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Vacuum decay
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Decay rate
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Decay rate
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Decay rate

Bubble nucleation rate

v = Ae "

“WKB” in QM
bounce action

B = S5(¢B)

dm. =4
1/(time*volume)
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Toy model
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Toy model
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Renormalization scale
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A 7/-\ > ¢
height of b ~ \
eight of barrier momentum of bounce
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There are too many relevant scales--:



How large Is the scale

dependence?
_ 72 A g
V= Q@+ P Qp_AQ) 5 2(@),
Beta functions
b = 31127;2 Pz = 163772 (am® +34%)
aA o’
fa= f6w2 fa = 1967r2

Renormalization conditions
@Q=m

m?*(m) = m?, A(m)=m, t(m) =0, a(m) = o
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Pre-exponential factor
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Pre-exponential factor
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Pre-exponential factor

fluctuations around the bounce
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Theorem

function of the bounce solution

= Ae™” /
1 A-2 — 1n det |[—0% + mg + dW|
det [—02 + m¢]

Theorem (Dirichlet BC)  (J. H. van Vleck, '28; R. H. Cameron and W. T. Martin, '45; ...)

The ratio of the determinant of differential operators, I
d? - B
LJ — deQ I R] (CU) on [ — [O, 1] w/ ?(H;iﬂi[ (|)37Cf<1> o

IS given by the ratio of the solutions of differential equations

Det L4 _ y1(1) Ljyj (QE) =0
DetLo  yo(1) y;(0) =0, ¥,(0) =1




B, B+6B

405 F

400 |

305
300
385
380

3751

Q/m




>

0 2t
A Y

"".r A
-

%, B Y
0 e (o

i ’ , Ay i » "
- ~ v
R e Rer ¥ o0 O e
P, h M . 2 4 L (34 ;- . . |Jl.
4 . .,
! » | J ; 1 We + L%
R a X o A \ [CUL” S0 PN
Vo b - s v ’ - . DI 3 ; f v
. . cad & 5 s Y “t N
- = ’ y » ~ L% |
. -
i N N

. »(n......ﬁw..?; e
' B "




B, B+6B

150 |-

156
154 |-

152 |

wwwww

11111

[[[[[[[[[

111111111

1-loop

B, B+6B

74009‘ -
7300}
7200}
7100}
7000}
6900

6800 [

\\\ 1-loop |
\\ classical
6b11 0.5 1011 111511 112611 1L2€11 1135
Q/m
V(o)
A
\/\V/




SM + stau system



Light stau

Stau can be light
mz > 103.5GeV (LEP)

hy r coupling, co-annihilation with bino, -

But, the potential may become unstable towards the stau direction

T, = y-(A; — ptan 3)

V=T (H ;75 + hec)+m2 |l 2—|—m% Frl? + - -
(T ) BL‘ g e tan 8 = (H,)/(Hy)

Stable Meta-stable / Unstable No EW vac.




Spectrum

we assume only the staus are light

A

other superparticles

O(10 TeV) | |
heavier Higgs bosons
~
O(100 GeV) ~ O(1 TeV) staus

tau-sneutrino

Effective theory

| w/o gauge interactions
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Effective theory

1
Log = Liin — Ye(Hqrt5 +hoc) —my|H|? — ZAH\HE
~ . ~ 1 ~ 1 .
— m%LMLIQ — mng’TRP — TT(HTKLTR —+ hC) — Z/i(l)‘gL‘Zl — ZK(Q)’TR‘LL
1 ~ 1 ~ 1 1 -
= PAVHPIL = AP HYL? = X H P 7l = 6P 78],

Boundary conditions

SUSY scale (10TeV)

M, mz = my, = Mz, = 250 GeV, A(l)(MSUSY) — (92 T 9/2> cos 23,
ST T. = 300 CeV. A (Mgusgy) = 4y? — 2¢% cos 28,
m2 (M) = —%Mf, A®) (Mgusy) = 4y2 — 2¢" cos 25,
A (M) = 2%15 Y (Msusy) = %(92 + "),
£ (Msysy) = —k (Msusy) = 247,



Result
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Summary

. The bubble nucleation rate has often been estimated
without calculating the pre-exponential factor.

- This estimate involves uncertainty in the renormalization
scale, which, we showed, results in O(10%) uncertainty in
the exponent of the bubble nucleation rate.

. To reduce the uncertainty, we explicitly calculated the pre-
exponential factor and showed that it is greatly reduced.

. Scalars and fermions have already been implemented, but

the gauge bosons are now ongoing.
Our paper on the gauge independence of the gauge determinant will appear soon.



