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The Standard Model has Phase Transitions
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The Standard Model has Phase Transitions

QUEST-DMC: Hindmarsh
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Confinement and 

Stable Bound States
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New Baryon Number       DM candidate
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Thermal contact with the SM sector
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Dark Gauge Interactions


Redi et al. 

arxiv:1503.08749
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<latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="/qtXK6Hj7pM5zpAoXw/Sr0vIPbU=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQlgi5cuKjQF7RDuZPJtKGZzDTJFMrQ3+HGhSL+IXf+G9PHQlsPBD7OuSE3J0gF18Z1v53C1vbO7l5xv3RQPjw6rpyUWzrJFGVNmohEdQLUTHDJmoYbwTqpYhgHgrWD0f08b0+Y0jyRDTNNmR/jQPKIUzTW8hvklvSe7HiI/Yd+perW3IXIJngrqMJK9X7lqxcmNIuZNFSg1l3PTY2fozKcCjYr9TLNUqQjHLCuRYkx036+WHpGLqwTkihR9khDFu7vGznGWk/jwE7GaIZ6PZub/2XdzEQ3fs5lmhkm6fKhKBPEJGTeAAm5YtSIqQWkittdCR2iQmpsTyVbgrf+5U1oXdU8t+Y9u1CEMziHS/DgGu7gEerQBApjeIE3eHcmzqvzsayr4Kx6O4U/cj5/AO4Gj68=</latexit><latexit sha1_base64="/qtXK6Hj7pM5zpAoXw/Sr0vIPbU=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQlgi5cuKjQF7RDuZPJtKGZzDTJFMrQ3+HGhSL+IXf+G9PHQlsPBD7OuSE3J0gF18Z1v53C1vbO7l5xv3RQPjw6rpyUWzrJFGVNmohEdQLUTHDJmoYbwTqpYhgHgrWD0f08b0+Y0jyRDTNNmR/jQPKIUzTW8hvklvSe7HiI/Yd+perW3IXIJngrqMJK9X7lqxcmNIuZNFSg1l3PTY2fozKcCjYr9TLNUqQjHLCuRYkx036+WHpGLqwTkihR9khDFu7vGznGWk/jwE7GaIZ6PZub/2XdzEQ3fs5lmhkm6fKhKBPEJGTeAAm5YtSIqQWkittdCR2iQmpsTyVbgrf+5U1oXdU8t+Y9u1CEMziHS/DgGu7gEerQBApjeIE3eHcmzqvzsayr4Kx6O4U/cj5/AO4Gj68=</latexit><latexit sha1_base64="Rxn3Aq3bvtl3uGifWaZg2vFlDX8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqmTc6EqKunDhokJf0A4lk8m0oZnMmGQKZeh3uHGhiFs/xp1/Y9rOQlsPBA7nnMu9OX4iuDYYfzuFtfWNza3idmlnd2//oHx41NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qd+e0xU5rHsmEmCfMiMpA85JQYK3kNdI16DzYekP5dv1zBVTwHWiVuTiqQo94vf/WCmKYRk4YKonXXxYnxMqIMp4JNS71Us4TQERmwrqWSREx72fzoKTqzSoDCWNknDZqrvycyEmk9iXybjIgZ6mVvJv7ndVMTXnkZl0lqmKSLRWEqkInRrAEUcMWoERNLCFXc3orokChCje2pZEtwl7+8SloXVRdX3Udcqd3kdRThBE7hHFy4hBrcQx2aQOEJnuEV3pyx8+K8Ox+LaMHJZ47hD5zPHywZkQo=</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit>

Mass Spectra 

<latexit sha1_base64="W2q9X3z08UO7NEMk0VWIcI6I1kA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohcvQgX7Ie1Ssmm2DU2yS5IVyrK/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+Obqd9+okqzSD6YSUx9gYeShYxgY6XHu346zNAVcvvlilt1Z0DLxMtJBXI0+uWv3iAiiaDSEI617npubPwUK8MIp1mpl2gaYzLGQ9q1VGJBtZ/ODs7QiVUGKIyULWnQTP09kWKh9UQEtlNgM9KL3lT8z+smJrz0UybjxFBJ5ovChCMToen3aMAUJYZPLMFEMXsrIiOsMDE2o5INwVt8eZm0zqreebV2X6vUr/M4inAEx3AKHlxAHW6hAU0gIOAZXuHNUc6L8+58zFsLTj5zCH/gfP4Ahp6PlQ==</latexit>

Mg = 0

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

MQ
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MQ0
<latexit sha1_base64="/Am/pfYXSRsVhws0uDe33Z72MCk=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE9lV0R9Fj04kVowX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThiv5YMcJC2IykDzilFgnNe97Wf1s0iuVvYo3A14mfk7KkKPWK311+4qmMZOWCmJMx/cSG2REW04FmxS7qWEJoSMyYB1HJYmZCbLZtRN86pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroOMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUNGF4C++vEyaFxXfq/j1y3L1Jo+jAMdwAufgwxVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QMgxI7S</latexit><latexit sha1_base64="/Am/pfYXSRsVhws0uDe33Z72MCk=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE9lV0R9Fj04kVowX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThiv5YMcJC2IykDzilFgnNe97Wf1s0iuVvYo3A14mfk7KkKPWK311+4qmMZOWCmJMx/cSG2REW04FmxS7qWEJoSMyYB1HJYmZCbLZtRN86pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroOMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUNGF4C++vEyaFxXfq/j1y3L1Jo+jAMdwAufgwxVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QMgxI7S</latexit><latexit sha1_base64="/Am/pfYXSRsVhws0uDe33Z72MCk=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE9lV0R9Fj04kVowX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThiv5YMcJC2IykDzilFgnNe97Wf1s0iuVvYo3A14mfk7KkKPWK311+4qmMZOWCmJMx/cSG2REW04FmxS7qWEJoSMyYB1HJYmZCbLZtRN86pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroOMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUNGF4C++vEyaFxXfq/j1y3L1Jo+jAMdwAufgwxVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QMgxI7S</latexit><latexit sha1_base64="/Am/pfYXSRsVhws0uDe33Z72MCk=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE9lV0R9Fj04kVowX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThiv5YMcJC2IykDzilFgnNe97Wf1s0iuVvYo3A14mfk7KkKPWK311+4qmMZOWCmJMx/cSG2REW04FmxS7qWEJoSMyYB1HJYmZCbLZtRN86pQ+jpR2JS2eqb8nMhIbM45D1xkTOzSL3lT8z+ukNroOMi6T1DJJ54uiVGCr8PR13OeaUSvGjhCqubsV0yHRhFoXUNGF4C++vEyaFxXfq/j1y3L1Jo+jAMdwAufgwxVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QMgxI7S</latexit>

T > ⇤D
<latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="/qtXK6Hj7pM5zpAoXw/Sr0vIPbU=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQlgi5cuKjQF7RDuZPJtKGZzDTJFMrQ3+HGhSL+IXf+G9PHQlsPBD7OuSE3J0gF18Z1v53C1vbO7l5xv3RQPjw6rpyUWzrJFGVNmohEdQLUTHDJmoYbwTqpYhgHgrWD0f08b0+Y0jyRDTNNmR/jQPKIUzTW8hvklvSe7HiI/Yd+perW3IXIJngrqMJK9X7lqxcmNIuZNFSg1l3PTY2fozKcCjYr9TLNUqQjHLCuRYkx036+WHpGLqwTkihR9khDFu7vGznGWk/jwE7GaIZ6PZub/2XdzEQ3fs5lmhkm6fKhKBPEJGTeAAm5YtSIqQWkittdCR2iQmpsTyVbgrf+5U1oXdU8t+Y9u1CEMziHS/DgGu7gEerQBApjeIE3eHcmzqvzsayr4Kx6O4U/cj5/AO4Gj68=</latexit><latexit sha1_base64="/qtXK6Hj7pM5zpAoXw/Sr0vIPbU=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiuCozbnQlgi5cuKjQF7RDuZPJtKGZzDTJFMrQ3+HGhSL+IXf+G9PHQlsPBD7OuSE3J0gF18Z1v53C1vbO7l5xv3RQPjw6rpyUWzrJFGVNmohEdQLUTHDJmoYbwTqpYhgHgrWD0f08b0+Y0jyRDTNNmR/jQPKIUzTW8hvklvSe7HiI/Yd+perW3IXIJngrqMJK9X7lqxcmNIuZNFSg1l3PTY2fozKcCjYr9TLNUqQjHLCuRYkx036+WHpGLqwTkihR9khDFu7vGznGWk/jwE7GaIZ6PZub/2XdzEQ3fs5lmhkm6fKhKBPEJGTeAAm5YtSIqQWkittdCR2iQmpsTyVbgrf+5U1oXdU8t+Y9u1CEMziHS/DgGu7gEerQBApjeIE3eHcmzqvzsayr4Kx6O4U/cj5/AO4Gj68=</latexit><latexit sha1_base64="Rxn3Aq3bvtl3uGifWaZg2vFlDX8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqmTc6EqKunDhokJf0A4lk8m0oZnMmGQKZeh3uHGhiFs/xp1/Y9rOQlsPBA7nnMu9OX4iuDYYfzuFtfWNza3idmlnd2//oHx41NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qd+e0xU5rHsmEmCfMiMpA85JQYK3kNdI16DzYekP5dv1zBVTwHWiVuTiqQo94vf/WCmKYRk4YKonXXxYnxMqIMp4JNS71Us4TQERmwrqWSREx72fzoKTqzSoDCWNknDZqrvycyEmk9iXybjIgZ6mVvJv7ndVMTXnkZl0lqmKSLRWEqkInRrAEUcMWoERNLCFXc3orokChCje2pZEtwl7+8SloXVRdX3Udcqd3kdRThBE7hHFy4hBrcQx2aQOEJnuEV3pyx8+K8Ox+LaMHJZ47hD5zPHywZkQo=</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit><latexit sha1_base64="1ZHl7nCQobzcKxQN30cMX4KFbYw=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoCsp6sKFiwp9QTuUTCbThiaZMckUytDvcONCEbd+jDv/xrSdhVYPBA7nnMu9OUHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQz89tjqjSLZcNMEuoLPJAsYgQbK/kNdIV69zYe4v5tv1xxq+4c6C/xclKBHPV++bMXxiQVVBrCsdZdz02Mn2FlGOF0WuqlmiaYjPCAdi2VWFDtZ/Ojp+jEKiGKYmWfNGiu/pzIsNB6IgKbFNgM9bI3E//zuqmJLv2MySQ1VJLFoijlyMRo1gAKmaLE8IklmChmb0VkiBUmxvZUsiV4y1/+S1pnVc+teg/nldp1XkcRjuAYTsGDC6jBHdShCQQe4Qle4NUZO8/Om/O+iBacfOYQfsH5+AYtWZEO</latexit>

T < ⇤D
<latexit sha1_base64="USio8F+1CbVhsGnwiAHbkUk5NRs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXRV24cFGhL2iHkslk2tAkMyaZQhn6HW5cKOLWj3Hn35i2s9DqgcDhnHO5NydIONPGdb+cwsrq2vpGcbO0tb2zu1feP2jpOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYxuZn57TJVmsWyYSUJ9gQeSRYxgYyW/ga5Q797GQ9y/7ZcrbtWdA/0lXk4qkKPeL3/2wpikgkpDONa667mJ8TOsDCOcTku9VNMEkxEe0K6lEguq/Wx+9BSdWCVEUazskwbN1Z8TGRZaT0RgkwKboV72ZuJ/Xjc10aWfMZmkhkqyWBSlHJkYzRpAIVOUGD6xBBPF7K2IDLHCxNieSrYEb/nLf0nrrOq5Ve/hvFK7zusowhEcwyl4cAE1uIM6NIHAIzzBC7w6Y+fZeXPeF9GCk88cwi84H98qPZEM</latexit><latexit sha1_base64="USio8F+1CbVhsGnwiAHbkUk5NRs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXRV24cFGhL2iHkslk2tAkMyaZQhn6HW5cKOLWj3Hn35i2s9DqgcDhnHO5NydIONPGdb+cwsrq2vpGcbO0tb2zu1feP2jpOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYxuZn57TJVmsWyYSUJ9gQeSRYxgYyW/ga5Q797GQ9y/7ZcrbtWdA/0lXk4qkKPeL3/2wpikgkpDONa667mJ8TOsDCOcTku9VNMEkxEe0K6lEguq/Wx+9BSdWCVEUazskwbN1Z8TGRZaT0RgkwKboV72ZuJ/Xjc10aWfMZmkhkqyWBSlHJkYzRpAIVOUGD6xBBPF7K2IDLHCxNieSrYEb/nLf0nrrOq5Ve/hvFK7zusowhEcwyl4cAE1uIM6NIHAIzzBC7w6Y+fZeXPeF9GCk88cwi84H98qPZEM</latexit><latexit sha1_base64="USio8F+1CbVhsGnwiAHbkUk5NRs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXRV24cFGhL2iHkslk2tAkMyaZQhn6HW5cKOLWj3Hn35i2s9DqgcDhnHO5NydIONPGdb+cwsrq2vpGcbO0tb2zu1feP2jpOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYxuZn57TJVmsWyYSUJ9gQeSRYxgYyW/ga5Q797GQ9y/7ZcrbtWdA/0lXk4qkKPeL3/2wpikgkpDONa667mJ8TOsDCOcTku9VNMEkxEe0K6lEguq/Wx+9BSdWCVEUazskwbN1Z8TGRZaT0RgkwKboV72ZuJ/Xjc10aWfMZmkhkqyWBSlHJkYzRpAIVOUGD6xBBPF7K2IDLHCxNieSrYEb/nLf0nrrOq5Ve/hvFK7zusowhEcwyl4cAE1uIM6NIHAIzzBC7w6Y+fZeXPeF9GCk88cwi84H98qPZEM</latexit><latexit sha1_base64="USio8F+1CbVhsGnwiAHbkUk5NRs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoAsXRV24cFGhL2iHkslk2tAkMyaZQhn6HW5cKOLWj3Hn35i2s9DqgcDhnHO5NydIONPGdb+cwsrq2vpGcbO0tb2zu1feP2jpOFWENknMY9UJsKacSdo0zHDaSRTFIuC0HYxuZn57TJVmsWyYSUJ9gQeSRYxgYyW/ga5Q797GQ9y/7ZcrbtWdA/0lXk4qkKPeL3/2wpikgkpDONa667mJ8TOsDCOcTku9VNMEkxEe0K6lEguq/Wx+9BSdWCVEUazskwbN1Z8TGRZaT0RgkwKboV72ZuJ/Xjc10aWfMZmkhkqyWBSlHJkYzRpAIVOUGD6xBBPF7K2IDLHCxNieSrYEb/nLf0nrrOq5Ve/hvFK7zusowhEcwyl4cAE1uIM6NIHAIzzBC7w6Y+fZeXPeF9GCk88cwi84H98qPZEM</latexit>

<latexit sha1_base64="BmFlKY2dsruihT6tCxexF73IT7s=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRT0WPehFqGA/oF2WbJq2oUl2SbKFsvSfePGgiFf/iTf/jWm7B219MPB4b4aZeVHCmTae9+0U1tY3NreK26Wd3b39A/fwqKnjVBHaIDGPVTvCmnImacMww2k7URSLiNNWNLqd+a0xVZrF8slMEhoIPJCszwg2Vgpd9yHMukqgO57SCHM+Dd2yV/HmQKvEz0kZctRD96vbi0kqqDSEY607vpeYIMPKMMLptNRNNU0wGeEB7VgqsaA6yOaXT9GZVXqoHytb0qC5+nsiw0LriYhsp8BmqJe9mfif10lN/zrImExSQyVZLOqnHJkYzWJAPaYoMXxiCSaK2VsRGWKFibFhlWwI/vLLq6R5UfEvK9XHarl2k8dRhBM4hXPw4QpqcA91aACBMTzDK7w5mfPivDsfi9aCk88cwx84nz9Vd5N7</latexit>

MGlueball

<latexit sha1_base64="u9CkrY8Ecb9fZzdhxa6VNVmJXhc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFy+BCOYByRJmJ5NkyDzWmdlAWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dUcyZsb7/7eXW1jc2t/LbhZ3dvf2D4uFRw6hEE1oniivdirChnElat8xy2oo1xSLitBmN7mZ+c0y1YUo+2klMQ4EHkvUZwdZJYbWbdrRAVWqUnHaLJb/sz4FWSZCREmSodYtfnZ4iiaDSEo6NaQd+bMMUa8sIp9NCJzE0xmSEB7TtqMSCmjCdHz1FZ07pob7SrqRFc/X3RIqFMRMRuU6B7dAsezPxP6+d2P5NmDIZJ5ZKsljUTziyCs0SQD2mKbF84ggmmrlbERlijYl1ORVcCMHyy6ukcVEOrsqXD5elym0WRx5O4BTOIYBrqMA91KAOBJ7gGV7hzRt7L96797FozXnZzDH8gff5A6FGkgY=</latexit>

MMeson

<latexit sha1_base64="oNXWas5H0FVVcQSe0LzjYWshgec=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY+lXrwIFewHtGvJptk2NJssSVZZlv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H4+up336kSjMp7k0aUz/CQ8FCRrCx0sNtP+upCNWxSqWY9MsVt+rOgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+BlWhhFOJ6VeommMyRgPaddSgSOq/Wx29QSdWGWAQqlsCYNm6u+JDEdap1FgOyNsRnrRm4r/ed3EhFd+xkScGCrIfFGYcGQkmkaABkxRYnhqCSaK2VsRGWGFibFBlWwI3uLLy6R1VvUuqud355VaPY+jCEdwDKfgwSXU4AYa0AQCCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8Aai2SeQ==</latexit>

MBaryon

Mass Spectra 

<latexit sha1_base64="W2q9X3z08UO7NEMk0VWIcI6I1kA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EohcvQgX7Ie1Ssmm2DU2yS5IVyrK/wosHRbz6c7z5b0zbPWjrg4HHezPMzAtizrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+Obqd9+okqzSD6YSUx9gYeShYxgY6XHu346zNAVcvvlilt1Z0DLxMtJBXI0+uWv3iAiiaDSEI617npubPwUK8MIp1mpl2gaYzLGQ9q1VGJBtZ/ODs7QiVUGKIyULWnQTP09kWKh9UQEtlNgM9KL3lT8z+smJrz0UybjxFBJ5ovChCMToen3aMAUJYZPLMFEMXsrIiOsMDE2o5INwVt8eZm0zqreebV2X6vUr/M4inAEx3AKHlxAHW6hAU0gIOAZXuHNUc6L8+58zFsLTj5zCH/gfP4Ahp6PlQ==</latexit>

Mg = 0

Pure Yang-Mills Phase Transition
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The Relic Abundance
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Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380

Geometric Rearrangement 
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Dark Matter as a weakly coupled Dark Baryon
A. Mitridate et al. : 1707.05380

Geometric Rearrangement 
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Understanding 

the Phase Transition
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Effectively Pure Yang-Mills PT

B. Lucini et al. https://arxiv.org/pdf/hep-lat/0502003.pdf

•Latent Heat


•Surface tension


Lattice Data SU(3) :

<latexit sha1_base64="aJieImydelxRXENve2PooYYYl3I=">AAAB+3icjVDLSsNAFL2pr1pfsS7dDBbBhYREg7oRim5cuKjQF7QxTKaTduhkEmYmYgn9FTcuFHHrj7jzb0wfCxUFD1w4nHMv93CChDOlbfvDKCwsLi2vFFdLa+sbm1vmdrmp4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB4OfFbd1QqFou6HiXUi3BfsJARrHPJN8vX6Bw5lusco+4hqvvk1vXNimPZU6C/SQXmqPnme7cXkzSiQhOOleo4dqK9DEvNCKfjUjdVNMFkiPu0k1OBI6q8bJp9jPZzpYfCWOYjNJqqXy8yHCk1ioJ8M8J6oH56E/E3r5Pq8MzLmEhSTQWZPQpTjnSMJkWgHpOUaD7KCSaS5VkRGWCJic7rKv2vhOaR5ZxY7o1bqV7M6yjCLuzBAThwClW4gho0gMA9PMATPBtj49F4MV5nqwVjfrMD32C8fQKc65Gb</latexit>

L = 1.413T 4
c

<latexit sha1_base64="Wt9pvnlDlYxAApqg3HtWhUDBttE=">AAAB/3icjVDLSsNAFJ34rPUVFdy4GSyCCwlJLepGKLpxWaEvaGKYTCft0JlJmJkIJXbhr7hxoYhbf8Odf+P0sVBR8MCFwzn3cg8nShlV2nU/rLn5hcWl5cJKcXVtfWPT3tpuqiSTmDRwwhLZjpAijArS0FQz0k4lQTxipBUNLsd+65ZIRRNR18OUBBz1BI0pRtpIob3rK9rjCJ5D13HL0D+C9RDfHId2yXPcCeDfpARmqIX2u99NcMaJ0JghpTqem+ogR1JTzMio6GeKpAgPUI90DBWIExXkk/wjeGCULowTaUZoOFG/XuSIKzXkkdnkSPfVT28s/uZ1Mh2fBTkVaaaJwNNHccagTuC4DNilkmDNhoYgLKnJCnEfSYS1qaz4vxKaZcc7cSrXlVL1YlZHAeyBfXAIPHAKquAK1EADYHAHHsATeLburUfrxXqdrs5Zs5sd8A3W2yc7hpOs</latexit>

� = 0.02T 3
c
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Thermodynamic Considerations

•Local kinetic equilibrium


•Homogeneous Pressure (1. order PT)


•Cooling due to Hubble expansion

Assumptions:
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Thermodynamic Considerations

•Local kinetic equilibrium


•Homogeneous Pressure (1. order PT)


•Cooling due to Hubble expansion

Assumptions:

<latexit sha1_base64="4Am797aUAR/RQeVmYY9/2NyXLOs=">AAACDXicjVDJSgNBEO2JW4xb1KOXxih4ChMJ6jGoB49xyQKZIdR0OkmTnumhu0YNIT/gxV/x4kERr969+Td2loOKgg8KHu9VUVUviKUw6LofTmpmdm5+Ib2YWVpeWV3Lrm9UjUo04xWmpNL1AAyXIuIVFCh5PdYcwkDyWtA7Gfm1a66NUNEV9mPuh9CJRFswQCs1szveheh0EbRWN5R6p1wi0EtqKcSxVrfUpZlMM5sr5N0x6N8kR6YoN7PvXkuxJOQRMgnGNApujP4ANAom+TDjJYbHwHrQ4Q1LIwi58Qfjb4Z01yot2lbaVoR0rH6dGEBoTD8MbGcI2DU/vZH4m9dIsH3kD0QUJ8gjNlnUTiRFRUfR0JbQnKHsWwJMC3srZV3QwNAG+M8Qqvv5wkG+eF7MlY6ncaTJFtkme6RADkmJnJEyqRBG7sgDeSLPzr3z6Lw4r5PWlDOd2STf4Lx9AtEamXc=</latexit>

) �S ⇡ 0
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Thermodynamic Considerations

•Local kinetic equilibrium


•Homogeneous Pressure (1. order PT)


•Cooling due to Hubble expansion

Assumptions:

<latexit sha1_base64="4Am797aUAR/RQeVmYY9/2NyXLOs=">AAACDXicjVDJSgNBEO2JW4xb1KOXxih4ChMJ6jGoB49xyQKZIdR0OkmTnumhu0YNIT/gxV/x4kERr969+Td2loOKgg8KHu9VUVUviKUw6LofTmpmdm5+Ib2YWVpeWV3Lrm9UjUo04xWmpNL1AAyXIuIVFCh5PdYcwkDyWtA7Gfm1a66NUNEV9mPuh9CJRFswQCs1szveheh0EbRWN5R6p1wi0EtqKcSxVrfUpZlMM5sr5N0x6N8kR6YoN7PvXkuxJOQRMgnGNApujP4ANAom+TDjJYbHwHrQ4Q1LIwi58Qfjb4Z01yot2lbaVoR0rH6dGEBoTD8MbGcI2DU/vZH4m9dIsH3kD0QUJ8gjNlnUTiRFRUfR0JbQnKHsWwJMC3srZV3QwNAG+M8Qqvv5wkG+eF7MlY6ncaTJFtkme6RADkmJnJEyqRBG7sgDeSLPzr3z6Lw4r5PWlDOd2STf4Lx9AtEamXc=</latexit>

) �S ⇡ 0
<latexit sha1_base64="KDHqU+XxEdoB3UUh5bMNqXdnYfE=">AAACEnicjZDLSgMxGIUzXmu9jbp0EyyCIpQZKeqmUHTjskpv0BlKJs10QpPJkGSUMswzuPFV3LhQxK0rd76N6WWhouCBwOGc/yfJFySMKu04H9bc/MLi0nJhpbi6tr6xaW9tt5RIJSZNLJiQnQApwmhMmppqRjqJJIgHjLSD4cW4b98QqaiIG3qUEJ+jQUxDipE2Uc8+9HgKqw70rukg0khKcQsVrEIvlAhnnowEPIL1PGvkPbvklp2J4N+mBGaq9+x3ry9wykmsMUNKdV0n0X6GpKaYkbzopYokCA/RgHSNjREnys8mX8rhvkn6MBTSnFjDSfp1I0NcqREPzCRHOlI/u3H4W9dNdXjmZzROUk1iPL0oTBnUAo75wD6VBGs2MgZhSc1bIY6QgaENxeL/ILSOy+5JuXJVKdXOZzgKYBfsgQPgglNQA5egDpoAgzvwAJ7As3VvPVov1ut0dM6a7eyAb7LePgH025xt</latexit>

µ = 0 ) s =
⇢+ P

T
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Thermodynamic Considerations

•Local kinetic equilibrium


•Homogeneous Pressure (1. order PT)


•Cooling due to Hubble expansion

Assumptions:
Entropy production by bubble 

expansion into supercool phase:

T < Tc

Tc Tc
<latexit sha1_base64="4Am797aUAR/RQeVmYY9/2NyXLOs=">AAACDXicjVDJSgNBEO2JW4xb1KOXxih4ChMJ6jGoB49xyQKZIdR0OkmTnumhu0YNIT/gxV/x4kERr969+Td2loOKgg8KHu9VUVUviKUw6LofTmpmdm5+Ib2YWVpeWV3Lrm9UjUo04xWmpNL1AAyXIuIVFCh5PdYcwkDyWtA7Gfm1a66NUNEV9mPuh9CJRFswQCs1szveheh0EbRWN5R6p1wi0EtqKcSxVrfUpZlMM5sr5N0x6N8kR6YoN7PvXkuxJOQRMgnGNApujP4ANAom+TDjJYbHwHrQ4Q1LIwi58Qfjb4Z01yot2lbaVoR0rH6dGEBoTD8MbGcI2DU/vZH4m9dIsH3kD0QUJ8gjNlnUTiRFRUfR0JbQnKHsWwJMC3srZV3QwNAG+M8Qqvv5wkG+eF7MlY6ncaTJFtkme6RADkmJnJEyqRBG7sgDeSLPzr3z6Lw4r5PWlDOd2STf4Lx9AtEamXc=</latexit>

) �S ⇡ 0
<latexit sha1_base64="KDHqU+XxEdoB3UUh5bMNqXdnYfE=">AAACEnicjZDLSgMxGIUzXmu9jbp0EyyCIpQZKeqmUHTjskpv0BlKJs10QpPJkGSUMswzuPFV3LhQxK0rd76N6WWhouCBwOGc/yfJFySMKu04H9bc/MLi0nJhpbi6tr6xaW9tt5RIJSZNLJiQnQApwmhMmppqRjqJJIgHjLSD4cW4b98QqaiIG3qUEJ+jQUxDipE2Uc8+9HgKqw70rukg0khKcQsVrEIvlAhnnowEPIL1PGvkPbvklp2J4N+mBGaq9+x3ry9wykmsMUNKdV0n0X6GpKaYkbzopYokCA/RgHSNjREnys8mX8rhvkn6MBTSnFjDSfp1I0NcqREPzCRHOlI/u3H4W9dNdXjmZzROUk1iPL0oTBnUAo75wD6VBGs2MgZhSc1bIY6QgaENxeL/ILSOy+5JuXJVKdXOZzgKYBfsgQPgglNQA5egDpoAgzvwAJ7As3VvPVov1ut0dM6a7eyAb7LePgH025xt</latexit>

µ = 0 ) s =
⇢+ P

T

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

Thermodynamic Considerations

•Local kinetic equilibrium


•Homogeneous Pressure (1. order PT)


•Cooling due to Hubble expansion

Assumptions:
Entropy production by bubble 

expansion into supercool phase:

T < Tc

Tc Tc
<latexit sha1_base64="4Am797aUAR/RQeVmYY9/2NyXLOs=">AAACDXicjVDJSgNBEO2JW4xb1KOXxih4ChMJ6jGoB49xyQKZIdR0OkmTnumhu0YNIT/gxV/x4kERr969+Td2loOKgg8KHu9VUVUviKUw6LofTmpmdm5+Ib2YWVpeWV3Lrm9UjUo04xWmpNL1AAyXIuIVFCh5PdYcwkDyWtA7Gfm1a66NUNEV9mPuh9CJRFswQCs1szveheh0EbRWN5R6p1wi0EtqKcSxVrfUpZlMM5sr5N0x6N8kR6YoN7PvXkuxJOQRMgnGNApujP4ANAom+TDjJYbHwHrQ4Q1LIwi58Qfjb4Z01yot2lbaVoR0rH6dGEBoTD8MbGcI2DU/vZH4m9dIsH3kD0QUJ8gjNlnUTiRFRUfR0JbQnKHsWwJMC3srZV3QwNAG+M8Qqvv5wkG+eF7MlY6ncaTJFtkme6RADkmJnJEyqRBG7sgDeSLPzr3z6Lw4r5PWlDOd2STf4Lx9AtEamXc=</latexit>

) �S ⇡ 0

<latexit sha1_base64="ORrT8PBjvG4lQ5y6fNkyAATVQd8="></latexit>

�S = �SP +�Sth.

= �L�V

Tc
+

L�V

T
=

✏L�V

T

<latexit sha1_base64="Fxw/TudL983nU+ue8j2AnMUG//g=">AAACBXicjVDLSgMxFM3UV62vUZe6CBbBjWVGiroRim5cVugLOsOQSTNtaCYZkoxQhtm48VfcuFDErf/gzr8x03ahouCBkMM593LvPWHCqNKO82GVFhaXllfKq5W19Y3NLXt7p6NEKjFpY8GE7IVIEUY5aWuqGeklkqA4ZKQbjq8Kv3tLpKKCt/QkIX6MhpxGFCNtpMDe90iiKBMcXkAvkghnrQAft/LiywO76tacKeDfpArmaAb2uzcQOI0J15ghpfquk2g/Q1JTzEhe8VJFEoTHaEj6hnIUE+Vn0ytyeGiUAYyENI9rOFW/dmQoVmoSh6YyRnqkfnqF+JvXT3V07meUJ6kmHM8GRSmDWsAiEjigkmDNJoYgLKnZFeIRMlloE1zlfyF0Tmruaa1+U682LudxlMEeOABHwAVnoAGuQRO0AQZ34AE8gWfr3nq0XqzXWWnJmvfsgm+w3j4B6aCYNw==</latexit>

✏ =
Tc � T

Tc
Supercooling:
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Thermodynamic Considerations II

<latexit sha1_base64="/B9guarsvRyNk+wwFphzQ84oQb0="></latexit>

TSf = (⇢f + Pf )Vf = (⇢i + Pi)Vi + T�S

⇡ (⇢i + Pi + ✏̄L)Vi
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Thermodynamic Considerations II

<latexit sha1_base64="/B9guarsvRyNk+wwFphzQ84oQb0="></latexit>

TSf = (⇢f + Pf )Vf = (⇢i + Pi)Vi + T�S

⇡ (⇢i + Pi + ✏̄L)Vi

<latexit sha1_base64="tyZJPQ+F9sriZpKmG61S0mVlBUQ=">AAACC3icjVDLSgMxFM3UV62vUZduQosgCGVGirosunGhUNE+oDMMmTTThmaSIcmIZejejb/ixoUibv0Bd/6N6bQLFQUPXDg5515u7gkTRpV2nA+rMDe/sLhUXC6trK6tb9ibWy0lUolJEwsmZCdEijDKSVNTzUgnkQTFISPtcHg68ds3RCoq+LUeJcSPUZ/TiGKkjRTYZU8ORAAp9FCSSHEL83fmyRheXYzhPjyHgV1xq04O+DepgBkagf3u9QROY8I1Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DOYqJ8rP8ljHcNUoPRkKa4hrm6teJDMVKjeLQdMZID9RPbyL+5nVTHR37GeVJqgnH00VRyqAWcBIM7FFJsGYjQxCW1PwV4gGSCGsTX+l/IbQOqu5htXZZq9RPZnEUwQ4ogz3ggiNQB2egAZoAgzvwAJ7As3VvPVov1uu0tWDNZrbBN1hvn8zYmZw=</latexit>

⇢i ⇡ ⇢SM + L
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Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

Thermodynamic Considerations II

<latexit sha1_base64="/B9guarsvRyNk+wwFphzQ84oQb0="></latexit>

TSf = (⇢f + Pf )Vf = (⇢i + Pi)Vi + T�S

⇡ (⇢i + Pi + ✏̄L)Vi

<latexit sha1_base64="cbpCej9NIaZMYgr0vQiGCRtPTMs=">AAACBnicjVDLSgMxFM3UV62vUZciBIvgqkylqMuiGzdCRfuAzjBk0kwbmseQZMQydOXGX3HjQhG3foM7/8Z02oWKggcunJxzLzf3RAmj2njeh1OYm19YXCoul1ZW19Y33M2tlpapwqSJJZOqEyFNGBWkaahhpJMognjESDsank389g1RmkpxbUYJCTjqCxpTjIyVQnfXVwMZwhj6KEmUvIX5O/MVh1cX49AtVyteDvg3KYMZGqH77vckTjkRBjOkdbfqJSbIkDIUMzIu+akmCcJD1CddSwXiRAdZfsYY7lulB2OpbAkDc/XrRIa41iMe2U6OzED/9Cbib143NfFJkFGRpIYIPF0UpwwaCSeZwB5VBBs2sgRhRe1fIR4ghbCxyZX+F0LrsFI9qtQua+X66SyOItgBe+AAVMExqINz0ABNgMEdeABP4Nm5dx6dF+d12lpwZjPb4Buct0+QppiQ</latexit>

⇢f ⇡ ⇢SM
<latexit sha1_base64="tyZJPQ+F9sriZpKmG61S0mVlBUQ=">AAACC3icjVDLSgMxFM3UV62vUZduQosgCGVGirosunGhUNE+oDMMmTTThmaSIcmIZejejb/ixoUibv0Bd/6N6bQLFQUPXDg5515u7gkTRpV2nA+rMDe/sLhUXC6trK6tb9ibWy0lUolJEwsmZCdEijDKSVNTzUgnkQTFISPtcHg68ds3RCoq+LUeJcSPUZ/TiGKkjRTYZU8ORAAp9FCSSHEL83fmyRheXYzhPjyHgV1xq04O+DepgBkagf3u9QROY8I1Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DOYqJ8rP8ljHcNUoPRkKa4hrm6teJDMVKjeLQdMZID9RPbyL+5nVTHR37GeVJqgnH00VRyqAWcBIM7FFJsGYjQxCW1PwV4gGSCGsTX+l/IbQOqu5htXZZq9RPZnEUwQ4ogz3ggiNQB2egAZoAgzvwAJ7As3VvPVov1uu0tWDNZrbBN1hvn8zYmZw=</latexit>

⇢i ⇡ ⇢SM + L
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Thermodynamic Considerations II

<latexit sha1_base64="/B9guarsvRyNk+wwFphzQ84oQb0="></latexit>

TSf = (⇢f + Pf )Vf = (⇢i + Pi)Vi + T�S

⇡ (⇢i + Pi + ✏̄L)Vi

Lattice Study: 

L. Guisti, M. Pepe 


1612.00265

<latexit sha1_base64="cbpCej9NIaZMYgr0vQiGCRtPTMs=">AAACBnicjVDLSgMxFM3UV62vUZciBIvgqkylqMuiGzdCRfuAzjBk0kwbmseQZMQydOXGX3HjQhG3foM7/8Z02oWKggcunJxzLzf3RAmj2njeh1OYm19YXCoul1ZW19Y33M2tlpapwqSJJZOqEyFNGBWkaahhpJMognjESDsank389g1RmkpxbUYJCTjqCxpTjIyVQnfXVwMZwhj6KEmUvIX5O/MVh1cX49AtVyteDvg3KYMZGqH77vckTjkRBjOkdbfqJSbIkDIUMzIu+akmCcJD1CddSwXiRAdZfsYY7lulB2OpbAkDc/XrRIa41iMe2U6OzED/9Cbib143NfFJkFGRpIYIPF0UpwwaCSeZwB5VBBs2sgRhRe1fIR4ghbCxyZX+F0LrsFI9qtQua+X66SyOItgBe+AAVMExqINz0ABNgMEdeABP4Nm5dx6dF+d12lpwZjPb4Buct0+QppiQ</latexit>

⇢f ⇡ ⇢SM
<latexit sha1_base64="tyZJPQ+F9sriZpKmG61S0mVlBUQ=">AAACC3icjVDLSgMxFM3UV62vUZduQosgCGVGirosunGhUNE+oDMMmTTThmaSIcmIZejejb/ixoUibv0Bd/6N6bQLFQUPXDg5515u7gkTRpV2nA+rMDe/sLhUXC6trK6tb9ibWy0lUolJEwsmZCdEijDKSVNTzUgnkQTFISPtcHg68ds3RCoq+LUeJcSPUZ/TiGKkjRTYZU8ORAAp9FCSSHEL83fmyRheXYzhPjyHgV1xq04O+DepgBkagf3u9QROY8I1Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DOYqJ8rP8ljHcNUoPRkKa4hrm6teJDMVKjeLQdMZID9RPbyL+5nVTHR37GeVJqgnH00VRyqAWcBIM7FFJsGYjQxCW1PwV4gGSCGsTX+l/IbQOqu5htXZZq9RPZnEUwQ4ogz3ggiNQB2egAZoAgzvwAJ7As3VvPVov1uu0tWDNZrbBN1hvn8zYmZw=</latexit>

⇢i ⇡ ⇢SM + L
<latexit sha1_base64="N0TMah8s5GKo6EgW+akypMLwNu8=">AAACCnicjVC7SgNBFJ31GeNr1dJmNAhWYaNBLYM2NkJE84DsssxOZpMh81hmZsWwbG3jr9hYKGLrF9j5N04ehYqCB2Y4nHMv994TJYxq43kfzszs3PzCYmGpuLyyurbubmw2tUwVJg0smVTtCGnCqCANQw0j7UQRxCNGWtHgbOS3bojSVIprM0xIwFFP0JhiZKwUujt16KMkUfIW+rFCOPNVX4b25/DqIs+zwzx0S5WyNwb8m5TAFPXQffe7EqecCIMZ0rpT8RITZEgZihnJi36qSYLwAPVIx1KBONFBNj4lh3tW6cJYKvuEgWP1a0eGuNZDHtlKjkxf//RG4m9eJzXxSZBRkaSGCDwZFKcMGglHucAuVQQbNrQEYUXtrhD3kU3E2PSK/wuheVCuHJWrl9VS7XQaRwFsg12wDyrgGNTAOaiDBsDgDjyAJ/Ds3DuPzovzOimdcaY9W+AbnLdPLu+amQ==</latexit>

P ⇡ ⇢SM
3

<latexit sha1_base64="6KC8h3KgCK2nZyH0naQZLKhDK5Q=">AAACBXicjZDLSgMxGIUz9VbrbdSlLoJFcFVmpKjLohs3QgV7kc4wZNJMG5rLkGSEMnTjxldx40IRt76DO9/G9IKoKHggcPjO/5PkxCmj2njeu1OYm19YXCoul1ZW19Y33M2tppaZwqSBJZOqHSNNGBWkYahhpJ0qgnjMSCsenI3z1g1RmkpxZYYpCTnqCZpQjIxFkbtbj/JAcXh9MYIBYzBQfflJIrfsV7yJ4N+mDGaqR+5b0JU440QYzJDWHd9LTZgjZShmZFQKMk1ShAeoRzrWCsSJDvPJL0Zw35IuTKSyRxg4oV83csS1HvLYTnJk+vpnNoa/ZZ3MJCdhTkWaGSLw9KIkY9BIOK4Edqki2LChNQgrat8KcR8phI0trvS/EpqHFf+oUr2slmunszqKYAfsgQPgg2NQA+egDhoAg1twDx7Bk3PnPDjPzst0tODMdrbBNzmvH23rl+g=</latexit>

PYM ⌧ ⇢YM
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Thermodynamic Considerations II

<latexit sha1_base64="/B9guarsvRyNk+wwFphzQ84oQb0="></latexit>

TSf = (⇢f + Pf )Vf = (⇢i + Pi)Vi + T�S

⇡ (⇢i + Pi + ✏̄L)Vi

Lattice Study: 

L. Guisti, M. Pepe 


1612.00265

<latexit sha1_base64="cbpCej9NIaZMYgr0vQiGCRtPTMs=">AAACBnicjVDLSgMxFM3UV62vUZciBIvgqkylqMuiGzdCRfuAzjBk0kwbmseQZMQydOXGX3HjQhG3foM7/8Z02oWKggcunJxzLzf3RAmj2njeh1OYm19YXCoul1ZW19Y33M2tlpapwqSJJZOqEyFNGBWkaahhpJMognjESDsank389g1RmkpxbUYJCTjqCxpTjIyVQnfXVwMZwhj6KEmUvIX5O/MVh1cX49AtVyteDvg3KYMZGqH77vckTjkRBjOkdbfqJSbIkDIUMzIu+akmCcJD1CddSwXiRAdZfsYY7lulB2OpbAkDc/XrRIa41iMe2U6OzED/9Cbib143NfFJkFGRpIYIPF0UpwwaCSeZwB5VBBs2sgRhRe1fIR4ghbCxyZX+F0LrsFI9qtQua+X66SyOItgBe+AAVMExqINz0ABNgMEdeABP4Nm5dx6dF+d12lpwZjPb4Buct0+QppiQ</latexit>

⇢f ⇡ ⇢SM
<latexit sha1_base64="tyZJPQ+F9sriZpKmG61S0mVlBUQ=">AAACC3icjVDLSgMxFM3UV62vUZduQosgCGVGirosunGhUNE+oDMMmTTThmaSIcmIZejejb/ixoUibv0Bd/6N6bQLFQUPXDg5515u7gkTRpV2nA+rMDe/sLhUXC6trK6tb9ibWy0lUolJEwsmZCdEijDKSVNTzUgnkQTFISPtcHg68ds3RCoq+LUeJcSPUZ/TiGKkjRTYZU8ORAAp9FCSSHEL83fmyRheXYzhPjyHgV1xq04O+DepgBkagf3u9QROY8I1Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DOYqJ8rP8ljHcNUoPRkKa4hrm6teJDMVKjeLQdMZID9RPbyL+5nVTHR37GeVJqgnH00VRyqAWcBIM7FFJsGYjQxCW1PwV4gGSCGsTX+l/IbQOqu5htXZZq9RPZnEUwQ4ogz3ggiNQB2egAZoAgzvwAJ7As3VvPVov1uu0tWDNZrbBN1hvn8zYmZw=</latexit>

⇢i ⇡ ⇢SM + L
<latexit sha1_base64="N0TMah8s5GKo6EgW+akypMLwNu8=">AAACCnicjVC7SgNBFJ31GeNr1dJmNAhWYaNBLYM2NkJE84DsssxOZpMh81hmZsWwbG3jr9hYKGLrF9j5N04ehYqCB2Y4nHMv994TJYxq43kfzszs3PzCYmGpuLyyurbubmw2tUwVJg0smVTtCGnCqCANQw0j7UQRxCNGWtHgbOS3bojSVIprM0xIwFFP0JhiZKwUujt16KMkUfIW+rFCOPNVX4b25/DqIs+zwzx0S5WyNwb8m5TAFPXQffe7EqecCIMZ0rpT8RITZEgZihnJi36qSYLwAPVIx1KBONFBNj4lh3tW6cJYKvuEgWP1a0eGuNZDHtlKjkxf//RG4m9eJzXxSZBRkaSGCDwZFKcMGglHucAuVQQbNrQEYUXtrhD3kU3E2PSK/wuheVCuHJWrl9VS7XQaRwFsg12wDyrgGNTAOaiDBsDgDjyAJ/Ds3DuPzovzOimdcaY9W+AbnLdPLu+amQ==</latexit>

P ⇡ ⇢SM
3

<latexit sha1_base64="6KC8h3KgCK2nZyH0naQZLKhDK5Q=">AAACBXicjZDLSgMxGIUz9VbrbdSlLoJFcFVmpKjLohs3QgV7kc4wZNJMG5rLkGSEMnTjxldx40IRt76DO9/G9IKoKHggcPjO/5PkxCmj2njeu1OYm19YXCoul1ZW19Y33M2tppaZwqSBJZOqHSNNGBWkYahhpJ0qgnjMSCsenI3z1g1RmkpxZYYpCTnqCZpQjIxFkbtbj/JAcXh9MYIBYzBQfflJIrfsV7yJ4N+mDGaqR+5b0JU440QYzJDWHd9LTZgjZShmZFQKMk1ShAeoRzrWCsSJDvPJL0Zw35IuTKSyRxg4oV83csS1HvLYTnJk+vpnNoa/ZZ3MJCdhTkWaGSLw9KIkY9BIOK4Edqki2LChNQgrat8KcR8phI0trvS/EpqHFf+oUr2slmunszqKYAfsgQPgg2NQA+egDhoAg1twDx7Bk3PnPDjPzst0tODMdrbBNzmvH23rl+g=</latexit>

PYM ⌧ ⇢YM

<latexit sha1_base64="nKlChzL4vg1enSPxBdzsrinaa8g="></latexit>✓
af
ai

◆3

⇡ 1 +
3L

4⇢SM
) af

ai
⇡ 1.01

<latexit sha1_base64="Dh8HdLwO26eZFFbupkjF4P3LjWM=">AAAB/nicjVDLSgNBEOyNrxhfUfHkZTAInsKuBPUY9OIxgnlAdgmzk95kyOzsMjMrhCXgr3jxoIhXv8Obf+PkcVBRsKChqOqmiwpTwbVx3Q+nsLS8srpWXC9tbG5t75R391o6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HF1N/fYdKs0TeWvGKQYxHUgecUaNlXrlAz+kKvcx1VwkckJ8IYhHeuWKV3VnIH+TCizQ6JXf/X7CshilYYJq3fXc1AQ5VYYzgZOSn2lMKRvRAXYtlTRGHeSz+BNybJU+iRJlRxoyU79e5DTWehyHdjOmZqh/elPxN6+bmegiyLlMM4OSzR9FmSAmIdMuSJ8rZEaMLaFMcZuVsCFVlBnbWOl/JbROq95ZtXZTq9QvF3UU4RCO4AQ8OIc6XEMDmsAghwd4gmfn3nl0XpzX+WrBWdzswzc4b598zpUt</latexit>

✏̄ ⌧ 1
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<latexit sha1_base64="/B9guarsvRyNk+wwFphzQ84oQb0="></latexit>

TSf = (⇢f + Pf )Vf = (⇢i + Pi)Vi + T�S

⇡ (⇢i + Pi + ✏̄L)Vi

Lattice Study: 

L. Guisti, M. Pepe 


1612.00265

<latexit sha1_base64="cbpCej9NIaZMYgr0vQiGCRtPTMs=">AAACBnicjVDLSgMxFM3UV62vUZciBIvgqkylqMuiGzdCRfuAzjBk0kwbmseQZMQydOXGX3HjQhG3foM7/8Z02oWKggcunJxzLzf3RAmj2njeh1OYm19YXCoul1ZW19Y33M2tlpapwqSJJZOqEyFNGBWkaahhpJMognjESDsank389g1RmkpxbUYJCTjqCxpTjIyVQnfXVwMZwhj6KEmUvIX5O/MVh1cX49AtVyteDvg3KYMZGqH77vckTjkRBjOkdbfqJSbIkDIUMzIu+akmCcJD1CddSwXiRAdZfsYY7lulB2OpbAkDc/XrRIa41iMe2U6OzED/9Cbib143NfFJkFGRpIYIPF0UpwwaCSeZwB5VBBs2sgRhRe1fIR4ghbCxyZX+F0LrsFI9qtQua+X66SyOItgBe+AAVMExqINz0ABNgMEdeABP4Nm5dx6dF+d12lpwZjPb4Buct0+QppiQ</latexit>

⇢f ⇡ ⇢SM
<latexit sha1_base64="tyZJPQ+F9sriZpKmG61S0mVlBUQ=">AAACC3icjVDLSgMxFM3UV62vUZduQosgCGVGirosunGhUNE+oDMMmTTThmaSIcmIZejejb/ixoUibv0Bd/6N6bQLFQUPXDg5515u7gkTRpV2nA+rMDe/sLhUXC6trK6tb9ibWy0lUolJEwsmZCdEijDKSVNTzUgnkQTFISPtcHg68ds3RCoq+LUeJcSPUZ/TiGKkjRTYZU8ORAAp9FCSSHEL83fmyRheXYzhPjyHgV1xq04O+DepgBkagf3u9QROY8I1Zkiprusk2s+Q1BQzMi55qSIJwkPUJ11DOYqJ8rP8ljHcNUoPRkKa4hrm6teJDMVKjeLQdMZID9RPbyL+5nVTHR37GeVJqgnH00VRyqAWcBIM7FFJsGYjQxCW1PwV4gGSCGsTX+l/IbQOqu5htXZZq9RPZnEUwQ4ogz3ggiNQB2egAZoAgzvwAJ7As3VvPVov1uu0tWDNZrbBN1hvn8zYmZw=</latexit>

⇢i ⇡ ⇢SM + L
<latexit sha1_base64="N0TMah8s5GKo6EgW+akypMLwNu8=">AAACCnicjVC7SgNBFJ31GeNr1dJmNAhWYaNBLYM2NkJE84DsssxOZpMh81hmZsWwbG3jr9hYKGLrF9j5N04ehYqCB2Y4nHMv994TJYxq43kfzszs3PzCYmGpuLyyurbubmw2tUwVJg0smVTtCGnCqCANQw0j7UQRxCNGWtHgbOS3bojSVIprM0xIwFFP0JhiZKwUujt16KMkUfIW+rFCOPNVX4b25/DqIs+zwzx0S5WyNwb8m5TAFPXQffe7EqecCIMZ0rpT8RITZEgZihnJi36qSYLwAPVIx1KBONFBNj4lh3tW6cJYKvuEgWP1a0eGuNZDHtlKjkxf//RG4m9eJzXxSZBRkaSGCDwZFKcMGglHucAuVQQbNrQEYUXtrhD3kU3E2PSK/wuheVCuHJWrl9VS7XQaRwFsg12wDyrgGNTAOaiDBsDgDjyAJ/Ds3DuPzovzOimdcaY9W+AbnLdPLu+amQ==</latexit>

P ⇡ ⇢SM
3

<latexit sha1_base64="6KC8h3KgCK2nZyH0naQZLKhDK5Q=">AAACBXicjZDLSgMxGIUz9VbrbdSlLoJFcFVmpKjLohs3QgV7kc4wZNJMG5rLkGSEMnTjxldx40IRt76DO9/G9IKoKHggcPjO/5PkxCmj2njeu1OYm19YXCoul1ZW19Y33M2tppaZwqSBJZOqHSNNGBWkYahhpJ0qgnjMSCsenI3z1g1RmkpxZYYpCTnqCZpQjIxFkbtbj/JAcXh9MYIBYzBQfflJIrfsV7yJ4N+mDGaqR+5b0JU440QYzJDWHd9LTZgjZShmZFQKMk1ShAeoRzrWCsSJDvPJL0Zw35IuTKSyRxg4oV83csS1HvLYTnJk+vpnNoa/ZZ3MJCdhTkWaGSLw9KIkY9BIOK4Edqki2LChNQgrat8KcR8phI0trvS/EpqHFf+oUr2slmunszqKYAfsgQPgg2NQA+egDhoAg1twDx7Bk3PnPDjPzst0tODMdrbBNzmvH23rl+g=</latexit>

PYM ⌧ ⇢YM

<latexit sha1_base64="nKlChzL4vg1enSPxBdzsrinaa8g="></latexit>✓
af
ai

◆3

⇡ 1 +
3L

4⇢SM
) af

ai
⇡ 1.01

<latexit sha1_base64="+D66sqm64KrAgDhrvEVehW1ELL0=">AAACCnicjZBNS8MwHMbT+TbnW9Wjl+gQPJVWhnocetlxwt5gLSXN0i0sSUuSiqP07MWv4sWDIl79BN78NmYvBxUFHwg8PM//T5JflDKqtOt+WKWl5ZXVtfJ6ZWNza3vH3t3rqCSTmLRxwhLZi5AijArS1lQz0kslQTxipBuNr6Z994ZIRRPR0pOUBBwNBY0pRtpEoX2ow9yXHDZbBfRRmsrkFvqxRDh3Hdcr8kYR2lXPcWeCf5sqWKgZ2u/+IMEZJ0JjhpTqe26qgxxJTTEjRcXPFEkRHqMh6RsrECcqyGdfKeCxSQYwTqQ5QsNZ+nUjR1ypCY/MJEd6pH520/C3rp/p+CLIqUgzTQSeXxRnDOoETrnAAZUEazYxBmFJzVshHiEDQht6lf9B6Jw63plTu65V65cLHGVwAI7ACfDAOaiDBmiCNsDgDjyAJ/Bs3VuP1ov1Oh8tWYudffBN1tsnLCqZ8A==</latexit>

tPT ⇡ 0.01

H

<latexit sha1_base64="Dh8HdLwO26eZFFbupkjF4P3LjWM=">AAAB/nicjVDLSgNBEOyNrxhfUfHkZTAInsKuBPUY9OIxgnlAdgmzk95kyOzsMjMrhCXgr3jxoIhXv8Obf+PkcVBRsKChqOqmiwpTwbVx3Q+nsLS8srpWXC9tbG5t75R391o6yRTDJktEojoh1Si4xKbhRmAnVUjjUGA7HF1N/fYdKs0TeWvGKQYxHUgecUaNlXrlAz+kKvcx1VwkckJ8IYhHeuWKV3VnIH+TCizQ6JXf/X7CshilYYJq3fXc1AQ5VYYzgZOSn2lMKRvRAXYtlTRGHeSz+BNybJU+iRJlRxoyU79e5DTWehyHdjOmZqh/elPxN6+bmegiyLlMM4OSzR9FmSAmIdMuSJ8rZEaMLaFMcZuVsCFVlBnbWOl/JbROq95ZtXZTq9QvF3UU4RCO4AQ8OIc6XEMDmsAghwd4gmfn3nl0XpzX+WrBWdzswzc4b598zpUt</latexit>

✏̄ ⌧ 1
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Thermodynamic Considerations III

<latexit sha1_base64="homnxnagWq32GnBc49QoeXAPJGg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMS1GPQi8e4ZIFkCD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NnUWI24OCx3tVVNULEsG1cd0PJ7e0vLK6ll8vbGxube8Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmPSrNY3lnRgn6Ee1LHnJGjZVub7pet1jyyu4UxP1FvqwSzFHrFt87vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n01PHZMjq/RIGCtb0pCpujiR0UjrURTYzoiagf7pTcS/vHZqwnM/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0Cosh/E8aJ2XvtFy5rpSqF/M48nAAh3AMHpxBFa6gBnVg0IcHeIJnRziPzovzOmvNOfOZffgG5+0T1iuNhA==</latexit>

R1

Bubble Wall Velocity:
<latexit sha1_base64="iXiQk+K8SBsBbRMznj/Zf5qHtOw="></latexit>

vwall 
R1

tPT
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Thermodynamic Considerations III

<latexit sha1_base64="homnxnagWq32GnBc49QoeXAPJGg=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMS1GPQi8e4ZIFkCD2dmqRJT8/Q3SOEIZ/gxYMiXv0ib/6NnUWI24OCx3tVVNULEsG1cd0PJ7e0vLK6ll8vbGxube8Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmPSrNY3lnRgn6Ee1LHnJGjZVub7pet1jyyu4UxP1FvqwSzFHrFt87vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n01PHZMjq/RIGCtb0pCpujiR0UjrURTYzoiagf7pTcS/vHZqwnM/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0Cosh/E8aJ2XvtFy5rpSqF/M48nAAh3AMHpxBFa6gBnVg0IcHeIJnRziPzovzOmvNOfOZffgG5+0T1iuNhA==</latexit>

R1

Bubble Wall Velocity:
<latexit sha1_base64="iXiQk+K8SBsBbRMznj/Zf5qHtOw="></latexit>

vwall 
R1

tPT

<latexit sha1_base64="ZmfAqOVIYXuYqG8vKm/rhc9YOAM="></latexit>

R1 ⇡
✓

MPl

104Tc

◆2/3 1

Tc

<latexit sha1_base64="tbvrJ5FEda6WeuuDpcplIj+kB/I=">AAACBXicjVDJSgNBEO1xjXEb9aiHxiB4Mcy4H4NePEYwCyTj0NOpJE16FrpromGYixd/xYsHRbz6D978GyfLQUXBBwWP96qoqudFUmi0rA9janpmdm4+t5BfXFpeWTXX1qs6jBWHCg9lqOoe0yBFABUUKKEeKWC+J6Hm9c6Hfq0PSoswuMJBBI7POoFoC84wk1xzq+8mTYRbTOgNkzJNaVMCta3rZO8gdc2CXbRGoH+TApmg7JrvzVbIYx8C5JJp3bCtCJ2EKRRcQppvxhoixnusA42MBswH7SSjL1K6kykt2g5VVgHSkfp1ImG+1gPfyzp9hl390xuKv3mNGNunTiKCKEYI+HhRO5YUQzqMhLaEAo5ykBHGlchupbzLFOOYBZf/XwjV/aJ9XDy6PCyUziZx5Mgm2Sa7xCYnpEQuSJlUCCd35IE8kWfj3ng0XozXceuUMZnZIN9gvH0CrgKYCg==</latexit>

v wall  10�3

2203.15813: Pouya Asadi, Eric D. Kraemer, 
Eric Kuflik, Tracy Slatyer, JS
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Simulating the Phase Transition I 
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Simulating the Phase Transition II 
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Phase Transitions in the lab: QUEST-DMC
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Gravitational Wave Sensitivity Scale

Reichert et al. arXiv:2211.08877
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Gravitational Wave Sensitivity Wall Velocity

Reichert et al. arXiv:2211.08877

Challenging, 
unless 


alternative GW 
production
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The Effect on Abundance
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The Confined Phase The Deconfined Phase
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Bubble Wall Reflection
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The Dark Baryon Squeezeout 

Credit: Eric Kuflik
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The Dark Baryon Squeezeout 

Credit: Eric Kuflik
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Local Boltzmann Evolution

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

Dynamical Confinement

arxiv:2103.09822: Pouya Asadi, Greg Ridgway, 

Eric D. Kraemer, Eric Kuflik, Tracy Slatyer, JS
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Minimal Abundance and Asymmetry

SAS =

p
N0

N0
=

1p
N0
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Result for Relic Abundance 
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Links to Phenomenology
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Dark Matter Production Scenario Space
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Weakly or Rarely? 
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Generic Feature: Residual Interactions 

M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

EW Loops
M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

Higgs
EW Loops

M. Digmann et al. 1907.10618

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

Generic Feature: Residual Interactions 

Z Boson

Higgs
EW Loops

M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

Nuclear

Z Boson

Higgs
EW Loops

M. Digmann et al. 1907.10618
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Generic Feature: Residual Interactions 

Nuclear

Z Boson

Higgs
EW Loops

M. Digmann et al. 1907.10618
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New Searches Microscopic DM
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Large Scattering Cross Sections

arxiv:2008.10646: C. Cappiello et al.
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Large Scattering Cross Sections

arxiv:2008.10646: C. Cappiello et al.

mailto:juri.smirnov@liverpool.ac.uk


Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

New Searches Macroscopic DM
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Compact Objects from Phase Transitions  

2105.02840: 

Gross et al.

1) Add primordial 

DM asymmetry

2) Low efficiency

for Baryon f


ormation
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Dark Matter Triggered Supernova

<latexit sha1_base64="av/ZPtT+XAITwTv5dhO7lDmn2Mk=">AAAB9XicjVDLSgNBEJyNrxhfUY9eBoPgKWzE10mCXrwIEfKCZA2zk95kyOzsMtOrhiX/4cWDIl79F2/+jZPHQUXBgoaiqpsuyo+lMOi6H05mbn5hcSm7nFtZXVvfyG9u1U2UaA41HslIN31mQAoFNRQooRlrYKEvoeEPLsZ+4xa0EZGq4jAGL2Q9JQLBGVrppkrPaBvhHtMrqI86+UKp6E5A/yYFMkOlk39vdyOehKCQS2ZMq+TG6KVMo+ASRrl2YiBmfMB60LJUsRCMl05Sj+ieVbo0iLQdhXSifr1IWWjMMPTtZsiwb356Y/E3r5VgcOqlQsUJguLTR0EiKUZ0XAHtCg0c5dASxrWwWSnvM8042qJy/yuhflAsHRePrg8L5fNZHVmyQ3bJPimRE1Iml6RCaoQTTR7IE3l27pxH58V5na5mnNnNNvkG5+0TtVWSBg==</latexit>

T > MeV

1805.07381: 

Graham et al.
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2211.00013 : JS, Goobar,  
Linden, Mörtsell 

Ca-Rich Gap Transients 

https://exoplanets.nasa.gov/resources/2172/type-ia-supernova/
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2211.00013 : JS, Goobar,  
Linden, Mörtsell 

Ca-Rich Gap Transients 

https://exoplanets.nasa.gov/resources/2172/type-ia-supernova/
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2211.00013 : JS, Goobar,  
Linden, Mörtsell 

Ca-Rich Gap Transients 
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Distribution in Distant Galaxies
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Distribution in Distant Galaxies
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Mass and Abundance for observed Rate

DM
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Rich Scenario Space to Explore
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BackUp 
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UV Completions 
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J. Junkevich et al. : 0903.0883

The Glueball Spectrum 
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J. Junkevich et al. : 0903.0883

Glueball Decay Channels
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Z’ Portal Model
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2022: Asadi, Kraemer, Kuflik, Slatyer, Smirnov
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2022: Asadi, Kraemer, Kuflik, Slatyer, Smirnov
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<latexit sha1_base64="JBB4zoEUhQQmI308DE10KmQFX/M="></latexit>

h�GBvi ⇡ 1/T 2
c exp [�2mGB/Tc]

<latexit sha1_base64="MJ12nM6V7PcILA6r5JB2/Q4kAYE="></latexit>

�GB = n2
gh�GBvi
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<latexit sha1_base64="JBB4zoEUhQQmI308DE10KmQFX/M="></latexit>

h�GBvi ⇡ 1/T 2
c exp [�2mGB/Tc]

<latexit sha1_base64="rJ2CyMJX5IoNQdCc4/zCGDNZJ3k=">AAACHnicdZDLSgMxFIYzXmu9VV26OVgEF1JmbK11IRRd6FLBVqFThkyaqcEkMyQZoQx9Eje+ihsXigiu9G1ML+IFPZDw8/3nkJw/TDjTxnXfnYnJqemZ2dxcfn5hcWm5sLLa1HGqCG2QmMfqMsSaciZpwzDD6WWiKBYhpxfh9dHAv7ihSrNYnpteQtsCdyWLGMHGoqCwCzLIfCXg+LAPB+B3sRD4i/jbEAVNe4MZwUTFnT4EhaJb2q9VqpV9GIpauTwSVbcMXskdVhGN6zQ ovPqdmKSCSkM41rrluYlpZ1gZRjjt5/1U0wSTa9ylLSslFlS3s+F6fdi0pANRrOyRBob0+0SGhdY9EdpOgc2V/u0N4F9eKzVRrZ0xmaSGSjJ6KEo5mBgGWUGHKUoM71mBiWL2r0CusMLE2ETzNoTPTeF/0dwpedWSd1Yp1t1xHDm0jjbQFvLQHqqjE3SKGoigW3SPHtGTc+c8OM/Oy6h1whnPrKEf5bx9ACAKoKA=</latexit>

nGB = �GB fV tprod

<latexit sha1_base64="MJ12nM6V7PcILA6r5JB2/Q4kAYE="></latexit>

�GB = n2
gh�GBvi
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<latexit sha1_base64="JBB4zoEUhQQmI308DE10KmQFX/M="></latexit>

h�GBvi ⇡ 1/T 2
c exp [�2mGB/Tc]

<latexit sha1_base64="H2N9+0YNTlnsU2SyDYU0L3sNY1U="></latexit>

fV =
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Vbubble
=
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1
4⇡
3 R3

1
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✓
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◆2/3
<latexit sha1_base64="rJ2CyMJX5IoNQdCc4/zCGDNZJ3k=">AAACHnicdZDLSgMxFIYzXmu9VV26OVgEF1JmbK11IRRd6FLBVqFThkyaqcEkMyQZoQx9Eje+ihsXigiu9G1ML+IFPZDw8/3nkJw/TDjTxnXfnYnJqemZ2dxcfn5hcWm5sLLa1HGqCG2QmMfqMsSaciZpwzDD6WWiKBYhpxfh9dHAv7ihSrNYnpteQtsCdyWLGMHGoqCwCzLIfCXg+LAPB+B3sRD4i/jbEAVNe4MZwUTFnT4EhaJb2q9VqpV9GIpauTwSVbcMXskdVhGN6zQ ovPqdmKSCSkM41rrluYlpZ1gZRjjt5/1U0wSTa9ylLSslFlS3s+F6fdi0pANRrOyRBob0+0SGhdY9EdpOgc2V/u0N4F9eKzVRrZ0xmaSGSjJ6KEo5mBgGWUGHKUoM71mBiWL2r0CusMLE2ETzNoTPTeF/0dwpedWSd1Yp1t1xHDm0jjbQFvLQHqqjE3SKGoigW3SPHtGTc+c8OM/Oy6h1whnPrKEf5bx9ACAKoKA=</latexit>
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<latexit sha1_base64="JBB4zoEUhQQmI308DE10KmQFX/M="></latexit>

h�GBvi ⇡ 1/T 2
c exp [�2mGB/Tc]

<latexit sha1_base64="H2N9+0YNTlnsU2SyDYU0L3sNY1U="></latexit>

fV =
Vwalls

Vbubble
=

4⇡T�1
c R2

1
4⇡
3 R3

1

⇡ 3

✓
104 Tc

Mpl

◆2/3
<latexit sha1_base64="rJ2CyMJX5IoNQdCc4/zCGDNZJ3k=">AAACHnicdZDLSgMxFIYzXmu9VV26OVgEF1JmbK11IRRd6FLBVqFThkyaqcEkMyQZoQx9Eje+ihsXigiu9G1ML+IFPZDw8/3nkJw/TDjTxnXfnYnJqemZ2dxcfn5hcWm5sLLa1HGqCG2QmMfqMsSaciZpwzDD6WWiKBYhpxfh9dHAv7ihSrNYnpteQtsCdyWLGMHGoqCwCzLIfCXg+LAPB+B3sRD4i/jbEAVNe4MZwUTFnT4EhaJb2q9VqpV9GIpauTwSVbcMXskdVhGN6zQ ovPqdmKSCSkM41rrluYlpZ1gZRjjt5/1U0wSTa9ylLSslFlS3s+F6fdi0pANRrOyRBob0+0SGhdY9EdpOgc2V/u0N4F9eKzVRrZ0xmaSGSjJ6KEo5mBgGWUGHKUoM71mBiWL2r0CusMLE2ETzNoTPTeF/0dwpedWSd1Yp1t1xHDm0jjbQFvLQHqqjE3SKGoigW3SPHtGTc+c8OM/Oy6h1whnPrKEf5bx9ACAKoKA=</latexit>

nGB = �GB fV tprod

<latexit sha1_base64="yQwqYVzLI9c/2eYLsMaOJYsjnzk="></latexit>

nGB ⇡ T 3
c
exp [�2mGB/Tc]

vw

<latexit sha1_base64="MJ12nM6V7PcILA6r5JB2/Q4kAYE="></latexit>

�GB = n2
gh�GBvi
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Juri Smirnov,  juri.smirnov@liverpool.ac.uk;, 24/10/23

<latexit sha1_base64="JBB4zoEUhQQmI308DE10KmQFX/M="></latexit>

h�GBvi ⇡ 1/T 2
c exp [�2mGB/Tc]

<latexit sha1_base64="H2N9+0YNTlnsU2SyDYU0L3sNY1U="></latexit>

fV =
Vwalls

Vbubble
=

4⇡T�1
c R2

1
4⇡
3 R3

1

⇡ 3

✓
104 Tc

Mpl

◆2/3
<latexit sha1_base64="rJ2CyMJX5IoNQdCc4/zCGDNZJ3k=">AAACHnicdZDLSgMxFIYzXmu9VV26OVgEF1JmbK11IRRd6FLBVqFThkyaqcEkMyQZoQx9Eje+ihsXigiu9G1ML+IFPZDw8/3nkJw/TDjTxnXfnYnJqemZ2dxcfn5hcWm5sLLa1HGqCG2QmMfqMsSaciZpwzDD6WWiKBYhpxfh9dHAv7ihSrNYnpteQtsCdyWLGMHGoqCwCzLIfCXg+LAPB+B3sRD4i/jbEAVNe4MZwUTFnT4EhaJb2q9VqpV9GIpauTwSVbcMXskdVhGN6zQ ovPqdmKSCSkM41rrluYlpZ1gZRjjt5/1U0wSTa9ylLSslFlS3s+F6fdi0pANRrOyRBob0+0SGhdY9EdpOgc2V/u0N4F9eKzVRrZ0xmaSGSjJ6KEo5mBgGWUGHKUoM71mBiWL2r0CusMLE2ETzNoTPTeF/0dwpedWSd1Yp1t1xHDm0jjbQFvLQHqqjE3SKGoigW3SPHtGTc+c8OM/Oy6h1whnPrKEf5bx9ACAKoKA=</latexit>

nGB = �GB fV tprod

<latexit sha1_base64="yQwqYVzLI9c/2eYLsMaOJYsjnzk="></latexit>

nGB ⇡ T 3
c
exp [�2mGB/Tc]

vw

<latexit sha1_base64="MJ12nM6V7PcILA6r5JB2/Q4kAYE="></latexit>

�GB = n2
gh�GBvi

 

S

am
mo s

<latexit sha1_base64="012mBQAhBIxrjlhy48oEFa58u28="></latexit>

nGB ⇡ 2 · 10�6 T 3
c

✓
Mpl

Tc

◆0.2
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<latexit sha1_base64="012mBQAhBIxrjlhy48oEFa58u28="></latexit>

nGB ⇡ 2 · 10�6 T 3
c

✓
Mpl

Tc

◆0.2
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<latexit sha1_base64="012mBQAhBIxrjlhy48oEFa58u28="></latexit>

nGB ⇡ 2 · 10�6 T 3
c

✓
Mpl

Tc

◆0.2

<latexit sha1_base64="wkq1i3hzQHXDC58xJbmWh/nRtAU="></latexit>

h�3!2v
2i ⇡ 1

(4⇡)3

✓
4⇡

Nc

◆6 1

m5
GB

<latexit sha1_base64="cLWyK0tMXbKGDRDaaoR+Uq/YKTs="></latexit>�
n
min
GB

�2 h�3!2v
2i > HPT ⇡ T

2
c /Mpl
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<latexit sha1_base64="012mBQAhBIxrjlhy48oEFa58u28="></latexit>

nGB ⇡ 2 · 10�6 T 3
c

✓
Mpl

Tc

◆0.2

<latexit sha1_base64="F2nB35MYHoh/GPla/3m2ZEmvqcI="></latexit>

R ⌘ sGB

sSM

<latexit sha1_base64="wkq1i3hzQHXDC58xJbmWh/nRtAU="></latexit>

h�3!2v
2i ⇡ 1

(4⇡)3

✓
4⇡

Nc

◆6 1

m5
GB

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

Rmax ⇠ 2.5⇥ 10�4

<latexit sha1_base64="cLWyK0tMXbKGDRDaaoR+Uq/YKTs="></latexit>�
n
min
GB

�2 h�3!2v
2i > HPT ⇡ T

2
c /Mpl

Number Density of Glueballs II 
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2022: Asadi, Kraemer, 

Kuflik, Slatyer, Smirnov

τGB > 1 s 

Parameter Space I
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2022: Asadi, Kraemer, 

Kuflik, Slatyer, Smirnov

τGB > 1 s 

Parameter Space II
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