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Lifetime of metastahle vacuum

> Lifetime of metastahle

[ exp (_SE [¢]) [Coleman (1977), Callan Coleman (1977)]

> Bounce solution
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In general, it is tough to solve EOM explicitly
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Lowerbound on the hounce action

[Sato, Takimoto (2017)]

> Setup

574
a¢i =0, |)1}Lnoo¢l(x) = 0 (false vacuum)

Bounce sol. : V2p; —

Bounce action: S;[¢] = [ d*x E (Vep)? + V(c,b)]

V()
> Result
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Derivation (1/3) : preparation

Let us assume the existence of the bounce sol.

Bounce = sol. of EOM — 65 = 0 for any perturbation d¢

T = [t (79

() = p(Ax) Sl = 2*T + 2%V <|:

V=_[d*V(¢p)

| 1
Gloalr - _ f‘> 2T = -4V, S=-T
dA =1 2

. . [Callan Glaser Martin (1977)]
Bounce sol. is spherical. [Blum Honda Sato Takimoto Tobioka (2016)]
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Derivation (2/3) : Lagrange multiplier

2
1 @ d
{ S ==T = j drn2r3<—¢)]
2 0 dr
5¢ = $(0) — p(e0) = —Lwdrj—(f sV I
6V =V (o) —V(0) = Lwdrg(j—(g T

Let us fix ¢ and 6V (> 0) by hand for the moment
— T can be minimized by Lagrange multiplier method.

T = T+2a<6¢+fooodri—f>—3<5V_Lmdr§<‘jl_f>2> |:> {Tmin[5¢,5V] _ 12;?;15)4 }
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Derivation (3/3) : bound on S

o T Tunld9,8V] _ 6(59)"
27 2 B sV
)4

We do not know 5¢ andsy e
) _
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Derivation (3/3) : bound on S

= min = min

T Tonl,8V]  6(5¢)"
2 ¢ 2 ¢ OV

We do not know §¢ and 6V ;
The minimum of lowerbound is smaller than S 5¢ A
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Example 1 : single scalar field
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Example 2 : MSSM with large tanbeta

mT ~ ~
L >3 7utanﬁ ht;Tp
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Red line is given by Hisano-Sugiyama (2011)
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> In general, it is technically tough to calculate lifetime of metastable vacuum.
> We derived a lowerbound without solving EOM

> It is useful to analyze multiscalar models.
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Backup



Lagrange multiplier

e d 2
T = J dr m?r3 <—¢>
0 dr

Let us determine lowerbound of T for fixed §¢ and §U

o} d © 2
6¢p = ¢(0) = () = —fo drd—(f, 8V = V() —V(0) = f dr§<d_¢>

0 r\dr

Minimize T (Lagrange multiplier method)

o) o) 2
T = T+2a<6¢+.l;) dri—f)—ﬂ(SV—L dr%(i—f))

5T _ aT aT . ar 24(6¢)3 12(6 4
: £ — =0, —=-—= s _ ®)
BEORFE 52 70 =35 =" |:> b=y a- sl =100
x5, [ 249)® | 12(8¢)*]  12(89)* | [ (mPrt+3B\( ar
' [a “Taw T ez ] T Teu T fo a r Oty 3p

12(5¢)*

For fixed 6¢ and 6V, T > o
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V =(twrz?qu + g2]|Hu|2 + twrzfi|ff|2 + TIIQ_;R|1:R|2
93 17 9y
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