
1. Rapidly Rotating Neutron Stars

N.K. Largani et al., MNRAS (2022)
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<latexit sha1_base64="PeAqaOBIpQTNuoCYfPREmvFczmI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVol6EUi8eK9gPaJeSTbNtaJJdk2yhLPVvePGgiFd/jDf/jWm7B60+GHi8N8PMvCDmTBvX/XJyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqZ+a0xVZpF8t5MYuoLPJAsZAQbK/n6+vxx1Eu7SqDatFcsuWV3DvSXeBkpQYZ6r/jZ7UckEVQawrHWHc+NjZ9iZRjhdFroJprGmIzwgHYslVhQ7afzo6foxCp9FEbKljRorv6cSLHQeiIC2ymwGeplbyb+53USE175KZNxYqgki0VhwpGJ0CwB1GeKEsMnlmCimL0VkSFWmBibU8GG4C2//Jc0z8reRblyVylVa1kceTiCYzgFDy6hCrdQhwYQeIAneIFXZ+w8O2/O+6I152Qzh/ALzsc3PqGRxQ==</latexit>

s = 3 kB
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<latexit sha1_base64="dYHAg5kZsNUruakM3KEWjIlUvOA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxQr+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp/57SeujYhVAycJ9yM6VCIUjKKV2g1yS1xC+uWKW3XnIKvEy0kFctT75a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn83PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7HcyEJozlBNLKNPC3krYiGrK0CZUsiF4yy+vktZF1buqXj5eVmp3eRxFOIFTOAcPrqEGD1CHJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP7y44K</latexit>

T = 0

<latexit sha1_base64="EZRHAokg1GBj4Ruilq6LFPL9BLg=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2Q4JgEZZdE9QmEGJjYRHBPCS7LLOTSTJk9sHMrBCWtbbxV2wsFLH1B+z8GyfJFpp44MKZc+5l7j1exKiQpvmt5VZW19Y38puFre2d3T19/6Atwphj0sIhC3nXQ4IwGpCWpJKRbsQJ8j1GOt74cup37gkXNAxu5SQijo+GAR1QjKSSXL0oapWHsZvY3IeNFNplWIZ38+d1CmvQNCquXjINcwa4TKyMlECGpqt/2f0Qxz4JJGZIiJ5lRtJJEJcUM5IW7FiQCOExGpKeogHyiXCS2S0pPFZKHw5CriqQcKb+nkiQL8TE91Snj+RILHpT8T+vF8vBhZPQIIolCfD8o0HMoAzhNBjYp5xgySaKIMyp2hXiEeIISxVfQYVgLZ68TNqnhnVmVG+qpXojiyMPjkARnAALnIM6uAJN0AIYPIJn8AretCftRXvXPuatOS2bOQR/oH3+AKotmEE=</latexit>

s = 3 kB , YL = 0.3

(Hadronic)

(Hadronic)

Khadkikar et al., Phys. Rev. C 103, 055811 (2021) 

<latexit sha1_base64="zUE04tAmfOTnW8L73OwTIIu+ZOw=">AAACHXicbZBNS8MwGMdTX+d8q3r0EhyCeCjtGNOLMPTiRZjgXmCtJc3SLSxpS5KKo/SLePGrePGgiAcv4rcxeznMzT8Efvk/z0Py/IOEUals+8dYWl5ZXVsvbBQ3t7Z3ds29/aaMU4FJA8csFu0AScJoRBqKKkbaiSCIB4y0gsHVqN56IELSOLpTw4R4HPUiGlKMlLZ8s+KGAuHsxs9cwSFHj/n9aT57zeEFdKyybUM34dC2bKdq+2ZJw1hwEZwplMBUdd/8crsxTjmJFGZIyo5jJ8rLkFAUM5IX3VSSBOEB6pGOxghxIr1svF0Oj7XThWEs9IkUHLuzExniUg55oDs5Un05XxuZ/9U6qQrPvYxGSapIhCcPhSmDKoajqGCXCoIVG2pAWFD9V4j7SMeldKBFHYIzv/IiNMuWU7Uqt5VS7XIaRwEcgiNwAhxwBmrgGtRBA2DwBF7AG3g3no1X48P4nLQuGdOZA/BHxvcvySOfwg==</latexit>

M⇤
max

Mmax
= 1.200± 0.0160

<latexit sha1_base64="Sb/Hvx1/eyilujhuaBLdB8mi+Hw=">AAACHXicbZBNS8MwGMdTX+d8m3r0EhyCeCitjulFGHrxOMW9wFpLmqVbWNKWJBVH6Rfx4lfx4kERD17Eb2O29TA3/xD45f88D8nz92NGpbKsH2NhcWl5ZbWwVlzf2NzaLu3sNmWUCEwaOGKRaPtIEkZD0lBUMdKOBUHcZ6TlD65G9dYDEZJG4Z0axsTlqBfSgGKktOWVKk4gEE5vvdQRHHL0mN0fZ9PXDF5A2zytVKETc2iZll21vFJZw1hwHuwcyiBX3St9Od0IJ5yECjMkZce2YuWmSCiKGcmKTiJJjPAA9UhHY4g4kW463i6Dh9rpwiAS+oQKjt3piRRxKYfc150cqb6crY3M/2qdRAXnbkrDOFEkxJOHgoRBFcFRVLBLBcGKDTUgLKj+K8R9pONSOtCiDsGeXXkemiemXTUrN5Vy7TKPowD2wQE4AjY4AzVwDeqgATB4Ai/gDbwbz8ar8WF8TloXjHxmD/yR8f0L6u2f1w==</latexit>

R⇤
max

Rmax
= 1.346± 0.0160

<latexit sha1_base64="amf6Jv/O7AOtUpIQg06h2Eaht5U=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAI4qLMSOtlIRTduBEq2At06pBJM21oMjMkGbEM8yJufBU3LhRx4UZ8GzPtLGrrD4Ev/zmH5PxuyKhUpvlj5BYWl5ZX8quFtfWNza3i9k5TBpHApIEDFoi2iyRh1CcNRRUj7VAQxF1GWu7wKq23HoiQNPDv1CgkXY76PvUoRkpbTrFiewLh+MaJbcEhR4/J/VEyfU3gBbTKlnkO7ZBDs2ya1apTLKWQCs6DlUEJZKo7xS+7F+CIE19hhqTsWGaoujESimJGkoIdSRIiPER90tHoI05kNx5vl8AD7fSgFwh9fAXH7vREjLiUI+7qTo7UQM7WUvO/WidS3lk3pn4YKeLjyUNexKAKYBoV7FFBsGIjDQgLqv8K8QDpuJQOtKBDsGZXnofmcdk6KVduK6XaZRZHHuyBfXAILHAKauAa1EEDYPAEXsAbeDeejVfjw/ictOaMbGYX/JHx/QvaIp/N</latexit>

M⇤
max

Mmax
= 1.109± 0.0055

<latexit sha1_base64="sghkOcOWTnalK2RgxmtgxRrYdX8=">AAACHXicbZC7TsMwFIadcivlFmBksaiQEEOVtOGyIFWwMBZEW6QmVI7rtFbtJLIdRBXlRVh4FRYGEGJgQbwN7mUoLb9k6fN/zpF9fj9mVCrL+jFyC4tLyyv51cLa+sbmlrm905BRIjCp44hF4s5HkjAakrqiipG7WBDEfUaafv9yWG8+ECFpFN6qQUw8jrohDShGSltt03EDgXB6005dwSFHj9n9UTZ9zeA5tEuVigPdmEOrZNnl47ZZ1DASnAd7AkUwUa1tfrmdCCechAozJGXLtmLlpUgoihnJCm4iSYxwH3VJS2OIOJFeOtougwfa6cAgEvqECo7c6YkUcSkH3NedHKmenK0Nzf9qrUQFZ15KwzhRJMTjh4KEQRXBYVSwQwXBig00ICyo/ivEPaTjUjrQgg7Bnl15Hhrlkn1Scq6dYvViEkce7IF9cAhscAqq4ArUQB1g8ARewBt4N56NV+PD+By35ozJzC74I+P7F+e/n9U=</latexit>

R⇤
max

Rmax
= 1.334± 0.0125
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<latexit sha1_base64="dYHAg5kZsNUruakM3KEWjIlUvOA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxQr+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp/57SeujYhVAycJ9yM6VCIUjKKV2g1yS1xC+uWKW3XnIKvEy0kFctT75a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn83PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7HcyEJozlBNLKNPC3krYiGrK0CZUsiF4yy+vktZF1buqXj5eVmp3eRxFOIFTOAcPrqEGD1CHJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QP7y44K</latexit>

T = 0

<latexit sha1_base64="EZRHAokg1GBj4Ruilq6LFPL9BLg=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2Q4JgEZZdE9QmEGJjYRHBPCS7LLOTSTJk9sHMrBCWtbbxV2wsFLH1B+z8GyfJFpp44MKZc+5l7j1exKiQpvmt5VZW19Y38puFre2d3T19/6Atwphj0sIhC3nXQ4IwGpCWpJKRbsQJ8j1GOt74cup37gkXNAxu5SQijo+GAR1QjKSSXL0oapWHsZvY3IeNFNplWIZ38+d1CmvQNCquXjINcwa4TKyMlECGpqt/2f0Qxz4JJGZIiJ5lRtJJEJcUM5IW7FiQCOExGpKeogHyiXCS2S0pPFZKHw5CriqQcKb+nkiQL8TE91Snj+RILHpT8T+vF8vBhZPQIIolCfD8o0HMoAzhNBjYp5xgySaKIMyp2hXiEeIISxVfQYVgLZ68TNqnhnVmVG+qpXojiyMPjkARnAALnIM6uAJN0AIYPIJn8AretCftRXvXPuatOS2bOQR/oH3+AKotmEE=</latexit>

s = 3 kB , YL = 0.3

(Hadronic)

(Hadronic)

<latexit sha1_base64="zUE04tAmfOTnW8L73OwTIIu+ZOw=">AAACHXicbZBNS8MwGMdTX+d8q3r0EhyCeCjtGNOLMPTiRZjgXmCtJc3SLSxpS5KKo/SLePGrePGgiAcv4rcxeznMzT8Efvk/z0Py/IOEUals+8dYWl5ZXVsvbBQ3t7Z3ds29/aaMU4FJA8csFu0AScJoRBqKKkbaiSCIB4y0gsHVqN56IELSOLpTw4R4HPUiGlKMlLZ8s+KGAuHsxs9cwSFHj/n9aT57zeEFdKyybUM34dC2bKdq+2ZJw1hwEZwplMBUdd/8crsxTjmJFGZIyo5jJ8rLkFAUM5IX3VSSBOEB6pGOxghxIr1svF0Oj7XThWEs9IkUHLuzExniUg55oDs5Un05XxuZ/9U6qQrPvYxGSapIhCcPhSmDKoajqGCXCoIVG2pAWFD9V4j7SMeldKBFHYIzv/IiNMuWU7Uqt5VS7XIaRwEcgiNwAhxwBmrgGtRBA2DwBF7AG3g3no1X48P4nLQuGdOZA/BHxvcvySOfwg==</latexit>

M⇤
max

Mmax
= 1.200± 0.0160

<latexit sha1_base64="Sb/Hvx1/eyilujhuaBLdB8mi+Hw=">AAACHXicbZBNS8MwGMdTX+d8m3r0EhyCeCitjulFGHrxOMW9wFpLmqVbWNKWJBVH6Rfx4lfx4kERD17Eb2O29TA3/xD45f88D8nz92NGpbKsH2NhcWl5ZbWwVlzf2NzaLu3sNmWUCEwaOGKRaPtIEkZD0lBUMdKOBUHcZ6TlD65G9dYDEZJG4Z0axsTlqBfSgGKktOWVKk4gEE5vvdQRHHL0mN0fZ9PXDF5A2zytVKETc2iZll21vFJZw1hwHuwcyiBX3St9Od0IJ5yECjMkZce2YuWmSCiKGcmKTiJJjPAA9UhHY4g4kW463i6Dh9rpwiAS+oQKjt3piRRxKYfc150cqb6crY3M/2qdRAXnbkrDOFEkxJOHgoRBFcFRVLBLBcGKDTUgLKj+K8R9pONSOtCiDsGeXXkemiemXTUrN5Vy7TKPowD2wQE4AjY4AzVwDeqgATB4Ai/gDbwbz8ar8WF8TloXjHxmD/yR8f0L6u2f1w==</latexit>

R⇤
max

Rmax
= 1.346± 0.0160

<latexit sha1_base64="amf6Jv/O7AOtUpIQg06h2Eaht5U=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAI4qLMSOtlIRTduBEq2At06pBJM21oMjMkGbEM8yJufBU3LhRx4UZ8GzPtLGrrD4Ev/zmH5PxuyKhUpvlj5BYWl5ZX8quFtfWNza3i9k5TBpHApIEDFoi2iyRh1CcNRRUj7VAQxF1GWu7wKq23HoiQNPDv1CgkXY76PvUoRkpbTrFiewLh+MaJbcEhR4/J/VEyfU3gBbTKlnkO7ZBDs2ya1apTLKWQCs6DlUEJZKo7xS+7F+CIE19hhqTsWGaoujESimJGkoIdSRIiPER90tHoI05kNx5vl8AD7fSgFwh9fAXH7vREjLiUI+7qTo7UQM7WUvO/WidS3lk3pn4YKeLjyUNexKAKYBoV7FFBsGIjDQgLqv8K8QDpuJQOtKBDsGZXnofmcdk6KVduK6XaZRZHHuyBfXAILHAKauAa1EEDYPAEXsAbeDeejVfjw/ictOaMbGYX/JHx/QvaIp/N</latexit>

M⇤
max

Mmax
= 1.109± 0.0055

<latexit sha1_base64="sghkOcOWTnalK2RgxmtgxRrYdX8=">AAACHXicbZC7TsMwFIadcivlFmBksaiQEEOVtOGyIFWwMBZEW6QmVI7rtFbtJLIdRBXlRVh4FRYGEGJgQbwN7mUoLb9k6fN/zpF9fj9mVCrL+jFyC4tLyyv51cLa+sbmlrm905BRIjCp44hF4s5HkjAakrqiipG7WBDEfUaafv9yWG8+ECFpFN6qQUw8jrohDShGSltt03EDgXB6005dwSFHj9n9UTZ9zeA5tEuVigPdmEOrZNnl47ZZ1DASnAd7AkUwUa1tfrmdCCechAozJGXLtmLlpUgoihnJCm4iSYxwH3VJS2OIOJFeOtougwfa6cAgEvqECo7c6YkUcSkH3NedHKmenK0Nzf9qrUQFZ15KwzhRJMTjh4KEQRXBYVSwQwXBig00ICyo/ivEPaTjUjrQgg7Bnl15Hhrlkn1Scq6dYvViEkce7IF9cAhscAqq4ArUQB1g8ARewBt4N56NV+PD+By35ozJzC74I+P7F+e/n9U=</latexit>

R⇤
max

Rmax
= 1.334± 0.0125

(Hybrid)

<latexit sha1_base64="CODlGA5VRzsObrZOA6UEa6FZEFc=">AAACHXicbZC7TsMwFIYdrqXcAowsFhUSYqgSGqALUgULY0H0IjWlclyntWonke0gqigvwsKrsDCAEAML4m1w2g6l5Zcsff7PObLP70WMSmVZP8bC4tLyympuLb++sbm1be7s1mUYC0xqOGShaHpIEkYDUlNUMdKMBEHcY6ThDa6yeuOBCEnD4E4NI9LmqBdQn2KktNUxHdcXCCe3ncQVHHL0mN4fp9PXFF5Au1gqOdCNOLSKllU+7ZiFDDLBebAnUAATVTvml9sNccxJoDBDUrZsK1LtBAlFMSNp3o0liRAeoB5paQwQJ7KdjLZL4aF2utAPhT6BgiN3eiJBXMoh93QnR6ovZ2uZ+V+tFSu/3E5oEMWKBHj8kB8zqEKYRQW7VBCs2FADwoLqv0LcRzoupQPN6xDs2ZXnoX5StM+Kzo1TqFxO4siBfXAAjoANzkEFXIMqqAEMnsALeAPvxrPxanwYn+PWBWMyswf+yPj+Be9Xn9o=</latexit>

R⇤
max

Rmax
= 1.334± 0.0085

<latexit sha1_base64="URzb+4i/Je9CjQ6+qCvbn77RZi0=">AAACHXicbZBNS8MwGMdTX+d8q3r0EhyCeBjtGL4chKEXL8IE9wJrLWmWbmFJW5JUHKVfxItfxYsHRTx4Eb+N6bbD3PxD4Jf/8zwkz9+PGZXKsn6MhcWl5ZXVwlpxfWNza9vc2W3KKBGYNHDEItH2kSSMhqShqGKkHQuCuM9Iyx9c5fXWAxGSRuGdGsbE5agX0oBipLTlmVUnEAinN17qCA45eszuj7PpawYvoF2u2BXoxBxaZcs6tzyzlEMuOA/2BEpgorpnfjndCCechAozJGXHtmLlpkgoihnJik4iSYzwAPVIR2OIOJFuOtoug4fa6cIgEvqECo7c6YkUcSmH3NedHKm+nK3l5n+1TqKCMzelYZwoEuLxQ0HCoIpgHhXsUkGwYkMNCAuq/wpxH+m4lA60qEOwZ1eeh2albJ+Uq7fVUu1yEkcB7IMDcARscApq4BrUQQNg8ARewBt4N56NV+PD+By3LhiTmT3wR8b3L9Dan8c=</latexit>

M⇤
max

Mmax
= 1.212± 0.0090

(Hybrid)

<latexit sha1_base64="JWJMfeMisgCGGrlSr6ZvR7YJ6fw=">AAACHXicbZBNS8MwGMdTX+d8q3r0EhyCeCitbOpFGHrxIkxwL7DOkmbpFpa0JUnFUfpFvPhVvHhQxIMX8duYbjvMzT8Efvk/z0Py/P2YUals+8dYWFxaXlktrBXXNza3ts2d3YaMEoFJHUcsEi0fScJoSOqKKkZasSCI+4w0/cFVXm8+ECFpFN6pYUw6HPVCGlCMlLY8s+wGAuH0xktdwSFHj9n9cTZ9zeAFdCzHtqEbc2hbtl2peGYph1xwHpwJlMBENc/8crsRTjgJFWZIyrZjx6qTIqEoZiQruokkMcID1CNtjSHiRHbS0XYZPNROFwaR0CdUcOROT6SISznkvu7kSPXlbC03/6u1ExWcd1IaxokiIR4/FCQMqgjmUcEuFQQrNtSAsKD6rxD3kY5L6UCLOgRnduV5aJxYzqlVvi2XqpeTOApgHxyAI+CAM1AF16AG6gCDJ/AC3sC78Wy8Gh/G57h1wZjM7IE/Mr5/Acwbn8Q=</latexit>

M⇤
max

Mmax
= 1.100± 0.0055

<latexit sha1_base64="ctrhrFMT2einnhDkVGRBkKfwD6s=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQxMNo55h6EIZePE5xm7DWkmbpFpa0JUnFUfpFvPhVvHhQxIMX8duYvRzm5h8Cv/yf5yF5/n7MqFSW9WPkFhaXllfyq4W19Y3NLXN7pymjRGDSwBGLxJ2PJGE0JA1FFSN3sSCI+4y0/P7lsN56IELSKLxVg5i4HHVDGlCMlLY8s+IEAuH0xksdwSFHj9n9UTZ9zeA5tEvH5TPoxBxaJcuuWp5Z1DASnAd7AkUwUd0zv5xOhBNOQoUZkrJtW7FyUyQUxYxkBSeRJEa4j7qkrTFEnEg3HW2XwQPtdGAQCX1CBUfu9ESKuJQD7utOjlRPztaG5n+1dqKCUzelYZwoEuLxQ0HCoIrgMCrYoYJgxQYaEBZU/xXiHtJxKR1oQYdgz648D81yya6WKteVYu1iEkce7IF9cAhscAJq4ArUQQNg8ARewBt4N56NV+PD+By35ozJzC74I+P7F+x6n9g=</latexit>

R⇤
max

Rmax
= 1.329± 0.0160



2. Core Collapse Supernovae
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Working hypothesis: 
“Quark matter exists in 
massive neutron stars.” 
“1st – order phase transition”
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50 M�
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c4r

d2

dt2
Qij

Numerical tool for mode analysis : GREAT

g-modes

Torres-Forne et al. (2019), Mon. Not. Roy. Astron. Soc. 
Torres-Forne et al. (2018), Mon. Not. Roy. Astron. Soc.
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