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Asymptotics of CW-ANO string
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e Field configuration: 0

d(x) = f(r)e™? Ag(x) = na(r)

7
—— winding # = n & magnetic flux [dsz = 2nn / /

e String tension for QQ and CW cases:

T/|nl

I I I I I I I I I | I I I | I In| T T T T O MY NS
0.6 0.8 1.0 1.2 1.4 1.6 18 20 22 24 26 28 3.0
8 B

e For QQ case, all lines cross at = 1 (BPS state) while it doesn't

happen for CW case (next slide). »



[Bogomol'nyi '76]
[Prasad-Sommerfield '75]

BPS state

e |n Quadratic Quartic case, the energy can be rewritten by

completion of square:

T =2m|n|
0.9
+27T/ drr
0

e Forf =1, thelastterm vanishes and the EOMs reduce to

(54 2r) 5 (a4 2= 1) + 2117

r 212 |

~1 T .
f’+|n|a f=0 a+m(f2—1)=0 BPS equations |
- :
T 5 But, CW case doesn't have this
> — =27
|n| property due to the log-potential.
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Two string system

e put two parallel strings orthogonally to xy plane

w/ distance d.

string core

.............

-4
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Calculation of interaction potential

1. put two strings w/ distance d

2. fix distance d (pinning string cores)

3. minimize the energy of the system

— minimum-energy configuration w/ fixed d

4. do 1~3 for various d

— interaction potential as a function of d

* minimization is performed by the relaxation method

(gradient flow): \T L
SE X =®orA,
0X=——

‘ o0X 7: fictitious time



E T

e Interaction potential as a function of d for different

Quadratic-Quartic Coleman-Weinberg
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E T

e Interaction potential as a function of d for different

Quadratic-Quartic Coleman-Weinberg
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Result: Energy barrier

e Interaction potential as a function of d for different

Coleman-Weinberg

14.0 ¢

13.9 R
13.8; —1.90
s —1.95
S 13.7 5 00
=136 —2.05
- 2.10
13:5 2.15
134 2.20
: —__
13360 0 0 ‘ o o
0 1 2 3 4 5 .6
J €nergy barrier
e Energy barrier appears in CW case for f > 1!
attractive short .
for distance
repulsive large
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Stability of n = 2 state

e We can read off the stability of the vortex of n = 2 state.

RS A L A _‘ St oS S et
" us- | n=72isstable |
g
Tﬁ 14.0
~)
£
~ 13.5
2.0 2.2 2.4
15}
140
13.9 o
138" E —1.90
; . —1.95
~ 13'7; 2.00
136 —2.05
2.10
13.5; 2.15
13.4F 2.20
i —

13.3¢
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Stability of n = 2 state

e We can read off the stability of the vortex of n = 2 state.

= 2is stable »,'.

5 | n = 2 state is absolute

—1.90
—1.95 .
minimum.
2.00
—2.05
2.10
2.15
2.20
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Stability of n = 2 state

e We can read off the stability of the vortex of n = 2 state.

= 2is stable »,'.

13.8¢
13.7
13.6
13.5

13.4

13.3¢

—1.90
—1.95
2.00
—2.05
2.10
2.15

2.20

n = 2 state can decay
by quantum tunneling.
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Other potentials

VAH—cut =K

HEED RN CEENG

~ 2
VaH-36 = 25 (|(I)|3 1) ,

0| ™

(181 ~1) . 49

VAH-48 =



Other potentials
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— | It seems that the energy barrier is universal for flatter

" potential than Quadratic-Quartic one.
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Discussion

 Formation of Abrikosov-like lattice in superconductor?

dilute — lattice-like structure

dense = gather and merge!

novel phase transition!

e Cosmic string in universe = reconnection? gravitational waves?

large d small d

« > >

repulsive attractive

might lead to non-trivial dynamics! (future work) -



Summary

14.0F
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13.8§
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13.5¢
13.41

13.3¢

13.7§

e Coleman-Weinberg potentialZfDAbelian-HiggstE&! TD
vortex stringZ S\ 7c (CW-ANO string).

o JEE D ANO vortex string&EES> T, [ > 1DEFIC2AE DHEEIEFE
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BZzigDOZ&hbhoT:

2rgy barrier

()

attractive short .
for distance
repulsive large
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