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Criticality and Primordial Black Holes in Higgs-!  InflationR2

Higgs-�  InflationR21
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We investigate the Higgs near-criticality and its phenomenological consequences in the Higgs-�  inflation setup, specifically focusing on primordial 
black hole production. This specific inflationary model consists of both the Higgs field with non-minimal coupling and the �  term, leading to a 
multifield scenario. By imposing running of the Higgs self coupling to near-criticality, an inflection point forms in the tangential direction of the field 
evolution. This in turn leads to an enhanced curvature power spectrum, which sources primordial black hole production. Our results indicate that this 
scenario can produce O(10-17)-O(10-16) M⊙, which is an allowed region for a significant contribution to dark matter, while remaining consistent with 
Planck 2018 cosmic microwave background observables. 
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Quantum level generalization of both Starobinsky and Higgs inflation!
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non minimal coupling term Higgs effective potentialR2
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Through frame redefinition, the Einstein action becomes 

Self Coupling Running and Criticality - Scalaron effect2

Current LHC data possess the possibility of near criticality, namely forming a 
minimum at 1017 - 1018 GeV. 

Additional running from �  at the scalaron mass threshold is present, yet for 
parameters corresponding to successful inflation and near criticality the 
additional � -function contribution is subdominant. We approximate �  
around its minimum.
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Critical Higgs-�  InflationR23

By taking �  running into account in the Higgs- �  action, we obtain the 
Einstein potential. 
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Benchmark Parameters : 

�M = 10−5MP, ξ = 101,λm = 2.394 × 10−7, bλ = 1.24 × 10−6, hmin = 0.1298
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Mt = 171.2� 173.2GeV
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• Valley structure, quasi-single-field inflation

• Inflection point in the tangential direction, USR
U (�CMB)

U (�PBH)
⇡ 10M4
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Physical Observables - Multi field inflation4
Conventional slow-roll limit physical observables are not reliable. Although 
the inflation follows the valley, making its isocurvature sourcing negligible, 
USR effects are dominant in large �  values. 

�  formalism takes all effects into account when computing physical 
observables, specifically the comoving curvature power spectrum. 
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Simple SR analysis fails USR crucial in �PR (kPBH)
✏ n 1, |⌘| > 1

<latexit sha1_base64="9dDbUp0TPi030eX47VSECUR9iUk=">AAACGXicbVDLSgNBEJz1GeMr6jGXwSB4kLAbBT1J0IvHCOYB2RBmZ3uTIbMzy8ysEJIc/A4/wKt+gjfx6skv8DecPA4msaChqOqmuytIONPGdb+dldW19Y3NzFZ2e2d3bz93cFjTMlUUqlRyqRoB0cCZgKphhkMjUUDigEM96N2O/fojKM2keDD9BFox6QgWMUqMldq5vA+JZlwK7HPOsXeGhz4YMsTX2GvnCm7RnQAvE29GCmiGSjv344eSpjEIQznRuum5iWkNiDKMchhl/VRDQmiPdKBpqSAx6NZg8sQIn1glxJFUtoTBE/XvxIDEWvfjwHbGxHT1ojcW//OaqYmuWgMmktSAoNNFUcqxkXicCA6ZAmp43xJCFbO3YtolilBjc5vbou1TXQhHWZuMt5jDMqmVit55sXR/USjfzDLKoDw6RqfIQ5eojO5QBVURRU/oBb2iN+fZeXc+nM9p64ozmzlCc3C+fgEBMZ+G</latexit>

Results5

PR (k) =
k3

2⇡2

@N

@'I

@N

@'J
h�'I�'Ji

����
k=aH

<latexit sha1_base64="dSSRwMJy8aXmTSn19fo/8POkyCQ="></latexit><latexit sha1_base64="dSSRwMJy8aXmTSn19fo/8POkyCQ="></latexit><latexit sha1_base64="dSSRwMJy8aXmTSn19fo/8POkyCQ="></latexit><latexit sha1_base64="dSSRwMJy8aXmTSn19fo/8POkyCQ="></latexit>

Due to the USR stage and nontrivial field space metric, it is unreasonable to 
compute physical observables analytically. 

Basically evaluate each point with each individual initial condition in order to 
obtain the full spectrum of observables. Hence �  solutions with �  initial 
conditions � . 
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Transport Method
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HSC
<latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit><latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit><latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit><latexit sha1_base64="gcCdZq8Hf0S2OPgghQaZXyXtV1Q=">AAAB8XicbVDLTgJBEJzFF+IL9ehlIjHxRHaNiR6JXDhilEeEDZkdGpgwO7uZ6TWSDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNFGiOTR4JCPdDpgBKRQ0UKCEdqyBhYGEVjCuzvzWI2gjInWPkxj8kA2VGAjO0EoPXYQnTGt31WmvWHLL7hx0lXgZKZEM9V7xq9uPeBKCQi6ZMR3PjdFPmUbBJUwL3cRAzPiYDaFjqWIhGD+dXzylZ1bp00GkbSmkc/X3RMpCYyZhYDtDhiOz7M3E/7xOgoNrPxUqThAUXywaJJJiRGfv077QwFFOLGFcC3sr5SOmGUcbUsGG4C2/vEqaF2XPLXu3l6XKTRZHnpyQU3JOPHJFKqRG6qRBOFHkmbySN8c4L86787FozTnZzDH5A+fzB5HKkNU=</latexit>

HSC(extrapol.)
<latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit><latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit><latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit><latexit sha1_base64="vIiN6M03QM2qrU6kxLZ4AnASn/M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBotQNyERQZfFbrqsaB/QhjKZTtqhk0mYuRFLKPgrblwo4tbvcOffOG2z0NYDl3s4517mzgkSwTW47re1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawag69VsPTGkey3sYJ8yPyEDykFMCRurZx11gj5DV7qpl0xVJYuGcT3p2yXXcGfAy8XJSQjnqPfur249pGjEJVBCtO56bgJ8RBZwKNil2U80SQkdkwDqGShIx7Wez8yf4zCh9HMbKlAQ8U39vZCTSehwFZjIiMNSL3lT8z+ukEF77GZdJCkzS+UNhKjDEeJoF7nPFKIixIYQqbm7FdEgUoWASK5oQvMUvL5PmheO5jnd7Warc5HEU0Ak6RWXkoStUQTVURw1EUYae0St6s56sF+vd+piPrlj5zhH6A+vzB9VClWI=</latexit>

EROS/MACHO
<latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit><latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit><latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit><latexit sha1_base64="X44o3Tl6grB+7jfm9IroCPSZVJU=">AAAB+nicbVDJSgNBEO2JW4zbRI9eGoPgKc6IoMdoEHKRxCULJEPo6fQkTXoWumvUMOZTvHhQxKtf4s2/sZPMQaMPCh7vVVFVz40EV2BZX0ZmYXFpeSW7mltb39jcMvPbDRXGkrI6DUUoWy5RTPCA1YGDYK1IMuK7gjXdYXniN++YVDwMbmEUMccn/YB7nBLQUtfMd4A9QHJxXb05vDwrV6rjrlmwitYU+C+xU1JAKWpd87PTC2nsswCoIEq1bSsCJyESOBVsnOvEikWEDkmftTUNiM+Uk0xPH+N9rfSwF0pdAeCp+nMiIb5SI9/VnT6BgZr3JuJ/XjsG79RJeBDFwAI6W+TFAkOIJzngHpeMghhpQqjk+lZMB0QSCjqtnA7Bnn/5L2kcFW2raF8dF0rnaRxZtIv20AGy0QkqoQqqoTqi6B49oRf0ajwaz8ab8T5rzRjpzA76BePjGx/Pkz4=</latexit>

UFD
<latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit><latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit><latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit><latexit sha1_base64="s+BTaMxN8kT3fNvIhue4sj3ugg0=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwq4rGCaYttKJvttl262YTdiVhC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e3XTZxqxn0Wy1g3Q2q4FIr7KFDyZqI5jULJG+HwauI3Hrk2Ilb3OEp4ENG+Ej3BKFrpoY38CTP/5nrcKZXdijsFWSReTsqQo9YpfbW7MUsjrpBJakzLcxMMMqpRMMnHxXZqeELZkPZ5y1JFI26CbHrxmBxbpUt6sbalkEzV3xMZjYwZRaHtjCgOzLw3Ef/zWin2LoJMqCRFrthsUS+VBGMyeZ90heYM5cgSyrSwtxI2oJoytCEVbQje/MuLpH5a8dyKd3dWrl7mcRTgEI7gBDw4hyrcQg18YKDgGV7hzTHOi/PufMxal5x85gD+wPn8AZNckNY=</latexit>

CMB
<latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit><latexit sha1_base64="Go3zFEkRi9Nscn6lkH0MGYo9k8o=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMeQXLwIEcwDkyXMTjrJkNnZZaZXDEv+wosHRbz6N978GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2UaA4NHslItwNmQAoFDRQooR1rYGEgoRWMazO/9QjaiEjd4yQGP2RDJQaCM7TSQxfhCdPabXXaK5bcsjsHXSVeRkokQ71X/Or2I56EoJBLZkzHc2P0U6ZRcAnTQjcxEDM+ZkPoWKpYCMZP5xdP6ZlV+nQQaVsK6Vz9PZGy0JhJGNjOkOHILHsz8T+vk+Dg2k+FihMExReLBomkGNHZ+7QvNHCUE0sY18LeSvmIacbRhlSwIXjLL6+S5kXZc8ve3WWpUs3iyJMTckrOiUeuSIXckDppEE4UeSav5M0xzovz7nwsWnNONnNM/sD5/AF/fpDJ</latexit>

Conclusions and Discussions6

Benchmark parameters indicate consistency with Planck, with a higher �  
compared to standard Higgs or �  inflation, which is expected to be in the 
range of future CMB experiments (BICEP3, CMB-S4, etc.).

Power spectrum peaks at the range � . 
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PR (kPBH) ⇡ 2⇥ 10�2

<latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit><latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit><latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit><latexit sha1_base64="ja7SX6QWIh+hxjM4oQL9MAFJSd0="></latexit>

ns = 0.958 , r = 0.0349
<latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit><latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit><latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit><latexit sha1_base64="HUzGW5J3MDcDK3u/nP/t9NI9G74=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZAYqiqBItoBqYKFsUj0IbVR5LhOa9VxIttBqqLuLPwKCwMIsfIDbPwNTpoBWo7lq6Nz7pV9jxcxKpVlfRsrq2vrG5uFreL2zu7evnlw2JFhLDBp45CFouchSRjlpK2oYqQXCYICj5GuN7lJ/e4DEZKG/F5NI+IEaMSpTzFSWnLNEnclvIJWtXFRh4MKrOiSHigy1TqvNVyzrEkGuEzsnJRBjpZrfg2GIY4DwhVmSMq+bUXKSZBQFDMyKw5iSSKEJ2hE+ppyFBDpJNkuM3iilSH0Q6EvVzBTf08kKJByGni6M0BqLBe9VPzP68fKrzsJ5VGsCMfzh/yYQRXCNBg4pIJgxaaaICyo/ivEYyQQVjq+og7BXlx5mXTOqrZVte9q5eZ1HkcBHIMSOAU2uARNcAtaoA0weATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A5SWlak=</latexit>

PR (kCMB) ⇡ 2⇥ 10�9
<latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit><latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit><latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit><latexit sha1_base64="EtWyrDj7XhpDM2808z756HzfsQA="></latexit>

PR (kPBH)

PR (kCMB)
⇡ 107

<latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit><latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit><latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit><latexit sha1_base64="B636Tt2ysRuJ9kM7H8+mf5w4n/s="></latexit>

Primordial black hole mass and abundance are calculated using peaks theory. 
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<latexit sha1_base64="JRUTDNUG1wgI+ngxMzp+M7TsBZ8="></latexit><latexit sha1_base64="JRUTDNUG1wgI+ngxMzp+M7TsBZ8="></latexit><latexit sha1_base64="JRUTDNUG1wgI+ngxMzp+M7TsBZ8="></latexit><latexit sha1_base64="JRUTDNUG1wgI+ngxMzp+M7TsBZ8="></latexit>
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<latexit sha1_base64="DMq2X0B+6RgjRVsCgzDhFNwY75I="></latexit><latexit sha1_base64="DMq2X0B+6RgjRVsCgzDhFNwY75I="></latexit><latexit sha1_base64="DMq2X0B+6RgjRVsCgzDhFNwY75I="></latexit><latexit sha1_base64="DMq2X0B+6RgjRVsCgzDhFNwY75I="></latexit>

�peaks = npeaksM (R) /⇢ = npeaks (2⇡)
3/2 R3

<latexit sha1_base64="ckIXd4wCcIrt7qEAKFmD82R+Gqg="></latexit><latexit sha1_base64="ckIXd4wCcIrt7qEAKFmD82R+Gqg="></latexit><latexit sha1_base64="ckIXd4wCcIrt7qEAKFmD82R+Gqg="></latexit><latexit sha1_base64="ckIXd4wCcIrt7qEAKFmD82R+Gqg="></latexit>

fPBH (M) = 2.7⇥ 108
⇣ �
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⌘1/2 ⇣g⇤,form
10.75

⌘�1/4
✓

M

MJ

◆�1/2

� (M)
<latexit sha1_base64="lMa0syuRny/z4O3ZOkL06rav+DY="></latexit><latexit sha1_base64="lMa0syuRny/z4O3ZOkL06rav+DY="></latexit><latexit sha1_base64="lMa0syuRny/z4O3ZOkL06rav+DY="></latexit><latexit sha1_base64="lMa0syuRny/z4O3ZOkL06rav+DY="></latexit>

⌫c = �c/�
<latexit sha1_base64="FlOW2Rj6/VmNF4xaDkfvGXBQmj8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeaiKAXoejFYwVrC00Ik82mXbrZhN2NUEIv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvzDhT2nG+rcrS8srqWnW9trG5tb1j7+49qDSXhLZJylPZDUFRzgRta6Y57WaSQhJy2gmHNxO/80ilYqm416OM+gn0BYsZAW2kwD7wRB4QfIW9iHINATn1FOsnENh1p+FMgReJW5I6KtEK7C8vSkmeUKEJB6V6rpNpvwCpGeF0XPNyRTMgQ+jTnqECEqr8YvrAGB8bJcJxKk0Jjafq74kCEqVGSWg6E9ADNe9NxP+8Xq7jS79gIss1FWS2KM451imepIEjJinRfGQIEMnMrZgMQALRJrOaCcGdf3mRPJw1XKfh3p3Xm9dlHFV0iI7QCXLRBWqiW9RCbUTQGD2jV/RmPVkv1rv1MWutWOXMPvoD6/MHs4uV0w==</latexit><latexit sha1_base64="FlOW2Rj6/VmNF4xaDkfvGXBQmj8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeaiKAXoejFYwVrC00Ik82mXbrZhN2NUEIv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvzDhT2nG+rcrS8srqWnW9trG5tb1j7+49qDSXhLZJylPZDUFRzgRta6Y57WaSQhJy2gmHNxO/80ilYqm416OM+gn0BYsZAW2kwD7wRB4QfIW9iHINATn1FOsnENh1p+FMgReJW5I6KtEK7C8vSkmeUKEJB6V6rpNpvwCpGeF0XPNyRTMgQ+jTnqECEqr8YvrAGB8bJcJxKk0Jjafq74kCEqVGSWg6E9ADNe9NxP+8Xq7jS79gIss1FWS2KM451imepIEjJinRfGQIEMnMrZgMQALRJrOaCcGdf3mRPJw1XKfh3p3Xm9dlHFV0iI7QCXLRBWqiW9RCbUTQGD2jV/RmPVkv1rv1MWutWOXMPvoD6/MHs4uV0w==</latexit><latexit sha1_base64="FlOW2Rj6/VmNF4xaDkfvGXBQmj8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeaiKAXoejFYwVrC00Ik82mXbrZhN2NUEIv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvzDhT2nG+rcrS8srqWnW9trG5tb1j7+49qDSXhLZJylPZDUFRzgRta6Y57WaSQhJy2gmHNxO/80ilYqm416OM+gn0BYsZAW2kwD7wRB4QfIW9iHINATn1FOsnENh1p+FMgReJW5I6KtEK7C8vSkmeUKEJB6V6rpNpvwCpGeF0XPNyRTMgQ+jTnqECEqr8YvrAGB8bJcJxKk0Jjafq74kCEqVGSWg6E9ADNe9NxP+8Xq7jS79gIss1FWS2KM451imepIEjJinRfGQIEMnMrZgMQALRJrOaCcGdf3mRPJw1XKfh3p3Xm9dlHFV0iI7QCXLRBWqiW9RCbUTQGD2jV/RmPVkv1rv1MWutWOXMPvoD6/MHs4uV0w==</latexit><latexit sha1_base64="FlOW2Rj6/VmNF4xaDkfvGXBQmj8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeaiKAXoejFYwVrC00Ik82mXbrZhN2NUEIv/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvzDhT2nG+rcrS8srqWnW9trG5tb1j7+49qDSXhLZJylPZDUFRzgRta6Y57WaSQhJy2gmHNxO/80ilYqm416OM+gn0BYsZAW2kwD7wRB4QfIW9iHINATn1FOsnENh1p+FMgReJW5I6KtEK7C8vSkmeUKEJB6V6rpNpvwCpGeF0XPNyRTMgQ+jTnqECEqr8YvrAGB8bJcJxKk0Jjafq74kCEqVGSWg6E9ADNe9NxP+8Xq7jS79gIss1FWS2KM451imepIEjJinRfGQIEMnMrZgMQALRJrOaCcGdf3mRPJw1XKfh3p3Xm9dlHFV0iI7QCXLRBWqiW9RCbUTQGD2jV/RmPVkv1rv1MWutWOXMPvoD6/MHs4uV0w==</latexit>

�c = 0.43
<latexit sha1_base64="5yuVdpus4mSakjfHObhwqjDx950=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5BoQTdC0Y3LCvYBbQiTyU07dDIJMxOhhn6JGxeKuPVT3Pk3Th8LbT1w4XDOvdx7T5hxprTrflultfWNza3ydmVnd2+/ah8ctlWaSwotmvJUdkOigDMBLc00h24mgSQhh044up36nUeQiqXiQY8z8BMyECxmlGgjBXa1HwHXJKD4GrtO/SKwa67jzoBXibcgNbRAM7C/+lFK8wSEppwo1fPcTPsFkZpRDpNKP1eQEToiA+gZKkgCyi9mh0/wqVEiHKfSlNB4pv6eKEii1DgJTWdC9FAte1PxP6+X6/jKL5jIcg2CzhfFOcc6xdMUcMQkUM3HhhAqmbkV0yGRhGqTVcWE4C2/vEra547nOt59vda4WcRRRsfoBJ0hD12iBrpDTdRCFOXoGb2iN+vJerHerY95a8lazByhP7A+fwCDFpGr</latexit><latexit sha1_base64="5yuVdpus4mSakjfHObhwqjDx950=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5BoQTdC0Y3LCvYBbQiTyU07dDIJMxOhhn6JGxeKuPVT3Pk3Th8LbT1w4XDOvdx7T5hxprTrflultfWNza3ydmVnd2+/ah8ctlWaSwotmvJUdkOigDMBLc00h24mgSQhh044up36nUeQiqXiQY8z8BMyECxmlGgjBXa1HwHXJKD4GrtO/SKwa67jzoBXibcgNbRAM7C/+lFK8wSEppwo1fPcTPsFkZpRDpNKP1eQEToiA+gZKkgCyi9mh0/wqVEiHKfSlNB4pv6eKEii1DgJTWdC9FAte1PxP6+X6/jKL5jIcg2CzhfFOcc6xdMUcMQkUM3HhhAqmbkV0yGRhGqTVcWE4C2/vEra547nOt59vda4WcRRRsfoBJ0hD12iBrpDTdRCFOXoGb2iN+vJerHerY95a8lazByhP7A+fwCDFpGr</latexit><latexit sha1_base64="5yuVdpus4mSakjfHObhwqjDx950=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5BoQTdC0Y3LCvYBbQiTyU07dDIJMxOhhn6JGxeKuPVT3Pk3Th8LbT1w4XDOvdx7T5hxprTrflultfWNza3ydmVnd2+/ah8ctlWaSwotmvJUdkOigDMBLc00h24mgSQhh044up36nUeQiqXiQY8z8BMyECxmlGgjBXa1HwHXJKD4GrtO/SKwa67jzoBXibcgNbRAM7C/+lFK8wSEppwo1fPcTPsFkZpRDpNKP1eQEToiA+gZKkgCyi9mh0/wqVEiHKfSlNB4pv6eKEii1DgJTWdC9FAte1PxP6+X6/jKL5jIcg2CzhfFOcc6xdMUcMQkUM3HhhAqmbkV0yGRhGqTVcWE4C2/vEra547nOt59vda4WcRRRsfoBJ0hD12iBrpDTdRCFOXoGb2iN+vJerHerY95a8lazByhP7A+fwCDFpGr</latexit><latexit sha1_base64="5yuVdpus4mSakjfHObhwqjDx950=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5BoQTdC0Y3LCvYBbQiTyU07dDIJMxOhhn6JGxeKuPVT3Pk3Th8LbT1w4XDOvdx7T5hxprTrflultfWNza3ydmVnd2+/ah8ctlWaSwotmvJUdkOigDMBLc00h24mgSQhh044up36nUeQiqXiQY8z8BMyECxmlGgjBXa1HwHXJKD4GrtO/SKwa67jzoBXibcgNbRAM7C/+lFK8wSEppwo1fPcTPsFkZpRDpNKP1eQEToiA+gZKkgCyi9mh0/wqVEiHKfSlNB4pv6eKEii1DgJTWdC9FAte1PxP6+X6/jKL5jIcg2CzhfFOcc6xdMUcMQkUM3HhhAqmbkV0yGRhGqTVcWE4C2/vEra547nOt59vda4WcRRRsfoBJ0hD12iBrpDTdRCFOXoGb2iN+vJerHerY95a8lazByhP7A+fwCDFpGr</latexit>

• Higgs-�  inflation, shows a quasi single field inflation behavior. 

• By imposing criticality, we obtain an inflection-point-like USR region. 


• Through �  calculation of observables, we obtain an enhanced power 
spectrum consistent with CMB, along with  

primordial black holes that can consist most of dark matter.

• A full parameter scan for allowed inflection point potential regions is a task 

remaining. 
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<latexit sha1_base64="QgZrloKQD074Ybxfpt6uHplyaQk="></latexit>

�
<latexit sha1_base64="wEVhhUzaPpcfiD3diCJRq+6Q9VI=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVZIq6EoKblxWsA9oQ5lMbtqxk0mYmQgldOcHuNVPcCdu/RG/wN9w2mZhWw9cOJxzL/fe4yecKe0431ZhbX1jc6u4XdrZ3ds/KB8etVScSopNGvNYdnyikDOBTc00x04ikUQ+x7Y/up367SeUisXiQY8T9CIyECxklGgjtXoBck365YpTdWawV4mbkwrkaPTLP70gpmmEQlNOlOq6TqK9jEjNKMdJqZcqTAgdkQF2DRUkQuVls2sn9plRAjuMpSmh7Zn6dyIjkVLjyDedEdFDtexNxf+8bqrDay9jIkk1CjpfFKbc1rE9fd0OmESq+dgQQiUzt9p0SCSh2gS0sEWZp4YYTEomGXc5h1XSqlXdi2rt/rJSv8kzKsIJnMI5uHAFdbiDBjSBwiO8wCu8Wc/Wu/Vhfc5bC1Y+cwwLsL5+AY0wl/U=</latexit>

MP
<latexit sha1_base64="/aU4NFU3EA5tU0qWIkO+SXpFBzc=">AAAB/3icbVDLSsNAFL3xWeur6tJNsAiuSlIFXUnBjRuhon1AG8pkctMOnUzCzEQooQs/wK1+gjtx66f4Bf6G0zYL23rgwuGce7n3Hj/hTGnH+bZWVtfWNzYLW8Xtnd29/dLBYVPFqaTYoDGPZdsnCjkT2NBMc2wnEknkc2z5w5uJ33pCqVgsHvUoQS8ifcFCRok20sNdr94rlZ2KM4W9TNyclCGH6f/pBjFNIxSacqJUx3US7WVEakY5jovdVGFC6JD0sWOoIBEqL5ueOrZPjRLYYSxNCW1P1b8TGYmUGkW+6YyIHqhFbyL+53VSHV55GRNJqlHQ2aIw5baO7cnfdsAkUs1HhhAqmbnVpgMiCdUmnbktyjw1wGBcNMm4izksk2a14p5XqvcX5dp1nlEBjuEEzsCFS6jBLdShART68AKv8GY9W+/Wh/U5a12x8pkjmIP19QvWzpZt</latexit>


