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Semi-classical vacuum decay
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Let me demonstrate this idea by using cosmic string
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Originating from SUSY model building

. 2 dim-less fields 1, s

. 2 dim-less parameters A, €






. false T #0, s=0

cosmic string is formed by U(1) breaking

. true T =0, s#0




winding humber two vacua

Instability depends on parameters,

e=1, A=27/100
true vac




Spontaneous U(1) break
String — Tube —
Expansion of radius —

our universe is filled out by
true vacuum






Import the idea into string theory

Can we see a similar effect in string theory?

Mini string landscape
gs < 1, [ = finite

non-compact 6D internal manifold
— 4D gravity can be ighored
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action is Dirac-Born-Infeld (DBI)
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Our Goal
1) D3 brane (impurity) makes the life-time of a metastable
vacuum drastically shorter
2) A new way to construct dielectric brane without using
background flux nor angular momentum
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Background flux Angular momentum




Set up of geometry

M. Aganagic, C. Beem, J. Seo and C. Vafa, Nucl. Phys. B 789, 382 (2008)

Use the Calabi-Yau manifold

W (z)? + 9> + 22+ w’ =0 W'(z) = g(z — a1)(z — a2).

Important 3-dim sub-manifold

y,,? + ZZQ + w? = g*(x, — a1)*(z, — az)?

3-cycle=set of g2




True and false vacua

false vacuum true vacuum
Wrapping n D5 at an — D5/anti-D5
Wrapping n anti-D5 at a- annihilation
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energy (density) gap AV =2 | Ln
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Annihilation process

Partial annihilation of D5 and antiD5 branes
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Add D3 brane as an impurity
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D3 plays a role of monopole
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Process of the vacuum decay

Db D3 induces DW
.DB ' .//DB/DWD5
make a

1123 bound state
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Bound state of D3/DWDb5

bound state energy

true
vacuum

Eps/ps = \/ (Tpsdw R2Va)? + (npsTpsVs)®.

total energy of system

Eiiq = -\/('TDsélﬂR?‘/g,)Q + (npaTp3Va)? — %AVR?’ + const,

c.f. K. Hashimoto, JHEP 0207, 035 (2002)

winding number of monopole

dimensionless parameters /
AV AV

4 /- 2
r = R [ ( ' ) (f D:s“D:;)
STDH*' k 3TDH" '1”TTD’>




Bound state of D3/DWDb5

E.m  Energy vs radius of bound state
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1) When b Is large, the bubble is unstable

2
b > g (unstable). — bubble expand without bound

2) When b is small, the bubble is metastable

1 a new dielectric brane s orted b
rin = 2\/2 — VA 8138, 2 new dielectri “PP Y
3 true vacuum



BSounce action

bOUﬂCe So|u'[‘_ion =3 So|ution Of S. R. Coleman, Phys. Rev. D 15, 2929 (1977)
) : A
Euclidean action
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Circle corresponds
to the size of S°

1)without monopole - O(4) sym.
2) with monopole - O(3) sym.
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Symmetry of bounce [



BSounce action

bOUﬂCe So|u'[‘_ion =3 So|ution Of S. R. Coleman, Phys. Rev. D 15, 2929 (1977)
) : A
Euclidean action
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T
I'min r
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Circle corresponds
to the size of S°

1)without monopole - O(4) sym.

Symmetry of bounce [ 2) with monopole - O(3) sym.



Why bounce action?

One-dimensional tunneling

Tunneling rate by WKB approximation
['=exp(—2B/h)

B2 a2V~ B

di




Why bounce action?

Multi-dimensional case, the decay rate depends on

the path
[ =exp(—2B/k) “q={qi}’

ath] = 2 [/ ds\/2(V(q) — E)

B|

We want to know the path which gives the smallest
value of B

the bounce solution gives a nice way to find the path



Why bounce action?

Plugging the solution into Euclidean action we get

Sp = f;‘f ds\/2[V(q) — E] + f;f dTE
e

Minimized B Blpath] = 2 [/ ds\/2(V(q) — E)

by subtracting the second extra term from the
bounce action, we get the minimized B



With monopole O(3) symmetric

R. Emparan, Phys. Lett. B423, 71 (1998)

K. Hashimoto, JHEP 0207, 035 (2002)
true D. K. Park, S. Tamarian and H. J. W. Muller-Kirsten,
vacuum
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Spherical ansatz for bubble
X"=t, X'=R(t)sinfcosp, X*=R(t)sinfsingy, X°= R(t)cosé.

Dissolving monopole leaves magnetic field on DWD5

brane |
Bsinf = 2wa’ Fy,

The action of the bound state Is

1
S =—Tps / d6§\/ — det (8. X1 X, + 27 Fag) + / dt%RSAV



With monopole O(3) symmetric

det is given by Minkowski and internal parts (E I:I)

— det(0.X*05X, + 210 Fo5) = —det(9,X*0,X,, + 2ma’ Fp) - det(0, X 9pX7)
= |(1- B)R*+ B*(1 - B)| - det(9X"05.Xy),




With monopole O(3) symmetric

— det(0,X*83X, + 2ma’F,3)

—det(9,X*8,X,, + 2ma’F,5) - det(94 X' 9pX])
- [(1 — RHR*+ B*(1 - Rg)] -det(04X'9pX),

. : 1
— —/dt |:47TTD5V3\/(1 — R2)R4 + 32(1 — R2) — %RSAV}

‘/5 — /d‘)’g"\/det(d,;X’dBXI)

I'pw = 1p5V3

Now let's estimate the decay rate



With monopole O(3) symmetric

Introduce the dimension less variable

r= =4 R b = ( A‘ )1 (TH:;'ID:‘)Q g = AV T
311[)”' BPI’DH' 477-17[)5 | 3‘1’[)”' -

Eucledianize the action
Factor out Bow for comparison

SE = (27272?2%% V ds (\/(r4 +b4) (1 +72) — TS)}

p— B § ~0(3)
— __O(4)ﬂ_ num

So the decay rate Is

8 . , ]
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num num num




With monopole O(3) symmetric

Numerical results

3
~AS58 Bos)y/Boa b+ 0 smaller than 1

10 . )
0sf . = Bo) < Boy

06 o — Loey > 1Low
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By the monopole, the life-time of the false vacuum
becomes drastically shorter




Topology change of bubble

Adding F1-string to the bubble induces a topology change

cf Nishioka, Takayanagi JHEP 0810(2008)082

Dissolving F1 string induces an electric field
FEo = 2ma’F; g

Pointing vector generates angular momentum and the action of
spherical anzats becomes ill-defined
— Indication of topology change



Before/After Topology Change

& e

Topology change
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Rmono ole — T'min -
P AV
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Compare the bounce with 5 2rmin AS )
: O2) — P0O(3) O(3)
the one with less-symmetry 9A Shum

. 9IA S <o) In typical parameter choice,
O(2 . .
2 tmin ASiitins bubble has longer life-time

Dissolved F1 string makes the life-
time of the bubble longer



Warped geometry and Catalysis

Warping without impurity

e

ds’ = *4W) G drtdz” + e AW g dy™dy™. 4 « 1,

™~

For simplicity, we assume that the warp factor is almost constant

Volume of internal space and tension and energy gap are

VWP = V(e=24)3/2 TP = TpsVW*Pe™ Ay vare — Ayeta
272 TI%W warp __ —12A
80(4) — 9 (AV)B —> BO(4) — BO(4)€
Without monopole, the warping makes the life-time

of the false vacuum much longer



Warped geometry and Catalysis

Warping with an impurity

DBI action for the bound state is modified as follows

Ty [ 46/~ det(9, X105 X,,) + =142

We use the formula shown
before by simply replacing

TDW — Tg%l}p’ 32 — B2€_4A

V2

unstable condition e *%b > ~-  (unstable)

With an impurity, the warping effect makes the life-
time much shorter!



Baryon as an impurity

So far, we studied solitons as impurities \
string P
-

n flux compactification, the
pDaryon can be seed for the effect p;

2) Aya Kasai, Yuichiro Nakai, Y. O. arXiv:1508.04608 [hep-th]

D3-brane with RR-flux =Baryon vertex o
nti-

We showed that baryon can catalyze
the brane/flux annihilation



Stability in KKLT

In progress
1. Catalysis by baryon

2. Warping, together with the catalysis,
drastically shorten the lite-time

It we naively apply these results to KKLT model, the
successful de Sitter vacua becomes unstable!









