the presence of a black hole
may proceed aspherically

2,2 4
o In scalar model with "~ — g“f
aspherical decay dominates at ry > 0.194m~!

@ Perspectives: application to electroweak sector of Standard model
o The scale invariance of massless —Ap* theory is also broken!..

e ..but by running coupling constant A(¢), not mass term!
e RG equations were solved numerically = fitting?

e Thermal corrections to the Higgs should be accounted for

THANK YOU FOR YOUR
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Backup: Negative modes quantity for large black holes

R > m™! = R = R; on the solution, p = R — R; < R,

2R - Orps

. R54 2 8
R2_R52 _(1_'_?) V/(‘Ps) = 890+7_16V,( )

critical bubble in 2D flat space

[—6/2-? ~r-rOr+ D 4 (14 %)4 V"(@s)} §o = e
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N—_————— Ninod
j20<0
Number of negative modes: -
€+1
pe = pop + Y < 0 , _
6 numerical data
1 2 analytic — - -
Nmodes =/ ‘/1‘2D‘R52 + Z -5
0 4 8 mrg
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Backup: Regularized lipatons

6

. with g6 =76 - (ga/m)?

@ Correction to the action in flat spacetime: @ Schwarschild BH,
event horizon:

8 2[“1 2 1 ] 647° g6 1

BH 4
6S=—(ma — — = — 9|+ = ASE" x (a/R
om0 D e s ASEY (/R
0
@ Lipaton size a minimizes 6S: %
2 8 = T
(ma)* [In— —1—7e| = —7 - pe
ma 15 Eq
T —1
= '
B *
< Y6 =2-107% « 4
6 =5-1073 «+
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