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Now ongoing...

Collaborators: Motoi Endo, Takeo Moroi, Mihoko Nojiri (KEK)



A - mEmERE 25— LR -

1-loop order CDETHE - Toy model -

SM + STAU SYSTEM - Top loop -
= Rl



S A

1% =

ERERE AT — VA E R




Standard Model
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False Vacuum

Tru e Va Cu um Higgs pole mass M), in GeV
D. Buttazzo, et. al. 1307.3536/hep-ph

Minimal Supersymmetric Standard Model

Top quark SUSY Stop hirip Higgs mass, hgg, hyy, ...
Leptons l l Sleptons hZLZR muon g-2, hyy, ...

Charge and/or Color Breaking Minima |
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Bubble Nucleation Rate

FV Tunneling {FV @

At the Leading order,

®B- Bounce solution
B ti /
- oMt G v 8%p = V' (¢)
4=t

‘ dim: [1/(time*volume)]

Pre-exponential factor i 2D

T 4 D ‘

™ : “typical” mass scale

SO(4) symmetric classical solution



TOY MODEL

m2 84
Potential Vo e e Sl
2 ? 2 2 8 .
Bounce 0°¢p = V' ()
Action B = Sg(¢B) = /d45€ B(a¢3)2 + V(¢B)

Nucleation Rate ~ ~m~e”



TOY MODEL

In fact, the potential is scale-dependent.

Potential V = —t(Q)¢ < Q(Q)¢2 A(2Q)€b3 | &(ggQ) N
Bounce 82gb — V’(gb)
Action B = Sg(¢B) = /d4$ B(aﬂg)Q + V(¢B)

4

Nucleation Rate v ~ m*e £

Maybe, the best Q is a “typical” scale...



Particle mass @ FV

Particle mass @ TV



AT—IVRFIEDKES
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Vo ==y | 2 3 4
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Beta functions
3AM? 3
Bt =5 16,;'-/; 6?712 25 16?(04777/2 e 3A2)
9a A 902
P4 = 602 ba = 165

Renormalization conditions
@Q =m

m?*(m) = m?, A(m)=m, t(m) =0, a(m) = «
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~10% uncertainty

3)



1-LOOP ORDERTCOD:itE
e o U=l Eohs




EdvAEGEARLTHS E

ASPECTS OF
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Expectation
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the scale dependence ~ S NS e
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SOLVE corresponding Ordinary Differential Equations

Since 1928

I. M. Gelfand, A. M. Yaglom;
S. Coleman;

Many mathematical proofs, J. H. van Vleck;
R. H. Cameron, W. T. Martin;

but not so many pheno. results R. Dashen, B. Hasslacher, A. Neveu;

R. Forman;
K. Kirsten, A. J. McKane;

method, proof, renormalization, zero modes, fermions, implementation, ...

Please invite me to your LAB!!
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SM+STAU SYSTEM
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Staus can be light
mz > 103.5GeV (LEP)

hyy coupling, co-annihilation with Bino, ...

But, the potential may become unstable toward the stau direction

1 ~ ~ m2 m2 e et
V —I—ﬁyTXTTLTRh ik i fLba

tan 8 = (H,)/(Hy)

Stable . Meta-Stable Unstable : No EW vac.
' tabo = 138CGyr ! dg. =~ 138Gy

Y Y

\Q/ NG ¢

(i «  Tachyonic stau
the global minimum : y
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For simplicity,
we consider the case where only the staus are light

A

O(10TeV) - Other superparticles, heavy Higgs bosons

/\

Zle
O(100GeV)-O(1TeV) |- Staus o

|

Effective theory
173GeV - Top quark

125GeV —— SM Higgs boson
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dominant contrib.

(A Yt | -
—L = C—)h4 htpt
+4 /2 RUL

1 X, =A, —utanp
| Y+ X T, TRI tan 8 = (H,)/(Hy)
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RGE, Det: Calculated up to leading in y_t
=> Overall factor of Det is NOT determined!
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Classical
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Preliminary
Classical

Partial 1-loop (y_t only)
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Classical (B=400)

Unstable \

600 800 1000 1200
m- [GeV] Stab/e

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

» This estimate involves uncertainty in the renormalizaiton
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.

e Scalars and fermions have already been implemented, but
the gauge bosons are now ongoing.
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“Backup called Trash”

One thing I'm concerned about is the file size...



