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Summary
• WKB is typically used to motivate the Euclidean prescription 

for tunneling calculations. 

• In situations with non-trivial real-time dynamics, this 
motivation breaks down.  

• We can evaluate the trustworthiness of the Euclidean 
prescription in the general case by considering gravitational 
decoupling. 

• We find that gravitational decoupling generically fails in the 
Euclidean prescription! 

• We need another way… (see Jon Brown’s talk)



WKB and Euclideanization
• Semiclassical approximation:wavefunction 

takes the form 

• imaginary momentum (equivalently, 
imaginary time) in classically forbidden 
regions 

•  Tunneling rate � ⇠
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• Vacuum decay: nucleation of “true 
vacuum” bubble 

• imaginary momentum (equivalently, 
imaginary time/Euclidean theory) 
under the barrier 

•  Tunneling rate
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Vanishing momenta at 
patching



• For tunneling+rolling, we have real and imaginary momenta. 
Euclideanization is no longer sensible/motivated by WKB. 

• Similar problems for time-dependent potentials, non-localized initial 
states. 

• Does Euclideanization still give a good approximation in these 
cases? 

• An independent test: gravitational decoupling 

• If not satisfied, we can’t take a limit and treat the field theory as living on 
a fixed gravitational background. We can never neglect backreaction. 

• We find that in the Euclidean prescription, amplitudes generically fail 
to decouple.
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Decoupling Gravity
• Consider the action 

• Successful decoupling means 

• Take the boundary term
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We’ll leave 
arbitrary for now



Decoupling Gravity
• When do we expect decoupling to work? 

• Consider a solution              and a nearby configuration 

• Here                 is on-shell given configuration  

• Integrate out the metric.      renormalizes the action and 

(g0,�0)
<latexit sha1_base64="LnnPKPS4/YxBpq7nwOhAgzaRPTQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBPVW9OKxgrGFJoTNdtsu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmxZIzbVz32ymtrK6tb5Q3K1vbO7t71f2DR51milCfpDxVnRhrypmgvmGG045UFCcxp+14dDv1209UaZaKBzOWNEzwQLA+I9hYKagPIvcskEMWuadRteY23BnQMvEKUoMCraj6FfRSkiVUGMKx1l3PlSbMsTKMcDqpBJmmEpMRHtCupQInVIf57OYJOrFKD/VTZUsYNFN/T+Q40XqcxLYzwWaoF72p+J/XzUz/KsyZkJmhgswX9TOOTIqmAaAeU5QYPrYEE8XsrYgMscLE2JgqNgRv8eVl4p83rhve/UWteVOkUYYjOIY6eHAJTbiDFvhAQMIzvMKbkzkvzrvzMW8tOcXMIfyB8/kDwweQZQ==</latexit><latexit sha1_base64="LnnPKPS4/YxBpq7nwOhAgzaRPTQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBPVW9OKxgrGFJoTNdtsu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmxZIzbVz32ymtrK6tb5Q3K1vbO7t71f2DR51milCfpDxVnRhrypmgvmGG045UFCcxp+14dDv1209UaZaKBzOWNEzwQLA+I9hYKagPIvcskEMWuadRteY23BnQMvEKUoMCraj6FfRSkiVUGMKx1l3PlSbMsTKMcDqpBJmmEpMRHtCupQInVIf57OYJOrFKD/VTZUsYNFN/T+Q40XqcxLYzwWaoF72p+J/XzUz/KsyZkJmhgswX9TOOTIqmAaAeU5QYPrYEE8XsrYgMscLE2JgqNgRv8eVl4p83rhve/UWteVOkUYYjOIY6eHAJTbiDFvhAQMIzvMKbkzkvzrvzMW8tOcXMIfyB8/kDwweQZQ==</latexit><latexit sha1_base64="LnnPKPS4/YxBpq7nwOhAgzaRPTQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBPVW9OKxgrGFJoTNdtsu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmxZIzbVz32ymtrK6tb5Q3K1vbO7t71f2DR51milCfpDxVnRhrypmgvmGG045UFCcxp+14dDv1209UaZaKBzOWNEzwQLA+I9hYKagPIvcskEMWuadRteY23BnQMvEKUoMCraj6FfRSkiVUGMKx1l3PlSbMsTKMcDqpBJmmEpMRHtCupQInVIf57OYJOrFKD/VTZUsYNFN/T+Q40XqcxLYzwWaoF72p+J/XzUz/KsyZkJmhgswX9TOOTIqmAaAeU5QYPrYEE8XsrYgMscLE2JgqNgRv8eVl4p83rhve/UWteVOkUYYjOIY6eHAJTbiDFvhAQMIzvMKbkzkvzrvzMW8tOcXMIfyB8/kDwweQZQ==</latexit><latexit sha1_base64="LnnPKPS4/YxBpq7nwOhAgzaRPTQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBPVW9OKxgrGFJoTNdtsu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmxZIzbVz32ymtrK6tb5Q3K1vbO7t71f2DR51milCfpDxVnRhrypmgvmGG045UFCcxp+14dDv1209UaZaKBzOWNEzwQLA+I9hYKagPIvcskEMWuadRteY23BnQMvEKUoMCraj6FfRSkiVUGMKx1l3PlSbMsTKMcDqpBJmmEpMRHtCupQInVIf57OYJOrFKD/VTZUsYNFN/T+Q40XqcxLYzwWaoF72p+J/XzUz/KsyZkJmhgswX9TOOTIqmAaAeU5QYPrYEE8XsrYgMscLE2JgqNgRv8eVl4p83rhve/UWteVOkUYYjOIY6eHAJTbiDFvhAQMIzvMKbkzkvzrvzMW8tOcXMIfyB8/kDwweQZQ==</latexit>

(g,�)
<latexit sha1_base64="RKto8PKQnChynCylNl9JTkQtO/g=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoN6KXjxWMLbQhrLZTtulm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O0vLK6tr64WN4ubW9s5uaW//QcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1FipWemftpMBP+mUym7VnYIsEi8nZchR75S+2t2YpRFKwwTVuuW5iQkyqgxnAsfFdqoxoWxI+9iyVNIIdZBN7x2TY6t0SS9WtqQhU/X3REYjrUdRaDsjagZ63puI/3mt1PQug4zLJDUo2WxRLxXExGTyPOlyhcyIkSWUKW5vJWxAFWXGRlS0IXjzLy8S/6x6VfXuzsu16zyNAhzCEVTAgwuowS3UwQcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4AcyyPHw==</latexit><latexit sha1_base64="RKto8PKQnChynCylNl9JTkQtO/g=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoN6KXjxWMLbQhrLZTtulm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O0vLK6tr64WN4ubW9s5uaW//QcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1FipWemftpMBP+mUym7VnYIsEi8nZchR75S+2t2YpRFKwwTVuuW5iQkyqgxnAsfFdqoxoWxI+9iyVNIIdZBN7x2TY6t0SS9WtqQhU/X3REYjrUdRaDsjagZ63puI/3mt1PQug4zLJDUo2WxRLxXExGTyPOlyhcyIkSWUKW5vJWxAFWXGRlS0IXjzLy8S/6x6VfXuzsu16zyNAhzCEVTAgwuowS3UwQcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4AcyyPHw==</latexit><latexit sha1_base64="RKto8PKQnChynCylNl9JTkQtO/g=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoN6KXjxWMLbQhrLZTtulm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O0vLK6tr64WN4ubW9s5uaW//QcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1FipWemftpMBP+mUym7VnYIsEi8nZchR75S+2t2YpRFKwwTVuuW5iQkyqgxnAsfFdqoxoWxI+9iyVNIIdZBN7x2TY6t0SS9WtqQhU/X3REYjrUdRaDsjagZ63puI/3mt1PQug4zLJDUo2WxRLxXExGTyPOlyhcyIkSWUKW5vJWxAFWXGRlS0IXjzLy8S/6x6VfXuzsu16zyNAhzCEVTAgwuowS3UwQcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4AcyyPHw==</latexit><latexit sha1_base64="RKto8PKQnChynCylNl9JTkQtO/g=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJUkJKIoN6KXjxWMLbQhrLZTtulm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZemAiujet+O0vLK6tr64WN4ubW9s5uaW//QcepYuizWMSqGVKNgkv0DTcCm4lCGoUCG+HwZuI3nlBpHst7M0owiGhf8h5n1FipWemftpMBP+mUym7VnYIsEi8nZchR75S+2t2YpRFKwwTVuuW5iQkyqgxnAsfFdqoxoWxI+9iyVNIIdZBN7x2TY6t0SS9WtqQhU/X3REYjrUdRaDsjagZ63puI/3mt1PQug4zLJDUo2WxRLxXExGTyPOlyhcyIkSWUKW5vJWxAFWXGRlS0IXjzLy8S/6x6VfXuzsu16zyNAhzCEVTAgwuowS3UwQcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4AcyyPHw==</latexit>

g = (g0 +�g) + �g
<latexit sha1_base64="EsNniI/hlF/ZDu2qoergKy4siNQ=">AAACAXicbZDLSsNAFIYn9VbrLepK3AwWoVIoiQjqQijqwmUFYwtNCJPJJB06mYSZiVBCceOruHGh4ta3cOfbOL0stPWHgY//nMOZ8wcZo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnXuZ5gITB6csFZ0AScIoJ46iipFOJghKAkbaQf9qVG8/ECFpyu/UICNegmJOI4qR0pZv7sUXtdi36u41YQrB+KjuhhPyzarVsMaC82BPoQqmavnmlxumOE8IV5ghKbu2lSmvQEJRzMiw4uaSZAj3UUy6GjlKiPSK8QlDeKidEEap0I8rOHZ/TxQokXKQBLozQaonZ2sj879aN1fRmVdQnuWKcDxZFOUMqhSO8oAhFQQrNtCAsKD6rxD3kEBY6dQqOgR79uR5cI4b5w379qTavJymUQb74ADUgA1OQRPcgBZwAAaP4Bm8gjfjyXgx3o2PSWvJmM7sgj8yPn8A/V6VdA==</latexit><latexit sha1_base64="EsNniI/hlF/ZDu2qoergKy4siNQ=">AAACAXicbZDLSsNAFIYn9VbrLepK3AwWoVIoiQjqQijqwmUFYwtNCJPJJB06mYSZiVBCceOruHGh4ta3cOfbOL0stPWHgY//nMOZ8wcZo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnXuZ5gITB6csFZ0AScIoJ46iipFOJghKAkbaQf9qVG8/ECFpyu/UICNegmJOI4qR0pZv7sUXtdi36u41YQrB+KjuhhPyzarVsMaC82BPoQqmavnmlxumOE8IV5ghKbu2lSmvQEJRzMiw4uaSZAj3UUy6GjlKiPSK8QlDeKidEEap0I8rOHZ/TxQokXKQBLozQaonZ2sj879aN1fRmVdQnuWKcDxZFOUMqhSO8oAhFQQrNtCAsKD6rxD3kEBY6dQqOgR79uR5cI4b5w379qTavJymUQb74ADUgA1OQRPcgBZwAAaP4Bm8gjfjyXgx3o2PSWvJmM7sgj8yPn8A/V6VdA==</latexit><latexit sha1_base64="EsNniI/hlF/ZDu2qoergKy4siNQ=">AAACAXicbZDLSsNAFIYn9VbrLepK3AwWoVIoiQjqQijqwmUFYwtNCJPJJB06mYSZiVBCceOruHGh4ta3cOfbOL0stPWHgY//nMOZ8wcZo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnXuZ5gITB6csFZ0AScIoJ46iipFOJghKAkbaQf9qVG8/ECFpyu/UICNegmJOI4qR0pZv7sUXtdi36u41YQrB+KjuhhPyzarVsMaC82BPoQqmavnmlxumOE8IV5ghKbu2lSmvQEJRzMiw4uaSZAj3UUy6GjlKiPSK8QlDeKidEEap0I8rOHZ/TxQokXKQBLozQaonZ2sj879aN1fRmVdQnuWKcDxZFOUMqhSO8oAhFQQrNtCAsKD6rxD3kEBY6dQqOgR79uR5cI4b5w379qTavJymUQb74ADUgA1OQRPcgBZwAAaP4Bm8gjfjyXgx3o2PSWvJmM7sgj8yPn8A/V6VdA==</latexit><latexit sha1_base64="EsNniI/hlF/ZDu2qoergKy4siNQ=">AAACAXicbZDLSsNAFIYn9VbrLepK3AwWoVIoiQjqQijqwmUFYwtNCJPJJB06mYSZiVBCceOruHGh4ta3cOfbOL0stPWHgY//nMOZ8wcZo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnXuZ5gITB6csFZ0AScIoJ46iipFOJghKAkbaQf9qVG8/ECFpyu/UICNegmJOI4qR0pZv7sUXtdi36u41YQrB+KjuhhPyzarVsMaC82BPoQqmavnmlxumOE8IV5ghKbu2lSmvQEJRzMiw4uaSZAj3UUy6GjlKiPSK8QlDeKidEEap0I8rOHZ/TxQokXKQBLozQaonZ2sj879aN1fRmVdQnuWKcDxZFOUMqhSO8oAhFQQrNtCAsKD6rxD3kEBY6dQqOgR79uR5cI4b5w379qTavJymUQb74ADUgA1OQRPcgBZwAAaP4Bm8gjfjyXgx3o2PSWvJmM7sgj8yPn8A/V6VdA==</latexit>

g0 +�g
<latexit sha1_base64="4k+8AY2kOolXLcstTv3mPVwVdUY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FPXisYGyhCWWznaRLNx/sboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvyARX2ra/raXlldW19cpGdXNre2e3trf/qNJcMnRZKlLZCahCwRN0NdcCO5lEGgcC28HwZuK3n1AqniYPepShH9Mo4SFnVBvJi3r2qXeLQlMS9Wp1u2FPQRaJU5I6lGj1al9eP2V5jIlmgirVdexM+wWVmjOB46qXK8woG9IIu4YmNEblF9Obx+TYKH0SptJUoslU/T1R0FipURyYzpjqgZr3JuJ/XjfX4aVf8CTLNSZstijMBdEpmQRA+lwi02JkCGWSm1sJG1BJmTYxVU0IzvzLi8Q9a1w1nPvzevO6TKMCh3AEJ+DABTThDlrgAoMMnuEV3qzcerHerY9Z65JVzhzAH1ifPzvHkLQ=</latexit><latexit sha1_base64="4k+8AY2kOolXLcstTv3mPVwVdUY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FPXisYGyhCWWznaRLNx/sboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvyARX2ra/raXlldW19cpGdXNre2e3trf/qNJcMnRZKlLZCahCwRN0NdcCO5lEGgcC28HwZuK3n1AqniYPepShH9Mo4SFnVBvJi3r2qXeLQlMS9Wp1u2FPQRaJU5I6lGj1al9eP2V5jIlmgirVdexM+wWVmjOB46qXK8woG9IIu4YmNEblF9Obx+TYKH0SptJUoslU/T1R0FipURyYzpjqgZr3JuJ/XjfX4aVf8CTLNSZstijMBdEpmQRA+lwi02JkCGWSm1sJG1BJmTYxVU0IzvzLi8Q9a1w1nPvzevO6TKMCh3AEJ+DABTThDlrgAoMMnuEV3qzcerHerY9Z65JVzhzAH1ifPzvHkLQ=</latexit><latexit sha1_base64="4k+8AY2kOolXLcstTv3mPVwVdUY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FPXisYGyhCWWznaRLNx/sboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvyARX2ra/raXlldW19cpGdXNre2e3trf/qNJcMnRZKlLZCahCwRN0NdcCO5lEGgcC28HwZuK3n1AqniYPepShH9Mo4SFnVBvJi3r2qXeLQlMS9Wp1u2FPQRaJU5I6lGj1al9eP2V5jIlmgirVdexM+wWVmjOB46qXK8woG9IIu4YmNEblF9Obx+TYKH0SptJUoslU/T1R0FipURyYzpjqgZr3JuJ/XjfX4aVf8CTLNSZstijMBdEpmQRA+lwi02JkCGWSm1sJG1BJmTYxVU0IzvzLi8Q9a1w1nPvzevO6TKMCh3AEJ+DABTThDlrgAoMMnuEV3qzcerHerY9Z65JVzhzAH1ifPzvHkLQ=</latexit><latexit sha1_base64="4k+8AY2kOolXLcstTv3mPVwVdUY=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FPXisYGyhCWWznaRLNx/sboQS+je8eFDx6q/x5r9x2+agrQ8GHu/NMDMvyARX2ra/raXlldW19cpGdXNre2e3trf/qNJcMnRZKlLZCahCwRN0NdcCO5lEGgcC28HwZuK3n1AqniYPepShH9Mo4SFnVBvJi3r2qXeLQlMS9Wp1u2FPQRaJU5I6lGj1al9eP2V5jIlmgirVdexM+wWVmjOB46qXK8woG9IIu4YmNEblF9Obx+TYKH0SptJUoslU/T1R0FipURyYzpjqgZr3JuJ/XjfX4aVf8CTLNSZstijMBdEpmQRA+lwi02JkCGWSm1sJG1BJmTYxVU0IzvzLi8Q9a1w1nPvzevO6TKMCh3AEJ+DABTThDlrgAoMMnuEV3qzcerHerY9Z65JVzhzAH1ifPzvHkLQ=</latexit>

�
<latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit><latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit><latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit><latexit sha1_base64="LpRiA0tPxs0CLwFXsvaS+jiYeRg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZbpqlu5uwuxFK6F/w4kHFq7/Im//GTZuDtj4YeLw3w8y8MOVMG9f9dipr6xubW9Xt2s7u3v5B/fDoUSeZItQnCU9UL8Saciapb5jhtJcqikXIaTec3BZ+94kqzRL5YKYpDQQeSxYxgk0hDdKYDesNt+nOgVaJV5IGlOgM61+DUUIyQaUhHGvd99zUBDlWhhFOZ7VBpmmKyQSPad9SiQXVQT6/dYbOrDJCUaJsSYPm6u+JHAutpyK0nQKbWC97hfif189MdBXkTKaZoZIsFkUZRyZBxeNoxBQlhk8twUQxeysiMVaYGBtPzYbgLb+8SvyL5nXTu79stG/KNKpwAqdwDh60oA130AEfCMTwDK/w5gjnxXl3PhatFaecOYY/cD5/AIC3jhM=</latexit>

�g
<latexit sha1_base64="pxiRNDQUPnY1ghr/FSZ/9Uv5vrE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lstu3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJfqCUbRSuxtxiZQMetWaW3dnIMvEK0gNCjR71a9ulLAs5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGf3TsiJVSLST7QthWSm/p7IaWzMOA5tZ0xxaBa9qfif18mwfxnkQqUZcsXmi/qZJJiQ6fMkEpozlGNLKNPC3krYkGrK0EZUsSF4iy8vE/+sflX37s5rjesijTIcwTGcggcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbS04xcwh/4Hz+ABjrj4s=</latexit><latexit sha1_base64="pxiRNDQUPnY1ghr/FSZ/9Uv5vrE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lstu3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJfqCUbRSuxtxiZQMetWaW3dnIMvEK0gNCjR71a9ulLAs5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGf3TsiJVSLST7QthWSm/p7IaWzMOA5tZ0xxaBa9qfif18mwfxnkQqUZcsXmi/qZJJiQ6fMkEpozlGNLKNPC3krYkGrK0EZUsSF4iy8vE/+sflX37s5rjesijTIcwTGcggcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbS04xcwh/4Hz+ABjrj4s=</latexit><latexit sha1_base64="pxiRNDQUPnY1ghr/FSZ/9Uv5vrE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lstu3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJfqCUbRSuxtxiZQMetWaW3dnIMvEK0gNCjR71a9ulLAs5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGf3TsiJVSLST7QthWSm/p7IaWzMOA5tZ0xxaBa9qfif18mwfxnkQqUZcsXmi/qZJJiQ6fMkEpozlGNLKNPC3krYkGrK0EZUsSF4iy8vE/+sflX37s5rjesijTIcwTGcggcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbS04xcwh/4Hz+ABjrj4s=</latexit><latexit sha1_base64="pxiRNDQUPnY1ghr/FSZ/9Uv5vrE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lstu3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJfqCUbRSuxtxiZQMetWaW3dnIMvEK0gNCjR71a9ulLAs5gqZpMZ0PDfFIKcaBZN8UulmhqeUjeiAdyxVNOYmyGf3TsiJVSLST7QthWSm/p7IaWzMOA5tZ0xxaBa9qfif18mwfxnkQqUZcsXmi/qZJJiQ6fMkEpozlGNLKNPC3krYkGrK0EZUsSF4iy8vE/+sflX37s5rjesijTIcwTGcggcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbS04xcwh/4Hz+ABjrj4s=</latexit>

�g = O(M�2
P )

<latexit sha1_base64="pYFP8mDUbPwbMneK6m86MCnFVNk=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHqwpIUQV0IRV24ESsYW2himEwn7dDJg5mJUEJ2bvwVNy5U3PoN7vwbJ20W2nrgwuGce7n3Hi9mVEjD+NZmZufmFxZLS+XlldW1dX1j805ECcfEwhGLeNtDgjAaEktSyUg75gQFHiMtb3Ce+60HwgWNwls5jIkToF5IfYqRVJKr79gXhEkEe6d2gGQfI5ZeZ9Urt3mfHtSzfVevGDVjBDhNzIJUQIGmq3/Z3QgnAQklZkiIjmnE0kkRlxQzkpXtRJAY4QHqkY6iIQqIcNLRHxncU0oX+hFXFUo4Un9PpCgQYhh4qjM/Vkx6ufif10mkf+ykNIwTSUI8XuQnDMoI5qHALuUESzZUBGFO1a0Q9xFHWKroyioEc/LlaWLVayc18+aw0jgr0iiBbbALqsAER6ABLkETWACDR/AMXsGb9qS9aO/ax7h1RitmtsAfaJ8/1MyYNA==</latexit><latexit sha1_base64="pYFP8mDUbPwbMneK6m86MCnFVNk=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHqwpIUQV0IRV24ESsYW2himEwn7dDJg5mJUEJ2bvwVNy5U3PoN7vwbJ20W2nrgwuGce7n3Hi9mVEjD+NZmZufmFxZLS+XlldW1dX1j805ECcfEwhGLeNtDgjAaEktSyUg75gQFHiMtb3Ce+60HwgWNwls5jIkToF5IfYqRVJKr79gXhEkEe6d2gGQfI5ZeZ9Urt3mfHtSzfVevGDVjBDhNzIJUQIGmq3/Z3QgnAQklZkiIjmnE0kkRlxQzkpXtRJAY4QHqkY6iIQqIcNLRHxncU0oX+hFXFUo4Un9PpCgQYhh4qjM/Vkx6ufif10mkf+ykNIwTSUI8XuQnDMoI5qHALuUESzZUBGFO1a0Q9xFHWKroyioEc/LlaWLVayc18+aw0jgr0iiBbbALqsAER6ABLkETWACDR/AMXsGb9qS9aO/ax7h1RitmtsAfaJ8/1MyYNA==</latexit><latexit sha1_base64="pYFP8mDUbPwbMneK6m86MCnFVNk=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHqwpIUQV0IRV24ESsYW2himEwn7dDJg5mJUEJ2bvwVNy5U3PoN7vwbJ20W2nrgwuGce7n3Hi9mVEjD+NZmZufmFxZLS+XlldW1dX1j805ECcfEwhGLeNtDgjAaEktSyUg75gQFHiMtb3Ce+60HwgWNwls5jIkToF5IfYqRVJKr79gXhEkEe6d2gGQfI5ZeZ9Urt3mfHtSzfVevGDVjBDhNzIJUQIGmq3/Z3QgnAQklZkiIjmnE0kkRlxQzkpXtRJAY4QHqkY6iIQqIcNLRHxncU0oX+hFXFUo4Un9PpCgQYhh4qjM/Vkx6ufif10mkf+ykNIwTSUI8XuQnDMoI5qHALuUESzZUBGFO1a0Q9xFHWKroyioEc/LlaWLVayc18+aw0jgr0iiBbbALqsAER6ABLkETWACDR/AMXsGb9qS9aO/ax7h1RitmtsAfaJ8/1MyYNA==</latexit><latexit sha1_base64="pYFP8mDUbPwbMneK6m86MCnFVNk=">AAACBnicbVDLSsNAFJ34rPUVdSnIYBHqwpIUQV0IRV24ESsYW2himEwn7dDJg5mJUEJ2bvwVNy5U3PoN7vwbJ20W2nrgwuGce7n3Hi9mVEjD+NZmZufmFxZLS+XlldW1dX1j805ECcfEwhGLeNtDgjAaEktSyUg75gQFHiMtb3Ce+60HwgWNwls5jIkToF5IfYqRVJKr79gXhEkEe6d2gGQfI5ZeZ9Urt3mfHtSzfVevGDVjBDhNzIJUQIGmq3/Z3QgnAQklZkiIjmnE0kkRlxQzkpXtRJAY4QHqkY6iIQqIcNLRHxncU0oX+hFXFUo4Un9PpCgQYhh4qjM/Vkx6ufif10mkf+ykNIwTSUI8XuQnDMoI5qHALuUESzZUBGFO1a0Q9xFHWKroyioEc/LlaWLVayc18+aw0jgr0iiBbbALqsAER6ABLkETWACDR/AMXsGb9qS9aO/ax7h1RitmtsAfaJ8/1MyYNA==</latexit>

Sg = Sren

EH+GHY
(g0) +M2

P (a1�g + a2�g2 + . . . )

+ Sren

matter
(�) + (b1�g + b2�g2 + . . . )

<latexit sha1_base64="iWgxrqn6VE7Xdn316evmEjU/bEw="></latexit><latexit sha1_base64="iWgxrqn6VE7Xdn316evmEjU/bEw="></latexit><latexit sha1_base64="iWgxrqn6VE7Xdn316evmEjU/bEw="></latexit><latexit sha1_base64="iWgxrqn6VE7Xdn316evmEjU/bEw="></latexit>want these 
terms only



Decoupling Gravity

• Collecting terms that survive the                   limit MP ! 1
<latexit sha1_base64="YDzF9XWmB8KlNGKiNAzrgRWchOE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16ECsYWmlA22027dLMbdidCCP0bXjyoePXXePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb6eysrq2vlHdrG1t7+zu1fcPHo3KNGU+VULpbkQME1wyHzgI1k01I0kkWCca30z9zhPThiv5AHnKwoQMJY85JWCl4K7fDkAFXMaQ9+sNt+nOgJeJV5IGKtHu17+CgaJZwiRQQYzpeW4KYUE0cCrYpBZkhqWEjsmQ9SyVJGEmLGY3T/CJVQY4VtqWBDxTf08UJDEmTyLbmRAYmUVvKv7n9TKIL8OCyzQDJul8UZwJDApPA8ADrhkFkVtCqOb2VkxHRBMKNqaaDcFbfHmZ+GfNq6Z3f95oXZdpVNEROkanyEMXqIVuURv5iKIUPaNX9OZkzovz7nzMWytOOXOI/sD5/AF+FpGH</latexit><latexit sha1_base64="YDzF9XWmB8KlNGKiNAzrgRWchOE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16ECsYWmlA22027dLMbdidCCP0bXjyoePXXePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb6eysrq2vlHdrG1t7+zu1fcPHo3KNGU+VULpbkQME1wyHzgI1k01I0kkWCca30z9zhPThiv5AHnKwoQMJY85JWCl4K7fDkAFXMaQ9+sNt+nOgJeJV5IGKtHu17+CgaJZwiRQQYzpeW4KYUE0cCrYpBZkhqWEjsmQ9SyVJGEmLGY3T/CJVQY4VtqWBDxTf08UJDEmTyLbmRAYmUVvKv7n9TKIL8OCyzQDJul8UZwJDApPA8ADrhkFkVtCqOb2VkxHRBMKNqaaDcFbfHmZ+GfNq6Z3f95oXZdpVNEROkanyEMXqIVuURv5iKIUPaNX9OZkzovz7nzMWytOOXOI/sD5/AF+FpGH</latexit><latexit sha1_base64="YDzF9XWmB8KlNGKiNAzrgRWchOE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16ECsYWmlA22027dLMbdidCCP0bXjyoePXXePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb6eysrq2vlHdrG1t7+zu1fcPHo3KNGU+VULpbkQME1wyHzgI1k01I0kkWCca30z9zhPThiv5AHnKwoQMJY85JWCl4K7fDkAFXMaQ9+sNt+nOgJeJV5IGKtHu17+CgaJZwiRQQYzpeW4KYUE0cCrYpBZkhqWEjsmQ9SyVJGEmLGY3T/CJVQY4VtqWBDxTf08UJDEmTyLbmRAYmUVvKv7n9TKIL8OCyzQDJul8UZwJDApPA8ADrhkFkVtCqOb2VkxHRBMKNqaaDcFbfHmZ+GfNq6Z3f95oXZdpVNEROkanyEMXqIVuURv5iKIUPaNX9OZkzovz7nzMWytOOXOI/sD5/AF+FpGH</latexit><latexit sha1_base64="YDzF9XWmB8KlNGKiNAzrgRWchOE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG9FL16ECsYWmlA22027dLMbdidCCP0bXjyoePXXePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb6eysrq2vlHdrG1t7+zu1fcPHo3KNGU+VULpbkQME1wyHzgI1k01I0kkWCca30z9zhPThiv5AHnKwoQMJY85JWCl4K7fDkAFXMaQ9+sNt+nOgJeJV5IGKtHu17+CgaJZwiRQQYzpeW4KYUE0cCrYpBZkhqWEjsmQ9SyVJGEmLGY3T/CJVQY4VtqWBDxTf08UJDEmTyLbmRAYmUVvKv7n9TKIL8OCyzQDJul8UZwJDApPA8ADrhkFkVtCqOb2VkxHRBMKNqaaDcFbfHmZ+GfNq6Z3f95oXZdpVNEROkanyEMXqIVuURv5iKIUPaNX9OZkzovz7nzMWytOOXOI/sD5/AF+FpGH</latexit>

�(1)Sg =
1

2

Z

M
d4x

p
�g

�
Tµ⌫ �M2

P
Gµ⌫

�
�gµ⌫

+
CGHY M2

P

2

Z

@M
d3x

p
|h|(hµ⌫(K �K0)�Kµ⌫)�gµ⌫

+
(1� CGHY )M2

P

2

Z

@M
d3x

p
|h|nµ(r⌫�gµ⌫ � g⌫�rµ�g⌫�)

<latexit sha1_base64="JtzB98mWv1JpmFyN07Fgu/nsFoQ="></latexit><latexit sha1_base64="JtzB98mWv1JpmFyN07Fgu/nsFoQ="></latexit><latexit sha1_base64="JtzB98mWv1JpmFyN07Fgu/nsFoQ="></latexit><latexit sha1_base64="JtzB98mWv1JpmFyN07Fgu/nsFoQ="></latexit>

Vanishes by EOM

Vanishes with 
Dirichlet 

boundary 
condition

Vanishes for 
CGHY=1 We’re only left with the terms we want for decoupling! 

When does this argument fail?



CdL Bounce
• Vacuum decay in the presence of 

gravity 

• Tunneling amplitude dominated by 
“bounce” 

• Bubble of true vacuum inside sea of 
false vacuum 

• Decoupling:

[Coleman,de Luccia]

(g,�) = (gb,�b)
<latexit sha1_base64="tiL2u2XLKkc35lJjvQEMNOpLZY4=">AAAB/XicbZDNSsNAFIVv6l+tf1Fx5SZYhBakJCKoC6HoxmUFYwttCJPppB06mYSZiVBCwVdx40LFre/hzrdxmmahrQcGPs69l3vnBAmjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29BxmnAhMXxywWnQBJwignrqKKkU4iCIoCRtrB6GZabz8SIWnM79U4IV6EBpyGFCOlLd88qA1OesmQ1q9qAz/I0Q/qvlm1G3YuaxGcAqpQqOWbX71+jNOIcIUZkrLr2InyMiQUxYxMKr1UkgThERqQrkaOIiK9LD9/Yh1rp2+FsdCPKyt3f09kKJJyHAW6M0JqKOdrU/O/WjdV4YWXUZ6kinA8WxSmzFKxNc3C6lNBsGJjDQgLqm+18BAJhJVOrKJDcOa/vAjuaeOy4dydVZvXRRplOIQjqIED59CEW2iBCxgyeIZXeDOejBfj3fiYtZaMYmYf/sj4/AFysZQS</latexit><latexit sha1_base64="tiL2u2XLKkc35lJjvQEMNOpLZY4=">AAAB/XicbZDNSsNAFIVv6l+tf1Fx5SZYhBakJCKoC6HoxmUFYwttCJPppB06mYSZiVBCwVdx40LFre/hzrdxmmahrQcGPs69l3vnBAmjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29BxmnAhMXxywWnQBJwignrqKKkU4iCIoCRtrB6GZabz8SIWnM79U4IV6EBpyGFCOlLd88qA1OesmQ1q9qAz/I0Q/qvlm1G3YuaxGcAqpQqOWbX71+jNOIcIUZkrLr2InyMiQUxYxMKr1UkgThERqQrkaOIiK9LD9/Yh1rp2+FsdCPKyt3f09kKJJyHAW6M0JqKOdrU/O/WjdV4YWXUZ6kinA8WxSmzFKxNc3C6lNBsGJjDQgLqm+18BAJhJVOrKJDcOa/vAjuaeOy4dydVZvXRRplOIQjqIED59CEW2iBCxgyeIZXeDOejBfj3fiYtZaMYmYf/sj4/AFysZQS</latexit><latexit sha1_base64="tiL2u2XLKkc35lJjvQEMNOpLZY4=">AAAB/XicbZDNSsNAFIVv6l+tf1Fx5SZYhBakJCKoC6HoxmUFYwttCJPppB06mYSZiVBCwVdx40LFre/hzrdxmmahrQcGPs69l3vnBAmjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29BxmnAhMXxywWnQBJwignrqKKkU4iCIoCRtrB6GZabz8SIWnM79U4IV6EBpyGFCOlLd88qA1OesmQ1q9qAz/I0Q/qvlm1G3YuaxGcAqpQqOWbX71+jNOIcIUZkrLr2InyMiQUxYxMKr1UkgThERqQrkaOIiK9LD9/Yh1rp2+FsdCPKyt3f09kKJJyHAW6M0JqKOdrU/O/WjdV4YWXUZ6kinA8WxSmzFKxNc3C6lNBsGJjDQgLqm+18BAJhJVOrKJDcOa/vAjuaeOy4dydVZvXRRplOIQjqIED59CEW2iBCxgyeIZXeDOejBfj3fiYtZaMYmYf/sj4/AFysZQS</latexit><latexit sha1_base64="tiL2u2XLKkc35lJjvQEMNOpLZY4=">AAAB/XicbZDNSsNAFIVv6l+tf1Fx5SZYhBakJCKoC6HoxmUFYwttCJPppB06mYSZiVBCwVdx40LFre/hzrdxmmahrQcGPs69l3vnBAmjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29BxmnAhMXxywWnQBJwignrqKKkU4iCIoCRtrB6GZabz8SIWnM79U4IV6EBpyGFCOlLd88qA1OesmQ1q9qAz/I0Q/qvlm1G3YuaxGcAqpQqOWbX71+jNOIcIUZkrLr2InyMiQUxYxMKr1UkgThERqQrkaOIiK9LD9/Yh1rp2+FsdCPKyt3f09kKJJyHAW6M0JqKOdrU/O/WjdV4YWXUZ6kinA8WxSmzFKxNc3C6lNBsGJjDQgLqm+18BAJhJVOrKJDcOa/vAjuaeOy4dydVZvXRRplOIQjqIED59CEW2iBCxgyeIZXeDOejBfj3fiYtZaMYmYf/sj4/AFysZQS</latexit>

(g0,�0) = (gfalse,�false)
<latexit sha1_base64="goevoXXJJ5GYYQOjZZUhTGAhBJs=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJD2EBHK4J6EIZePE6wbrCOkmbpFpakJUmFUfYpvPhVvHhQ8Sp489uYbT3MzQcCT37v+5K8T5gwqrTj/FiFpeWV1bXiemljc2t7x97de1BxKjHxcMxi2QqRIowK4mmqGWklkiAeMtIMBzfjevORSEVjca+HCelw1BM0ohhpgwL7pNILnGM/6dPAqV6ZS+ZLDiPEFBlN8QyoBnbZqTkTwUXj5qYMcjUC+9vvxjjlRGjMkFJt10l0J0NSU8zIqOSniiQID1CPtI0ViBPVySZrjeCRIV0YxdIcoeGEzk5kiCs15KHp5Ej31XxtDP+rtVMdXXQyKpJUE4GnD0UpgzqG44xgl0qCNRsag7Ck5q8Q95FEWJskSyYEd37lReOd1i5r7t1ZuX6dp1EEB+AQVIALzkEd3IIG8AAGT+AFvIF369l6tT6sz2lrwcpn9sEfWV+/t96eGA==</latexit><latexit sha1_base64="goevoXXJJ5GYYQOjZZUhTGAhBJs=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJD2EBHK4J6EIZePE6wbrCOkmbpFpakJUmFUfYpvPhVvHhQ8Sp489uYbT3MzQcCT37v+5K8T5gwqrTj/FiFpeWV1bXiemljc2t7x97de1BxKjHxcMxi2QqRIowK4mmqGWklkiAeMtIMBzfjevORSEVjca+HCelw1BM0ohhpgwL7pNILnGM/6dPAqV6ZS+ZLDiPEFBlN8QyoBnbZqTkTwUXj5qYMcjUC+9vvxjjlRGjMkFJt10l0J0NSU8zIqOSniiQID1CPtI0ViBPVySZrjeCRIV0YxdIcoeGEzk5kiCs15KHp5Ej31XxtDP+rtVMdXXQyKpJUE4GnD0UpgzqG44xgl0qCNRsag7Ck5q8Q95FEWJskSyYEd37lReOd1i5r7t1ZuX6dp1EEB+AQVIALzkEd3IIG8AAGT+AFvIF369l6tT6sz2lrwcpn9sEfWV+/t96eGA==</latexit><latexit sha1_base64="goevoXXJJ5GYYQOjZZUhTGAhBJs=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJD2EBHK4J6EIZePE6wbrCOkmbpFpakJUmFUfYpvPhVvHhQ8Sp489uYbT3MzQcCT37v+5K8T5gwqrTj/FiFpeWV1bXiemljc2t7x97de1BxKjHxcMxi2QqRIowK4mmqGWklkiAeMtIMBzfjevORSEVjca+HCelw1BM0ohhpgwL7pNILnGM/6dPAqV6ZS+ZLDiPEFBlN8QyoBnbZqTkTwUXj5qYMcjUC+9vvxjjlRGjMkFJt10l0J0NSU8zIqOSniiQID1CPtI0ViBPVySZrjeCRIV0YxdIcoeGEzk5kiCs15KHp5Ej31XxtDP+rtVMdXXQyKpJUE4GnD0UpgzqG44xgl0qCNRsag7Ck5q8Q95FEWJskSyYEd37lReOd1i5r7t1ZuX6dp1EEB+AQVIALzkEd3IIG8AAGT+AFvIF369l6tT6sz2lrwcpn9sEfWV+/t96eGA==</latexit><latexit sha1_base64="goevoXXJJ5GYYQOjZZUhTGAhBJs=">AAACFXicbZBPS8MwGMbT+W/Of1WPXoJD2EBHK4J6EIZePE6wbrCOkmbpFpakJUmFUfYpvPhVvHhQ8Sp489uYbT3MzQcCT37v+5K8T5gwqrTj/FiFpeWV1bXiemljc2t7x97de1BxKjHxcMxi2QqRIowK4mmqGWklkiAeMtIMBzfjevORSEVjca+HCelw1BM0ohhpgwL7pNILnGM/6dPAqV6ZS+ZLDiPEFBlN8QyoBnbZqTkTwUXj5qYMcjUC+9vvxjjlRGjMkFJt10l0J0NSU8zIqOSniiQID1CPtI0ViBPVySZrjeCRIV0YxdIcoeGEzk5kiCs15KHp5Ej31XxtDP+rtVMdXXQyKpJUE4GnD0UpgzqG44xgl0qCNRsag7Ck5q8Q95FEWJskSyYEd37lReOd1i5r7t1ZuX6dp1EEB+AQVIALzkEd3IIG8AAGT+AFvIF369l6tT6sz2lrwcpn9sEfWV+/t96eGA==</latexit>
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Decoupled 
action

False vacuum 
action

configuration

background
σ:bubble tension

Very fine-tuned!

Successful decoupling, fine-tuned solution



Hawking-Turok Instanton

• Euclidean theory with single-well 
potential 

• SO(4)-symmetric ansatz, regular 
boundary conditions 

• Field rolls off inverted potential, solution 
pinches off with singularity 

• Assumptions of our “proof” fail, 
decoupling is not guaranteed
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[Hawking,Turok]



Decoupling and Axion Monodromy

Decoupled 
result

lim
MP!1

Bg 6= Bd!
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• Check decoupling numerically in two-field 
tunneling setup with HT-type solutions, 
motivated by axion monodromy 

• Compare with flat-space calculation 
[Brown,Cottrell,Shiu,Soler] 

• Tunneling while rolling



Summary
• WKB is typically used to motivate the Euclidean prescription 

for tunneling calculations. 

• In situations with non-trivial real-time dynamics, this 
motivation breaks down.  

• We can evaluate the trustworthiness of the Euclidean 
prescription in the general case by considering gravitational 
decoupling. 

• We find that gravitational decoupling generically fails in the 
Euclidean prescription! 

• We need another way… (see Jon Brown’s talk)

Thanks!


