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Vacuum decay
• One of the most important non-perturbative phenomena in the 

Universe


• Inflation involving vacuum decay -> bubble collisions -> GW 
background


• Higgs metastability


• Eternal inflation and multiverse


• Vacuum decay seeded by black holes -> constraints on PBH 
parameters or the parameters of Higgs potential

etc…



A Higgs particle

ATLAS collaboration (2012)
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG

A Higgs particle with ~125 GeV has been found!!



Running coupling

Degrassi et al. (2013)

The Higgs self-coupling can be negative at high energies.
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We are here
Second minimum?



Higgs metastability?

Degrassi et al. (2013)Our vacuum might be in a meta-stable state.

Computation of vacuum decay rate indicates that the life-time of the 
Universe is many order of magnitude greater than the cosmic age.

Chigusa, Moroi, Shoji (2018)
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Vacuum phase transition without gravity
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<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>
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<latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit><latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit><latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit><latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit>

Coleman (1977)



Vacuum phase transition with gravity

�
<latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit>

V
<latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

�top
<latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit><latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit><latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit><latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit>

Hawking and Moss (1982)
HM: thermal jump

Coleman and de Luccia (1980)

CDL: quantum tunnelling
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<latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit><latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit><latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit><latexit sha1_base64="ssg0Kp6keaeQuVmf1gTt61Edb1Q="></latexit>

The absolute value of vacuum energy density is important!!



I. Introduction 

II. Lightning review of vacuum decay 

III. Vacuum decay with a black hole



Quantum tunneling
<latexit sha1_base64="nxH9vHhZ6K+/Igqj0FvW7HGLNho=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBahbkJSi2ZZ1IXLivYBTSyT6aQdOnkwM5GWEHDjr7hxoYhbf8Kdf+P0Ifg8cOFwzr3ce48XMyqkab5rubn5hcWl/HJhZXVtfUPf3GqIKOGY1HHEIt7ykCCMhqQuqWSkFXOCAo+Rpjc4HfvNG8IFjcIrOYqJG6BeSH2KkVRSR99xaCghuU4pvISl4UEGUwcjBs+yYUcvmoZtH1ZMG/4mlmFOUAQz1Dr6m9ONcBKQUGKGhGhbZizdFHFJMSNZwUkEiREeoB5pKxqigAg3nfyQwX2ldKEfcVXqoon6dSJFgRCjwFOdAZJ98dMbi3957UT6tpvSME4kCfF0kZ8wKCM4DgR2KSdYspEiCHOqboW4jzjCUsVWUCF8fgr/J42yYR0Z5YtKsXoyiyMPdsEeKAELHIMqOAc1UAcY3IJ78AietDvtQXvWXqatOW02sw2+QXv9AIsrlto=</latexit>Z

eiS(x)Dx

<latexit sha1_base64="7bWczgaoIi5f5b3Kh2K8zGnPwfE=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBahXkJSi+ZY9OKxgq2FNpTNdtMu3U3C7kYsoX/BiwdFvPqHvPlv3LQV/Hww8Hhvhpl5QcKZ0o7zbhWWlldW14rrpY3Nre2d8u5eW8WpJLRFYh7LToAV5SyiLc00p51EUiwCTm+C8UXu39xSqVgcXetJQn2BhxELGcE6l9rVu+N+ueLYnndSdzz0m7i2M0MFFmj2y2+9QUxSQSNNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hERZU+dns1ik6MsoAhbE0FWk0U79OZFgoNRGB6RRYj9RPLxf/8rqpDj0/Y1GSahqR+aIw5UjHKH8cDZikRPOJIZhIZm5FZIQlJtrEUzIhfH6K/iftmu2e2rWreqVxvoijCAdwCFVw4QwacAlNaAGBEdzDIzxZwnqwnq2XeWvBWszswzdYrx/c9I4l</latexit>

V (x)

<latexit sha1_base64="gNQmx3jkr4IqlS0+fXMy5qCHHkU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYx6ByDXjwmYBaIQ+jp1CRteha6e8Qw5Au8eFDEq5/kzb+xswiuDwoe71VRVc9PBFfacd6t3NLyyupafr2wsbm1vVPc3WupOJUMmywWsez4VKHgETY11wI7iUQa+gLb/uhi6rdvUSoeR1d6nKAX0kHEA86oNlLjrlcsObbrnlQdl/wmZduZoQQL1HvFt+t+zNIQI80EVapbdhLtZVRqzgROCtepwoSyER1g19CIhqi8bHbohBwZpU+CWJqKNJmpXycyGio1Dn3TGVI9VD+9qfiX10114HoZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNNwYTw+Sn5n7QqdvnUrjSqpdr5Io48HMAhHEMZzqAGl1CHJjBAuIdHeLJurAfr2XqZt+asxcw+fIP1+gFvTY1g</latexit>x

oscillatory 

<latexit sha1_base64="JZjm/3T/O9uSK/AjMuo5kudJ6Po=">AAACC3icdVDJSgNBEO2JW4zbqEcvTYIQDw6TGHSOwQU8RjQLZMahp9NJmvQsdPdIwjB3L/6KFw+KePUHvPk3dhbB9UHB470qqup5EaNCmua7lpmbX1hcyi7nVlbX1jf0za2GCGOOSR2HLOQtDwnCaEDqkkpGWhEnyPcYaXqDk7HfvCFc0DC4kqOIOD7qBbRLMZJKcvW8TQMJyXWyDy/dxOY+PEthcbiXwsTGiMHTdOjqBdOwrIOKacHfpGSYExTADDVXf7M7IY59EkjMkBDtkhlJJ0FcUsxImrNjQSKEB6hH2ooGyCfCSSa/pHBXKR3YDbkqddlE/TqRIF+Ike+pTh/JvvjpjcW/vHYsu5aT0CCKJQnwdFE3ZlCGcBwM7FBOsGQjRRDmVN0KcR9xhKWKL6dC+PwU/k8aZaN0aJQvKoXq8SyOLNgBeVAEJXAEquAc1EAdYHAL7sEjeNLutAftWXuZtma02cw2+Abt9QMpUZnl</latexit>Z
e�SE(x)Dx

<latexit sha1_base64="GX1qXfJwtawllFm4XWWJwZJpia0=">AAAB9HicdVDJSgNBEK1xjXGLevTSGAQvDjMxaI5BLx4jmAWSIfR0epImPYvdNYEw5Du8eFDEqx/jzb+xswiuD5p+vFdFVT0/kUKj47xbS8srq2vruY385tb2zm5hb7+h41QxXmexjFXLp5pLEfE6CpS8lShOQ1/ypj+8mvrNEVdaxNEtjhPuhbQfiUAwikbykHQwJqfCfDTtFoqOXamclZ0K+U1c25mhCAvUuoW3Ti9macgjZJJq3XadBL2MKhRM8km+k2qeUDakfd42NKIh1142W3pCjo3SI0GszIuQzNSvHRkNtR6HvqkMKQ70T28q/uW1UwwqXiaiJEUesfmgIJXEHDpNgPSE4gzl2BDKlDC7EjagijI0OeVNCJ+Xkv9Jo2S753bpplysXi7iyMEhHMEJuHABVbiGGtSBwR3cwyM8WSPrwXq2XualS9ai5wC+wXr9ABWhka8=</latexit>

t ! �i⌧

exponential
<latexit sha1_base64="gNQmx3jkr4IqlS0+fXMy5qCHHkU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYx6ByDXjwmYBaIQ+jp1CRteha6e8Qw5Au8eFDEq5/kzb+xswiuDwoe71VRVc9PBFfacd6t3NLyyupafr2wsbm1vVPc3WupOJUMmywWsez4VKHgETY11wI7iUQa+gLb/uhi6rdvUSoeR1d6nKAX0kHEA86oNlLjrlcsObbrnlQdl/wmZduZoQQL1HvFt+t+zNIQI80EVapbdhLtZVRqzgROCtepwoSyER1g19CIhqi8bHbohBwZpU+CWJqKNJmpXycyGio1Dn3TGVI9VD+9qfiX10114HoZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNNwYTw+Sn5n7QqdvnUrjSqpdr5Io48HMAhHEMZzqAGl1CHJjBAuIdHeLJurAfr2XqZt+asxcw+fIP1+gFvTY1g</latexit>x

<latexit sha1_base64="q+fzgEnGTBFvn1p9WuF1CCbeCRk=">AAAB7HicdVDLSsNAFL2pr1pfVZduBotQF4a0Fs2y6MZlBdMW2lAm00k7dDIJMxOxhH6DGxeKuPWD3Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnklCPxDyW7QArypmgnmaa03YiKY4CTlvB6HLqt26pVCwWN3qcUD/CA8FCRrA2knfSLN8d94olx3bd05rjot+kYjszlGCBRq/41u3HJI2o0IRjpToVJ9F+hqVmhNNJoZsqmmAywgPaMVTgiCo/mx07QUdG6aMwlqaERjP160SGI6XGUWA6I6yH6qc3Ff/yOqkOXT9jIkk1FWS+KEw50jGafo76TFKi+dgQTCQztyIyxBITbfIpmBA+P0X/k2bVrpzZ1etaqX6xiCMPB3AIZajAOdThChrgAQEG9/AIT5awHqxn62XemrMWM/vwDdbrB0bVjlw=</latexit>

�V (x)

<latexit sha1_base64="FDuYJ3yUZ4Y4C9KLhuyp7btwmjA=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgKqS1aDZCUQSXFe0DmhAmk0k7dPJgZiKWkC9w46+4caGIW9fu/BunL/B54MLhnHu59x4vYVRI0/zQCguLS8srxdXS2vrG5pa+vdMWccoxaeGYxbzrIUEYjUhLUslIN+EEhR4jHW94NvY7N4QLGkfXcpQQJ0T9iAYUI6kkV6/YAUc4s33CJIJXbmbzEJ7n+Vy5zeEJNF29bBqWdVg3LfibVA1zgjKYoenq77Yf4zQkkcQMCdGrmol0MsQlxYzkJTsVJEF4iPqkp2iEQiKcbPJODitK8WEQc1WRhBP160SGQiFGoac6QyQH4qc3Fv/yeqkMLCejUZJKEuHpoiBlUMZwnA30KSdYspEiCHOqboV4gFQ+UiVYUiHMP4X/k3bNqB4Ztct6uXE6i6MI9sA+OABVcAwa4AI0QQtgcAcewBN41u61R+1Fe522FrTZzC74Bu3tE7N4m+Q=</latexit>

�SE

�x
= 0

Classical Sol. of 
<latexit sha1_base64="+1jNB2WMjNUByExOWdQyt2kyhEM="></latexit>✓
dx

d⌧

◆2

� V (x) = 0

<latexit sha1_base64="tB1RVTkgGa5gD3vRAqaeSIHpp4c=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiS11GyEohuXFe0D2lAm00k7dDIJMxOxhH6CGxeKuPWL3Pk3Th+CzwMXDufcy733BAlnSjvOu5VbWl5ZXcuvFzY2t7Z3irt7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fo4up37qlUrFY3OhxQv0IDwQLGcHaSNd3Z06vWHJszzupOB76TVzbmaEEC9R7xbduPyZpRIUmHCvVcZ1E+xmWmhFOJ4VuqmiCyQgPaMdQgSOq/Gx26gQdGaWPwliaEhrN1K8TGY6UGkeB6YywHqqf3lT8y+ukOvT8jIkk1VSQ+aIw5UjHaPo36jNJieZjQzCRzNyKyBBLTLRJp2BC+PwU/U+aZdut2uWrSql2vogjDwdwCMfgwinU4BLq0AACA7iHR3iyuPVgPVsv89actZjZh2+wXj8AX4eN4Q==</latexit>

x = 0 <latexit sha1_base64="yWlL1FhZVDeQWIN5s+qXw0kPukc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadmNQfciBL14jGBiIFnC7GQ2GTIzu87MiiHkJ7x4UMSrv+PNv3HyEHwWNBRV3XR3RSln2njeu5NbWFxaXsmvFtbWNza3its7DZ1kitA6SXiimhHWlDNJ64YZTpupolhEnF5Hg/OJf31LlWaJvDLDlIYC9ySLGcHGSs2707ZmPYE7xZLnBsFRxQvQb+K73hQlmKPWKb61uwnJBJWGcKx1y/dSE46wMoxwOi60M01TTAa4R1uWSiyoDkfTe8fowCpdFCfKljRoqn6dGGGh9VBEtlNg09c/vYn4l9fKTByEIybTzFBJZovijCOToMnzqMsUJYYPLcFEMXsrIn2sMDE2ooIN4fNT9D9plF3/2C1fVkrVs3kcediDfTgEH06gChdQgzoQ4HAPj/Dk3DgPzrPzMmvNOfOZXfgG5/UDhmqQUA==</latexit>x = �

<latexit sha1_base64="/BVSgGYf+wPeC6G90E6h4Fu3Jjs=">AAACBHicdVDLSgMxFM3UV62vUZfdBIvgxmFai3ZZFcFlRfuATh0yadqGJpkhyQhlmIUbf8WNC0Xc+hHu/BvTh+DzwIXDOfdy7z1BxKjSrvtuZebmFxaXssu5ldW19Q17c6uhwlhiUschC2UrQIowKkhdU81IK5IE8YCRZjA8HfvNGyIVDcWVHkWkw1Ff0B7FSBvJt/OeohweQ3Kd7HsBksll6iee5PAsTX274DqVykHZrcDfpOi4ExTADDXffvO6IY45ERozpFS76Ea6kyCpKWYkzXmxIhHCQ9QnbUMF4kR1kskTKdw1Shf2QmlKaDhRv04kiCs14oHp5EgP1E9vLP7ltWPdq3QSKqJYE4Gni3oxgzqE40Rgl0qCNRsZgrCk5laIB0girE1uORPC56fwf9IoOcVDp3RRLlRPZnFkQR7sgD1QBEegCs5BDdQBBrfgHjyCJ+vOerCerZdpa8aazWyDb7BePwBqDZf+</latexit>

⇠ Ae�S̄E
<latexit sha1_base64="97CWokQi2aWvkSiYHbtrlYMMbgQ="></latexit>

S̄E = 2

Z �

0
dx

p
2V (x)

bounce



Extension to field theory
false false

true

false

true true

false

Highest symmetry

O(4) in Euclidean space

<latexit sha1_base64="rgiK1/lHQU7kJo/bcQxfmjKxrXo="></latexit>✓
@2

@⌧2
+r2

◆
� = V 0(�)

�
<latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit>

V
<latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

<latexit sha1_base64="1s2NzFgwV3mRSx9ZDhrCaIrT6Tw="></latexit>

d2�

d⇢2
+

3

⇢

d�

d⇢
= V 0(�)

<latexit sha1_base64="oLLTNhuh5WXTr5h9HgQVFaypIJI=">AAACAnicdVDJSgNBEO2JW4zbqCfx0hgEQQiTMehchKAXjxHMAplJ6Ol0kiY9i901QhiCF3/FiwdFvPoV3vwbO4vg+qDg8V4VVfX8WHAFlvVuZObmFxaXssu5ldW19Q1zc6umokRSVqWRiGTDJ4oJHrIqcBCsEUtGAl+wuj84H/v1GyYVj8IrGMbMC0gv5F1OCWipbe64sh+dYlddS0hdIEnLxodYtuxR28xbBcc5KlkO/k2KBWuCPJqh0jbf3E5Ek4CFQAVRqlm0YvBSIoFTwUY5N1EsJnRAeqypaUgCprx08sII72ulg7uR1BUCnqhfJ1ISKDUMfN0ZEOirn95Y/MtrJtB1vJSHcQIspNNF3URgiPA4D9zhklEQQ00IlVzfimmfSEJBp5bTIXx+iv8nNbtQPC7Yl6V8+WwWRxbtoj10gIroBJXRBaqgKqLoFt2jR/Rk3BkPxrPxMm3NGLOZbfQNxusHYMSWzA==</latexit>

⇢ =
p

⌧2 + r2
friction potential force

<latexit sha1_base64="0T8bypLn+L2SCDqH6282IbFf6tk=">AAAB63icdVDLSgNBEJyNrxhfUY9eBoPgadmNQfcY9OIxgnlAsoTZyWwyZGZ2mekVQsgvePGgiFd/yJt/42wSwWdBQ1HVTXdXlApuwPPencLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdiYhhgivWBA6CdVLNiIwEa0fjq9xv3zFteKJuYZKyUJKh4jGnBHKpByTrlyueGwRnNS/Av4nvenNU0BKNfvmtN0hoJpkCKogxXd9LIZwSDZwKNiv1MsNSQsdkyLqWKiKZCafzW2f4xCoDHCfalgI8V79OTIk0ZiIj2ykJjMxPLxf/8roZxEE45SrNgCm6WBRnAkOC88fxgGtGQUwsIVRzeyumI6IJBRtPyYbw+Sn+n7Sqrn/uVm9qlfrlMo4iOkLH6BT56ALV0TVqoCaiaITu0SN6cqTz4Dw7L4vWgrOcOUTf4Lx+AKoyjqw=</latexit>⌧

<latexit sha1_base64="gNQmx3jkr4IqlS0+fXMy5qCHHkU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYx6ByDXjwmYBaIQ+jp1CRteha6e8Qw5Au8eFDEq5/kzb+xswiuDwoe71VRVc9PBFfacd6t3NLyyupafr2wsbm1vVPc3WupOJUMmywWsez4VKHgETY11wI7iUQa+gLb/uhi6rdvUSoeR1d6nKAX0kHEA86oNlLjrlcsObbrnlQdl/wmZduZoQQL1HvFt+t+zNIQI80EVapbdhLtZVRqzgROCtepwoSyER1g19CIhqi8bHbohBwZpU+CWJqKNJmpXycyGio1Dn3TGVI9VD+9qfiX10114HoZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNNwYTw+Sn5n7QqdvnUrjSqpdr5Io48HMAhHEMZzqAGl1CHJjBAuIdHeLJurAfr2XqZt+asxcw+fIP1+gFvTY1g</latexit>x

Coleman, Glaser, Martin (1978)



Construction of a bubble 
solution

�
<latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit> �T

<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

<latexit sha1_base64="1s2NzFgwV3mRSx9ZDhrCaIrT6Tw="></latexit>

d2�

d⇢2
+

3

⇢

d�

d⇢
= V 0(�)

friction
potential force

<latexit sha1_base64="u/HTDBOSSfh0cNehry/csTTIniQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZJaNMuiG5cV7APaUCbTSTN0HmFmIpTQX3DjQhG3/pA7/8ZJW8HngQuHc+7l3nuilFFtPO/dKa2srq1vlDcrW9s7u3vV/YOOlpnCpI0lk6oXIU0YFaRtqGGklyqCeMRIN5pcFX73jihNpbg105SEHI0FjSlGppAGKpHDas1zg+Cs4QXwN/Fdb44aWKI1rL4NRhJnnAiDGdK673upCXOkDMWMzCqDTJMU4Qkak76lAnGiw3x+6wyeWGUEY6lsCQPn6teJHHGtpzyynRyZRP/0CvEvr5+ZOAhzKtLMEIEXi+KMQSNh8TgcUUWwYVNLEFbU3gpxghTCxsZTsSF8fgr/J52665+79ZtGrXm5jKMMjsAxOAU+uABNcA1aoA0wSMA9eARPDncenGfnZdFacpYzh+AbnNcPqLGOqw==</latexit>⇢ plays the role of “time”<latexit sha1_base64="mIGVzc1AX7MeE90mwsPvHsLp4c0=">AAAB73icdVDLSsNAFL2pr1pfVZduBotQF4akFs2y6MZlBfuANpTJdNIOnUzizEQooT/hxoUibv0dd/6N04fg88CFwzn3cu89QcKZ0o7zbuWWlldW1/LrhY3Nre2d4u5eU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB6HLqt+6oVCwWN3qcUD/CA8FCRrA2UvukWe4mQ3bcK5Yc2/NOq46HfhPXdmYowQL1XvGt249JGlGhCcdKdVwn0X6GpWaE00mhmyqaYDLCA9oxVOCIKj+b3TtBR0bpozCWpoRGM/XrRIYjpcZRYDojrIfqpzcV//I6qQ49P2MiSTUVZL4oTDnSMZo+j/pMUqL52BBMJDO3IjLEEhNtIiqYED4/Rf+TZsV2z+zKdbVUu1jEkYcDOIQyuHAONbiCOjSAAId7eIQn69Z6sJ6tl3lrzlrM7MM3WK8fd1OPnw==</latexit>

�V (�)

<latexit sha1_base64="0T8bypLn+L2SCDqH6282IbFf6tk=">AAAB63icdVDLSgNBEJyNrxhfUY9eBoPgadmNQfcY9OIxgnlAsoTZyWwyZGZ2mekVQsgvePGgiFd/yJt/42wSwWdBQ1HVTXdXlApuwPPencLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdiYhhgivWBA6CdVLNiIwEa0fjq9xv3zFteKJuYZKyUJKh4jGnBHKpByTrlyueGwRnNS/Av4nvenNU0BKNfvmtN0hoJpkCKogxXd9LIZwSDZwKNiv1MsNSQsdkyLqWKiKZCafzW2f4xCoDHCfalgI8V79OTIk0ZiIj2ykJjMxPLxf/8roZxEE45SrNgCm6WBRnAkOC88fxgGtGQUwsIVRzeyumI6IJBRtPyYbw+Sn+n7Sqrn/uVm9qlfrlMo4iOkLH6BT56ALV0TVqoCaiaITu0SN6cqTz4Dw7L4vWgrOcOUTf4Lx+AKoyjqw=</latexit>⌧

<latexit sha1_base64="gNQmx3jkr4IqlS0+fXMy5qCHHkU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYx6ByDXjwmYBaIQ+jp1CRteha6e8Qw5Au8eFDEq5/kzb+xswiuDwoe71VRVc9PBFfacd6t3NLyyupafr2wsbm1vVPc3WupOJUMmywWsez4VKHgETY11wI7iUQa+gLb/uhi6rdvUSoeR1d6nKAX0kHEA86oNlLjrlcsObbrnlQdl/wmZduZoQQL1HvFt+t+zNIQI80EVapbdhLtZVRqzgROCtepwoSyER1g19CIhqi8bHbohBwZpU+CWJqKNJmpXycyGio1Dn3TGVI9VD+9qfiX10114HoZj5JUY8Tmi4JUEB2T6dekzyUyLcaGUCa5uZWwIZWUaZNNwYTw+Sn5n7QqdvnUrjSqpdr5Io48HMAhHEMZzqAGl1CHJjBAuIdHeLJurAfr2XqZt+asxcw+fIP1+gFvTY1g</latexit>x

<latexit sha1_base64="ZEdHdd3ZqiLbsjscEuK7VArshEg=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZi0LkIQS8eI5gFkiH0dHqSJj3dY3ePEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1opQzbTzv3cktLa+sruXXCxubW9s7xd29hpaZIrROJJeqFWFNORO0bpjhtJUqipOI02Y0vJz6zTuqNJPixoxSGia4L1jMCDZWanXUQKJz5HWLJc8NgpOKF6DfxHe9GUqwQK1bfOv0JMkSKgzhWOu276UmHGNlGOF0UuhkmqaYDHGfti0VOKE6HM/unaAjq/RQLJUtYdBM/ToxxonWoySynQk2A/3Tm4p/ee3MxEE4ZiLNDBVkvijOODISTZ9HPaYoMXxkCSaK2VsRGWCFibERFWwIn5+i/0mj7Pqnbvm6UqpeLOLIwwEcwjH4cAZVuIIa1IEAh3t4hCfn1nlwnp2XeWvOWczswzc4rx9KRY+A</latexit>

⇢ = 0

<latexit sha1_base64="pbHPjDwqxJihSiXb+6MVmr/te3U=">AAAB9HicdVDLSsNAFL3xWeur6tLNYBFchaQWzUYounFZwT6gDWUynbRDJ5M4MymU0O9w40IRt36MO//GSVvB54HLPZxzL3PnBAlnSjvOu7W0vLK6tl7YKG5ube/slvb2mypOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRle53xpTqVgsbvUkoX6EB4KFjGBtJL8rhzG6QHnrOb1S2bE977TqeOg3cW1nhjIsUO+V3rr9mKQRFZpwrFTHdRLtZ1hqRjidFrupogkmIzygHUMFjqjys9nRU3RslD4KY2lKaDRTv25kOFJqEgVmMsJ6qH56ufiX10l16PkZE0mqqSDzh8KUIx2jPAHUZ5ISzSeGYCKZuRWRIZaYaJNT0YTw+VP0P2lWbPfMrtxUy7XLRRwFOIQjOAEXzqEG11CHBhC4g3t4hCdrbD1Yz9bLfHTJWuwcwDdYrx8iEpG2</latexit>⇢ = ⇢0

<latexit sha1_base64="3Ybks9/qrUCcSctksk6DR3X/Bvg=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFcxaQWzbLoxmUF+4AmlMlk0gydzISZiVhKf8WNC0Xc+iPu/BunD8HngQuHc+7l3nuinFGlXffdWlpeWV1bL22UN7e2d3btvUpbiUJi0sKCCdmNkCKMctLSVDPSzSVBWcRIJxpeTv3OLZGKCn6jRzkJMzTgNKEYaSP17Uoc5CmFJ3EgUwEDLaDbt6uu4/unddeHv4nnuDNUwQLNvv0WxAIXGeEaM6RUz3NzHY6R1BQzMikHhSI5wkM0ID1DOcqICsez2yfwyCgxTIQ0xTWcqV8nxihTapRFpjNDOlU/van4l9crdOKHY8rzQhOO54uSgkHz4jQIGFNJsGYjQxCW1NwKcYokwtrEVTYhfH4K/yftmuOdObXrerVxsYijBA7AITgGHjgHDXAFmqAFMLgD9+ARPFkT68F6tl7mrUvWYmYffIP1+gEAlZPL</latexit>

d�/d⇢ ! 0
<latexit sha1_base64="19WK5GWzHXt2PIIJUR/sDaV8R6Q=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFcDTO16CyLblxWsA/sDCWTZtrQTDIkGaGU/oUbF4q49W/c+TemD8HngcDhnHvJPSfOONPG896dpeWV1bX1wkZxc2t7Z7e0t9/UMleENojkUrVjrClngjYMM5y2M0VxGnPaioeXU791R5VmUtyYUUajFPcFSxjBxkq3oRpIFBqJvG6p7LlBcFr1AvSb+K43QxkWqHdLb2FPkjylwhCOte74XmaiMVaGEU4nxTDXNMNkiPu0Y6nAKdXReHbxBB1bpYcSqewTBs3UrxtjnGo9SmM7mWIz0D+9qfiX18lNEkRjJrLcUEHmHyU5RzbiND7qMUWJ4SNLMFHM3orIACtMjC2paEv4TIr+J82K65+5letquXaxqKMAh3AEJ+DDOdTgCurQAAIC7uERnhztPDjPzst8dMlZ7BzANzivHyILkJY=</latexit>

⇢ ! 0
<latexit sha1_base64="SDZ3UWNLiUASE3kaKPkzjrBTKMk=">AAAB+HicdVDLSsNAFL2pr1ofjbp0M1gEVyWpRbMsunFZwT6gCWUynbRDJ5MwMxFi6Ze4caGIWz/FnX/j9CH4PHDhcM693HtPmHKmtOO8W4WV1bX1jeJmaWt7Z7ds7+23VZJJQlsk4YnshlhRzgRtaaY57aaS4jjktBOOL2d+55ZKxRJxo/OUBjEeChYxgrWR+nbZl6ME+doUE5HO+3bFqXread3x0G/iVp05KrBEs2+/+YOEZDEVmnCsVM91Uh1MsNSMcDot+ZmiKSZjPKQ9QwWOqQom88On6NgoAxQl0pTQaK5+nZjgWKk8Dk1njPVI/fRm4l9eL9ORF0yYSDNNBVksijKOzJ+zFNCASUo0zw3BRDJzKyIjLDHRJquSCeHzU/Q/adeq7lm1dl2vNC6WcRThEI7gBFw4hwZcQRNaQCCDe3iEJ+vOerCerZdFa8FazhzAN1ivH/Lkk08=</latexit>

⇢ ! 1
<latexit sha1_base64="E7MF5julOKVGX1YEPmczArw+238=">AAAB+HicdVDLSsNAFL3xWeujUZduBovgKiS1aJZFQVxWsA9oQphMJ+3QyYOZiVBLv8SNC0Xc+inu/BsnbQWfBy4czrmXe+8JM86ksu13Y2l5ZXVtvbRR3tza3qmYu3ttmeaC0BZJeSq6IZaUs4S2FFOcdjNBcRxy2glHF4XfuaVCsjS5UeOM+jEeJCxiBCstBWbFy4YMeSpFBQkuA7NqW657Urdd9Js4lj1DFRZoBuab109JHtNEEY6l7Dl2pvwJFooRTqdlL5c0w2SEB7SnaYJjKv3J7PApOtJKH0Wp0JUoNFO/TkxwLOU4DnVnjNVQ/vQK8S+vl6vI9ScsyXJFEzJfFOUc6T+LFFCfCUoUH2uCiWD6VkSGWGCidFZlHcLnp+h/0q5ZzqlVu65XG+eLOEpwAIdwDA6cQQOuoAktIJDDPTzCk3FnPBjPxsu8dclYzOzDNxivH39TkwM=</latexit>

� ! �F

Boundary condition



Vacuum decay with gravity 
(Coleman de Luccia solution)

Case of dS → dS
<latexit sha1_base64="7P60LQGr9uHTlfZqOY1can2a7MY="></latexit>

ds2 = d⇠2 + ⇢2(⇠)d⌦2
III

line element on a unit sphere of S3

To be determined by solving the Einstein eq.

(Euclid) de Sitter (O(5) symmetry)

South pole North pole
<latexit sha1_base64="lkixrQvLK51l4E9WzUnrTlztYKk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiS1aDZC0Y3LCvYBbSiT6aQdOpmEmYlYQj/CjQtF3Po97vwbJ20FnwcuHM65l3vvCRLOlHacd6uwtLyyulZcL21sbm3vlHf3WipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxpe5376lUrFY3OhJQv0IDwULGcHaSO3eHUPnyOmXK47teSc1x0O/iWs7M1RggUa//NYbxCSNqNCEY6W6rpNoP8NSM8LptNRLFU0wGeMh7RoqcESVn83OnaIjowxQGEtTQqOZ+nUiw5FSkygwnRHWI/XTy8W/vG6qQ8/PmEhSTQWZLwpTjnSM8t/RgElKNJ8Ygolk5lZERlhiok1CJRPC56fof9Kq2u6pXb2uVeoXiziKcACHcAwunEEdrqABTSAwhnt4hCcrsR6sZ+tl3lqwFjP78A3W6weE1o8O</latexit>

⇠ = 0
<latexit sha1_base64="cY7mrgU/CGnEpESyRYsg+zV7gV0=">AAAB8HicdVDLSsNAFL3xWeur6tLNYBFchaQWzUYounFZwT6kCWUynbRDJ5MwMxFL6Fe4caGIWz/HnX/j9CH4PHDhcM693HtPmHKmtOO8WwuLS8srq4W14vrG5tZ2aWe3qZJMEtogCU9kO8SKciZoQzPNaTuVFMchp61weDHxW7dUKpaIaz1KaRDjvmARI1gb6ca/Y+gM+SnrlsqO7XnHVcdDv4lrO1OUYY56t/Tm9xKSxVRowrFSHddJdZBjqRnhdFz0M0VTTIa4TzuGChxTFeTTg8fo0Cg9FCXSlNBoqn6dyHGs1CgOTWeM9UD99CbiX14n05EX5EykmaaCzBZFGUc6QZPvUY9JSjQfGYKJZOZWRAZYYqJNRkUTwuen6H/SrNjuiV25qpZr5/M4CrAPB3AELpxCDS6hDg0gEMM9PMKTJa0H69l6mbUuWPOZPfgG6/UDXwaQJw==</latexit>

⇠ = ⇡



CdL solution
<latexit sha1_base64="exCkKfQHQyo/EhYiHZfnJDsZYbo="></latexit>

�00(⇠) +
3⇢0(⇠)

⇢(⇠)
�0(⇠) =

dV

d�

e.o.m. of the scalar field

<latexit sha1_base64="+q4h36vJ5kRpXSKGM4Hx/FkkMiM="></latexit>

⇢0(⇠)2 = 1 +
8⇡G

3
⇢2

✓
1

2
�02 � V (�)

◆-component of the Einstein equation
<latexit sha1_base64="Uz0TbYlRhIOxa5u/voq5AARfry0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0wMOsegF48RzALJEHo6PUmTnp6mu0cMQz7CiwdFvPo93vwbO4vg+qDg8V4VVfUiyZk2nvfuLC2vrK6tFzaKm1vbO7ulvf2mTjNFaIOkPFXtCGvKmaANwwynbakoTiJOW9Hocuq3bqnSLBU3ZixpmOCBYDEj2Fip1b1jyFavVPbcIDitegH6TXzXm6EMC9R7pbduPyVZQoUhHGvd8T1pwhwrwwink2I301RiMsID2rFU4ITqMJ+dO0HHVumjOFW2hEEz9etEjhOtx0lkOxNshvqnNxX/8jqZiYMwZ0JmhgoyXxRnHJkUTX9HfaYoMXxsCSaK2VsRGWKFibEJFW0In5+i/0mz4vpnbuW6Wq5dLOIowCEcwQn4cA41uII6NIDACO7hEZ4c6Tw4z87LvHXJWcwcwDc4rx+QO4++</latexit>

⇠⇠

<latexit sha1_base64="BkELop2mxaVjOSDzZNs4uIMlnN4=">AAAB8nicdVDLSsNAFL3xWeur6tLNYBFdhaQWzbLoxmUF+4AklMl00g6dZMLMRCihn+HGhSJu/Rp3/o3Th+DzwMDhnHuZe06Ucaa047xbS8srq2vrpY3y5tb2zm5lb7+tRC4JbRHBhexGWFHOUtrSTHPazSTFScRpJxpdTf3OHZWKifRWjzMaJniQspgRrI3kB9mQnaBAC+T0KlXH9ryzuuOh38S1nRmqsECzV3kL+oLkCU014Vgp33UyHRZYakY4nZSDXNEMkxEeUN/QFCdUhcXs5Ak6NkofxUKal2o0U79uFDhRapxEZjLBeqh+elPxL8/PdeyFBUuzXNOUzD+Kc45MxGl+1GeSEs3HhmAimbkVkSGWmGjTUtmU8JkU/U/aNds9t2s39WrjclFHCQ7hCE7BhQtowDU0oQUEBNzDIzxZ2nqwnq2X+eiStdg5gG+wXj8AeFCQvw==</latexit>

�0 ! 0
<latexit sha1_base64="19WK5GWzHXt2PIIJUR/sDaV8R6Q=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFcDTO16CyLblxWsA/sDCWTZtrQTDIkGaGU/oUbF4q49W/c+TemD8HngcDhnHvJPSfOONPG896dpeWV1bX1wkZxc2t7Z7e0t9/UMleENojkUrVjrClngjYMM5y2M0VxGnPaioeXU791R5VmUtyYUUajFPcFSxjBxkq3oRpIFBqJvG6p7LlBcFr1AvSb+K43QxkWqHdLb2FPkjylwhCOte74XmaiMVaGEU4nxTDXNMNkiPu0Y6nAKdXReHbxBB1bpYcSqewTBs3UrxtjnGo9SmM7mWIz0D+9qfiX18lNEkRjJrLcUEHmHyU5RzbiND7qMUWJ4SNLMFHM3orIACtMjC2paEv4TIr+J82K65+5letquXaxqKMAh3AEJ+DDOdTgCurQAAIC7uERnhztPDjPzst8dMlZ7BzANzivHyILkJY=</latexit>

⇢ ! 0
Boundary condition

South pole North pole
<latexit sha1_base64="DfTaHhh0JPHNhlBKJKg1RUgqH7A=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0wMOhch6MVjBLNAMoSeTk/SpKd76O4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9KOVMG897d5aWV1bX1gsbxc2t7Z3d0t5+U8tMEdogkkvVjrCmnAnaMMxw2k4VxUnEaSsaXU391h1Vmklxa8YpDRM8ECxmBBsrtbpqKNGF1yuVPTcITqtegH4T3/VmKMMC9V7prduXJEuoMIRjrTu+l5owx8owwumk2M00TTEZ4QHtWCpwQnWYz86doGOr9FEslS1h0Ez9OpHjROtxEtnOBJuh/ulNxb+8TmbiIMyZSDNDBZkvijOOjETT31GfKUoMH1uCiWL2VkSGWGFibEJFG8Lnp+h/0qy4/plbuamWa5eLOApwCEdwAj6cQw2uoQ4NIDCCe3iEJyd1Hpxn52XeuuQsZg7gG5zXD/Kkj1Y=</latexit>

⇢ = 0
<latexit sha1_base64="DfTaHhh0JPHNhlBKJKg1RUgqH7A=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0wMOhch6MVjBLNAMoSeTk/SpKd76O4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9KOVMG897d5aWV1bX1gsbxc2t7Z3d0t5+U8tMEdogkkvVjrCmnAnaMMxw2k4VxUnEaSsaXU391h1Vmklxa8YpDRM8ECxmBBsrtbpqKNGF1yuVPTcITqtegH4T3/VmKMMC9V7prduXJEuoMIRjrTu+l5owx8owwumk2M00TTEZ4QHtWCpwQnWYz86doGOr9FEslS1h0Ez9OpHjROtxEtnOBJuh/ulNxb+8TmbiIMyZSDNDBZkvijOOjETT31GfKUoMH1uCiWL2VkSGWGFibEJFG8Lnp+h/0qy4/plbuamWa5eLOApwCEdwAj6cQw2uoQ4NIDCCe3iEJyd1Hpxn52XeuuQsZg7gG5zXD/Kkj1Y=</latexit>

⇢ = 0

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

Finite size!! ~1/H

<latexit sha1_base64="yT+IwqJYsK1TspOq+c5er7rcs/0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyFpi2YjFF3YZQX7gCaWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9x+hB8HrhwOOde7r0nSBiVyrbfjdzC4tLySn61sLa+sbllbu80ZZwKTBo4ZrFoB0gSRjlpKKoYaSeCoChgpBUMzyd+64YISWN+pUYJ8SPU5zSkGCktdc292nUJnkIvFAhnLvQSCi/GWXkMm12zaFuuW67YLvxNHMueogjmqHfNN68X4zQiXGGGpOw4dqL8DAlFMSPjgpdKkiA8RH3S0ZSjiEg/m74whoda6cEwFrq4glP160SGIilHUaA7I6QG8qc3Ef/yOqkKXT+jPEkV4Xi2KEwZVDGc5AF7VBCs2EgThAXVt0I8QDoNpVMr6BA+P4X/k2bJco6t0mWlWD2bx5EH++AAHAEHnIAqqIE6aAAMbsE9eARPxp3xYDwbL7PWnDGf2QXfYLx+AOuLleM=</latexit>

H
2 =

8⇡G

3
V



�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

�
<latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit>

V
<latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

~1/H
<latexit sha1_base64="yT+IwqJYsK1TspOq+c5er7rcs/0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyFpi2YjFF3YZQX7gCaWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9x+hB8HrhwOOde7r0nSBiVyrbfjdzC4tLySn61sLa+sbllbu80ZZwKTBo4ZrFoB0gSRjlpKKoYaSeCoChgpBUMzyd+64YISWN+pUYJ8SPU5zSkGCktdc292nUJnkIvFAhnLvQSCi/GWXkMm12zaFuuW67YLvxNHMueogjmqHfNN68X4zQiXGGGpOw4dqL8DAlFMSPjgpdKkiA8RH3S0ZSjiEg/m74whoda6cEwFrq4glP160SGIilHUaA7I6QG8qc3Ef/yOqkKXT+jPEkV4Xi2KEwZVDGc5AF7VBCs2EgThAXVt0I8QDoNpVMr6BA+P4X/k2bJco6t0mWlWD2bx5EH++AAHAEHnIAqqIE6aAAMbsE9eARPxp3xYDwbL7PWnDGf2QXfYLx+AOuLleM=</latexit>
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�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
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<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

~1/H
<latexit sha1_base64="yT+IwqJYsK1TspOq+c5er7rcs/0=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEVyFpi2YjFF3YZQX7gCaWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9x+hB8HrhwOOde7r0nSBiVyrbfjdzC4tLySn61sLa+sbllbu80ZZwKTBo4ZrFoB0gSRjlpKKoYaSeCoChgpBUMzyd+64YISWN+pUYJ8SPU5zSkGCktdc292nUJnkIvFAhnLvQSCi/GWXkMm12zaFuuW67YLvxNHMueogjmqHfNN68X4zQiXGGGpOw4dqL8DAlFMSPjgpdKkiA8RH3S0ZSjiEg/m74whoda6cEwFrq4glP160SGIilHUaA7I6QG8qc3Ef/yOqkKXT+jPEkV4Xi2KEwZVDGc5AF7VBCs2EgThAXVt0I8QDoNpVMr6BA+P4X/k2bJco6t0mWlWD2bx5EH++AAHAEHnIAqqIE6aAAMbsE9eARPxp3xYDwbL7PWnDGf2QXfYLx+AOuLleM=</latexit>
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�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

<latexit sha1_base64="9XK+0u2GGR+VD1KAfTfTe3bnCSw=">AAAB83icdVDLSsNAFJ34rPVVdelmsAhuDEktmmVREJcV7AOaWCbTm3boZBJmJkIJ/Q03LhRx68+482+cPgSfBy4czrmXe+8JU86Udpx3a2FxaXlltbBWXN/Y3Nou7ew2VZJJCg2a8ES2Q6KAMwENzTSHdiqBxCGHVji8mPitO5CKJeJGj1IIYtIXLGKUaCP5cJsf+yFogi/H3VLZsT3vpOp4+DdxbWeKMpqj3i29+b2EZjEITTlRquM6qQ5yIjWjHMZFP1OQEjokfegYKkgMKsinN4/xoVF6OEqkKaHxVP06kZNYqVEcms6Y6IH66U3Ev7xOpiMvyJlIMw2CzhZFGcc6wZMAcI9JoJqPDCFUMnMrpgMiCdUmpqIJ4fNT/D9pVmz31K5cV8u183kcBbSPDtARctEZqqErVEcNRFGK7tEjerIy68F6tl5mrQvWfGYPfYP1+gHiKJGc</latexit>
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Hawking-Moss solution Brown and Weinberg (2007)

Hawking & Moss (1982)



Hawking-Moss solution

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

<latexit sha1_base64="9XK+0u2GGR+VD1KAfTfTe3bnCSw=">AAAB83icdVDLSsNAFJ34rPVVdelmsAhuDEktmmVREJcV7AOaWCbTm3boZBJmJkIJ/Q03LhRx68+482+cPgSfBy4czrmXe+8JU86Udpx3a2FxaXlltbBWXN/Y3Nou7ew2VZJJCg2a8ES2Q6KAMwENzTSHdiqBxCGHVji8mPitO5CKJeJGj1IIYtIXLGKUaCP5cJsf+yFogi/H3VLZsT3vpOp4+DdxbWeKMpqj3i29+b2EZjEITTlRquM6qQ5yIjWjHMZFP1OQEjokfegYKkgMKsinN4/xoVF6OEqkKaHxVP06kZNYqVEcms6Y6IH66U3Ev7xOpiMvyJlIMw2CzhZFGcc6wZMAcI9JoJqPDCFUMnMrpgMiCdUmpqIJ4fNT/D9pVmz31K5cV8u183kcBbSPDtARctEZqqErVEcNRFGK7tEjerIy68F6tl5mrQvWfGYPfYP1+gHiKJGc</latexit>

e��F

Thermal

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

<latexit sha1_base64="X2hSwAf10baJcEV7GslUX2eqDbo=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GmZa0XZXdOOygn1AZyyZNNOGJpmQZJQy9D/cuFDErf/izr8xfQg+D1w4nHMv994TSUa18bx3J7e0vLK6ll8vbGxube8Ud/daOkkVJk2csER1IqQJo4I0DTWMdKQiiEeMtKPRxdRv3xKlaSKuzViSkKOBoDHFyFjpJpBD2ssCxaFJ5KRXLHlutVapVSrwN/Fdb4YSWKDRK74F/QSnnAiDGdK663vShBlShmJGJoUg1UQiPEID0rVUIE50mM2unsAjq/RhnChbwsCZ+nUiQ1zrMY9sJ0dmqH96U/Evr5uauBpmVMjUEIHni+KU2RfhNALYp4pgw8aWIKyovRXiIVIIGxtUwYbw+Sn8n7TKrn/qlq9OSvXzRRx5cAAOwTHwwRmog0vQAE2AgQL34BE8OXfOg/PsvMxbc85iZh98g/P6AVlWkxg=</latexit>

�top

<latexit sha1_base64="X2hSwAf10baJcEV7GslUX2eqDbo=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GmZa0XZXdOOygn1AZyyZNNOGJpmQZJQy9D/cuFDErf/izr8xfQg+D1w4nHMv994TSUa18bx3J7e0vLK6ll8vbGxube8Ud/daOkkVJk2csER1IqQJo4I0DTWMdKQiiEeMtKPRxdRv3xKlaSKuzViSkKOBoDHFyFjpJpBD2ssCxaFJ5KRXLHlutVapVSrwN/Fdb4YSWKDRK74F/QSnnAiDGdK663vShBlShmJGJoUg1UQiPEID0rVUIE50mM2unsAjq/RhnChbwsCZ+nUiQ1zrMY9sJ0dmqH96U/Evr5uauBpmVMjUEIHni+KU2RfhNALYp4pgw8aWIKyovRXiIVIIGxtUwYbw+Sn8n7TKrn/qlq9OSvXzRRx5cAAOwTHwwRmog0vQAE2AgQL34BE8OXfOg/PsvMxbc85iZh98g/P6AVlWkxg=</latexit>

�top

<latexit sha1_base64="eNE6bVK/NFwuGSReD6YLgn7WebA=">AAACFHicdVDLSgMxFM34rPVVdekmWARBLNMH2i6EqoguK7UPaIeSSTNtaDIZkoxQhvkIN/6KGxeKuHXhzr8xfQg+D1w4nHMv997jBowqbdvv1szs3PzCYmIpubyyurae2tisKxFKTGpYMCGbLlKEUZ/UNNWMNANJEHcZabiDs5HfuCFSUeFf62FAHI56PvUoRtpIndR+tRO1JYfnMWx1qw48hgew7UmEo5OJgYXiIo6jwkXcSaXtTLGUL+Xz8DfJZuwx0mCKSif11u4KHHLia8yQUq2sHWgnQlJTzEicbIeKBAgPUI+0DPURJ8qJxk/FcNcoXegJacrXcKx+nYgQV2rIXdPJke6rn95I/MtrhdorOhH1g1ATH08WeSGDWsBRQrBLJcGaDQ1BWFJzK8R9ZCLRJsekCeHzU/g/qecy2cNM7qqQLp9O40iAbbAD9kAWHIEyuAQVUAMY3IJ78AierDvrwXq2XiatM9Z0Zgt8g/X6AW0vneM=</latexit>

SE[dS] = �Acosmo

4G

<latexit sha1_base64="YU6a17UNQGp7W1s86xUU4neyjgM=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBVUha0XYhFN10WbEPoQlhMpm0QycPZiZCCdm48VfcuFDErf/gzr9x+hB8HrhwOOde7r3HSxgV0jTftcLC4tLySnG1tLa+sbmlb+90RZxyTDo4ZjG/9pAgjEakI6lk5DrhBIUeIz1vdDHxezeECxpHbTlOiBOiQUQDipFUkqvvt93M5iH0r3J4Bu2AI5w186wC7YTmrl42jVq9Wq9W4W9iGeYUZTBHy9XfbD/GaUgiiRkSom+ZiXQyxCXFjOQlOxUkQXiEBqSvaIRCIpxs+kUOD5XiwyDmqiIJp+rXiQyFQoxDT3WGSA7FT28i/uX1UxnUnIxGSSpJhGeLgpRBGcNJJNCnnGDJxoogzKm6FeIhUklIFVxJhfD5KfyfdCuGdWJULo/LjfN5HEWwBw7AEbDAKWiAJmiBDsDgFtyDR/Ck3WkP2rP2MmstaPOZXfAN2usHwZWYJA==</latexit>

TdS =
H

2⇡

<latexit sha1_base64="5Unwlm05QDeIGaO0wiKASI5Nt3U="></latexit>

�F = ��Acosmo

4G
' �M

TdS
<latexit sha1_base64="Ll+7DtQCSc8vNoNNf/PCsgkVKmk=">AAACA3icdVDLSsNAFJ3UV62vqDvdDBbBVUxa0XZX1EWXFewDmhAm00k7dDIJMxOhhIIbf8WNC0Xc+hPu/BunD8HngYHDOfdy55wgYVQq2343cguLS8sr+dXC2vrG5pa5vdOScSowaeKYxaITIEkY5aSpqGKkkwiCooCRdjC8mPjtGyIkjfm1GiXEi1Cf05BipLTkm3vuJWEKwfpx3c9cEUEVJ2PoMgYd3yzaVqVarpbL8DdxLHuKIpij4Ztvbi/GaUS4wgxJ2XXsRHkZEopiRsYFN5UkQXiI+qSrKUcRkV42zTCGh1rpwTAW+nEFp+rXjQxFUo6iQE9GSA3kT28i/uV1UxVWvIzyJFWE49mhMGU6KJwUAntUEKzYSBOEBdV/hXiABMJK11bQJXwmhf+TVslyTq3S1Umxdj6vIw/2wQE4Ag44AzVQBw3QBBjcgnvwCJ6MO+PBeDZeZqM5Y76zC77BeP0AqzOW7g==</latexit>

�H/Htop ⌧ 1

<latexit sha1_base64="H3R3h7Dgy75JO0Wzkh2twrstIvA=">AAACKHicdVBLSwMxGMzWV11fqx69BIvgxbJbi+1FLIrFY0VbC92lZNO0DU12lyQrlGV/jhf/ihcRRXr1l5g+BB91IDCZ+T6SGT9iVCrbHhmZhcWl5ZXsqrm2vrG5ZW3vNGQYC0zqOGShaPpIEkYDUldUMdKMBEHcZ+TOH1yM/bt7IiQNg1s1jIjHUS+gXYqR0lLbOnN9ohCswlN4005cweFlCltu1KfTmwqj1DOP5pvV1GtbOTtfLh8XSkX4lzh5e4IcmKHWtl7cTohjTgKFGZKy5diR8hIkFMWMpKYbSxIhPEA90tI0QJxIL5kETeGBVjqwGwp9AgUn6veNBHEph9zXkxypvvztjcV5XitW3bKX0CCKFQnw9KFuzHR8OG4NdqggWLGhJggLqv8KcR8JhJXu1tQlfCWF/5NGIe+c5AvXxVzlfFZHFuyBfXAIHFACFXAFaqAOMHgAT+AVvBmPxrPxboymoxljtrMLfsD4+ASnUaU1</latexit>

�F = SE[�top]� SE[�F]

Hawking & Moss (1982)



Coleman-de Luccia vs Hawking-Moss

�
<latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit><latexit sha1_base64="nf0cjLWUEBWzNJF1fPix2o6eL1c=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgadkNoskt6MVjBPOAZAmzk9nskJnZZWZWCCG/4MWDIl79IW/+jbNJBJ8FDUVVN91dYcqZNp737hRWVtfWN4qbpa3tnd298v5BWyeZIrRFEp6obog15UzSlmGG026qKBYhp51wfJX7nTuqNEvkrZmkNBB4JFnECDa51E9jNihXPLdWP6/Xq+g38V1vjgos0RyU3/rDhGSCSkM41rrne6kJplgZRjidlfqZpikmYzyiPUslFlQH0/mtM3RilSGKEmVLGjRXv05MsdB6IkLbKbCJ9U8vF//yepmJasGUyTQzVJLFoijjyCQofxwNmaLE8IklmChmb0UkxgoTY+Mp2RA+P0X/k3bV9T3XvzmrNC6XcRThCI7hFHy4gAZcQxNaQCCGe3iEJ0c4D86z87JoLTjLmUP4Buf1A85jjsA=</latexit>

V
<latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit><latexit sha1_base64="NGxb6M1vutYi52ow+Ev/2YxGRLA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevGYgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVwfVDweK+Kqnp+IrjSjvNu5VZW19Y38puFre2d3b3i/kFLxalk2GSxiGXHpwoFj7CpuRbYSSTS0BfY9sdXM799h1LxOLrRkwS9kA4jHnBGtZEarX6x5NiV6nm1Wia/iWs7c5RgiXq/+NYbxCwNMdJMUKW6rpNoL6NScyZwWuilChPKxnSIXUMjGqLysvmhU3JilAEJYmkq0mSufp3IaKjUJPRNZ0j1SP30ZuJfXjfVQcXLeJSkGiO2WBSkguiYzL4mAy6RaTExhDLJza2EjaikTJtsCiaEz0/J/6RVtl3HdhtnpdrlMo48HMExnIILF1CDa6hDExgg3MMjPFm31oP1bL0sWnPWcuYQvsF6/QBtm41b</latexit>

�F
<latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit><latexit sha1_base64="4r4V+Akx0zo0881dSM7r+hpA+II=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILCuIxglkgGUJPpydp09M9dPcIYcg/ePGgiFf/x5t/Y2cRXB8UPN6roqpemHCmjee9O7ml5ZXVtfx6YWNza3unuLvX1DJVhDaI5FK1Q6wpZ4I2DDOcthNFcRxy2gpHF1O/dUeVZlLcmHFCgxgPBIsYwcZKzW4yZL3LXrHkuZXqabVaRr+J73ozlGCBeq/41u1LksZUGMKx1h3fS0yQYWUY4XRS6KaaJpiM8IB2LBU4pjrIZtdO0JFV+iiSypYwaKZ+nchwrPU4Dm1njM1Q//Sm4l9eJzVRJciYSFJDBZkvilKOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG8Lnp+h/0iy7vuf61yel2vkijjwcwCEcgw9nUIMrqEMDCNzCPTzCkyOdB+fZeZm35pzFzD58g/P6ARYEj3k=</latexit>

�T
<latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit><latexit sha1_base64="VHHbSM/sWm1hC33GNH3ZLwL8G0I=">AAAB7XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCaHILevEYIRskQ+jp9CRterqH7h4hDPkHLx4U8er/ePNv7CyC64OCx3tVVNULE8608bx3J7eyura+kd8sbG3v7O4V9w9aWqaK0CaRXKpOiDXlTNCmYYbTTqIojkNO2+H4aua376jSTIqGmSQ0iPFQsIgRbKzU6iUj1m/0iyXPrVTPq9Uy+k1815ujBEvU+8W33kCSNKbCEI617vpeYoIMK8MIp9NCL9U0wWSMh7RrqcAx1UE2v3aKTqwyQJFUtoRBc/XrRIZjrSdxaDtjbEb6pzcT//K6qYkqQcZEkhoqyGJRlHJkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYED4/Rf+TVtn1Pde/OSvVLpdx5OEIjuEUfLiAGlxDHZpA4Bbu4RGeHOk8OM/Oy6I15yxnDuEbnNcPKzyPhw==</latexit>

�top
<latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit><latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit><latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit><latexit sha1_base64="1o3k7VM5c5cLBq1vWV/yOvJLy54=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXw0wRbXdFNy4r2Ae2Q8mkaRuaSUJyRyhD/8KNC0Xc+jfu/BvTh+DzwIXDOfdy7z2xFtxCELx7S8srq2vruY385tb2zm5hb79hVWooq1MllGnFxDLBJasDB8Fa2jCSxII149Hl1G/eMWO5kjcw1ixKyEDyPqcEnHTb0UPezUDpSbdQDPxy5axSKeHfJPSDGYpogVq38NbpKZomTAIVxNp2GGiIMmKAU8Em+U5qmSZ0RAas7agkCbNRNrt4go+d0sN9ZVxJwDP160RGEmvHSew6EwJD+9Obin957RT65SjjUqfAJJ0v6qcCg8LT93GPG0ZBjB0h1HB3K6ZDYggFF1LehfD5Kf6fNEp+GPjh9WmxerGII4cO0RE6QSE6R1V0hWqojiiS6B49oifPeg/es/cyb13yFjMH6Bu81w/GD5Gm</latexit>

� ⌘ |V 00|/H2
<latexit sha1_base64="BsLAcnRnFVl1BAOOZsOFLPwvDII=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2OQeIozQdTcgl5yjGAWSGLo6VSSJj09Y3dPIExy8Fe8eFDEq7/hzb+xswiuDwoe71VRVc8LOVPacd6txMLi0vJKcjW1tr6xuWVv71RUEEkKZRrwQNY8ooAzAWXNNIdaKIH4Hoeq17+c+NUBSMUCca2HITR90hWswyjRRmrZew0PNMENuI3YAI8qmczouHiTa9lpJ5t33Pypi38TN+tMkUZzlFr2W6Md0MgHoSknStVdJ9TNmEjNKIdxqhEpCAntky7UDRXEB9WMp/eP8aFR2rgTSFNC46n6dSImvlJD3zOdPtE99dObiH959Uh3zpsxE2GkQdDZok7EsQ7wJAzcZhKo5kNDCJXM3Ippj0hCtYksZUL4/BT/Tyq5rOtk3auTdOFiHkcS7aMDdIRcdIYKqIhKqIwoGqF79IierDvrwXq2XmatCWs+s4u+wXr9AKUclTY=</latexit><latexit sha1_base64="BsLAcnRnFVl1BAOOZsOFLPwvDII=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2OQeIozQdTcgl5yjGAWSGLo6VSSJj09Y3dPIExy8Fe8eFDEq7/hzb+xswiuDwoe71VRVc8LOVPacd6txMLi0vJKcjW1tr6xuWVv71RUEEkKZRrwQNY8ooAzAWXNNIdaKIH4Hoeq17+c+NUBSMUCca2HITR90hWswyjRRmrZew0PNMENuI3YAI8qmczouHiTa9lpJ5t33Pypi38TN+tMkUZzlFr2W6Md0MgHoSknStVdJ9TNmEjNKIdxqhEpCAntky7UDRXEB9WMp/eP8aFR2rgTSFNC46n6dSImvlJD3zOdPtE99dObiH959Uh3zpsxE2GkQdDZok7EsQ7wJAzcZhKo5kNDCJXM3Ippj0hCtYksZUL4/BT/Tyq5rOtk3auTdOFiHkcS7aMDdIRcdIYKqIhKqIwoGqF79IierDvrwXq2XmatCWs+s4u+wXr9AKUclTY=</latexit><latexit sha1_base64="BsLAcnRnFVl1BAOOZsOFLPwvDII=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2OQeIozQdTcgl5yjGAWSGLo6VSSJj09Y3dPIExy8Fe8eFDEq7/hzb+xswiuDwoe71VRVc8LOVPacd6txMLi0vJKcjW1tr6xuWVv71RUEEkKZRrwQNY8ooAzAWXNNIdaKIH4Hoeq17+c+NUBSMUCca2HITR90hWswyjRRmrZew0PNMENuI3YAI8qmczouHiTa9lpJ5t33Pypi38TN+tMkUZzlFr2W6Md0MgHoSknStVdJ9TNmEjNKIdxqhEpCAntky7UDRXEB9WMp/eP8aFR2rgTSFNC46n6dSImvlJD3zOdPtE99dObiH959Uh3zpsxE2GkQdDZok7EsQ7wJAzcZhKo5kNDCJXM3Ippj0hCtYksZUL4/BT/Tyq5rOtk3auTdOFiHkcS7aMDdIRcdIYKqIhKqIwoGqF79IierDvrwXq2XmatCWs+s4u+wXr9AKUclTY=</latexit><latexit sha1_base64="BsLAcnRnFVl1BAOOZsOFLPwvDII=">AAAB/3icdVDJSgNBEO2JW4zbqODFS2OQeIozQdTcgl5yjGAWSGLo6VSSJj09Y3dPIExy8Fe8eFDEq7/hzb+xswiuDwoe71VRVc8LOVPacd6txMLi0vJKcjW1tr6xuWVv71RUEEkKZRrwQNY8ooAzAWXNNIdaKIH4Hoeq17+c+NUBSMUCca2HITR90hWswyjRRmrZew0PNMENuI3YAI8qmczouHiTa9lpJ5t33Pypi38TN+tMkUZzlFr2W6Md0MgHoSknStVdJ9TNmEjNKIdxqhEpCAntky7UDRXEB9WMp/eP8aFR2rgTSFNC46n6dSImvlJD3zOdPtE99dObiH959Uh3zpsxE2GkQdDZok7EsQ7wJAzcZhKo5kNDCJXM3Ippj0hCtYksZUL4/BT/Tyq5rOtk3auTdOFiHkcS7aMDdIRcdIYKqIhKqIwoGqF79IierDvrwXq2XmatCWs+s4u+wXr9AKUclTY=</latexit>

� > 4
<latexit sha1_base64="nk3j7AKQjrZOXouq8jwKb8dmvXE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1Fwk6MVjBLNAMoSeTk3SpKdn7O4RQshPePGgiFd/x5t/Y2cRXB8UPN6roqpemAqujee9O7mFxaXllfxqYW19Y3OruL1T10mmGNZYIhLVDKlGwSXWDDcCm6lCGocCG+HgcuI37lBpnsgbM0wxiGlP8ogzaqzUbIdoKDk/7hRLnlv2/PKJT34T3/WmKMEc1U7xrd1NWBajNExQrVu+l5pgRJXhTOC40M40ppQNaA9blkoaow5G03vH5MAqXRIlypY0ZKp+nRjRWOthHNrOmJq+/ulNxL+8Vmais2DEZZoZlGy2KMoEMQmZPE+6XCEzYmgJZYrbWwnrU0WZsREVbAifn5L/Sf3I9T3Xvz4uVS7mceRhD/bhEHw4hQpcQRVqwEDAPTzCk3PrPDjPzsusNefMZ3bhG5zXD4dkj6I=</latexit><latexit sha1_base64="nk3j7AKQjrZOXouq8jwKb8dmvXE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1Fwk6MVjBLNAMoSeTk3SpKdn7O4RQshPePGgiFd/x5t/Y2cRXB8UPN6roqpemAqujee9O7mFxaXllfxqYW19Y3OruL1T10mmGNZYIhLVDKlGwSXWDDcCm6lCGocCG+HgcuI37lBpnsgbM0wxiGlP8ogzaqzUbIdoKDk/7hRLnlv2/PKJT34T3/WmKMEc1U7xrd1NWBajNExQrVu+l5pgRJXhTOC40M40ppQNaA9blkoaow5G03vH5MAqXRIlypY0ZKp+nRjRWOthHNrOmJq+/ulNxL+8Vmais2DEZZoZlGy2KMoEMQmZPE+6XCEzYmgJZYrbWwnrU0WZsREVbAifn5L/Sf3I9T3Xvz4uVS7mceRhD/bhEHw4hQpcQRVqwEDAPTzCk3PrPDjPzsusNefMZ3bhG5zXD4dkj6I=</latexit><latexit sha1_base64="nk3j7AKQjrZOXouq8jwKb8dmvXE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1Fwk6MVjBLNAMoSeTk3SpKdn7O4RQshPePGgiFd/x5t/Y2cRXB8UPN6roqpemAqujee9O7mFxaXllfxqYW19Y3OruL1T10mmGNZYIhLVDKlGwSXWDDcCm6lCGocCG+HgcuI37lBpnsgbM0wxiGlP8ogzaqzUbIdoKDk/7hRLnlv2/PKJT34T3/WmKMEc1U7xrd1NWBajNExQrVu+l5pgRJXhTOC40M40ppQNaA9blkoaow5G03vH5MAqXRIlypY0ZKp+nRjRWOthHNrOmJq+/ulNxL+8Vmais2DEZZoZlGy2KMoEMQmZPE+6XCEzYmgJZYrbWwnrU0WZsREVbAifn5L/Sf3I9T3Xvz4uVS7mceRhD/bhEHw4hQpcQRVqwEDAPTzCk3PrPDjPzsusNefMZ3bhG5zXD4dkj6I=</latexit><latexit sha1_base64="nk3j7AKQjrZOXouq8jwKb8dmvXE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1Fwk6MVjBLNAMoSeTk3SpKdn7O4RQshPePGgiFd/x5t/Y2cRXB8UPN6roqpemAqujee9O7mFxaXllfxqYW19Y3OruL1T10mmGNZYIhLVDKlGwSXWDDcCm6lCGocCG+HgcuI37lBpnsgbM0wxiGlP8ogzaqzUbIdoKDk/7hRLnlv2/PKJT34T3/WmKMEc1U7xrd1NWBajNExQrVu+l5pgRJXhTOC40M40ppQNaA9blkoaow5G03vH5MAqXRIlypY0ZKp+nRjRWOthHNrOmJq+/ulNxL+8Vmais2DEZZoZlGy2KMoEMQmZPE+6XCEzYmgJZYrbWwnrU0WZsREVbAifn5L/Sf3I9T3Xvz4uVS7mceRhD/bhEHw4hQpcQRVqwEDAPTzCk3PrPDjPzsusNefMZ3bhG5zXD4dkj6I=</latexit>

� < 4
<latexit sha1_base64="esTO9jWUB7OMBRmNs8YLYL+OhDs=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1ICHoBePEcwCyRB6OjVJk56esbtHCCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6YSq4Np737uQWFpeWV/KrhbX1jc2t4vZOXSeZYlhjiUhUM6QaBZdYM9wIbKYKaRwKbISDy4nfuEOleSJvzDDFIKY9ySPOqLFSsx2ioeT8uFMseW7Z88snPvlNfNebogRzVDvFt3Y3YVmM0jBBtW75XmqCEVWGM4HjQjvTmFI2oD1sWSppjDoYTe8dkwOrdEmUKFvSkKn6dWJEY62HcWg7Y2r6+qc3Ef/yWpmJzoIRl2lmULLZoigTxCRk8jzpcoXMiKEllClubyWsTxVlxkZUsCF8fkr+J/Uj1/dc//q4VLmYx5GHPdiHQ/DhFCpwBVWoAQMB9/AIT86t8+A8Oy+z1pwzn9mFb3BePwCEWo+g</latexit><latexit sha1_base64="esTO9jWUB7OMBRmNs8YLYL+OhDs=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1ICHoBePEcwCyRB6OjVJk56esbtHCCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6YSq4Np737uQWFpeWV/KrhbX1jc2t4vZOXSeZYlhjiUhUM6QaBZdYM9wIbKYKaRwKbISDy4nfuEOleSJvzDDFIKY9ySPOqLFSsx2ioeT8uFMseW7Z88snPvlNfNebogRzVDvFt3Y3YVmM0jBBtW75XmqCEVWGM4HjQjvTmFI2oD1sWSppjDoYTe8dkwOrdEmUKFvSkKn6dWJEY62HcWg7Y2r6+qc3Ef/yWpmJzoIRl2lmULLZoigTxCRk8jzpcoXMiKEllClubyWsTxVlxkZUsCF8fkr+J/Uj1/dc//q4VLmYx5GHPdiHQ/DhFCpwBVWoAQMB9/AIT86t8+A8Oy+z1pwzn9mFb3BePwCEWo+g</latexit><latexit sha1_base64="esTO9jWUB7OMBRmNs8YLYL+OhDs=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1ICHoBePEcwCyRB6OjVJk56esbtHCCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6YSq4Np737uQWFpeWV/KrhbX1jc2t4vZOXSeZYlhjiUhUM6QaBZdYM9wIbKYKaRwKbISDy4nfuEOleSJvzDDFIKY9ySPOqLFSsx2ioeT8uFMseW7Z88snPvlNfNebogRzVDvFt3Y3YVmM0jBBtW75XmqCEVWGM4HjQjvTmFI2oD1sWSppjDoYTe8dkwOrdEmUKFvSkKn6dWJEY62HcWg7Y2r6+qc3Ef/yWpmJzoIRl2lmULLZoigTxCRk8jzpcoXMiKEllClubyWsTxVlxkZUsCF8fkr+J/Uj1/dc//q4VLmYx5GHPdiHQ/DhFCpwBVWoAQMB9/AIT86t8+A8Oy+z1pwzn9mFb3BePwCEWo+g</latexit><latexit sha1_base64="esTO9jWUB7OMBRmNs8YLYL+OhDs=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZE1ICHoBePEcwCyRB6OjVJk56esbtHCCE/4cWDIl79HW/+jZ1FcH1Q8Hiviqp6YSq4Np737uQWFpeWV/KrhbX1jc2t4vZOXSeZYlhjiUhUM6QaBZdYM9wIbKYKaRwKbISDy4nfuEOleSJvzDDFIKY9ySPOqLFSsx2ioeT8uFMseW7Z88snPvlNfNebogRzVDvFt3Y3YVmM0jBBtW75XmqCEVWGM4HjQjvTmFI2oD1sWSppjDoYTe8dkwOrdEmUKFvSkKn6dWJEY62HcWg7Y2r6+qc3Ef/yWpmJzoIRl2lmULLZoigTxCRk8jzpcoXMiKEllClubyWsTxVlxkZUsCF8fkr+J/Uj1/dc//q4VLmYx5GHPdiHQ/DhFCpwBVWoAQMB9/AIT86t8+A8Oy+z1pwzn9mFb3BePwCEWo+g</latexit>

curvature of the barrier top

A. Rajantie + (2017)

� ⌘ |V 00|/H2
<latexit sha1_base64="bS3NByMUolYqv57/kdqLmRgZZ/Q=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB4inuBkGPQS85RjAPyK5hdtKbDM4+nJkNhE0O/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cXcyaVZX0buZXVtfWN/GZha3tnd8/cP2jKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3sPN1G8NQUgWhXdqFIMbkH7IfEaJ0lLXPHI8UAQ78JiwIR43S6Xxee2+0jWLVtmaAS8TOyNFlKHeNb+cXkSTAEJFOZGyY1uxclMiFKMcJgUnkRAT+kD60NE0JAFIN53dP8GnWulhPxK6QoVn6u+JlARSjgJPdwZEDeSiNxX/8zqJ8q/clIVxoiCk80V+wrGK8DQM3GMCqOIjTQgVTN+K6YAIQpWOrKBDsBdfXibNStm2yvbtRbF6ncWRR8foBJ0hG12iKqqhOmogisboGb2iN+PJeDHejY95a87IZg7RHxifPzQklOg=</latexit><latexit sha1_base64="bS3NByMUolYqv57/kdqLmRgZZ/Q=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB4inuBkGPQS85RjAPyK5hdtKbDM4+nJkNhE0O/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cXcyaVZX0buZXVtfWN/GZha3tnd8/cP2jKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3sPN1G8NQUgWhXdqFIMbkH7IfEaJ0lLXPHI8UAQ78JiwIR43S6Xxee2+0jWLVtmaAS8TOyNFlKHeNb+cXkSTAEJFOZGyY1uxclMiFKMcJgUnkRAT+kD60NE0JAFIN53dP8GnWulhPxK6QoVn6u+JlARSjgJPdwZEDeSiNxX/8zqJ8q/clIVxoiCk80V+wrGK8DQM3GMCqOIjTQgVTN+K6YAIQpWOrKBDsBdfXibNStm2yvbtRbF6ncWRR8foBJ0hG12iKqqhOmogisboGb2iN+PJeDHejY95a87IZg7RHxifPzQklOg=</latexit><latexit sha1_base64="bS3NByMUolYqv57/kdqLmRgZZ/Q=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB4inuBkGPQS85RjAPyK5hdtKbDM4+nJkNhE0O/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cXcyaVZX0buZXVtfWN/GZha3tnd8/cP2jKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3sPN1G8NQUgWhXdqFIMbkH7IfEaJ0lLXPHI8UAQ78JiwIR43S6Xxee2+0jWLVtmaAS8TOyNFlKHeNb+cXkSTAEJFOZGyY1uxclMiFKMcJgUnkRAT+kD60NE0JAFIN53dP8GnWulhPxK6QoVn6u+JlARSjgJPdwZEDeSiNxX/8zqJ8q/clIVxoiCk80V+wrGK8DQM3GMCqOIjTQgVTN+K6YAIQpWOrKBDsBdfXibNStm2yvbtRbF6ncWRR8foBJ0hG12iKqqhOmogisboGb2iN+PJeDHejY95a87IZg7RHxifPzQklOg=</latexit><latexit sha1_base64="bS3NByMUolYqv57/kdqLmRgZZ/Q=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB4inuBkGPQS85RjAPyK5hdtKbDM4+nJkNhE0O/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cXcyaVZX0buZXVtfWN/GZha3tnd8/cP2jKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3sPN1G8NQUgWhXdqFIMbkH7IfEaJ0lLXPHI8UAQ78JiwIR43S6Xxee2+0jWLVtmaAS8TOyNFlKHeNb+cXkSTAEJFOZGyY1uxclMiFKMcJgUnkRAT+kD60NE0JAFIN53dP8GnWulhPxK6QoVn6u+JlARSjgJPdwZEDeSiNxX/8zqJ8q/clIVxoiCk80V+wrGK8DQM3GMCqOIjTQgVTN+K6YAIQpWOrKBDsBdfXibNStm2yvbtRbF6ncWRR8foBJ0hG12iKqqhOmogisboGb2iN+PJeDHejY95a87IZg7RHxifPzQklOg=</latexit>

� > 4
<latexit sha1_base64="TJ3go87Jp3iSO1PHw3S7G2B3VxU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoCcpevFYwX5IG8pmO2mX7iZhdyOU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2Mb2d++wmV5nH0YCYJ+pIOIx5yRo2VHnsBGkquSa1frrhVdw6ySrycVCBHo1/+6g1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLX0ohK1H42P3hKzqwyIGGsbEWGzNXfExmVWk9kYDslNSO97M3E/7xuasIrP+NRkhqM2GJRmApiYjL7ngy4QmbExBLKFLe3EjaiijJjMyrZELzll1dJ66LquVXvvlap3+RxFOEETuEcPLiEOtxBA5rAQMIzvMKbo5wX5935WLQWnHzmGP7A+fwBblSPfg==</latexit><latexit sha1_base64="TJ3go87Jp3iSO1PHw3S7G2B3VxU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoCcpevFYwX5IG8pmO2mX7iZhdyOU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2Mb2d++wmV5nH0YCYJ+pIOIx5yRo2VHnsBGkquSa1frrhVdw6ySrycVCBHo1/+6g1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLX0ohK1H42P3hKzqwyIGGsbEWGzNXfExmVWk9kYDslNSO97M3E/7xuasIrP+NRkhqM2GJRmApiYjL7ngy4QmbExBLKFLe3EjaiijJjMyrZELzll1dJ66LquVXvvlap3+RxFOEETuEcPLiEOtxBA5rAQMIzvMKbo5wX5935WLQWnHzmGP7A+fwBblSPfg==</latexit><latexit sha1_base64="TJ3go87Jp3iSO1PHw3S7G2B3VxU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoCcpevFYwX5IG8pmO2mX7iZhdyOU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2Mb2d++wmV5nH0YCYJ+pIOIx5yRo2VHnsBGkquSa1frrhVdw6ySrycVCBHo1/+6g1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLX0ohK1H42P3hKzqwyIGGsbEWGzNXfExmVWk9kYDslNSO97M3E/7xuasIrP+NRkhqM2GJRmApiYjL7ngy4QmbExBLKFLe3EjaiijJjMyrZELzll1dJ66LquVXvvlap3+RxFOEETuEcPLiEOtxBA5rAQMIzvMKbo5wX5935WLQWnHzmGP7A+fwBblSPfg==</latexit><latexit sha1_base64="TJ3go87Jp3iSO1PHw3S7G2B3VxU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoCcpevFYwX5IG8pmO2mX7iZhdyOU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFDzCpuFGYCdRSGUgsB2Mb2d++wmV5nH0YCYJ+pIOIx5yRo2VHnsBGkquSa1frrhVdw6ySrycVCBHo1/+6g1ilkqMDBNU667nJsbPqDKcCZyWeqnGhLIxHWLX0ohK1H42P3hKzqwyIGGsbEWGzNXfExmVWk9kYDslNSO97M3E/7xuasIrP+NRkhqM2GJRmApiYjL7ngy4QmbExBLKFLe3EjaiijJjMyrZELzll1dJ66LquVXvvlap3+RxFOEETuEcPLiEOtxBA5rAQMIzvMKbo5wX5935WLQWnHzmGP7A+fwBblSPfg==</latexit>

� < 4
<latexit sha1_base64="meW6nBvfpILv2Ltv/gP42GnIZhQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koIVF0MYygvmQ5Ah7m7lkye7dsbsnhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJH2DTcCOwkCqkMBLaD8e3Mbz+h0jyOHswkQV/SYcRDzqix0mMvQEPJNan1yxW36s5BVomXkwrkaPTLX71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWhpRidrP5gdPyZlVBiSMla3IkLn6eyKjUuuJDGynpGakl72Z+J/XTU145Wc8SlKDEVssClNBTExm35MBV8iMmFhCmeL2VsJGVFFmbEYlG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgweXUIc7aEATGEh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/a0iPfA==</latexit><latexit sha1_base64="meW6nBvfpILv2Ltv/gP42GnIZhQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koIVF0MYygvmQ5Ah7m7lkye7dsbsnhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJH2DTcCOwkCqkMBLaD8e3Mbz+h0jyOHswkQV/SYcRDzqix0mMvQEPJNan1yxW36s5BVomXkwrkaPTLX71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWhpRidrP5gdPyZlVBiSMla3IkLn6eyKjUuuJDGynpGakl72Z+J/XTU145Wc8SlKDEVssClNBTExm35MBV8iMmFhCmeL2VsJGVFFmbEYlG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgweXUIc7aEATGEh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/a0iPfA==</latexit><latexit sha1_base64="meW6nBvfpILv2Ltv/gP42GnIZhQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koIVF0MYygvmQ5Ah7m7lkye7dsbsnhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJH2DTcCOwkCqkMBLaD8e3Mbz+h0jyOHswkQV/SYcRDzqix0mMvQEPJNan1yxW36s5BVomXkwrkaPTLX71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWhpRidrP5gdPyZlVBiSMla3IkLn6eyKjUuuJDGynpGakl72Z+J/XTU145Wc8SlKDEVssClNBTExm35MBV8iMmFhCmeL2VsJGVFFmbEYlG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgweXUIc7aEATGEh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/a0iPfA==</latexit><latexit sha1_base64="meW6nBvfpILv2Ltv/gP42GnIZhQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koIVF0MYygvmQ5Ah7m7lkye7dsbsnhCO/wsZCEVt/jp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJH2DTcCOwkCqkMBLaD8e3Mbz+h0jyOHswkQV/SYcRDzqix0mMvQEPJNan1yxW36s5BVomXkwrkaPTLX71BzFKJkWGCat313MT4GVWGM4HTUi/VmFA2pkPsWhpRidrP5gdPyZlVBiSMla3IkLn6eyKjUuuJDGynpGakl72Z+J/XTU145Wc8SlKDEVssClNBTExm35MBV8iMmFhCmeL2VsJGVFFmbEYlG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgweXUIc7aEATGEh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/a0iPfA==</latexit>
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CDL, HM, and oscillating bounce

CDL

oscillating 
bounce (n=3)

n=5

n=7 ~ HM bounce

� ⇠ e�B

<latexit sha1_base64="FuohjeaoEcCp/TZ/LkrqjFmJtK4=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgxmFGi9pdqQtdVrAP6Iwlk6ZtaJIZkoxYhvkVNy4UceuPuPNvTB+CzwMXDufcy733hDGjSrvuu5VbWFxaXsmvFtbWNza37O1iU0WJxKSBIxbJdogUYVSQhqaakXYsCeIhI61wdD7xW7dEKhqJaz2OScDRQNA+xUgbqWsX/QvEOYK+ohySm/SwlnXtkutUXK9y4sHfxHPcKUpgjnrXfvN7EU44ERozpFTHc2MdpEhqihnJCn6iSIzwCA1Ix1CBOFFBOr09g/tG6cF+JE0JDafq14kUcaXGPDSdHOmh+ulNxL+8TqL7Z0FKRZxoIvBsUT9hUEdwEgTsUUmwZmNDEJbU3ArxEEmEtYmrYEL4/BT+T5pHjld2jq/KpWptHkce7II9cAA8cAqq4BLUQQNgcAfuwSN4sjLrwXq2XmatOWs+swO+wXr9AFRQlAE=</latexit>

oscillating bounces with many-oscillation limit → HM bounce

Hackworth+ (2004)

Inside

wall

outside

CDL

~HM

top

false

true



I. Introduction 

II. Lightning review of vacuum decay 

III. Vacuum decay with a black hole



Minkowski

AdS

ds2 = �fdt2 +
dr2

f
+ r2d⌦2

<latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit><latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit><latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit><latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit>

f(r) =
<latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit><latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit><latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit><latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit>

1
<latexit sha1_base64="T5aG2xhVH1FNORbMJ1ggLlq63bI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GqZF1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdDG896d3NLyyupafr2wsbm1vVPc3WvoJFMc6zyRiWoFTKMUMdaNMBJbqUIWBRKbwfBq6jfvUGmRxDdmlKIfsX4sQsGZsVKNdoslzy17tHxGyW9CXW+GEixQ7RbfOr2EZxHGhkumdZt6qfHHTBnBJU4KnUxjyviQ9bFtacwi1P54duiEHFmlR8JE2YoNmalfJ8Ys0noUBbYzYmagf3pT8S+vnZnwwh+LOM0Mxny+KMwkMQmZfk16QiE3cmQJ40rYWwkfMMW4sdkUbAifn5L/SePEpZ5La6elyuUijjwcwCEcA4VzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOuVjQM=</latexit><latexit sha1_base64="T5aG2xhVH1FNORbMJ1ggLlq63bI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GqZF1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdDG896d3NLyyupafr2wsbm1vVPc3WvoJFMc6zyRiWoFTKMUMdaNMBJbqUIWBRKbwfBq6jfvUGmRxDdmlKIfsX4sQsGZsVKNdoslzy17tHxGyW9CXW+GEixQ7RbfOr2EZxHGhkumdZt6qfHHTBnBJU4KnUxjyviQ9bFtacwi1P54duiEHFmlR8JE2YoNmalfJ8Ys0noUBbYzYmagf3pT8S+vnZnwwh+LOM0Mxny+KMwkMQmZfk16QiE3cmQJ40rYWwkfMMW4sdkUbAifn5L/SePEpZ5La6elyuUijjwcwCEcA4VzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOuVjQM=</latexit><latexit sha1_base64="T5aG2xhVH1FNORbMJ1ggLlq63bI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GqZF1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdDG896d3NLyyupafr2wsbm1vVPc3WvoJFMc6zyRiWoFTKMUMdaNMBJbqUIWBRKbwfBq6jfvUGmRxDdmlKIfsX4sQsGZsVKNdoslzy17tHxGyW9CXW+GEixQ7RbfOr2EZxHGhkumdZt6qfHHTBnBJU4KnUxjyviQ9bFtacwi1P54duiEHFmlR8JE2YoNmalfJ8Ys0noUBbYzYmagf3pT8S+vnZnwwh+LOM0Mxny+KMwkMQmZfk16QiE3cmQJ40rYWwkfMMW4sdkUbAifn5L/SePEpZ5La6elyuUijjwcwCEcA4VzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOuVjQM=</latexit><latexit sha1_base64="T5aG2xhVH1FNORbMJ1ggLlq63bI=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GqZF1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdDG896d3NLyyupafr2wsbm1vVPc3WvoJFMc6zyRiWoFTKMUMdaNMBJbqUIWBRKbwfBq6jfvUGmRxDdmlKIfsX4sQsGZsVKNdoslzy17tHxGyW9CXW+GEixQ7RbfOr2EZxHGhkumdZt6qfHHTBnBJU4KnUxjyviQ9bFtacwi1P54duiEHFmlR8JE2YoNmalfJ8Ys0noUBbYzYmagf3pT8S+vnZnwwh+LOM0Mxny+KMwkMQmZfk16QiE3cmQJ40rYWwkfMMW4sdkUbAifn5L/SePEpZ5La6elyuUijjwcwCEcA4VzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOuVjQM=</latexit>

1 +H
2
r
2

<latexit sha1_base64="jls7xWPHDZ5qnMLJ1fP7LLgQMP8=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAIwjATRM0t6CXHCGaRZBJ6Oj1Jk+6eobtHCCFf4cWDIl79HG/+jZ1FcH1Q8Hiviqp6YcKZNp737mSWlldW17LruY3Nre2d/O5eXcepIrRGYh6rZog15UzSmmGG02aiKBYhp41weDX1G3dUaRbLGzNKaCBwX7KIEWysdOufVDpFpDrFbr7guSXPL5356DfxXW+GAixQ7ebf2r2YpIJKQzjWuuV7iQnGWBlGOJ3k2qmmCSZD3KctSyUWVAfj2cETdGSVHopiZUsaNFO/Toyx0HokQtspsBnon95U/MtrpSa6CMZMJqmhkswXRSlHJkbT71GPKUoMH1mCiWL2VkQGWGFibEY5G8Lnp+h/Ui+6vuf616eF8uUijiwcwCEcgw/nUIYKVKEGBATcwyM8Ocp5cJ6dl3lrxlnM7MM3OK8fW/GPeA==</latexit><latexit sha1_base64="jls7xWPHDZ5qnMLJ1fP7LLgQMP8=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAIwjATRM0t6CXHCGaRZBJ6Oj1Jk+6eobtHCCFf4cWDIl79HG/+jZ1FcH1Q8Hiviqp6YcKZNp737mSWlldW17LruY3Nre2d/O5eXcepIrRGYh6rZog15UzSmmGG02aiKBYhp41weDX1G3dUaRbLGzNKaCBwX7KIEWysdOufVDpFpDrFbr7guSXPL5356DfxXW+GAixQ7ebf2r2YpIJKQzjWuuV7iQnGWBlGOJ3k2qmmCSZD3KctSyUWVAfj2cETdGSVHopiZUsaNFO/Toyx0HokQtspsBnon95U/MtrpSa6CMZMJqmhkswXRSlHJkbT71GPKUoMH1mCiWL2VkQGWGFibEY5G8Lnp+h/Ui+6vuf616eF8uUijiwcwCEcgw/nUIYKVKEGBATcwyM8Ocp5cJ6dl3lrxlnM7MM3OK8fW/GPeA==</latexit><latexit sha1_base64="jls7xWPHDZ5qnMLJ1fP7LLgQMP8=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAIwjATRM0t6CXHCGaRZBJ6Oj1Jk+6eobtHCCFf4cWDIl79HG/+jZ1FcH1Q8Hiviqp6YcKZNp737mSWlldW17LruY3Nre2d/O5eXcepIrRGYh6rZog15UzSmmGG02aiKBYhp41weDX1G3dUaRbLGzNKaCBwX7KIEWysdOufVDpFpDrFbr7guSXPL5356DfxXW+GAixQ7ebf2r2YpIJKQzjWuuV7iQnGWBlGOJ3k2qmmCSZD3KctSyUWVAfj2cETdGSVHopiZUsaNFO/Toyx0HokQtspsBnon95U/MtrpSa6CMZMJqmhkswXRSlHJkbT71GPKUoMH1mCiWL2VkQGWGFibEY5G8Lnp+h/Ui+6vuf616eF8uUijiwcwCEcgw/nUIYKVKEGBATcwyM8Ocp5cJ6dl3lrxlnM7MM3OK8fW/GPeA==</latexit><latexit sha1_base64="jls7xWPHDZ5qnMLJ1fP7LLgQMP8=">AAAB8HicdVDJSgNBEK2JW4xb1KOXxiAIwjATRM0t6CXHCGaRZBJ6Oj1Jk+6eobtHCCFf4cWDIl79HG/+jZ1FcH1Q8Hiviqp6YcKZNp737mSWlldW17LruY3Nre2d/O5eXcepIrRGYh6rZog15UzSmmGG02aiKBYhp41weDX1G3dUaRbLGzNKaCBwX7KIEWysdOufVDpFpDrFbr7guSXPL5356DfxXW+GAixQ7ebf2r2YpIJKQzjWuuV7iQnGWBlGOJ3k2qmmCSZD3KctSyUWVAfj2cETdGSVHopiZUsaNFO/Toyx0HokQtspsBnon95U/MtrpSa6CMZMJqmhkswXRSlHJkbT71GPKUoMH1mCiWL2VkQGWGFibEY5G8Lnp+h/Ui+6vuf616eF8uUijiwcwCEcgw/nUIYKVKEGBATcwyM8Ocp5cJ6dl3lrxlnM7MM3OK8fW/GPeA==</latexit>

…

…

Minkowski

AdS

Israel junction condition 
(Einstein equation)

p
1 +H2R2 + Ṙ2

R
�

p
1 + Ṙ2

R
= �4⇡G�

<latexit sha1_base64="5jedoXrzdMRN4Pl4GTumOu4ZqUo="></latexit><latexit sha1_base64="5jedoXrzdMRN4Pl4GTumOu4ZqUo="></latexit><latexit sha1_base64="5jedoXrzdMRN4Pl4GTumOu4ZqUo="></latexit><latexit sha1_base64="5jedoXrzdMRN4Pl4GTumOu4ZqUo="></latexit>

SE[�f ] =
⇡

GH2

(4⇡G�)4/H4

(1� (4⇡G�)2/H2)2
<latexit sha1_base64="iPll5T0qEiV1FcmAgl5OXzDdXdc="></latexit><latexit sha1_base64="iPll5T0qEiV1FcmAgl5OXzDdXdc="></latexit><latexit sha1_base64="iPll5T0qEiV1FcmAgl5OXzDdXdc="></latexit><latexit sha1_base64="iPll5T0qEiV1FcmAgl5OXzDdXdc="></latexit>

CDL action

…

…

Lorentzian

Euclidean
� =

|H2 � (4⇡G�)2|
8⇡G�

<latexit sha1_base64="2TvTZYveMOXskaZyWjehzyAm/WY="></latexit><latexit sha1_base64="2TvTZYveMOXskaZyWjehzyAm/WY="></latexit><latexit sha1_base64="2TvTZYveMOXskaZyWjehzyAm/WY="></latexit><latexit sha1_base64="2TvTZYveMOXskaZyWjehzyAm/WY="></latexit>

R = ��1 cosh �⌧
<latexit sha1_base64="4c0qdXDeA8UCgVwQEvGIHokqA7E=">AAACC3icdVDLSsNAFJ34rPUVdelmaBHcWBIRtQuh6MZlFfuAJpab6bQdOpOEmYlQQvZu/BU3LhRx6w+482+cPgSfBy4czrmXe+8JYs6Udpx3a2Z2bn5hMbeUX15ZXVu3NzbrKkokoTUS8Ug2A1CUs5DWNNOcNmNJQQScNoLB2chv3FCpWBRe6WFMfQG9kHUZAW2ktl24xCfY64EQcJ3uuRn2SKT66UTBnoYka9tFp1R23PKhi38Tt+SMUURTVNv2m9eJSCJoqAkHpVquE2s/BakZ4TTLe4miMZAB9GjL0BAEVX46/iXDO0bp4G4kTYUaj9WvEykIpYYiMJ0CdF/99EbiX14r0d1jP2VhnGgaksmibsKxjvAoGNxhkhLNh4YAkczcikkfJBBt4subED4/xf+T+n7JdUruxUGxcjqNI4e2UQHtIhcdoQo6R1VUQwTdonv0iJ6sO+vBerZeJq0z1nRmC32D9foBCj+adQ==</latexit><latexit sha1_base64="4c0qdXDeA8UCgVwQEvGIHokqA7E=">AAACC3icdVDLSsNAFJ34rPUVdelmaBHcWBIRtQuh6MZlFfuAJpab6bQdOpOEmYlQQvZu/BU3LhRx6w+482+cPgSfBy4czrmXe+8JYs6Udpx3a2Z2bn5hMbeUX15ZXVu3NzbrKkokoTUS8Ug2A1CUs5DWNNOcNmNJQQScNoLB2chv3FCpWBRe6WFMfQG9kHUZAW2ktl24xCfY64EQcJ3uuRn2SKT66UTBnoYka9tFp1R23PKhi38Tt+SMUURTVNv2m9eJSCJoqAkHpVquE2s/BakZ4TTLe4miMZAB9GjL0BAEVX46/iXDO0bp4G4kTYUaj9WvEykIpYYiMJ0CdF/99EbiX14r0d1jP2VhnGgaksmibsKxjvAoGNxhkhLNh4YAkczcikkfJBBt4subED4/xf+T+n7JdUruxUGxcjqNI4e2UQHtIhcdoQo6R1VUQwTdonv0iJ6sO+vBerZeJq0z1nRmC32D9foBCj+adQ==</latexit><latexit sha1_base64="4c0qdXDeA8UCgVwQEvGIHokqA7E=">AAACC3icdVDLSsNAFJ34rPUVdelmaBHcWBIRtQuh6MZlFfuAJpab6bQdOpOEmYlQQvZu/BU3LhRx6w+482+cPgSfBy4czrmXe+8JYs6Udpx3a2Z2bn5hMbeUX15ZXVu3NzbrKkokoTUS8Ug2A1CUs5DWNNOcNmNJQQScNoLB2chv3FCpWBRe6WFMfQG9kHUZAW2ktl24xCfY64EQcJ3uuRn2SKT66UTBnoYka9tFp1R23PKhi38Tt+SMUURTVNv2m9eJSCJoqAkHpVquE2s/BakZ4TTLe4miMZAB9GjL0BAEVX46/iXDO0bp4G4kTYUaj9WvEykIpYYiMJ0CdF/99EbiX14r0d1jP2VhnGgaksmibsKxjvAoGNxhkhLNh4YAkczcikkfJBBt4subED4/xf+T+n7JdUruxUGxcjqNI4e2UQHtIhcdoQo6R1VUQwTdonv0iJ6sO+vBerZeJq0z1nRmC32D9foBCj+adQ==</latexit><latexit sha1_base64="4c0qdXDeA8UCgVwQEvGIHokqA7E=">AAACC3icdVDLSsNAFJ34rPUVdelmaBHcWBIRtQuh6MZlFfuAJpab6bQdOpOEmYlQQvZu/BU3LhRx6w+482+cPgSfBy4czrmXe+8JYs6Udpx3a2Z2bn5hMbeUX15ZXVu3NzbrKkokoTUS8Ug2A1CUs5DWNNOcNmNJQQScNoLB2chv3FCpWBRe6WFMfQG9kHUZAW2ktl24xCfY64EQcJ3uuRn2SKT66UTBnoYka9tFp1R23PKhi38Tt+SMUURTVNv2m9eJSCJoqAkHpVquE2s/BakZ4TTLe4miMZAB9GjL0BAEVX46/iXDO0bp4G4kTYUaj9WvEykIpYYiMJ0CdF/99EbiX14r0d1jP2VhnGgaksmibsKxjvAoGNxhkhLNh4YAkczcikkfJBBt4subED4/xf+T+n7JdUruxUGxcjqNI4e2UQHtIhcdoQo6R1VUQwTdonv0iJ6sO+vBerZeJq0z1nRmC32D9foBCj+adQ==</latexit>

R = ��1 cos �⌧E
<latexit sha1_base64="oOeYRdfDHmUQdyA/os5rACv7BNI=">AAACFXicdVDJSgNBEO1xjXGLevTSGAQPGmZEXA5CUASPKkaFTAw1nU7S2D0zdNeIYZif8OKvePGgiFfBm39jZxFcHxQ83quiql4QS2HQdd+doeGR0bHx3ER+cmp6ZrYwN39mokQzXmGRjPRFAIZLEfIKCpT8ItYcVCD5eXC13/XPr7k2IgpPsRPzmoJWKJqCAVqpXlg9obvUb4FScJmueRn1WWTSvkB9hKSe+shvMD3IsqxeKLqlHdfb2fTob+KV3B6KZICjeuHNb0QsUTxEJsGYqufGWEtBo2CSZ3k/MTwGdgUtXrU0BMVNLe19ldFlqzRoM9K2QqQ99etECsqYjgpspwJsm59eV/zLqybY3K6lIowT5CHrL2omkmJEuxHRhtCcoexYAkwLeytlbdDA0AaZtyF8fkr/J2frJc8teccbxfLeII4cWSRLZIV4ZIuUySE5IhXCyC25J4/kyblzHpxn56XfOuQMZhbINzivH5A1nyY=</latexit><latexit sha1_base64="oOeYRdfDHmUQdyA/os5rACv7BNI=">AAACFXicdVDJSgNBEO1xjXGLevTSGAQPGmZEXA5CUASPKkaFTAw1nU7S2D0zdNeIYZif8OKvePGgiFfBm39jZxFcHxQ83quiql4QS2HQdd+doeGR0bHx3ER+cmp6ZrYwN39mokQzXmGRjPRFAIZLEfIKCpT8ItYcVCD5eXC13/XPr7k2IgpPsRPzmoJWKJqCAVqpXlg9obvUb4FScJmueRn1WWTSvkB9hKSe+shvMD3IsqxeKLqlHdfb2fTob+KV3B6KZICjeuHNb0QsUTxEJsGYqufGWEtBo2CSZ3k/MTwGdgUtXrU0BMVNLe19ldFlqzRoM9K2QqQ99etECsqYjgpspwJsm59eV/zLqybY3K6lIowT5CHrL2omkmJEuxHRhtCcoexYAkwLeytlbdDA0AaZtyF8fkr/J2frJc8teccbxfLeII4cWSRLZIV4ZIuUySE5IhXCyC25J4/kyblzHpxn56XfOuQMZhbINzivH5A1nyY=</latexit><latexit sha1_base64="oOeYRdfDHmUQdyA/os5rACv7BNI=">AAACFXicdVDJSgNBEO1xjXGLevTSGAQPGmZEXA5CUASPKkaFTAw1nU7S2D0zdNeIYZif8OKvePGgiFfBm39jZxFcHxQ83quiql4QS2HQdd+doeGR0bHx3ER+cmp6ZrYwN39mokQzXmGRjPRFAIZLEfIKCpT8ItYcVCD5eXC13/XPr7k2IgpPsRPzmoJWKJqCAVqpXlg9obvUb4FScJmueRn1WWTSvkB9hKSe+shvMD3IsqxeKLqlHdfb2fTob+KV3B6KZICjeuHNb0QsUTxEJsGYqufGWEtBo2CSZ3k/MTwGdgUtXrU0BMVNLe19ldFlqzRoM9K2QqQ99etECsqYjgpspwJsm59eV/zLqybY3K6lIowT5CHrL2omkmJEuxHRhtCcoexYAkwLeytlbdDA0AaZtyF8fkr/J2frJc8teccbxfLeII4cWSRLZIV4ZIuUySE5IhXCyC25J4/kyblzHpxn56XfOuQMZhbINzivH5A1nyY=</latexit><latexit sha1_base64="oOeYRdfDHmUQdyA/os5rACv7BNI=">AAACFXicdVDJSgNBEO1xjXGLevTSGAQPGmZEXA5CUASPKkaFTAw1nU7S2D0zdNeIYZif8OKvePGgiFfBm39jZxFcHxQ83quiql4QS2HQdd+doeGR0bHx3ER+cmp6ZrYwN39mokQzXmGRjPRFAIZLEfIKCpT8ItYcVCD5eXC13/XPr7k2IgpPsRPzmoJWKJqCAVqpXlg9obvUb4FScJmueRn1WWTSvkB9hKSe+shvMD3IsqxeKLqlHdfb2fTob+KV3B6KZICjeuHNb0QsUTxEJsGYqufGWEtBo2CSZ3k/MTwGdgUtXrU0BMVNLe19ldFlqzRoM9K2QqQ99etECsqYjgpspwJsm59eV/zLqybY3K6lIowT5CHrL2omkmJEuxHRhtCcoexYAkwLeytlbdDA0AaZtyF8fkr/J2frJc8teccbxfLeII4cWSRLZIV4ZIuUySE5IhXCyC25J4/kyblzHpxn56XfOuQMZhbINzivH5A1nyY=</latexit>

energy density of wall

�
<latexit sha1_base64="uveq51XskeZ/BmBbyb/DEzkG8yU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPna2PJw==</latexit>

Computation of the CdL bounce in thin-wall limit



How do “cosmic impurities” 
(such as black holes, neutron stars, monopoles) 
affect the cosmological phase transitions? 



Catalysis

bubble

impurity

small bubbles are easy to nucleate!!



Black holes as bubble nucleation cites

AdS-Sch

ds2 = �fdt2 +
dr2

f
+ r2d⌦2

<latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit><latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit><latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit><latexit sha1_base64="dCi/zbOul5TsrJ5vffsEV4gfBSk=">AAACF3icdZDLSsNAFIYnXmu9RV26GSyCIIYkiNqFUHTjzgr2Ak1bJpNJO3QyCTMToYS8hRtfxY0LRdzqzrdxehG8/jDw8Z9zOHN+P2FUKtt+N2Zm5+YXFgtLxeWV1bV1c2OzLuNUYFLDMYtF00eSMMpJTVHFSDMRBEU+Iw1/cD6qN26IkDTm12qYkHaEepyGFCOlra5pBbLjwlN4EAZKwz70QoFwFoiOm2dhrg1NMPAuI9JDHbdrlmyrbDvlIwf+BseyxyqBqapd880LYpxGhCvMkJQtx05UO0NCUcxIXvRSSRKEB6hHWho5iohsZ+O7crirnQCGsdCPKzh2v05kKJJyGPm6M0KqL3/WRuZftVaqwpN2RnmSKsLxZFGYMqhiOAoJBlQQrNhQA8KC6r9C3Ec6GKWjLOoQPi+F/0PdtRzbcq4OS5WzaRwFsA12wB5wwDGogAtQBTWAwS24B4/gybgzHoxn42XSOmNMZ7bANxmvH0b5nYk=</latexit>

f(r) =
<latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit><latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit><latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit><latexit sha1_base64="oB6vJhqaCLOQlCPkJ9VoldEJcPU=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiDEyzAjouYgBL14jGAWSIbQ0+lJmnT3jN09QhjyE148KOLV3/Hm39hZBNcHBY/3qqiqFyacaeN5705uYXFpeSW/Wlhb39jcKm7vNHScKkLrJOaxaoVYU84krRtmOG0limIRctoMh5cTv3lHlWaxvDGjhAYC9yWLGMHGSq0IldUhOkfdYslzK55fOfHRb+K73hQlmKPWLb51ejFJBZWGcKx12/cSE2RYGUY4HRc6qaYJJkPcp21LJRZUB9n03jE6sEoPRbGyJQ2aql8nMiy0HonQdgpsBvqnNxH/8tqpic6CjMkkNVSS2aIo5cjEaPI86jFFieEjSzBRzN6KyAArTIyNqGBD+PwU/U8aR67vuf71cal6MY8jD3uwD2Xw4RSqcAU1qAMBDvfwCE/OrfPgPDsvs9acM5/ZhW9wXj8AWx2O3g==</latexit>

…

…

Schwarzschild

AdS-Schwarzschild Schwarzschild

1� 2GM+/r
<latexit sha1_base64="2uisox/Zd99y4hFsxQk3TJlOCRM=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMgiOtOEDW3oAe9CBHMQ5IlzE4myZCZ3WVmVghLvsKLB0W8+jne/BsnMYLPgoaiqpvuriAWXBvPe3MyM7Nz8wvZxdzS8srqWn59o6ajRFFWpZGIVCMgmgkesqrhRrBGrBiRgWD1YHA29uu3TGkehddmGDNfkl7Iu5wSY6UbvF88v2zvHah2vuC5JQ+XjjD6TbDrTVCAKSrt/GurE9FEstBQQbRuYi82fkqU4VSwUa6VaBYTOiA91rQ0JJJpP50cPEI7VumgbqRshQZN1K8TKZFaD2VgOyUxff3TG4t/ec3EdE/8lIdxYlhIPxZ1E4FMhMbfow5XjBoxtIRQxe2tiPaJItTYjHI2hM9P0f+kVnSx5+Krw0L5dBpHFrZgG3YBwzGU4QIqUAUKEu7gAR4d5dw7T87zR2vGmc5swjc4L+9Q2I9x</latexit><latexit sha1_base64="2uisox/Zd99y4hFsxQk3TJlOCRM=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMgiOtOEDW3oAe9CBHMQ5IlzE4myZCZ3WVmVghLvsKLB0W8+jne/BsnMYLPgoaiqpvuriAWXBvPe3MyM7Nz8wvZxdzS8srqWn59o6ajRFFWpZGIVCMgmgkesqrhRrBGrBiRgWD1YHA29uu3TGkehddmGDNfkl7Iu5wSY6UbvF88v2zvHah2vuC5JQ+XjjD6TbDrTVCAKSrt/GurE9FEstBQQbRuYi82fkqU4VSwUa6VaBYTOiA91rQ0JJJpP50cPEI7VumgbqRshQZN1K8TKZFaD2VgOyUxff3TG4t/ec3EdE/8lIdxYlhIPxZ1E4FMhMbfow5XjBoxtIRQxe2tiPaJItTYjHI2hM9P0f+kVnSx5+Krw0L5dBpHFrZgG3YBwzGU4QIqUAUKEu7gAR4d5dw7T87zR2vGmc5swjc4L+9Q2I9x</latexit><latexit sha1_base64="2uisox/Zd99y4hFsxQk3TJlOCRM=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMgiOtOEDW3oAe9CBHMQ5IlzE4myZCZ3WVmVghLvsKLB0W8+jne/BsnMYLPgoaiqpvuriAWXBvPe3MyM7Nz8wvZxdzS8srqWn59o6ajRFFWpZGIVCMgmgkesqrhRrBGrBiRgWD1YHA29uu3TGkehddmGDNfkl7Iu5wSY6UbvF88v2zvHah2vuC5JQ+XjjD6TbDrTVCAKSrt/GurE9FEstBQQbRuYi82fkqU4VSwUa6VaBYTOiA91rQ0JJJpP50cPEI7VumgbqRshQZN1K8TKZFaD2VgOyUxff3TG4t/ec3EdE/8lIdxYlhIPxZ1E4FMhMbfow5XjBoxtIRQxe2tiPaJItTYjHI2hM9P0f+kVnSx5+Krw0L5dBpHFrZgG3YBwzGU4QIqUAUKEu7gAR4d5dw7T87zR2vGmc5swjc4L+9Q2I9x</latexit><latexit sha1_base64="2uisox/Zd99y4hFsxQk3TJlOCRM=">AAAB8HicdVDLSgNBEOyNrxhfUY9eBoMgiOtOEDW3oAe9CBHMQ5IlzE4myZCZ3WVmVghLvsKLB0W8+jne/BsnMYLPgoaiqpvuriAWXBvPe3MyM7Nz8wvZxdzS8srqWn59o6ajRFFWpZGIVCMgmgkesqrhRrBGrBiRgWD1YHA29uu3TGkehddmGDNfkl7Iu5wSY6UbvF88v2zvHah2vuC5JQ+XjjD6TbDrTVCAKSrt/GurE9FEstBQQbRuYi82fkqU4VSwUa6VaBYTOiA91rQ0JJJpP50cPEI7VumgbqRshQZN1K8TKZFaD2VgOyUxff3TG4t/ec3EdE/8lIdxYlhIPxZ1E4FMhMbfow5XjBoxtIRQxe2tiPaJItTYjHI2hM9P0f+kVnSx5+Krw0L5dBpHFrZgG3YBwzGU4QIqUAUKEu7gAR4d5dw7T87zR2vGmc5swjc4L+9Q2I9x</latexit>

1� 2GM�/r +H
2
r
2

<latexit sha1_base64="/fRPp7RSCeTnn3JMZ8OMr7x6Lwo=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoMgSMbpQdTcgh7MRYhgFkgmQ0+nY5r0LHT3KGHMp3jxoIhXv8Sbf2NnEVwfFDzeq6Kqnh9zJpVtvxuZufmFxaXscm5ldW19w8xv1mWUCEJrJOKRaPpYUs5CWlNMcdqMBcWBz2nDH5yN/cYNFZJF4ZUaxtQN8HXIeoxgpSXPzKOic37hFQ/EfqXjQNFxPLNgWyUblY4Q/E2QZU9QADNUPfOt3Y1IEtBQEY6lbCE7Vm6KhWKE01GunUgaYzLA17SlaYgDKt10cvoI7mqlC3uR0BUqOFG/TqQ4kHIY+LozwKovf3pj8S+vlajeiZuyME4UDcl0US/hUEVwnAPsMkGJ4kNNMBFM3wpJHwtMlE4rp0P4/BT+T+qOhWwLXR4WyqezOLJgG+yAPYDAMSiDCqiCGiDgFtyDR/Bk3BkPxrPxMm3NGLOZLfANxusHTbOSGQ==</latexit><latexit sha1_base64="/fRPp7RSCeTnn3JMZ8OMr7x6Lwo=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoMgSMbpQdTcgh7MRYhgFkgmQ0+nY5r0LHT3KGHMp3jxoIhXv8Sbf2NnEVwfFDzeq6Kqnh9zJpVtvxuZufmFxaXscm5ldW19w8xv1mWUCEJrJOKRaPpYUs5CWlNMcdqMBcWBz2nDH5yN/cYNFZJF4ZUaxtQN8HXIeoxgpSXPzKOic37hFQ/EfqXjQNFxPLNgWyUblY4Q/E2QZU9QADNUPfOt3Y1IEtBQEY6lbCE7Vm6KhWKE01GunUgaYzLA17SlaYgDKt10cvoI7mqlC3uR0BUqOFG/TqQ4kHIY+LozwKovf3pj8S+vlajeiZuyME4UDcl0US/hUEVwnAPsMkGJ4kNNMBFM3wpJHwtMlE4rp0P4/BT+T+qOhWwLXR4WyqezOLJgG+yAPYDAMSiDCqiCGiDgFtyDR/Bk3BkPxrPxMm3NGLOZLfANxusHTbOSGQ==</latexit><latexit sha1_base64="/fRPp7RSCeTnn3JMZ8OMr7x6Lwo=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoMgSMbpQdTcgh7MRYhgFkgmQ0+nY5r0LHT3KGHMp3jxoIhXv8Sbf2NnEVwfFDzeq6Kqnh9zJpVtvxuZufmFxaXscm5ldW19w8xv1mWUCEJrJOKRaPpYUs5CWlNMcdqMBcWBz2nDH5yN/cYNFZJF4ZUaxtQN8HXIeoxgpSXPzKOic37hFQ/EfqXjQNFxPLNgWyUblY4Q/E2QZU9QADNUPfOt3Y1IEtBQEY6lbCE7Vm6KhWKE01GunUgaYzLA17SlaYgDKt10cvoI7mqlC3uR0BUqOFG/TqQ4kHIY+LozwKovf3pj8S+vlajeiZuyME4UDcl0US/hUEVwnAPsMkGJ4kNNMBFM3wpJHwtMlE4rp0P4/BT+T+qOhWwLXR4WyqezOLJgG+yAPYDAMSiDCqiCGiDgFtyDR/Bk3BkPxrPxMm3NGLOZLfANxusHTbOSGQ==</latexit><latexit sha1_base64="/fRPp7RSCeTnn3JMZ8OMr7x6Lwo=">AAAB+nicdVDJSgNBEO2JW4zbRI9eGoMgSMbpQdTcgh7MRYhgFkgmQ0+nY5r0LHT3KGHMp3jxoIhXv8Sbf2NnEVwfFDzeq6Kqnh9zJpVtvxuZufmFxaXscm5ldW19w8xv1mWUCEJrJOKRaPpYUs5CWlNMcdqMBcWBz2nDH5yN/cYNFZJF4ZUaxtQN8HXIeoxgpSXPzKOic37hFQ/EfqXjQNFxPLNgWyUblY4Q/E2QZU9QADNUPfOt3Y1IEtBQEY6lbCE7Vm6KhWKE01GunUgaYzLA17SlaYgDKt10cvoI7mqlC3uR0BUqOFG/TqQ4kHIY+LozwKovf3pj8S+vlajeiZuyME4UDcl0US/hUEVwnAPsMkGJ4kNNMBFM3wpJHwtMlE4rp0P4/BT+T+qOhWwLXR4WyqezOLJgG+yAPYDAMSiDCqiCGiDgFtyDR/Bk3BkPxrPxMm3NGLOZLfANxusHTbOSGQ==</latexit>

Hiscock (1987) & Gregory et al. (2014)

N.O., K. Ueda, M. Yamaguchi (2019)

CDL

BHṘ2 ± V (R) = 0
<latexit sha1_base64="/yfh98jC29l63NONcwlodVav5MQ=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxC3QwzVdQuhKIbl7XYB7RjyaSZNjTJDElGKGMX/oobF4q49Tfc+TemD8HngQuHc+5N7j1BzKjSrvtuzczOzS8sZpayyyura+v2xmZNRYnEpIojFslGgBRhVJCqppqRRiwJ4gEj9aB/PvLrN0QqGokrPYiJz1FX0JBipI3UtrdbnUinleF1AbZiDmv5yj48hW7bzrlO0fWKRx78TTzHHSMHpii37TfzEE44ERozpFTTc2Ptp0hqihkZZluJIjHCfdQlTUMF4kT56Xj/IdwzSgeGkTQlNByrXydSxJUa8MB0cqR76qc3Ev/ymokOT/yUijjRRODJR2HCoI7gKAzYoZJgzQaGICyp2RXiHpIIaxNZ1oTweSn8n9QKjnfgFC4Pc6WzaRwZsAN2QR544BiUwAUogyrA4Bbcg0fwZN1ZD9az9TJpnbGmM1vgG6zXD3n/lHU=</latexit>

Lorentzian

Euclidean

Junction condition

⌃ ⌘ 4⇡G�
<latexit sha1_base64="8Pgf1pDFTUUG3OtD7cFJmtVosUk=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBVUhqUbsrutBlRfuAJpTJdNIOnUzizKRQQjdu/BU3LhRx6z+482+ctBV8HrhwOOde7r3HjxmVyrbfjdzc/MLiUn65sLK6tr5hbm41ZJQITOo4YpFo+UgSRjmpK6oYacWCoNBnpOkPzjK/OSRC0ohfq1FMvBD1OA0oRkpLHXPXvaK9EEGX3CR0CMvQjSk8h67M1I5ZtK2K7VSOHPibOJY9QRHMUOuYb243wklIuMIMSdl27Fh5KRKKYkbGBTeRJEZ4gHqkrSlHIZFeOvliDPe10oVBJHRxBSfq14kUhVKOQl93hkj15U8vE//y2okKTryU8jhRhOPpoiBhUEUwiwR2qSBYsZEmCAuqb4W4jwTCSgdX0CF8fgr/J42S5RxapctysXo6iyMPdsAeOAAOOAZVcAFqoA4wuAX34BE8GXfGg/FsvExbc8ZsZht8g/H6AQRxl6U=</latexit>



A. Linde, “Decay of the false vacuum at finite temperature” (1983)

Thermal interpretation of vacuum decay



N.O., K. Ueda, M. Yamaguchi (2019)

Thermal interpretation of BH catalysts



Euclidean action

Gregory, Moss, & Withers (2013)

Gravitational horizons bubble contribution

matter geometry

<latexit sha1_base64="bZrzzYiHvePe+PXBR+yJyQlgTWI=">AAACDHicdVDLSgMxFM34rPVVdekmWARBHKa12G6Eoii6q9gXtEPJpJk2NJMZkoxQhvkAN/6KGxeKuPUD3Pk3ZtoRfB4InJxzLsk9TsCoVJb1bszMzs0vLGaWsssrq2vruY3NpvRDgUkD+8wXbQdJwignDUUVI+1AEOQ5jLSc0Wnit26IkNTndTUOiO2hAacuxUhpqZfLX8Jj2HUFwtF5HNVjfTuA13A/1c4STacss1I5LJZL8DcpmNYEeZCi1su9dfs+Dj3CFWZIyk7BCpQdIaEoZiTOdkNJAoRHaEA6mnLkEWlHk2ViuKuVPnR9oQ9XcKJ+nYiQJ+XYc3TSQ2oof3qJ+JfXCZVbsSPKg1ARjqcPuSGDyodJM7BPBcGKjTVBWFD9V4iHSLegdH9ZXcLnpvB/0iyahSOzeFXKV0/SOjJgG+yAPVAAZVAFF6AGGgCDW3APHsGTcWc8GM/GyzQ6Y6QzW+AbjNcPARqZwQ==</latexit>

I =
F

T
= �S +

E

T



� ⇠ e�B
<latexit sha1_base64="Fgn8vjNvPoIj/0YFQE/0VRXE3SY=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpCIqN2VutBlBfuAJpbJdNIOnZmEmYlYQn7FjQtF3Poj7vwbpw/B54ELh3Pu5d57woRRpV333SosLC4trxRXS2vrG5tb9na5peJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4Op/47VsiFY3FtR4nJOBoIGhEMdJG6tll/wJxjqCvKIfkJjus5z274jpV16ueePA38Rx3igqYo9Gz3/x+jFNOhMYMKdX13EQHGZKaYkbykp8qkiA8QgPSNVQgTlSQTW/P4b5R+jCKpSmh4VT9OpEhrtSYh6aTIz1UP72J+JfXTXV0FmRUJKkmAs8WRSmDOoaTIGCfSoI1GxuCsKTmVoiHSCKsTVwlE8Lnp/B/0jpyPNfxro4rtfo8jiLYBXvgAHjgFNTAJWiAJsDgDtyDR/Bk5daD9Wy9zFoL1nxmB3yD9foBUlyT+w==</latexit><latexit sha1_base64="Fgn8vjNvPoIj/0YFQE/0VRXE3SY=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpCIqN2VutBlBfuAJpbJdNIOnZmEmYlYQn7FjQtF3Poj7vwbpw/B54ELh3Pu5d57woRRpV333SosLC4trxRXS2vrG5tb9na5peJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4Op/47VsiFY3FtR4nJOBoIGhEMdJG6tll/wJxjqCvKIfkJjus5z274jpV16ueePA38Rx3igqYo9Gz3/x+jFNOhMYMKdX13EQHGZKaYkbykp8qkiA8QgPSNVQgTlSQTW/P4b5R+jCKpSmh4VT9OpEhrtSYh6aTIz1UP72J+JfXTXV0FmRUJKkmAs8WRSmDOoaTIGCfSoI1GxuCsKTmVoiHSCKsTVwlE8Lnp/B/0jpyPNfxro4rtfo8jiLYBXvgAHjgFNTAJWiAJsDgDtyDR/Bk5daD9Wy9zFoL1nxmB3yD9foBUlyT+w==</latexit><latexit sha1_base64="Fgn8vjNvPoIj/0YFQE/0VRXE3SY=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpCIqN2VutBlBfuAJpbJdNIOnZmEmYlYQn7FjQtF3Poj7vwbpw/B54ELh3Pu5d57woRRpV333SosLC4trxRXS2vrG5tb9na5peJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4Op/47VsiFY3FtR4nJOBoIGhEMdJG6tll/wJxjqCvKIfkJjus5z274jpV16ueePA38Rx3igqYo9Gz3/x+jFNOhMYMKdX13EQHGZKaYkbykp8qkiA8QgPSNVQgTlSQTW/P4b5R+jCKpSmh4VT9OpEhrtSYh6aTIz1UP72J+JfXTXV0FmRUJKkmAs8WRSmDOoaTIGCfSoI1GxuCsKTmVoiHSCKsTVwlE8Lnp/B/0jpyPNfxro4rtfo8jiLYBXvgAHjgFNTAJWiAJsDgDtyDR/Bk5daD9Wy9zFoL1nxmB3yD9foBUlyT+w==</latexit><latexit sha1_base64="Fgn8vjNvPoIj/0YFQE/0VRXE3SY=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgxpCIqN2VutBlBfuAJpbJdNIOnZmEmYlYQn7FjQtF3Poj7vwbpw/B54ELh3Pu5d57woRRpV333SosLC4trxRXS2vrG5tb9na5peJUYtLEMYtlJ0SKMCpIU1PNSCeRBPGQkXY4Op/47VsiFY3FtR4nJOBoIGhEMdJG6tll/wJxjqCvKIfkJjus5z274jpV16ueePA38Rx3igqYo9Gz3/x+jFNOhMYMKdX13EQHGZKaYkbykp8qkiA8QgPSNVQgTlSQTW/P4b5R+jCKpSmh4VT9OpEhrtSYh6aTIz1UP72J+JfXTXV0FmRUJKkmAs8WRSmDOoaTIGCfSoI1GxuCsKTmVoiHSCKsTVwlE8Lnp/B/0jpyPNfxro4rtfo8jiLYBXvgAHjgFNTAJWiAJsDgDtyDR/Bk5daD9Wy9zFoL1nxmB3yD9foBUlyT+w==</latexit>

BH mass

Schwarzschild-dS Schwarzschildvacuum decay

less than unity →BH is a catalyst !!

Gregory, Moss, & Withers (2013)



Vacuum decay without gravity

Homogeneous background Inhomogeneous background

Vacuum decay/excitation with gravity

Coleman de Luccia bounce

Hawking-Moss bounce

Coleman (1977)

Coleman & de Luccia (1980)

Hawking & Moss (1982)
Oscillating bounce

Hackworth & Weinberg (2004)

Vacuum decay catalyzed by a black hole
Hiscock (1987) 
Gregory, Moss, & Withers (2013) 
NO, Ueda, Yamaguchi (2019)

Oscillating bounce with a black hole
Gregory, Moss, NO (2020)

HM transition with a black hole
Gregory, Moss, NO (2020) 
Gregory, Moss, NO, & Patrick (2020)

PBH cosmology, Higgs metastability,

initial condition problem for inflation, etc…

Applications:
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Static oscillating bounce in 
Schwarzschild-de Sitter space

static and spherical metric

ds2 = f(r)e2�(r)d⌧2 +
dr2

f(r)
+ r2(d✓2 + sin2 ✓d'2)
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f = 1� 2Gµ(r)

r
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E.O.M. of a scalar field and Einstein equations

f�00 + f 0�0 +
2

r
f�0 + �0f�0 � V� = 0
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µ0 = 4⇡r2
✓
1

2
f�02 + V

◆
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�0 = 4⇡Gr�02
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tortoise coordinagte
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dr⇤ = dr/f(r)
<latexit sha1_base64="Tpwdyb78dDE6kC/h9ANImnhqbuI="></latexit>

dµ
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+ f(r)V (�)

!

<latexit sha1_base64="QmnGvuytlfI5b49TH8lweXUHRUs="></latexit>

d2�

dr⇤2
+ f(r)

2

r

d�

dr⇤
+ 4⇡Gf�1(r)r

✓
d�

dr⇤

◆3

� f(r)V�(�) = 0

Potential is shallow at horizons
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BH horizon

DS horizon

RESULTS
R. Gregory, I. G. Moss, NO (2020)

bubble wall
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~ BHHM bounce Infinite-oscillation limit



BHHM bounce

Transition between two SdS spacetimes
SdS space

M 0
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<latexit sha1_base64="BsJvNgrXNfA4LM9K2nbJyUfO8No=">AAACCnicbVDLSgMxFM3UV62vqks30SK4KjNa0GWpm26ECvYBnVIyaaYNzWSG5E6xDLN246+4caGIW7/AnX9j+kC09VwuHM65l+QeLxJcg21/WZmV1bX1jexmbmt7Z3cvv3/Q0GGsKKvTUISq5RHNBJesDhwEa0WKkcATrOkNryd+c8SU5qG8g3HEOgHpS+5zSsBI3fzxTTdxgd1DUqmmKcauqR9pRGiadvMFu2hPgZeJMycFNEetm/90eyGNAyaBCqJ127Ej6CREAaeCpTk31iwidEj6rG2oJAHTnWR6SopPjdLDfqhMS8BT9fdGQgKtx4FnJgMCA73oTcT/vHYM/lUn4TKKgUk6e8iPBYYQT3LBPa4YBTE2hFDFzV8xHRBFKJj0ciYEZ/HkZdI4Lzql4sVtqVCuzOPIoiN0gs6Qgy5RGVVRDdURRQ/oCb2gV+vRerberPfZaMaa7xyiP7A+vgHyTJpx</latexit>

Conservation of the total energy inside the cosmological 
horizon

MBH +Mvac = M 0
BH

+M 0
vac

<latexit sha1_base64="DepWV6FO8dJkiuPoZAZGj6RyT6Q=">AAACKnicdVDLSgMxFM34rPU16tJNsEgFocyIqF0ItW66ESrYB7RDyaRpG5p5kNwplqHf48ZfcdOFUtz6IaYPxVo9EDg551ySe9xQcAWWNTKWlldW19YTG8nNre2dXXNvv6yCSFJWooEIZNUlignusxJwEKwaSkY8V7CK270d+5Uek4oH/gP0Q+Z4pO3zFqcEtNQwb+4acR3YI8T5wmCAT/H3vUeoFq7xXCC9kEg3zJSVyVp29sLGi8TOWBOk0AzFhjmsNwMaecwHKohSNdsKwYmJBE4FGyTrkWIhoV3SZjVNfeIx5cSTVQf4WCtN3AqkPj7gifpzIiaeUn3P1UmPQEf99sbiX14tgtaVE3M/jID5dPpQKxIYAjzuDTe5ZBREXxNCJdd/xbRDJKGg203qEr42xf+T8lnGtjL2/Xkql5/VkUCH6AidIBtdohwqoCIqIYqe0At6RW/GszE0Rsb7NLpkzGYO0ByMj0/6paeg</latexit><latexit sha1_base64="DepWV6FO8dJkiuPoZAZGj6RyT6Q=">AAACKnicdVDLSgMxFM34rPU16tJNsEgFocyIqF0ItW66ESrYB7RDyaRpG5p5kNwplqHf48ZfcdOFUtz6IaYPxVo9EDg551ySe9xQcAWWNTKWlldW19YTG8nNre2dXXNvv6yCSFJWooEIZNUlignusxJwEKwaSkY8V7CK270d+5Uek4oH/gP0Q+Z4pO3zFqcEtNQwb+4acR3YI8T5wmCAT/H3vUeoFq7xXCC9kEg3zJSVyVp29sLGi8TOWBOk0AzFhjmsNwMaecwHKohSNdsKwYmJBE4FGyTrkWIhoV3SZjVNfeIx5cSTVQf4WCtN3AqkPj7gifpzIiaeUn3P1UmPQEf99sbiX14tgtaVE3M/jID5dPpQKxIYAjzuDTe5ZBREXxNCJdd/xbRDJKGg203qEr42xf+T8lnGtjL2/Xkql5/VkUCH6AidIBtdohwqoCIqIYqe0At6RW/GszE0Rsb7NLpkzGYO0ByMj0/6paeg</latexit><latexit sha1_base64="DepWV6FO8dJkiuPoZAZGj6RyT6Q=">AAACKnicdVDLSgMxFM34rPU16tJNsEgFocyIqF0ItW66ESrYB7RDyaRpG5p5kNwplqHf48ZfcdOFUtz6IaYPxVo9EDg551ySe9xQcAWWNTKWlldW19YTG8nNre2dXXNvv6yCSFJWooEIZNUlignusxJwEKwaSkY8V7CK270d+5Uek4oH/gP0Q+Z4pO3zFqcEtNQwb+4acR3YI8T5wmCAT/H3vUeoFq7xXCC9kEg3zJSVyVp29sLGi8TOWBOk0AzFhjmsNwMaecwHKohSNdsKwYmJBE4FGyTrkWIhoV3SZjVNfeIx5cSTVQf4WCtN3AqkPj7gifpzIiaeUn3P1UmPQEf99sbiX14tgtaVE3M/jID5dPpQKxIYAjzuDTe5ZBREXxNCJdd/xbRDJKGg203qEr42xf+T8lnGtjL2/Xkql5/VkUCH6AidIBtdohwqoCIqIYqe0At6RW/GszE0Rsb7NLpkzGYO0ByMj0/6paeg</latexit><latexit sha1_base64="DepWV6FO8dJkiuPoZAZGj6RyT6Q=">AAACKnicdVDLSgMxFM34rPU16tJNsEgFocyIqF0ItW66ESrYB7RDyaRpG5p5kNwplqHf48ZfcdOFUtz6IaYPxVo9EDg551ySe9xQcAWWNTKWlldW19YTG8nNre2dXXNvv6yCSFJWooEIZNUlignusxJwEKwaSkY8V7CK270d+5Uek4oH/gP0Q+Z4pO3zFqcEtNQwb+4acR3YI8T5wmCAT/H3vUeoFq7xXCC9kEg3zJSVyVp29sLGi8TOWBOk0AzFhjmsNwMaecwHKohSNdsKwYmJBE4FGyTrkWIhoV3SZjVNfeIx5cSTVQf4WCtN3AqkPj7gifpzIiaeUn3P1UmPQEf99sbiX14tgtaVE3M/jID5dPpQKxIYAjzuDTe5ZBREXxNCJdd/xbRDJKGg203qEr42xf+T8lnGtjL2/Xkql5/VkUCH6AidIBtdohwqoCIqIYqe0At6RW/GszE0Rsb7NLpkzGYO0ByMj0/6paeg</latexit>



HM vs BHHM
�HM ⇠ e��SE = e�Ac/4G ' e��E/TdS

<latexit sha1_base64="79l//H+0L/YQgwaqPYaZ2YXtmf0="></latexit><latexit sha1_base64="79l//H+0L/YQgwaqPYaZ2YXtmf0="></latexit><latexit sha1_base64="79l//H+0L/YQgwaqPYaZ2YXtmf0="></latexit><latexit sha1_base64="79l//H+0L/YQgwaqPYaZ2YXtmf0="></latexit>

increment of the internal energy → exponential suppression

In our case, there exists not only vacuum energy but also a seed 
BH.


→ vacuum can consume the energy of BH to go to the potential 
top!

�BHHM ⇠ e��SE = e
(�Ac+�ABH )

4G = e
�ABH

4G
<latexit sha1_base64="wxSGfjEAB8v7bbK15Rsb2s2EWy4="></latexit><latexit sha1_base64="wxSGfjEAB8v7bbK15Rsb2s2EWy4="></latexit><latexit sha1_base64="wxSGfjEAB8v7bbK15Rsb2s2EWy4="></latexit><latexit sha1_base64="wxSGfjEAB8v7bbK15Rsb2s2EWy4="></latexit>

conservation of the internal energy inside the cosmological horizon
=

rc = r0c
<latexit sha1_base64="f8VXsPBPjkNgBMyk1Hkkdmm7gmg=">AAAB8XicdVDJSgNBEK1xjXGLevTSGERPw4yImoMQ9OIxglkwGUJPp5I06ekZunuEMOQvvHhQxKt/482/sbMIrg+6ebxXRVW9MBFcG897d+bmFxaXlnMr+dW19Y3NwtZ2TcepYlhlsYhVI6QaBZdYNdwIbCQKaRQKrIeDy7Ffv0OleSxvzDDBIKI9ybucUWOlW9Vm5JzY/6BdKHpuyfNLJz75TXzXm6AIM1TahbdWJ2ZphNIwQbVu+l5igowqw5nAUb6VakwoG9AeNi2VNEIdZJONR2TfKh3SjZV90pCJ+rUjo5HWwyi0lRE1ff3TG4t/ec3UdM+CjMskNSjZdFA3FcTEZHw+6XCFzIihJZQpbnclrE8VZcaGlLchfF5K/ie1I9f3XP/6uFi+mMWRg13Yg0Pw4RTKcAUVqAIDCffwCE+Odh6cZ+dlWjrnzHp24Buc1w+avpA4</latexit><latexit sha1_base64="f8VXsPBPjkNgBMyk1Hkkdmm7gmg=">AAAB8XicdVDJSgNBEK1xjXGLevTSGERPw4yImoMQ9OIxglkwGUJPp5I06ekZunuEMOQvvHhQxKt/482/sbMIrg+6ebxXRVW9MBFcG897d+bmFxaXlnMr+dW19Y3NwtZ2TcepYlhlsYhVI6QaBZdYNdwIbCQKaRQKrIeDy7Ffv0OleSxvzDDBIKI9ybucUWOlW9Vm5JzY/6BdKHpuyfNLJz75TXzXm6AIM1TahbdWJ2ZphNIwQbVu+l5igowqw5nAUb6VakwoG9AeNi2VNEIdZJONR2TfKh3SjZV90pCJ+rUjo5HWwyi0lRE1ff3TG4t/ec3UdM+CjMskNSjZdFA3FcTEZHw+6XCFzIihJZQpbnclrE8VZcaGlLchfF5K/ie1I9f3XP/6uFi+mMWRg13Yg0Pw4RTKcAUVqAIDCffwCE+Odh6cZ+dlWjrnzHp24Buc1w+avpA4</latexit><latexit sha1_base64="f8VXsPBPjkNgBMyk1Hkkdmm7gmg=">AAAB8XicdVDJSgNBEK1xjXGLevTSGERPw4yImoMQ9OIxglkwGUJPp5I06ekZunuEMOQvvHhQxKt/482/sbMIrg+6ebxXRVW9MBFcG897d+bmFxaXlnMr+dW19Y3NwtZ2TcepYlhlsYhVI6QaBZdYNdwIbCQKaRQKrIeDy7Ffv0OleSxvzDDBIKI9ybucUWOlW9Vm5JzY/6BdKHpuyfNLJz75TXzXm6AIM1TahbdWJ2ZphNIwQbVu+l5igowqw5nAUb6VakwoG9AeNi2VNEIdZJONR2TfKh3SjZV90pCJ+rUjo5HWwyi0lRE1ff3TG4t/ec3UdM+CjMskNSjZdFA3FcTEZHw+6XCFzIihJZQpbnclrE8VZcaGlLchfF5K/ie1I9f3XP/6uFi+mMWRg13Yg0Pw4RTKcAUVqAIDCffwCE+Odh6cZ+dlWjrnzHp24Buc1w+avpA4</latexit><latexit sha1_base64="f8VXsPBPjkNgBMyk1Hkkdmm7gmg=">AAAB8XicdVDJSgNBEK1xjXGLevTSGERPw4yImoMQ9OIxglkwGUJPp5I06ekZunuEMOQvvHhQxKt/482/sbMIrg+6ebxXRVW9MBFcG897d+bmFxaXlnMr+dW19Y3NwtZ2TcepYlhlsYhVI6QaBZdYNdwIbCQKaRQKrIeDy7Ffv0OleSxvzDDBIKI9ybucUWOlW9Vm5JzY/6BdKHpuyfNLJz75TXzXm6AIM1TahbdWJ2ZphNIwQbVu+l5igowqw5nAUb6VakwoG9AeNi2VNEIdZJONR2TfKh3SjZV90pCJ+rUjo5HWwyi0lRE1ff3TG4t/ec3UdM+CjMskNSjZdFA3FcTEZHw+6XCFzIihJZQpbnclrE8VZcaGlLchfF5K/ie1I9f3XP/6uFi+mMWRg13Yg0Pw4RTKcAUVqAIDCffwCE+Odh6cZ+dlWjrnzHp24Buc1w+avpA4</latexit>

Radius of the cosmological horizon

before HM transition 

Radius of the cosmological horizon

after HM transition 

=<latexit sha1_base64="/3SUBT+9+ckqPPues3OlXyy6fyQ=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFdDRnx1YVQdOOyon1gO5RMmmlDM5khyQhl6F+4caGIW//GnX9j+hB8Hkg4nHMv994TJIJrg/G7MzM7N7+wmFvKL6+srq0XNjZrOk4VZVUai1g1AqKZ4JJVDTeCNRLFSBQIVg/6FyO/fseU5rG8MYOE+RHpSh5ySoyVbq/bFJ0h+++1C0XslrBXOvbQb+K5eIwiTFFpF95anZimEZOGCqJ108OJ8TOiDKeCDfOtVLOE0D7psqalkkRM+9l44yHatUoHhbGyTxo0Vr92ZCTSehAFtjIipqd/eiPxL6+ZmvDUz7hMUsMknQwKU4FMjEbnow5XjBoxsIRQxe2uiPaIItTYkPI2hM9L0f+kduB6Ry6+OiyWz6dx5GAbdmAfPDiBMlxCBapAQcI9PMKTo50H59l5mZTOONOeLfgG5/UDPKSP/g==</latexit>

Sc = S0
c

Gregory, Moss, NO, Patrick (2020) 
arXiv: 2007.11428

entropy

before HM transition 

entropy

after HM transition 
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oscillating bounce (k=7)
BHHM bounce

�Mbh/Tav
<latexit sha1_base64="r1DzdnMYvW3BrZedW9i+Q8Uhp4c=">AAACC3icbVDJSgNBEO2JW4zbqEcvTYLgKU6MuNyCevAiRMgGSQg9nZqkSc9Cd00wDHP34q948aCIV3/Am3/jZFHcHhS8fq+Krnp2IIVGy3o3UnPzC4tL6eXMyura+oa5uVXTfqg4VLkvfdWwmQYpPKiiQAmNQAFzbQl1e3A+9utDUFr4XgVHAbRd1vOEIzjDROqY2dYFSGT0qhO1EG4wsvtxvF/5fLFhHHfMnJW3JqB/SWFGcmSGcsd8a3V9HrrgIZdM62bBCrAdMYWCS4gzrVBDwPiA9aCZUI+5oNvR5JaY7iZKlzq+SspDOlG/T0TM1Xrk2kmny7Cvf3tj8T+vGaJz0o6EF4QIHp9+5ISSok/HwdCuUMBRjhLCuBLJrpT3mWIck/gykxBOxzj6OvkvqR3kC8V88fowVzqbxZEmOyRL9kiBHJMSuSRlUiWc3JJ78kiejDvjwXg2XqatKWM2s01+wHj9ACtLm+0=</latexit>

critical point (M+ = Mc)
<latexit sha1_base64="hTbqmRPY+wrg55mj11AbormyFL4=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSxCRSiJFR8LoejGTaGCfUBbwmQ6bYdOJmHmRqwh+CtuXCji1v9w59+YpkF8HbhwOOde7r3H8QXXYJofRmZmdm5+IbuYW1peWV3Lr280tBcoyurUE55qOUQzwSWrAwfBWr5ixHUEazqji4nfvGFKc09ew9hnXZcMJO9zSiCW7PxWsWrv4zNctcMOsFsIaRTt2fmCWTIT4L/ESkkBpajZ+fdOz6OByyRQQbRuW6YP3ZAo4FSwKNcJNPMJHZEBa8dUEpfpbphcH+HdWOnhvqfikoAT9ftESFytx64Td7oEhvq3NxH/89oB9E+6IZd+AEzS6aJ+IDB4eBIF7nHFKIhxTAhVPL4V0yFRhEIcWC4J4XSCo6+X/5LGQckql8pXh4XKeRpHFm2jHVREFjpGFXSJaqiOKLpDD+gJPRv3xqPxYrxOWzNGOrOJfsB4+wT6/5Rv</latexit>

HM bounce

�S = �A(Mc)

4G

<latexit sha1_base64="aKJkplBB2gZxHHWCELEl1wV6E4Y=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0uiBd0I9QG6ESraBzShTKaTduhkEmYmQgn5BDf+ihsXirh16c6/cdpmodUDFw7n3Mu993gRo1JZ1peRm5mdm1/ILxaWlldW18z1jYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0vcH5yG/eEyFpyO/UMCJugHqc+hQjpaWOuetcEKYQTByMGLxN4Qnch44vEE5OYem6g/fSpAIv045ZtMrWGPAvsTNSBBlqHfPT6YY4DghXmCEp27YVKTdBQlHMSFpwYkkihAeoR9qachQQ6Sbjh1K4o5Uu9EOhiys4Vn9OJCiQchh4ujNAqi+nvZH4n9eOlX/sJpRHsSIcTxb5MYMqhKN0YJcKghUbaoKwoPpWiPtIp6F0hgUdgj398l/SOCjblfLhTaVYPcviyIMtsA1KwAZHoAquQA3UAQYP4Am8gFfj0Xg23oz3SWvOyGY2wS8YH9/xY5qi</latexit>

EUCLIDEAN ACTION
-COMPARISON-

� ⇠ e�S

<latexit sha1_base64="878IOuRaMBmmD4vBY+npVb7oNVo=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NB8BR2NaDHoIIeFc0DsjH0TjrJkJndZWZWCEu8+CtePCji1b/w5t84iTn4Kmgoqrrp7goTwbXxvA8nNzM7N7+QXywsLa+srrnrGzUdp4phlcUiVo0QNAoeYdVwI7CRKAQZCqyHg5OxX79FpXkcXZthgi0JvYh3OQNjpba7FZyBlEADzSXFmyw4RWGAXo3abtEreRPQv8SfkiKZ4qLtvgedmKUSI8MEaN30vcS0MlCGM4GjQpBqTIANoIdNSyOQqFvZ5IMR3bVKh3ZjZSsydKJ+n8hAaj2Uoe2UYPr6tzcW//OaqeketTIeJanBiH0t6qaCmpiO46AdrpAZMbQEmOL2Vsr6oIAZG1rBhuD/fvkvqe2X/HLp4LJcrBxP48iTbbJD9ohPDkmFnJMLUiWM3JEH8kSenXvn0XlxXr9ac850ZpP8gPP2CWckljk=</latexit>

Catalyzed!!!

oscillating bounce (k=7) ~ BHHM bounce�������

0.92

0.94

0.96

0.98

1.00

�������

1.0

1.2

1.4

1.6

1.8

2.0



Issues
• Vacuum decay with gravity has many issues such as the negative mode 

problem, instability of Euclidean action, not sure if the O(4) symmetry 
gives the most probable decay process.


• Can a vacuum decay process with a seed black hole be formulated with 
the Lorentzian path integral?


• AdS/CFT -> CDL in AdS / CFT (What if vacuum decay happens in AdS-
BH?)


• Does the most probable decay have O(3) symmetric solution for a BH 
vacuum decay?


• BH-HM bounce can be consistent with the Fokker-Planck computation?

J. L. F. Barron et al. (2010)


