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Field theory analysis



Simple Toy model

• 2 dim-less fields 
• 2 dim-less parameters
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Cosmic R-string (R-tube) solution



String collision 
Numerical simulation



String(n=1)/String(n=1) collision　 
60％ speed of light

Hiramatsu, Eto, Kamada, Kobayashi, YO, '14  



Hiramatsu, Eto, Kamada, Kobayashi, YO, '14  

String(n=1)/String(n=1) collision　 
80% speed of light, large angle



String(n=1) / String(n=1) collision　 
80％ speed of light, small angle 



String(n=1)/String(n=1) collision　 
86％ speed of light



String(n=1) / String(n=1) collision　 
94％ speed of light



String/String collision

we observed three patterns

speed

angle

reconnection

tube expansion

tube expansion



String(n=1)/Anti-String(n=-1) collision　 
60％ speed of light



String(n=1)/Anti-String(n=-1) collision　 
80％ speed of light, large angle



String(n=1) / Anti-String(n=-1) collision　 
80％ speed of light, small angle



String/Anti-string collision

we observed two patterns

speed

angle

Annihilation
true vac expansion



Application to String Theory



Type IIB String Theory  
compactified on Calabi-Yau manifold 



Set up of geometry

Use the Calabi-Yau manifold 
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M. Aganagic, C. Beem, J. Seo and C. Vafa, Nucl. Phys. B 789, 382 (2008) 



Wrapping n D5 branes at a1
Wrapping n anti-D5 branes at a2

false vacuum

→ D5/anti-D5 
annihilation

true vacuum

a1 a2 a2a1

True and false vacua



Add D3 brane as an impurity 

D3 plays a role of monopole

D3

0 1 2 3 4 5 6 7 8 9

D3 ○ × × × ○ ○ ○ × × ×

DW ○ △ △ △ ○ ○ ○ × × ×



Bound state of D3/DWD5

bound state energy

dimensionless parameters
winding number of monopole 

total energy of system

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



Bound state of D3/DWD5

b→large

When b is large, the bubble is unstable 

Energy vs radius of bound state

→ bubble expand without bound 

Kasai, YO `15



KKLT model

✔ compact Calabi-Yau  
✔ stabilized moduli 
✔ up-lifted by anti-D3 branes

small positive cosmological constant



KKLT model (KPV model)



KKLT model

We can take non-compact limit for  
estimation of the decay rate  
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Dyon as an impurity

Let us apply our idea to the KKLT model

In this model, a dyon can be a 
seed for catalytic decay 

Nakai, YO. Tanahashi to appear

Universal Lagrangian of Zp gauge theory
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Z
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B2 ^ F2 F2 = dA

[ Banks-Seiberg `10 ]



Action of the NS-five brane



Static solutions

B=0 D=0 

In our setup D>>B



Life-time of KKLT vacuum

by using thin-wall approximation
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Life-time of KKLT vacuum
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⌘

eB0 > eBb

by using thin-wall approximation

Life-time is drastically shorter!



Summary

Claim 1) Vacuum instability by catalysis plays crucial 
role in string landscape  

Claim 2) Bubble can be a giant soliton 


