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Grand Unified Theories

� In GUT, the three SM gauge interactions are merged 
into one-gauge interaction, 𝐺. 

� 𝐺 is spontaneously broken at 𝑇%&' ∼ 10+,GeV, to the 
SM group when a Higgs-like field, 𝜙, acquires a VEV.

� If  𝑇 > 𝑇%&', in the very early universe there was a 
GUT-epoch 



The Cosmological 
Monopole Problem

� As the universe expands and cools down, it undergoes 
a phase transitions at 𝑇%&'. 

� During this phase transition different topological defects 
may be produced. For example: 
� Domain Walls 

� Cosmic Strings

� Magnetic Monopoles



The Cosmological 
Monopole Problem

� Monopole configurations are a common feature of  GUTs.

� The estimated concentration of  monopoles is unacceptably 
large in comparison to observations1.

� Different solutions for this tension were proposed:
� Inflation

A. H. Guth, Phys. Rev. D 23, 347 (1981)

� Langacker & Pi mechanism
P. Langacker and S.Y. Pi, Phys. Rev. Lett. 45, 1 (1980)

� Non-restoration of  the grand unified symmetry
G. Dvali, A. Melfo, and G. Senjanovic, Phys. Rev. Lett. 75, 4559 (1995)

1Y. Zeldovich and M. Khlopov, Phys. Lett. B79, 239–241 (1978)
J. Preskill, Phys. Rev. Lett.43, 1365 (1979)



Sweeping Away the 
Monopole Problem

� Solution: DLV Mechanism:3 

𝐷𝑜𝑚𝑎𝑖𝑛 𝑊𝑎𝑙𝑙𝑠 + 𝑀𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑀𝑜𝑛𝑜𝑝𝑜𝑙𝑒𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛
→ 𝑬𝒓𝒂𝒔𝒖𝒓𝒆 𝒐𝒇𝑴𝒐𝒏𝒐𝒑𝒐𝒍𝒆𝒔

� Basic idea:
� The same phase transition produces

� Magnetic Monopoles
� Domain Walls

� The domain walls move through space and sweep up the 
monopoles.

� When a monopole encounters a wall, it unwinds and dissipates.
� The walls are unstable at a lower energy scale, and hence collapse 

and go away. 

3G. Dvali, H. Liu, and T. Vachaspati,  Phys. Rev. Lett. 80, 2281–2284 (1998).



Erasure of  Defects: 
The DLV Mechanism
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Coulomb Phase:
𝜙 = 0

Higgs Phase:
𝜙 = 𝜈

Vacuum Manifold

Spectrum

MC = G/H0 = 1
<latexit sha1_base64="EMKKJEwin1c8q43330kZjFkreAM=">AAACBnicbVDJSgNBEO2JW4zbqEcRGoPgKc64oJdAMAdzESKYBZIw9HQ6SZOehe4aMQxz8uKvePGgiFe/wZt/Y0+SgyY+KHi8V0VVPTcUXIFlfRuZhcWl5ZXsam5tfWNzy9zeqasgkpTVaCAC2XSJYoL7rAYcBGuGkhHPFazhDsup37hnUvHAv4NRyDoe6fu8xykBLTnmftsjMKBExDeJ0wb2AHE5KV4fVxwLF23HzFsFaww8T+wpyaMpqo751e4GNPKYD1QQpVq2FUInJhI4FSzJtSPFQkKHpM9amvrEY6oTj99I8KFWurgXSF0+4LH6eyImnlIjz9Wd6dFq1kvF/7xWBL3LTsz9MALm08miXiQwBDjNBHe5ZBTESBNCJde3YjogklDQyeV0CPbsy/OkflKwTwvnt2f50tU0jizaQwfoCNnoApVQBVVRDVH0iJ7RK3oznowX4934mLRmjOnMLvoD4/MH9xaYIg==</latexit>

MH = G/H⌫ = U(1)
<latexit sha1_base64="R2g+CYJUcrqT+b3ECFFm8CexUZM=">AAACC3icbVC7SgNBFJ31GeMramkzJAixibs+0CYQtDCNEME8IBuW2ckkGTI7u8zcFcOS3sZfsbFQxNYfsPNvnDwKTTxw4XDOvdx7jx8JrsG2v62FxaXlldXUWnp9Y3NrO7OzW9NhrCir0lCEquETzQSXrAocBGtEipHAF6zu969Gfv2eKc1DeQeDiLUC0pW8wykBI3mZrBsQ6FEikpuh5wJ7gKQ8LF4flT1XxrhYzTuHXiZnF+wx8DxxpiSHpqh4mS+3HdI4YBKoIFo3HTuCVkIUcCrYMO3GmkWE9kmXNQ2VJGC6lYx/GeIDo7RxJ1SmJOCx+nsiIYHWg8A3naPL9aw3Ev/zmjF0LloJl1EMTNLJok4sMIR4FAxuc8UoiIEhhCpubsW0RxShYOJLmxCc2ZfnSe244JwUzm5Pc6XLaRwptI+yKI8cdI5KqIwqqIooekTP6BW9WU/Wi/VufUxaF6zpzB76A+vzB4o3mg4=</latexit>

m� = �⌫2
<latexit sha1_base64="HbU1CqJV4GsczmChihwYQjcFrbw=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWaqohuh6MZlBfuAzjhkMpk2NMkMSUaoQ/FX3LhQxK3/4c6/MW1noa0HAodz7uHenDBlVGnH+bYWFpeWV1ZLa+X1jc2tbXtnt6WSTGLSxAlLZCdEijAqSFNTzUgnlQTxkJF2OLge++0HIhVNxJ0epsTnqCdoTDHSRgrsfR54aZ9eesxkIgQ9kd3XArviVJ0J4DxxC1IBBRqB/eVFCc44ERozpFTXdVLt50hqihkZlb1MkRThAeqRrqECcaL8fHL9CB4ZJYJxIs0TGk7U34kccaWGPDSTHOm+mvXG4n9eN9PxhZ9TkWaaCDxdFGcM6gSOq4ARlQRrNjQEYUnNrRD3kURYm8LKpgR39svzpFWruifVs9vTSv2qqKMEDsAhOAYuOAd1cAMaoAkweATP4BW8WU/Wi/VufUxHF6wiswf+wPr8AcpglMw=</latexit>

mA = 0
<latexit sha1_base64="OLtn0/yJZYRyrJS2MNFNgy3qYoI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVil6EqhePFdy20C4lm2bb0CS7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NRxqgj1Scxj1Q6xppxJ6htmOG0nimIRctoKR3dTv/VElWaxfDTjhAYCDySLGMHGSr7o3Vy7vXLFrbozoGXi5aQCORq98le3H5NUUGkIx1p3PDcxQYaVYYTTSambappgMsID2rFUYkF1kM2OnaATq/RRFCtb0qCZ+nsiw0LrsQhtp8BmqBe9qfif10lNdBVkTCapoZLMF0UpRyZG089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmmeVb3z6sVDrVK/zeMowhEcwyl4cAl1uIcG+ECAwTO8wpsjnRfn3fmYtxacfOYQ/sD5/AEG3o4t</latexit>

mh = 2�⌫2
<latexit sha1_base64="bgKWFwrtedJ6n5F2eRKQ5b8q+TU=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxURTdC0Y3LCvYBnXHIZDJtaJIZkoxYhv6KGxeKuPVH3Pk3pu0stPVA4HDOPdybE6aMKu0431ZpZXVtfaO8Wdna3tnds/erHZVkEpM2TlgieyFShFFB2ppqRnqpJIiHjHTD0c3U7z4SqWgi7vU4JT5HA0FjipE2UmBXeTC8anjMJCIEPZE9NAK75tSdGeAycQtSAwVagf3lRQnOOBEaM6RU33VS7edIaooZmVS8TJEU4REakL6hAnGi/Hx2+wQeGyWCcSLNExrO1N+JHHGlxjw0kxzpoVr0puJ/Xj/T8aWfU5Fmmgg8XxRnDOoETouAEZUEazY2BGFJza0QD5FEWJu6KqYEd/HLy6TTqLun9fO7s1rzuqijDA7BETgBLrgATXALWqANMHgCz+AVvFkT68V6tz7moyWryByAP7A+fwDlv5O1</latexit>

mv =
p
2e⌫

<latexit sha1_base64="uD/ieyDtC7hdBXwZF+limufNQm8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KklV9CIUvXisYD+gCWGznbRLN5u4uymU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt7Wyura+sVnaKm/v7O7t2weHLZVkkkKTJjyRnZAo4ExAUzPNoZNKIHHIoR0O76Z+ewRSsUQ86nEKfkz6gkWMEm2kwLbjYHTjqSep89oEPJEFdsWpOjPgZeIWpIIKNAL7y+slNItBaMqJUl3XSbWfE6kZ5TApe5mClNAh6UPXUEFiUH4+u3yCT43Sw1EiTQmNZ+rviZzESo3j0HTGRA/UojcV//O6mY6u/ZyJNNMg6HxRlHGsEzyNAfeYBKr52BBCJTO3YjogklBtwiqbENzFl5dJq1Z1z6uXDxeV+m0RRwkdoxN0hlx0heroHjVQE1E0Qs/oFb1ZufVivVsf89YVq5g5Qn9gff4Ay1qTxQ==</latexit>

The 𝜙"-Model

G = U(1)
<latexit sha1_base64="h/t5eXz2BtBL94lvayanUnMk0mg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquH+hFKHrQYwW3LbRLyaZpG5tNliQrlKX/wYsHRbz6f7z5b0zbPWjrg4HHezPMzAtjzrRx3W8nt7S8srqWXy9sbG5t7xR39+paJopQn0guVTPEmnImqG+Y4bQZK4qjkNNGOLyZ+I0nqjST4sGMYhpEuC9YjxFsrFS/vfLL3nGnWHIr7hRokXgZKUGGWqf41e5KkkRUGMKx1i3PjU2QYmUY4XRcaCeaxpgMcZ+2LBU4ojpIp9eO0ZFVuqgnlS1h0FT9PZHiSOtRFNrOCJuBnvcm4n9eKzG9yyBlIk4MFWS2qJdwZCSavI66TFFi+MgSTBSztyIywAoTYwMq2BC8+ZcXSf2k4p1Wzu/PStXrLI48HMAhlMGDC6jCHdTABwKP8Ayv8OZI58V5dz5mrTknm9mHP3A+fwD9Bo4Y</latexit>

M ⌘ MC[̇MH
<latexit sha1_base64="GJWvo9nty5Q341Pdo6ERedVHjB4=">AAACMHicbVDLSgNBEJyN7/iKevQyGARPYdcHegx6MBchgtFAdllmJ51kyOzDmd5gWPaTvPgpelFQxKtf4STmoMaCgaKqu6e7gkQKjbb9YhVmZufmFxaXissrq2vrpY3Nax2nikODxzJWzYBpkCKCBgqU0EwUsDCQcBP0z0b+zQCUFnF0hcMEvJB1I9ERnKGR/NK5GzLscSazi9yF21QMfgh+5iLcYXaW59Rtx+jyNKH/+LU890tlu2KPQaeJMyFlMkHdLz2aiTwNIUIumdYtx07Qy5hCwSXkRTfVkDDeZ11oGRqxELSXjQ/O6a5R2rQTK/MipGP1Z0fGQq2HYWAqR9vqv95I/M9rpdg58TIRJSlCxL8/6qSSYkxH6dG2UMBRDg1hXAmzK+U9phhHk3HRhOD8PXmaXO9XnIPK0eVhuXo6iWORbJMdskccckyqpEbqpEE4uSdP5JW8WQ/Ws/VufXyXFqxJzxb5BevzC5+6rGE=</latexit>



Domain Walls in the
𝜙"-Model



Domain Walls in the
𝜙"-Model

�

� (1+1)-dimensions

� Solitonic configurations 
interpolating between the 
Coulomb and the Higgs 
phases4

�

�(±⌫,0)(x) ⌘ ±⌫

r
1

1 + emhx

�(0,±⌫)(x) ⌘ ±⌫

r
1

1 + e�mhx
<latexit sha1_base64="IBwq9i4UHSXllYS3dkKTEmWtSzU="></latexit>
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⇡0(M) = Z2
<latexit sha1_base64="DqGrwUGQ6pd4jV0TNE8MCbh2Bnc=">AAACCnicbVDLSsNAFJ34rPUVdelmtCh1U5Kq6EYounEjVLAPbEKYTCft0MmDmYlQQtZu/BU3LhRx6xe482+cpFlo64GBM+fcy733uBGjQhrGtzY3v7C4tFxaKa+urW9s6lvbbRHGHJMWDlnIuy4ShNGAtCSVjHQjTpDvMtJxR1eZ33kgXNAwuJPjiNg+GgTUoxhJJTn6XtmKqGNULR/JIUYsuUmPDi/yn+sm96lTd/SKUTNywFliFqQCCjQd/cvqhzj2SSAxQ0L0TCOSdoK4pJiRtGzFgkQIj9CA9BQNkE+EneSnpPBAKX3ohVy9QMJc/d2RIF+Ise+qymxHMe1l4n9eL5beuZ3QIIolCfBkkBczKEOY5QL7lBMs2VgRhDlVu0I8RBxhqdIrqxDM6ZNnSbteM49rp7cnlcZlEUcJ7IJ9UAUmOAMNcA2aoAUweATP4BW8aU/ai/aufUxK57SiZwf8gfb5A6+2maY=</latexit>

4V. A. Gani, A. E. Kudryavtsev, and M. A. Lizunov, Phys. Rev. D 89, 125009,(2014)
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Coulomb Vacuum Layer

𝝂, 𝟎, 𝝂 -Domain Wall 

� Profile ansatz

� Distance between the walls:

�(⌫,0,⌫)(x) = �(⌫,0)

✓
x+

l

2

◆
+ �(0,⌫)

✓
x� l

2

◆

<latexit sha1_base64="dsDB2CD+Uiw5GfTKAfgPSlhbYuI="></latexit>

l > m�1
h

<latexit sha1_base64="WVnFg9V88njKALdeO6WHbG+Cjfk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2XXKnqSohePFewHtmvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNXSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhjcTv/lElWaRvDejmPoC9yULGcHGSg/8SnQHj+mJN+4WS27ZnQItEi8jJchQ6xa/Or2IJIJKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pRILqv10evEYHVmlh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZq8j3pMUWL4yBJMFLO3IjLAChNjQyrYELz5lxdJ47TsVcrnd2el6nUWRx4O4BCOwYMLqMIt1KAOBCQ8wyu8Odp5cd6dj1lrzslm9uEPnM8f+PiQdw==</latexit>



Time Evolution: 
𝜈, 0, 𝜈 -Domain Wall
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𝜙(𝑥, 𝑡)
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l = 15m�1
h

<latexit sha1_base64="wIpDCNpNbMlfLE7j9XVfaKQxk9E=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2XXWvQiFL14rGA/oF1LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqd+q0nqjSL5IMZx9QXeCBZyAg2Vurya68qesPH9Myb9Iolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjq7eYJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITQNAfaYoMXxsCSaK2VsRGWKFibExFWwI3uLLy6R5XvYq5er9Ral2k8WRhyM4hlPw4BJqcAd1aACBGJ7hFd6cxHlx3p2PeWvOyWYO4Q+czx/gtJDw</latexit>



Time Evolution: 
𝜈, 0, 𝜈 -Domain Wall.

Energy density
𝐸(𝑥, 𝑡)

Field Profile
𝜙(𝑥, 𝑡)

0

0.02

0.04

0.06

0

0.2

0.4

0.6

0.8

1.0

l = 40m�1
h

<latexit sha1_base64="tWLmnSP/eRshBUz9HyRCRrWHSPg=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2XXVvQiFL14rGA/oF1LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqd+q0nqjSL5IMZx9QXeCBZyAg2Vury66oresPH9Myb9Iolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjq7eYJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITQNAfaYoMXxsCSaK2VsRGWKFibExFWwI3uLLy6R5XvYq5Yv7aql2k8WRhyM4hlPw4BJqcAd1aACBGJ7hFd6cxHlx3p2PeWvOyWYO4Q+czx/dn5Du</latexit>



Vortex in the
𝜙"-Model



Vortex Profile

�

� In (2+1) dimensions

� Ansatz4

where 𝑛 ∈ ℤ is the 
winding number. 
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⇡1(MH) = Z
<latexit sha1_base64="qbwXyF7HJpB0yVcnYX8FYGU0Mms=">AAACEXicbVC7SgNBFJ31GeNr1dJmMCixCbs+0EYI2qQRIpgHZsMyO5kkQ2YfzNwVw7K/YOOv2FgoYmtn59842aTQxAMXDufcy733eJHgCizr25ibX1hcWs6t5FfX1jc2za3tugpjSVmNhiKUTY8oJnjAasBBsGYkGfE9wRre4GrkN+6ZVDwMbmEYsbZPegHvckpAS65ZzDsRd+2i4xPoUyKS69R1gD1AUkkPDy4y2fOSu9Q1C1bJyoBniT0hBTRB1TW/nE5IY58FQAVRqmVbEbQTIoFTwdK8EysWETogPdbSNCA+U+0k+yjF+1rp4G4odQWAM/X3REJ8pYa+pztHF6ppbyT+57Vi6J63Ex5EMbCAjhd1Y4EhxKN4cIdLRkEMNSFUcn0rpn0iCQUdYl6HYE+/PEvqRyX7uHR6c1IoX07iyKFdtIeKyEZnqIwqqIpqiKJH9Ixe0ZvxZLwY78bHuHXOmMzsoD8wPn8A7MCdHA==</latexit>

�(r, ✓) = ⌫ein✓F (r)

Ai(r, ✓) = � n

er
✏ijnjA(r)

<latexit sha1_base64="RW7YiXUD+Omi08g0KRaz6vNdT20="></latexit>

4H.B. Nielsen, P. Olesen, Nuc. Phys. B, Vol. 61, 45-61, (1973)



Vortex: 𝜙

� 𝑚W = 1

� 𝑚X = 1

� 𝑛 = 1

� Scalar Field:
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�(r, ✓) = ⌫ein✓F (r)

Ai(r, ✓) = � n
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✏ijnjA(r)

<latexit sha1_base64="RW7YiXUD+Omi08g0KRaz6vNdT20="></latexit>



Vortex: 𝜙

� 𝑚W = 1

� 𝑚X = 1

� 𝑛 = 1

� Scalar Field:
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�(r, ✓) = ⌫ein✓F (r)

Ai(r, ✓) = � n

er
✏ijnjA(r)

<latexit sha1_base64="RW7YiXUD+Omi08g0KRaz6vNdT20="></latexit>

n =
1

2⇡i⌫2

I
dxi�⇤@i�

<latexit sha1_base64="AHLqtMkNQvhLKE/vkwF5g/ThRoo="></latexit>



Vortex: 𝐴Z

� 𝑚W = 1

� 𝑚X = 1

� 𝑛 = 1

� Gauge Field:

�
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n =
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Z
Bd2x

<latexit sha1_base64="DpSJggpLUdYtGIwI/vp9kSSDLe4=">AAACBHicbVDLSsNAFL3xWeur6rKbwSK4KklVdCOUunFZwT6giWUymbRDJ5MwMxFL6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv997jJ5wpbdvf1tLyyuraem4jv7m1vbNb2NtvqjiVhDZIzGPZ9rGinAna0Exz2k4kxZHPacsfXI391j2VisXiVg8T6kW4J1jICNZG6haK4tINJSYZHWUVN2EjlwmNaii4qzx0CyW7bE+AFokzIyWYod4tfLlBTNKICk04Vqrj2In2Miw1I5yO8m6qaILJAPdox1CBI6q8bPLECB0ZJUBhLE2ZEybq74kMR0oNI990Rlj31bw3Fv/zOqkOL7yMiSTVVJDpojDlSMdonAgKmKRE86EhmEhmbkWkj00m2uSWNyE48y8vkmal7JyUz25OS9XaLI4cFOEQjsGBc6jCNdShAQQe4Rle4c16sl6sd+tj2rpkzWYO4A+szx8Ljpe0</latexit>
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�(r, ✓) = ⌫ein✓F (r)

Ai(r, ✓) = � n
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✏ijnjA(r)

<latexit sha1_base64="RW7YiXUD+Omi08g0KRaz6vNdT20="></latexit>



Erasure of  a Vortex by
a Coulomb Vacuum Layer
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Initial Conditions
𝜙 𝑥, 𝑦

mh = 1

mv = 1

n = 1

l = 40m�1
h

v0 = 1
<latexit sha1_base64="m+oYdj8oI2r2BVNIQtRNNYjc0MU=">AAACGHicbVC7TsMwFHXKq5RXgJHFoqJioSRQBEulChbGItGH1ITIcd3Wqu1EtlOpivoZLPwKCwMIsXbjb3AfA7QcyfLxOffq+p4wZlRpx/m2Miura+sb2c3c1vbO7p69f1BXUSIxqeGIRbIZIkUYFaSmqWakGUuCeMhII+zfTfzGgEhFI/GohzHxOeoK2qEYaSMF9jkPeoWy63k5HgxmRMwuViiXHOM+pWfuyLwHgWOMwM47RWcKuEzcOcmDOaqBPfbaEU44ERozpFTLdWLtp0hqihkZ5bxEkRjhPuqSlqECcaL8dLrYCJ4YpQ07kTRHaDhVf3ekiCs15KGp5Ej31KI3Ef/zWonu3PgpFXGiicCzQZ2EQR3BSUqwTSXBmg0NQVhS81eIe0girE2WOROCu7jyMqlfFN3L4tVDKV+5nceRBUfgGJwCF1yDCrgHVVADGDyDV/AOPqwX6836tL5mpRlr3nMI/sAa/wDPRJvk</latexit>
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Initial Conditions
Arg(𝜙 𝑥, 𝑦 )

mh = 1

mv = 1

n = 1

l = 40m�1
h

v0 = 1
<latexit sha1_base64="m+oYdj8oI2r2BVNIQtRNNYjc0MU=">AAACGHicbVC7TsMwFHXKq5RXgJHFoqJioSRQBEulChbGItGH1ITIcd3Wqu1EtlOpivoZLPwKCwMIsXbjb3AfA7QcyfLxOffq+p4wZlRpx/m2Miura+sb2c3c1vbO7p69f1BXUSIxqeGIRbIZIkUYFaSmqWakGUuCeMhII+zfTfzGgEhFI/GohzHxOeoK2qEYaSMF9jkPeoWy63k5HgxmRMwuViiXHOM+pWfuyLwHgWOMwM47RWcKuEzcOcmDOaqBPfbaEU44ERozpFTLdWLtp0hqihkZ5bxEkRjhPuqSlqECcaL8dLrYCJ4YpQ07kTRHaDhVf3ekiCs15KGp5Ej31KI3Ef/zWonu3PgpFXGiicCzQZ2EQR3BSUqwTSXBmg0NQVhS81eIe0girE2WOROCu7jyMqlfFN3L4tVDKV+5nceRBUfgGJwCF1yDCrgHVVADGDyDV/AOPqwX6836tL5mpRlr3nMI/sAa/wDPRJvk</latexit>
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Time Evoultion
|𝜙 𝑥, 𝑦 |
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Time Evoultion
A𝑟𝑔(𝜙 𝑥, 𝑦 )
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Time Evoultion
A𝑟𝑔(𝜙 𝑥, 𝑦 )
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Time Evoultion
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�(x, y)
<latexit sha1_base64="G20LuU0OEqOQdP090m0FKKAls5g=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuD/QY9OIxgnlIsoTZySQZMjO7zMyKy5Kv8OJBEa9+jjf/xkmyB00saCiquunuCiLOtHHdbye3tLyyupZfL2xsbm3vFHf3GjqMFaF1EvJQtQKsKWeS1g0znLYiRbEIOG0Go5uJ33ykSrNQ3pskor7AA8n6jGBjpYdONGTlp5PkuFssuRV3CrRIvIyUIEOtW/zq9EISCyoN4VjrtudGxk+xMoxwOi50Yk0jTEZ4QNuWSiyo9tPpwWN0ZJUe6ofKljRoqv6eSLHQOhGB7RTYDPW8NxH/89qx6V/5KZNRbKgks0X9mCMTosn3qMcUJYYnlmCimL0VkSFWmBibUcGG4M2/vEgapxXvrHJxd16qXmdx5OEADqEMHlxCFW6hBnUgIOAZXuHNUc6L8+58zFpzTjazD3/gfP4ABEGP5g==</latexit>



Time Evoultion
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�(x, y)
<latexit sha1_base64="G20LuU0OEqOQdP090m0FKKAls5g=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcKuD/QY9OIxgnlIsoTZySQZMjO7zMyKy5Kv8OJBEa9+jjf/xkmyB00saCiquunuCiLOtHHdbye3tLyyupZfL2xsbm3vFHf3GjqMFaF1EvJQtQKsKWeS1g0znLYiRbEIOG0Go5uJ33ykSrNQ3pskor7AA8n6jGBjpYdONGTlp5PkuFssuRV3CrRIvIyUIEOtW/zq9EISCyoN4VjrtudGxk+xMoxwOi50Yk0jTEZ4QNuWSiyo9tPpwWN0ZJUe6ofKljRoqv6eSLHQOhGB7RTYDPW8NxH/89qx6V/5KZNRbKgks0X9mCMTosn3qMcUJYYnlmCimL0VkSFWmBibUcGG4M2/vEgapxXvrHJxd16qXmdx5OEADqEMHlxCFW6hBnUgIOAZXuHNUc6L8+58zFpzTjazD3/gfP4ABEGP5g==</latexit>



Time Evoultion

0

0.1

0.2

0.3

Aµ(x, y)
<latexit sha1_base64="ApCGtGnGSV9OT4W81umJrQcD+90=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAiSNj1gR6jXjxGMA9MljA7mSRDZmaXmVlxWfIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQcSZNq777SwsLi2vrObW8usbm1vbhZ3dug5jRWiNhDxUzQBrypmkNcMMp81IUSwCThvB8GbsNx6p0iyU9yaJqC9wX7IeI9hY6eGq0xZx6ek4OeoUim7ZnQDNEy8jRchQ7RS+2t2QxIJKQzjWuuW5kfFTrAwjnI7y7VjTCJMh7tOWpRILqv10cvEIHVqli3qhsiUNmqi/J1IstE5EYDsFNgM9643F/7xWbHqXfspkFBsqyXRRL+bIhGj8PuoyRYnhiSWYKGZvRWSAFSbGhpS3IXizL8+T+knZOy2f350VK9dZHDnYhwMogQcXUIFbqEINCEh4hld4c7Tz4rw7H9PWBSeb2YM/cD5/AI3okDE=</latexit>



Time Evoultion
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B(x, y)
<latexit sha1_base64="WOqSNv6XfQauJEHeYGBfRia1Opc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQQcKuD/QY4sVjBPOAZAmzk9lkzOzMMjMrhiX/4MWDIl79H2/+jZNkDxotaCiquunuCmLOtHHdLye3tLyyupZfL2xsbm3vFHf3mlomitAGkVyqdoA15UzQhmGG03asKI4CTlvB6Hrqtx6o0kyKOzOOqR/hgWAhI9hYqVkrP56Mj3vFkltxZ0B/iZeREmSo94qf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EHVmlj0KpbAmDZurPiRRHWo+jwHZG2Az1ojcV//M6iQmv/JSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLL/8lzdOKd1a5uD0vVWtZHHk4gEMogweXUIUbqEMDCNzDE7zAqyOdZ+fNeZ+35pxsZh9+wfn4Bn41jm0=</latexit>



Time Evoultion
𝑛
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t
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Winding Number

Re(n)
Im(n)

n =
1

2⇡i⌫2

I
dxi�⇤@i�

<latexit sha1_base64="AHLqtMkNQvhLKE/vkwF5g/ThRoo="></latexit>

n =
e

2⇡

Z
Bd2x

<latexit sha1_base64="DpSJggpLUdYtGIwI/vp9kSSDLe4=">AAACBHicbVDLSsNAFL3xWeur6rKbwSK4KklVdCOUunFZwT6giWUymbRDJ5MwMxFL6MKNv+LGhSJu/Qh3/o3Tx0JbD1w4nHMv997jJ5wpbdvf1tLyyuraem4jv7m1vbNb2NtvqjiVhDZIzGPZ9rGinAna0Exz2k4kxZHPacsfXI391j2VisXiVg8T6kW4J1jICNZG6haK4tINJSYZHWUVN2EjlwmNaii4qzx0CyW7bE+AFokzIyWYod4tfLlBTNKICk04Vqrj2In2Miw1I5yO8m6qaILJAPdox1CBI6q8bPLECB0ZJUBhLE2ZEybq74kMR0oNI990Rlj31bw3Fv/zOqkOL7yMiSTVVJDpojDlSMdonAgKmKRE86EhmEhmbkWkj00m2uSWNyE48y8vkmal7JyUz25OS9XaLI4cFOEQjsGBc6jCNdShAQQe4Rle4c16sl6sd+tj2rpkzWYO4A+szx8Ljpe0</latexit>
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Time Evoultion:
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Time Evoultion:
EM Energy Density
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Conclusions and Outlook

� Dvali-Liu-Vachaspati mechanism is borne out in the 𝜙"-model.

� None of  the studied regimes presented a case in which the vortex 
survive.

� This mechanism can be generalized to other models, and higher 
dimensions.

� Further evidence for this mechanism includes Interactions 
between
� Monopoles and Domain Walls, 
� Skyrmions and Domain Walls, 

� Vortices and Domain Walls in a𝐻𝑒

� The DLV mechanism suggests that interactions of topological
defects lead to the erasure of defects.





l = 15m�1
h

<latexit sha1_base64="wIpDCNpNbMlfLE7j9XVfaKQxk9E=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi2XXWvQiFL14rGA/oF1LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqd+q0nqjSL5IMZx9QXeCBZyAg2Vurya68qesPH9Myb9Iolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjq7eYJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITQNAfaYoMXxsCSaK2VsRGWKFibExFWwI3uLLy6R5XvYq5er9Ral2k8WRhyM4hlPw4BJqcAd1aACBGJ7hFd6cxHlx3p2PeWvOyWYO4Q+czx/gtJDw</latexit>
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mh < mv
<latexit sha1_base64="FTfwjpGd3D1rfdEPf0r5RHgMtiU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe40ooVF0MYygvmA5Dj2NnvJkt29Y3cvEI78CBsLRWz9PXb+GzfJFZr4YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0Vok8Q8Vp0Qa8qZpE3DDKedRFEsQk7b4eh+5rfHVGkWyyczSagv8ECyiBFsrNQWwfBWBOOgXHGr7hxolXg5qUCORlD+6vVjkgoqDeFY667nJsbPsDKMcDot9VJNE0xGeEC7lkosqPaz+blTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//O6qYlu/IzJJDVUksWiKOXIxGj2O+ozRYnhE0swUczeisgQK0yMTahkQ/CWX14lrYuqd1m9eqxV6nd5HEU4gVM4Bw+uoQ4P0IAmEBjBM7zCm5M4L86787FoLTj5zDH8gfP5Ay4cj3k=</latexit>

mh < mv
<latexit sha1_base64="FTfwjpGd3D1rfdEPf0r5RHgMtiU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe40ooVF0MYygvmA5Dj2NnvJkt29Y3cvEI78CBsLRWz9PXb+GzfJFZr4YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0Vok8Q8Vp0Qa8qZpE3DDKedRFEsQk7b4eh+5rfHVGkWyyczSagv8ECyiBFsrNQWwfBWBOOgXHGr7hxolXg5qUCORlD+6vVjkgoqDeFY667nJsbPsDKMcDot9VJNE0xGeEC7lkosqPaz+blTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//O6qYlu/IzJJDVUksWiKOXIxGj2O+ozRYnhE0swUczeisgQK0yMTahkQ/CWX14lrYuqd1m9eqxV6nd5HEU4gVM4Bw+uoQ4P0IAmEBjBM7zCm5M4L86787FoLTj5zDH8gfP5Ay4cj3k=</latexit>
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mh < mv
<latexit sha1_base64="FTfwjpGd3D1rfdEPf0r5RHgMtiU=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe40ooVF0MYygvmA5Dj2NnvJkt29Y3cvEI78CBsLRWz9PXb+GzfJFZr4YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0Vok8Q8Vp0Qa8qZpE3DDKedRFEsQk7b4eh+5rfHVGkWyyczSagv8ECyiBFsrNQWwfBWBOOgXHGr7hxolXg5qUCORlD+6vVjkgoqDeFY667nJsbPsDKMcDot9VJNE0xGeEC7lkosqPaz+blTdGaVPopiZUsaNFd/T2RYaD0Roe0U2Az1sjcT//O6qYlu/IzJJDVUksWiKOXIxGj2O+ozRYnhE0swUczeisgQK0yMTahkQ/CWX14lrYuqd1m9eqxV6nd5HEU4gVM4Bw+uoQ4P0IAmEBjBM7zCm5M4L86787FoLTj5zDH8gfP5Ay4cj3k=</latexit>
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mh > mv
<latexit sha1_base64="GbqMNy8gK1yPpT18C73qgl6fPCo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVip6k6MVjBfsB7bJk02wbmmSXJFsoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOR/czvz2mSrNYPplJQn2BB5JFjGBjpbYIhrciGAflilt150CrxMtJBXI0gvJXrx+TVFBpCMdadz03MX6GlWGE02mpl2qaYDLCA9q1VGJBtZ/Nz52iM6v0URQrW9Kgufp7IsNC64kIbafAZqiXvZn4n9dNTXTjZ0wmqaGSLBZFKUcmRrPfUZ8pSgyfWIKJYvZWRIZYYWJsQiUbgrf88ippXVS9y+rVY61Sv8vjKMIJnMI5eHANdXiABjSBwAie4RXenMR5cd6dj0VrwclnjuEPnM8fMSqPew==</latexit>
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mh > mv
<latexit sha1_base64="GbqMNy8gK1yPpT18C73qgl6fPCo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVip6k6MVjBfsB7bJk02wbmmSXJFsoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOR/czvz2mSrNYPplJQn2BB5JFjGBjpbYIhrciGAflilt150CrxMtJBXI0gvJXrx+TVFBpCMdadz03MX6GlWGE02mpl2qaYDLCA9q1VGJBtZ/Nz52iM6v0URQrW9Kgufp7IsNC64kIbafAZqiXvZn4n9dNTXTjZ0wmqaGSLBZFKUcmRrPfUZ8pSgyfWIKJYvZWRIZYYWJsQiUbgrf88ippXVS9y+rVY61Sv8vjKMIJnMI5eHANdXiABjSBwAie4RXenMR5cd6dj0VrwclnjuEPnM8fMSqPew==</latexit>
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mh > mv
<latexit sha1_base64="GbqMNy8gK1yPpT18C73qgl6fPCo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVip6k6MVjBfsB7bJk02wbmmSXJFsoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOR/czvz2mSrNYPplJQn2BB5JFjGBjpbYIhrciGAflilt150CrxMtJBXI0gvJXrx+TVFBpCMdadz03MX6GlWGE02mpl2qaYDLCA9q1VGJBtZ/Nz52iM6v0URQrW9Kgufp7IsNC64kIbafAZqiXvZn4n9dNTXTjZ0wmqaGSLBZFKUcmRrPfUZ8pSgyfWIKJYvZWRIZYYWJsQiUbgrf88ippXVS9y+rVY61Sv8vjKMIJnMI5eHANdXiABjSBwAie4RXenMR5cd6dj0VrwclnjuEPnM8fMSqPew==</latexit>
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Topological Defects in the 
𝜙"-Model

� The topology of  the vacuum manifold ℳ determines 
the spectrum of  defects of  the model.

Domain Walls:

Vortex Lines:

⇡0(M) = Z2
<latexit sha1_base64="KAaLnBO+LWKyNJi0pPvQdPhWLlM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAh1U5Kq6EYounEjVLAPbEKYTKft0MkkzEyEErJ146+4caGIW//AnX/jJM1CWw8MnDnnXu69x48Ylcqyvo2FxaXlldXSWnl9Y3Nr29zZbcswFpi0cMhC0fWRJIxy0lJUMdKNBEGBz0jHH19lfueBCElDfqcmEXEDNOR0QDFSWvJM6ETUs2DVCZAaYcSSm/ToIv/4fnKfenXPrFg1KwecJ3ZBKqBA0zO/nH6I44BwhRmSsmdbkXITJBTFjKRlJ5YkQniMhqSnKUcBkW6SX5LCQ6304SAU+nEFc/V3R4ICKSeBryuzHeWsl4n/eb1YDc7dhPIoVoTj6aBBzKAKYRYL7FNBsGITTRAWVO8K8QgJhJUOr6xDsGdPniftes0+rp3enlQal0UcJbAPDkAV2OAMNMA1aIIWwOARPINX8GY8GS/Gu/ExLV0wip498AfG5w9te5mM</latexit>

⇡1(MH) = Z2
<latexit sha1_base64="STTEVPE3AVPGrVu6UgIJTbNVudM=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FImrAbFW2EoE0aIYJ5YDYss5NJMmT2wcxdMSz7DTb+io2FIrZWdv6Nk0ehiQcuHM65l3vv8SLBFVjWt5FZWl5ZXcuu5zY2t7Z3zN29hgpjSVmdhiKULY8oJnjA6sBBsFYkGfE9wZre8GrsN++ZVDwMbmEUsY5P+gHvcUpAS65ZdCLu2rjg+AQGlIjkOnUdYA+QVNPixUT1vOQudcuumbdK1gR4kdgzkkcz1Fzzy+mGNPZZAFQQpdq2FUEnIRI4FSzNObFiEaFD0mdtTQPiM9VJJi+l+EgrXdwLpa4A8ET9PZEQX6mR7+nO8Y1q3huL/3ntGHrnnYQHUQwsoNNFvVhgCPE4H9zlklEQI00IlVzfiumASEJBp5jTIdjzLy+SRrlkH5dOb07ylctZHFl0gA5RAdnoDFVQFdVQHVH0iJ7RK3oznowX4934mLZmjNnMPvoD4/MH7AOdpw==</latexit>

⇡n(MC) = 0, n � 2

⇡n(MH) = 0, n � 2
<latexit sha1_base64="sC//pwkwhfC23E28Ps94UQ1valA=">AAACPnicdVA9SwNBFNzz2/gVtbRZDIqChDs/0EYQbWwEBaNCNhx7m5e4uLd37r4Tw5FfZuNvsLO0sVDE1tJNTKFGBxaGmXnsexOlSlr0/UdvYHBoeGR0bLwwMTk1PVOcnTuzSWYEVESiEnMRcQtKaqigRAUXqQEeRwrOo6uDjn9+A8bKRJ9iK4VazJtaNqTg6KSwWGGpDPUKizleCq7yo3bIEG4xP2ivLu/6a4xq1oRrus5Y4b/oYV80LJb8st8F7SdBj5RID8dh8YHVE5HFoFEobm018FOs5dygFAraBZZZSLm44k2oOqp5DLaWd89v0yWn1GkjMe5ppF31+0TOY2tbceSSnd3tb68j/uVVM2zs1HKp0wxBi6+PGpmimNBOl7QuDQhULUe4MNLtSsUlN1yga7zgSgh+n9xPztbLwUZ562SztLffq2OMLJBFskICsk32yCE5JhUiyB15Ii/k1bv3nr037/0rOuD1ZubJD3gfn/xqrb0=</latexit>
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Topological Defects in the 
!"-Model

� The topology of  the vacuum manifold ℳ determines 
the spectrum of  defects of  the model.

Domain Walls:

Vortex Lines:
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Domain Walls in the
𝜙"-Model

� (1+1)-dimensions

� Constraining the field 𝜙 to be a real field: 𝜙 = d
e

� Domain walls are  solitonic configurations of  𝜒(𝑥), with the 
following asymptotic behavior
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Vortex in the
𝜙"-Model

� In (2+1) dimensions

� Asymptotic Field Configuration as 𝑟 → ∞

where 𝑛 ∈ ℤ is the winding number. 
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Vortex in the
𝜙"-Model

� Ansatz4 for Vortex Profile

� The field equations
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4H.B. Nielsen, P. Olesen, Nuc. Phys. B, Vol. 61, 45-61, (1973)



Vortex in the
𝜙"-Model

� The field equations become:
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