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Yoshio Nishina (にしな よしお) in Copenhagen

Leading Japanese physicist at Niels Bohr Institute   
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Intersection

* picture generated by ChatGPT for illustration only
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T~ 5.5 thousand billion Kelvin (350,000 times 
hotter than sun’s core)

v ≈ 99.9999991% c
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Large Hadron Collider, CERN, Geneva

Large “Heavy-ion” Collider @ CERN

Pb-Pb 2.76 TeV (Run 1)
5.02 TeV (Run 2)
5.36 TeV (Run 3)

Xe-Xe 5.44 TeV
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Final state

Anisotropic flow Initial shape

shear viscosity of QGP

Radial flow Initial size

Bulk viscosity of QGP

Study the QGP transport properties with collective flow
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�!
V2

<latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit><latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit><latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit><latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit>

�!
V3

<latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit><latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit><latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit><latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit>

�!
V4

<latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Hf3i3Xcizijqlzf7/B6Xkj77eV4=">AAAB9HicbZBLSwMxFIXv1FetVUcXbtwEi+CqzIigS8GNywr2Ae0wZNK0Dc1MhuSOUsZZ+FfcuFDE3+LOf2P6WGjrgcDhnIR780WpFAY979spra1vbG6Vtys71d29ffeg2jIq04w3mZJKdyJquBQJb6JAyTup5jSOJG9H45tp337g2giV3OMk5UFMh4kYCEbRRqF71FO21mI4Qqq1esxbYX5RFKFb8+reTGTV+AtTg4UaofvV6yuWxTxBJqkxXd9LMcipRsEkLyq9zPCUsjEd8q61CY25CfLZ/gU5tUmfDJS2J0EyS3+/yGlszCSO7M2Y4sgsd9Pwv66b4eAqyEWSZsgTNh80yCRBRaYwSF9ozlBOrKFMC7srYSOqKUOLrGIh+MtfXjWt87rv1f07D8pwDCdwBj5cwjXcQgOawOAJXuAN3p1n59X5mOMqOQtuh/BHzucPky6VVw==</latexit><latexit sha1_base64="kZNZiSHmpm0AfTuyPSGOc2AFmdI=">AAAB9HicbZBLSwMxFIXv1FetVasLN26CRXA1ZEp97QQ3LivYVmjLkEnTNjSTDElGKWMX/hU3LhTxt7jz35g+EK0eCBy+k3BvTpQIbizGn15uaXlldS2/Xtgobm5tl3aKDaNSTVmdKqH0bUQME1yyuuVWsNtEMxJHgjWj4eUkb94xbbiSN3aUsE5M+pL3OCXWobC011Yu1rw/sERrdZ81wqw6HoelMvbxVAj7x+cnFVxF3ySYmzLMVQtLH+2uomnMpKWCGNMKcGI7GdGWU8HGhXZqWELokPRZy1lJYmY62XT/MTp0pIt6SrsjLZrSny8yEhsziiN3MyZ2YBazCfwva6W2d9bJuExSyySdDeqlAlmFJmWgLteMWjFyhlDN3a6IDogm1LrKCq6EYPHLf02j4gfYD64x5GEfDuAIAjiFC7iCGtSBwgM8wQu8eo/es/c2qyvnzXvbhV/y3r8At8OVcQ==</latexit><latexit sha1_base64="ak1V9VVH2I8oScgDL/SepSCfKig=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPcalWsXeRxFsA8OwBFwwSmogStQBw1AwD14BM/gxXqwnqxX623WWrDymV3wC9b7FzOrltc=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit>

Final state

 

 

 

�!
V2

<latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit><latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit><latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit><latexit sha1_base64="lQF/mPROTDwJFli6Ta8864jQ2DY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJUkCHVZdOOygn1AG8JkOmmHTmbCzEQpMQt/xY0LRdz6G+78Gyd9gFoPXDiccy/33hMmjCrtOF9WaWV1bX2jvFnZ2t7Z3bP3D9pKpBKTFhZMyG6IFGGUk5ammpFuIgmKQ0Y64fiq8Dt3RCoq+K2eJMSP0ZDTiGKkjRTYR31hbEmHI42kFPdZO8i8PA/sqlNzpoAFceueB92FsiBVMEczsD/7A4HTmHCNGVKq5zqJ9jMkNcWM5JV+qkiC8BgNSc9QjmKi/Gx6fw5PjTKAkZCmuIZT9edEhmKlJnFoOmOkR+qvV4j/eb1URxd+RnmSasLxbFGUMqgFLMKAAyoJ1mxiCMKSmlshHiGJsDaRVUwISy8vk7ZXc52ae3NebVzO4yiDY3ACzoAL6qABrkETtAAGD+AJvIBX69F6tt6s91lryZrPHIJfsD6+AR7tlsw=</latexit>

�!
V3

<latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit><latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit><latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit><latexit sha1_base64="eAbIlM7xm8VYFs6N1dwPEiryeJo=">AAAB/3icdZBLSwMxFIXv+Kz1NSq4cRMsgqsyo4Iui25cVrAPaIchk2ba0EwyJBmljF34V9y4UMStf8Od/8b0IdTXgcDhfPeSy4lSzrTxvA9nbn5hcWm5sFJcXVvf2HS3tutaZorQGpFcqmaENeVM0JphhtNmqihOIk4bUf9ixBs3VGkmxbUZpDRIcFewmBFsbBS6u21psWLdnsFKydu8HubHw2HolvyyNxbyfpkvVIKpqqH73u5IkiVUGMKx1i3fS02QY2UY4XRYbGeappj0cZe2rBU4oTrIx/cP0YFNOiiWyj5h0Did3chxovUgiexkgk1P/2Sj8C/Wykx8FuRMpJmhgkw+ijOOjESjMlCHKUoMH1iDiWL2VkR6WGFibGXF2RL+N/Wjsu+V/auTUuV8WkcB9mAfDsGHU6jAJVShBgTu4AGe4Nm5dx6dF+d1MjrnTHd24Juct08PMpbB</latexit>

�!
V4

<latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Hf3i3Xcizijqlzf7/B6Xkj77eV4=">AAAB9HicbZBLSwMxFIXv1FetVUcXbtwEi+CqzIigS8GNywr2Ae0wZNK0Dc1MhuSOUsZZ+FfcuFDE3+LOf2P6WGjrgcDhnIR780WpFAY979spra1vbG6Vtys71d29ffeg2jIq04w3mZJKdyJquBQJb6JAyTup5jSOJG9H45tp337g2giV3OMk5UFMh4kYCEbRRqF71FO21mI4Qqq1esxbYX5RFKFb8+reTGTV+AtTg4UaofvV6yuWxTxBJqkxXd9LMcipRsEkLyq9zPCUsjEd8q61CY25CfLZ/gU5tUmfDJS2J0EyS3+/yGlszCSO7M2Y4sgsd9Pwv66b4eAqyEWSZsgTNh80yCRBRaYwSF9ozlBOrKFMC7srYSOqKUOLrGIh+MtfXjWt87rv1f07D8pwDCdwBj5cwjXcQgOawOAJXuAN3p1n59X5mOMqOQtuh/BHzucPky6VVw==</latexit><latexit sha1_base64="kZNZiSHmpm0AfTuyPSGOc2AFmdI=">AAAB9HicbZBLSwMxFIXv1FetVasLN26CRXA1ZEp97QQ3LivYVmjLkEnTNjSTDElGKWMX/hU3LhTxt7jz35g+EK0eCBy+k3BvTpQIbizGn15uaXlldS2/Xtgobm5tl3aKDaNSTVmdKqH0bUQME1yyuuVWsNtEMxJHgjWj4eUkb94xbbiSN3aUsE5M+pL3OCXWobC011Yu1rw/sERrdZ81wqw6HoelMvbxVAj7x+cnFVxF3ySYmzLMVQtLH+2uomnMpKWCGNMKcGI7GdGWU8HGhXZqWELokPRZy1lJYmY62XT/MTp0pIt6SrsjLZrSny8yEhsziiN3MyZ2YBazCfwva6W2d9bJuExSyySdDeqlAlmFJmWgLteMWjFyhlDN3a6IDogm1LrKCq6EYPHLf02j4gfYD64x5GEfDuAIAjiFC7iCGtSBwgM8wQu8eo/es/c2qyvnzXvbhV/y3r8At8OVcQ==</latexit><latexit sha1_base64="ak1V9VVH2I8oScgDL/SepSCfKig=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPcalWsXeRxFsA8OwBFwwSmogStQBw1AwD14BM/gxXqwnqxX623WWrDymV3wC9b7FzOrltc=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit>

Study the QGP transport properties with collective flow
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Current best understanding on the time evolution of QGP (Early Universe)

Duke:           Nature Phys. 15 (2019) 11, 1113
Jyväskylä:    Phys. Rev. C 104, 054904 (2021)
Trajectum:  Phys. Rev. Lett. 126, 202301 (2021)
JETSCAPE:  Phys. Rev. Lett.126, 242301 (2021) 
IP-Glasma: Phys. Rev. Lett.128, 042301 (2022)

                

η/s(T) is very close to 1/4π (Quantum limit) -> Perfect fluid
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Primary goal of high-energy nuclear collisions: QGP
Perfect fluid

Details, also see talk: Huichao Song @ Wednesday

ALICE, Eur. Phys. J. C 84 (2024) 813 
(571 citations)

Maxim Virta @ Thursday
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Nuclear Structure <— initial conditions           <—  QGP

    

Starting point:

✓One-body nucleon 
density distributions 
with W-S including NS 
parameters
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200+ participants

200+ participants

30 participants

50 participants

30 participants

30 participants

220+ participants

New research directions

Frankfurt (2025.4) 1100+ participants

Fudan (2025.5) 100+ participants

CERN (2025.12) 200+ participants

Taipei (2025.8) 150+ participants

New Track

New Track

New Track
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High-energy heavy-ion physics and low-energy nuclear 
structure physics have historically been disconnected fields. The 
hydrodynamic description of the quark-gluon plasma (QGP) 
requires input from nuclear structure to model the initial states of 
the colliding nuclei, but until 2015 or so, most phenomenological 
studies have relied on simplified nuclear models, assuming 
spherical charge distributions and ignoring features like neutron 
skins or deformations. Advances in both theory and experiment 
now show that the hydrodynamic evolution of the QGP is 
sensitive to the detailed features of the colliding nuclei, with 
remarkable consequences for experimental observables.

A topical collection
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❖ Phase I: Emergence 

➡ Emergence of Nuclear Structure Effects in Ultra-Relativistic Collisions

Nuclear Structure @ HE: a paradigm-shift research

❖Phase II: Sensitivity → Extraction
➡ From Sensitivity to Extraction: Probing Nuclear Structure with Collective Flow

❖ Phase III: Unification and validation
➡ Toward a Unified Framework: nuclear structure across energy scale

➡ Validation with Light-Ion Collisions

❖ Phase IV: Tomography / Precision Era
➡ Toward Nuclear Structure Tomography at the LHC
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Heavy nuclei

❖ Phase I: Emergence
➡ Emergence of Nuclear Structure Effects in Ultra-Relativistic Collisions
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❖ Significant v2 enhancements in central Xe-Xe collisions than in Pb-Pb collisions
• The ratio between two similar systems (in size) cancel out most final state effect -> initial conditions
• The observed enhancement is due to the NS effect, originated from large β2 deformation 

ALICE, Physics Letters B 784 (2018) 82 Physics Letters B 784 (2018) 82

Effect of Nuclear structure of 129Xe with flow vn
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ALICE, PLB784(2018)82
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Centrality: 0-5%

η-differential

New publication in 2024❖For the first time observe the impact of NS over a 
very wide kinematic range (-3.5 < η < 5.0)
▪ New input for the low-x physics

Effect of Nuclear structure of 129Xe on differential flow
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Meanwhile at RHIC: isobar runs

Since then, pioneering work has been done, 
many of which are done by the participants in this workshop!
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Heavy nuclei

❖Phase II: Sensitivity → Extraction
➡ From Sensitivity to Extraction: Probing Nuclear Structure with Collective Flow
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❖ Shape of the fireball: Anisotropic flow

[H. Niemi et al., PRC 87 (2013) 5, 054901

ε2

ε3

ε4

System 
expansion

Final state
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<latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Hf3i3Xcizijqlzf7/B6Xkj77eV4=">AAAB9HicbZBLSwMxFIXv1FetVUcXbtwEi+CqzIigS8GNywr2Ae0wZNK0Dc1MhuSOUsZZ+FfcuFDE3+LOf2P6WGjrgcDhnIR780WpFAY979spra1vbG6Vtys71d29ffeg2jIq04w3mZJKdyJquBQJb6JAyTup5jSOJG9H45tp337g2giV3OMk5UFMh4kYCEbRRqF71FO21mI4Qqq1esxbYX5RFKFb8+reTGTV+AtTg4UaofvV6yuWxTxBJqkxXd9LMcipRsEkLyq9zPCUsjEd8q61CY25CfLZ/gU5tUmfDJS2J0EyS3+/yGlszCSO7M2Y4sgsd9Pwv66b4eAqyEWSZsgTNh80yCRBRaYwSF9ozlBOrKFMC7srYSOqKUOLrGIh+MtfXjWt87rv1f07D8pwDCdwBj5cwjXcQgOawOAJXuAN3p1n59X5mOMqOQtuh/BHzucPky6VVw==</latexit><latexit sha1_base64="kZNZiSHmpm0AfTuyPSGOc2AFmdI=">AAAB9HicbZBLSwMxFIXv1FetVasLN26CRXA1ZEp97QQ3LivYVmjLkEnTNjSTDElGKWMX/hU3LhTxt7jz35g+EK0eCBy+k3BvTpQIbizGn15uaXlldS2/Xtgobm5tl3aKDaNSTVmdKqH0bUQME1yyuuVWsNtEMxJHgjWj4eUkb94xbbiSN3aUsE5M+pL3OCXWobC011Yu1rw/sERrdZ81wqw6HoelMvbxVAj7x+cnFVxF3ySYmzLMVQtLH+2uomnMpKWCGNMKcGI7GdGWU8HGhXZqWELokPRZy1lJYmY62XT/MTp0pIt6SrsjLZrSny8yEhsziiN3MyZ2YBazCfwva6W2d9bJuExSyySdDeqlAlmFJmWgLteMWjFyhlDN3a6IDogm1LrKCq6EYPHLf02j4gfYD64x5GEfDuAIAjiFC7iCGtSBwgM8wQu8eo/es/c2qyvnzXvbhV/y3r8At8OVcQ==</latexit><latexit sha1_base64="ak1V9VVH2I8oScgDL/SepSCfKig=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPcalWsXeRxFsA8OwBFwwSmogStQBw1AwD14BM/gxXqwnqxX623WWrDymV3wC9b7FzOrltc=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit><latexit sha1_base64="VaPOOHEy60vvo+OX0ulXcKRSvj4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVJqa9d0Y3LCvYBbQiT6bQdOsmEmYlSYhb+ihsXirj1N9z5N07bIFo9cOFwzr3ce08Qc6Y0Qp9WYWFxaXmluFpaW9/Y3LK3d5pKJJLQBhFcyHaAFeUsog3NNKftWFIcBpy2gtHlxG/dUqmYiG70OKZeiAcR6zOCtZF8e68rjC3ZYKixlOIubfppNct8u4wcNAVEzvH5SQVV4bfi5qQMctR9+6PbEyQJaaQJx0p1XBRrL8VSM8JpVuomisaYjPCAdgyNcEiVl07vz+ChUXqwL6SpSMOp+nMixaFS4zAwnSHWQzXvTcT/vE6i+2deyqI40TQis0X9hEMt4CQM2GOSEs3HhmAimbkVkiGWmGgTWcmE4M6//Jc0K46LHPe6Wq5d5HEUwT44AEfABaegBq5AHTQAAffgETyDF+vBerJerbdZa8HKZ3bBL1jvXzTrlts=</latexit>

Initial state

P ("m, "n, "k, ...,�m,�n,�k, ...)
<latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hzhuQvzvgXAFfKcS4W23iFy9O70=">AAACOnicbZC9SwMxGMbfq1+1Vq2uLsEiVCjHnYuOgotjBfsBvVJyaa4NTXJHkiuUo/+ci7ub/4GLgyLOpu0htvWBwC/P+4QkT5hwpo3nvTqFre2d3b3ifumgfHh0XDkpt3ScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx3fzeXtClWaxfDTThPYEHkoWMYKNtfqVoFELJljRRDNu95mY1dGKIdeN8azuuq41GyOW5xckf8kmkI2gy36l6rneQmgT/ByqkKvRr7wEg5ikgkpDONa663uJ6WVYGUY4nZWCVNMEkzEe0q5FiQXVvWzRwgxdWGeAoljZJQ1auH9PZFhoPRWhTQpsRnp9Njf/m3VTE930MiaT1FBJlhdFKUcmRvNK0YApSgyfWsBEMftWREZYYWJs8SVbgr/+5U1oXbm+5/oPHhThDM6hBj5cwy3cQwOaQOAJ3uADPp1n5935WtZVcPLeTmFFzvcPGL2vRg==</latexit><latexit sha1_base64="hzhuQvzvgXAFfKcS4W23iFy9O70=">AAACOnicbZC9SwMxGMbfq1+1Vq2uLsEiVCjHnYuOgotjBfsBvVJyaa4NTXJHkiuUo/+ci7ub/4GLgyLOpu0htvWBwC/P+4QkT5hwpo3nvTqFre2d3b3ifumgfHh0XDkpt3ScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx3fzeXtClWaxfDTThPYEHkoWMYKNtfqVoFELJljRRDNu95mY1dGKIdeN8azuuq41GyOW5xckf8kmkI2gy36l6rneQmgT/ByqkKvRr7wEg5ikgkpDONa663uJ6WVYGUY4nZWCVNMEkzEe0q5FiQXVvWzRwgxdWGeAoljZJQ1auH9PZFhoPRWhTQpsRnp9Njf/m3VTE930MiaT1FBJlhdFKUcmRvNK0YApSgyfWsBEMftWREZYYWJs8SVbgr/+5U1oXbm+5/oPHhThDM6hBj5cwy3cQwOaQOAJ3uADPp1n5935WtZVcPLeTmFFzvcPGL2vRg==</latexit><latexit sha1_base64="rvwH3ezGEJvgnZ9f4jOPmffCGT8=">AAACRXicbZDNS8MwGMZTP+f8qnr0EhzChFFaL3ocevFYwX3AWkaapVtYmpYkHYzSf86Ld2/+B148KOJVs66I23wh8OT3Pi9v8gQJo1LZ9ouxtr6xubVd2anu7u0fHJpHx20ZpwKTFo5ZLLoBkoRRTlqKKka6iSAoChjpBOPbWb8zIULSmD+oaUL8CA05DSlGSqO+6bl1b4IESSRl+p5FeQMuAL4MxnnDsiwN3REt/YXiv0o7oLbAi75Zsy27KLgqnFLUQFlu33z2BjFOI8IVZkjKnmMnys+QUBQzkle9VJIE4TEakp6WHEVE+lmRQg7PNRnAMBb6cAUL+nciQ5GU0yjQzgipkVzuzeB/vV6qwms/ozxJFeF4vihMGVQxnEUKB1QQrNhUC4QF1W+FeIQEwkoHX9UhOMtfXhXtS8uxLeferjVvyjgq4BScgTpwwBVogjvgghbA4BG8gnfwYTwZb8an8TW3rhnlzAlYKOP7B6c6sPI=</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit><latexit sha1_base64="mJ+6YDZ3tYytK2ra9JgMq9Y1yOM=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQJozSiqDHoRePFdwHbGWkWbqFpWlJ0sEo/ee8ePfmf+DFgyJeNeuKuM0XAk9+7/PyJo8fMyqVbb8YpbX1jc2t8nZlZ3dv/8A8PGrJKBGYNHHEItHxkSSMctJUVDHSiQVBoc9I2x/fzvrtCRGSRvxBTWPihWjIaUAxUhr1zZ5b602QILGkTN/TMKvDBcCXwTirW5aloTuihT9X/FdpB9QWeN43q7Zl5wVXhVOIKijK7ZvPvUGEk5BwhRmSsuvYsfJSJBTFjGSVXiJJjPAYDUlXS45CIr00TyGDZ5oMYBAJfbiCOf07kaJQymnoa2eI1Egu92bwv143UcG1l1IeJ4pwPF8UJAyqCM4ihQMqCFZsqgXCguq3QjxCAmGlg6/oEJzlL6+K1oXl2JZzf1lt3BRxlMEJOAU14IAr0AB3wAVNgMEjeAXv4MN4Mt6MT+Nrbi0ZxcwxWCjj+weoerD2</latexit>

P (vm, vn, vk, ..., m, n, k, ...)
<latexit sha1_base64="3EACNPOXmY06nkIKlVWAPuze8Wc=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0WoUEIigq6k6MZlBPuANoTJdNoOnUzCzKRQQv7Gjb/iRlARXfonTpsg2nphuIdzzuXOPUHMqFS2/WmUVlbX1jfKm5Wt7Z3dPXP/oCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHwz09sTIiSN+L2axsQL0ZDTAcVIaco3r9zaxE/DrA5143kbZ3XLsuqw50qaazniP0g7oLbAU9+s2pY9L7gMnAJUQVGub770+hFOQsIVZkjKrmPHykuRUBQzklV6iSQxwmM0JF0NOQqJ9NL5nRk80UwfDiKhH1dwzv6eSFEo5TQMtDNEaiQXtRn5n9ZN1ODSSymPE0U4zhcNEgZVBGehwT4VBCs21QBhQfVfIR4hgbDS0VZ0CM7iycugdWY5tuXcnVcb10UcZXAEjkENOOACNMAtcEETYPAAnsAreDMejWfj3fjIrSWjmDkEf8r4+gblb6Nw</latexit><latexit sha1_base64="3EACNPOXmY06nkIKlVWAPuze8Wc=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0WoUEIigq6k6MZlBPuANoTJdNoOnUzCzKRQQv7Gjb/iRlARXfonTpsg2nphuIdzzuXOPUHMqFS2/WmUVlbX1jfKm5Wt7Z3dPXP/oCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHwz09sTIiSN+L2axsQL0ZDTAcVIaco3r9zaxE/DrA5143kbZ3XLsuqw50qaazniP0g7oLbAU9+s2pY9L7gMnAJUQVGub770+hFOQsIVZkjKrmPHykuRUBQzklV6iSQxwmM0JF0NOQqJ9NL5nRk80UwfDiKhH1dwzv6eSFEo5TQMtDNEaiQXtRn5n9ZN1ODSSymPE0U4zhcNEgZVBGehwT4VBCs21QBhQfVfIR4hgbDS0VZ0CM7iycugdWY5tuXcnVcb10UcZXAEjkENOOACNMAtcEETYPAAnsAreDMejWfj3fjIrSWjmDkEf8r4+gblb6Nw</latexit><latexit sha1_base64="3EACNPOXmY06nkIKlVWAPuze8Wc=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0WoUEIigq6k6MZlBPuANoTJdNoOnUzCzKRQQv7Gjb/iRlARXfonTpsg2nphuIdzzuXOPUHMqFS2/WmUVlbX1jfKm5Wt7Z3dPXP/oCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHwz09sTIiSN+L2axsQL0ZDTAcVIaco3r9zaxE/DrA5143kbZ3XLsuqw50qaazniP0g7oLbAU9+s2pY9L7gMnAJUQVGub770+hFOQsIVZkjKrmPHykuRUBQzklV6iSQxwmM0JF0NOQqJ9NL5nRk80UwfDiKhH1dwzv6eSFEo5TQMtDNEaiQXtRn5n9ZN1ODSSymPE0U4zhcNEgZVBGehwT4VBCs21QBhQfVfIR4hgbDS0VZ0CM7iycugdWY5tuXcnVcb10UcZXAEjkENOOACNMAtcEETYPAAnsAreDMejWfj3fjIrSWjmDkEf8r4+gblb6Nw</latexit><latexit sha1_base64="3EACNPOXmY06nkIKlVWAPuze8Wc=">AAACJ3icbVDLSsNAFJ3UV62vqEs3g0WoUEIigq6k6MZlBPuANoTJdNoOnUzCzKRQQv7Gjb/iRlARXfonTpsg2nphuIdzzuXOPUHMqFS2/WmUVlbX1jfKm5Wt7Z3dPXP/oCWjRGDSxBGLRCdAkjDKSVNRxUgnFgSFASPtYHwz09sTIiSN+L2axsQL0ZDTAcVIaco3r9zaxE/DrA5143kbZ3XLsuqw50qaazniP0g7oLbAU9+s2pY9L7gMnAJUQVGub770+hFOQsIVZkjKrmPHykuRUBQzklV6iSQxwmM0JF0NOQqJ9NL5nRk80UwfDiKhH1dwzv6eSFEo5TQMtDNEaiQXtRn5n9ZN1ODSSymPE0U4zhcNEgZVBGehwT4VBCs21QBhQfVfIR4hgbDS0VZ0CM7iycugdWY5tuXcnVcb10UcZXAEjkENOOACNMAtcEETYPAAnsAreDMejWfj3fjIrSWjmDkEf8r4+gblb6Nw</latexit>

How does vn 
fluctuate

P (vn)
<latexit sha1_base64="WP/Seiuw2A4Ya2eVMOjoBQv9M2M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL8tsIuox6MVjBPOAZAmzk0kyZHZ2nZkNhCU/4cWDIl79HW/+jZMXqLGgoajqprsriAXXBuMvJ7O2vrG5ld3O7ezu7R/kD4/qOkoUZTUaiUg1A6KZ4JLVDDeCNWPFSBgI1giGt1O/MWJK80g+mHHM/JD0Je9xSoyVmtXiqJPKyXknX8AungFht1zGlyUPeUtlSQqwQLWT/2x3I5qETBoqiNYtD8fGT4kynAo2ybUTzWJCh6TPWpZKEjLtp7N7J+jMKl3Ui5QtadBM/TmRklDrcRjYzpCYgf7rTcX/vFZietd+ymWcGCbpfFEvEchEaPo86nLFqBFjSwhV3N6K6IAoQo2NKGdDWHl5ldRLrodd7/6iULlZxJGFEziFInhwBRW4gyrUgIKAJ3iBV+fReXbenPd5a8ZZzBzDLzgf36lVj7Y=</latexit><latexit sha1_base64="WP/Seiuw2A4Ya2eVMOjoBQv9M2M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL8tsIuox6MVjBPOAZAmzk0kyZHZ2nZkNhCU/4cWDIl79HW/+jZMXqLGgoajqprsriAXXBuMvJ7O2vrG5ld3O7ezu7R/kD4/qOkoUZTUaiUg1A6KZ4JLVDDeCNWPFSBgI1giGt1O/MWJK80g+mHHM/JD0Je9xSoyVmtXiqJPKyXknX8AungFht1zGlyUPeUtlSQqwQLWT/2x3I5qETBoqiNYtD8fGT4kynAo2ybUTzWJCh6TPWpZKEjLtp7N7J+jMKl3Ui5QtadBM/TmRklDrcRjYzpCYgf7rTcX/vFZietd+ymWcGCbpfFEvEchEaPo86nLFqBFjSwhV3N6K6IAoQo2NKGdDWHl5ldRLrodd7/6iULlZxJGFEziFInhwBRW4gyrUgIKAJ3iBV+fReXbenPd5a8ZZzBzDLzgf36lVj7Y=</latexit><latexit sha1_base64="WP/Seiuw2A4Ya2eVMOjoBQv9M2M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL8tsIuox6MVjBPOAZAmzk0kyZHZ2nZkNhCU/4cWDIl79HW/+jZMXqLGgoajqprsriAXXBuMvJ7O2vrG5ld3O7ezu7R/kD4/qOkoUZTUaiUg1A6KZ4JLVDDeCNWPFSBgI1giGt1O/MWJK80g+mHHM/JD0Je9xSoyVmtXiqJPKyXknX8AungFht1zGlyUPeUtlSQqwQLWT/2x3I5qETBoqiNYtD8fGT4kynAo2ybUTzWJCh6TPWpZKEjLtp7N7J+jMKl3Ui5QtadBM/TmRklDrcRjYzpCYgf7rTcX/vFZietd+ymWcGCbpfFEvEchEaPo86nLFqBFjSwhV3N6K6IAoQo2NKGdDWHl5ldRLrodd7/6iULlZxJGFEziFInhwBRW4gyrUgIKAJ3iBV+fReXbenPd5a8ZZzBzDLzgf36lVj7Y=</latexit><latexit sha1_base64="WP/Seiuw2A4Ya2eVMOjoBQv9M2M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL8tsIuox6MVjBPOAZAmzk0kyZHZ2nZkNhCU/4cWDIl79HW/+jZMXqLGgoajqprsriAXXBuMvJ7O2vrG5ld3O7ezu7R/kD4/qOkoUZTUaiUg1A6KZ4JLVDDeCNWPFSBgI1giGt1O/MWJK80g+mHHM/JD0Je9xSoyVmtXiqJPKyXknX8AungFht1zGlyUPeUtlSQqwQLWT/2x3I5qETBoqiNYtD8fGT4kynAo2ybUTzWJCh6TPWpZKEjLtp7N7J+jMKl3Ui5QtadBM/TmRklDrcRjYzpCYgf7rTcX/vFZietd+ymWcGCbpfFEvEchEaPo86nLFqBFjSwhV3N6K6IAoQo2NKGdDWHl5ldRLrodd7/6iULlZxJGFEziFInhwBRW4gyrUgIKAJ3iBV+fReXbenPd5a8ZZzBzDLzgf36lVj7Y=</latexit>

How does ψn 
fluctuate

P ( n)
<latexit sha1_base64="aLjSTgH7QFSsB7DX2XvfKfwuR2c=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6GSaitsuiG5cj2AdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tem7SBaPXDhcM693HtPlHKmjed9Oiura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzgRtGWY47aaK4iTitBONb2Z+54EqzaS4N5OUhgkeChYzgo2VAr/W8zXr52J61q9UPdebA3puvYEu0RX8VlBBqqCA36989AaSZAkVhnCsdYC81IQ5VoYRTqflXqZpiskYD2lgqcAJ1WE+P3kKT60ygLFUtoSBc/XnRI4TrSdJZDsTbEZ62ZuJ/3lBZuJGmDORZoYKslgUZxwaCWf/wwFTlBg+sQQTxeytkIywwsTYlMo2BLT88l/SPneR56K7i2rzuoijBI7BCagBBOqgCW6BD1qAAAkewTN4cYzz5Lw6b4vWFaeYOQK/4Lx/AdHqkPI=</latexit><latexit sha1_base64="aLjSTgH7QFSsB7DX2XvfKfwuR2c=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6GSaitsuiG5cj2AdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tem7SBaPXDhcM693HtPlHKmjed9Oiura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzgRtGWY47aaK4iTitBONb2Z+54EqzaS4N5OUhgkeChYzgo2VAr/W8zXr52J61q9UPdebA3puvYEu0RX8VlBBqqCA36989AaSZAkVhnCsdYC81IQ5VoYRTqflXqZpiskYD2lgqcAJ1WE+P3kKT60ygLFUtoSBc/XnRI4TrSdJZDsTbEZ62ZuJ/3lBZuJGmDORZoYKslgUZxwaCWf/wwFTlBg+sQQTxeytkIywwsTYlMo2BLT88l/SPneR56K7i2rzuoijBI7BCagBBOqgCW6BD1qAAAkewTN4cYzz5Lw6b4vWFaeYOQK/4Lx/AdHqkPI=</latexit><latexit sha1_base64="aLjSTgH7QFSsB7DX2XvfKfwuR2c=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6GSaitsuiG5cj2AdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tem7SBaPXDhcM693HtPlHKmjed9Oiura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzgRtGWY47aaK4iTitBONb2Z+54EqzaS4N5OUhgkeChYzgo2VAr/W8zXr52J61q9UPdebA3puvYEu0RX8VlBBqqCA36989AaSZAkVhnCsdYC81IQ5VoYRTqflXqZpiskYD2lgqcAJ1WE+P3kKT60ygLFUtoSBc/XnRI4TrSdJZDsTbEZ62ZuJ/3lBZuJGmDORZoYKslgUZxwaCWf/wwFTlBg+sQQTxeytkIywwsTYlMo2BLT88l/SPneR56K7i2rzuoijBI7BCagBBOqgCW6BD1qAAAkewTN4cYzz5Lw6b4vWFaeYOQK/4Lx/AdHqkPI=</latexit><latexit sha1_base64="aLjSTgH7QFSsB7DX2XvfKfwuR2c=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6GSaitsuiG5cj2AdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tem7SBaPXDhcM693HtPlHKmjed9Oiura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzgRtGWY47aaK4iTitBONb2Z+54EqzaS4N5OUhgkeChYzgo2VAr/W8zXr52J61q9UPdebA3puvYEu0RX8VlBBqqCA36989AaSZAkVhnCsdYC81IQ5VoYRTqflXqZpiskYD2lgqcAJ1WE+P3kKT60ygLFUtoSBc/XnRI4TrSdJZDsTbEZ62ZuJ/3lBZuJGmDORZoYKslgUZxwaCWf/wwFTlBg+sQQTxeytkIywwsTYlMo2BLT88l/SPneR56K7i2rzuoijBI7BCagBBOqgCW6BD1qAAAkewTN4cYzz5Lw6b4vWFaeYOQK/4Lx/AdHqkPI=</latexit>

How do vn and 
vm correlate

P (vm, vn, vk, ...)
<latexit sha1_base64="5wUFrxPVEt6uqVmlCnVI/o8REXY=">AAACA3icdVDLSgMxFM34rPU16k43wSJUKEOmT7srunFZwT6gLSWTpm1oJjMkmUIZCm78FTcuFHHrT7jzb0wfgooeCPdwzr3c3OOFnCmN0Ie1srq2vrGZ2Epu7+zu7dsHh3UVRJLQGgl4IJseVpQzQWuaaU6boaTY9zhteKOrmd8YU6lYIG71JKQdHw8E6zOCtZG69nE1Pe7G/jQDTRGLMppmHMc579op5JQLpWIeQeQU3HKpWDYE5bKlXBG6DpojBZaodu33di8gkU+FJhwr1XJRqDsxlpoRTqfJdqRoiMkID2jLUIF9qjrx/IYpPDNKD/YDaZ7QcK5+n4ixr9TE90ynj/VQ/fZm4l9eK9L9i07MRBhpKshiUT/iUAdwFgjsMUmJ5hNDMJHM/BWSIZaYaBNb0oTwdSn8n9Szjosc9yafqlwu40iAE3AK0sAFJVAB16AKaoCAO/AAnsCzdW89Wi/W66J1xVrOHIEfsN4+AUd9lqQ=</latexit><latexit sha1_base64="5wUFrxPVEt6uqVmlCnVI/o8REXY=">AAACA3icdVDLSgMxFM34rPU16k43wSJUKEOmT7srunFZwT6gLSWTpm1oJjMkmUIZCm78FTcuFHHrT7jzb0wfgooeCPdwzr3c3OOFnCmN0Ie1srq2vrGZ2Epu7+zu7dsHh3UVRJLQGgl4IJseVpQzQWuaaU6boaTY9zhteKOrmd8YU6lYIG71JKQdHw8E6zOCtZG69nE1Pe7G/jQDTRGLMppmHMc579op5JQLpWIeQeQU3HKpWDYE5bKlXBG6DpojBZaodu33di8gkU+FJhwr1XJRqDsxlpoRTqfJdqRoiMkID2jLUIF9qjrx/IYpPDNKD/YDaZ7QcK5+n4ixr9TE90ynj/VQ/fZm4l9eK9L9i07MRBhpKshiUT/iUAdwFgjsMUmJ5hNDMJHM/BWSIZaYaBNb0oTwdSn8n9Szjosc9yafqlwu40iAE3AK0sAFJVAB16AKaoCAO/AAnsCzdW89Wi/W66J1xVrOHIEfsN4+AUd9lqQ=</latexit><latexit sha1_base64="5wUFrxPVEt6uqVmlCnVI/o8REXY=">AAACA3icdVDLSgMxFM34rPU16k43wSJUKEOmT7srunFZwT6gLSWTpm1oJjMkmUIZCm78FTcuFHHrT7jzb0wfgooeCPdwzr3c3OOFnCmN0Ie1srq2vrGZ2Epu7+zu7dsHh3UVRJLQGgl4IJseVpQzQWuaaU6boaTY9zhteKOrmd8YU6lYIG71JKQdHw8E6zOCtZG69nE1Pe7G/jQDTRGLMppmHMc579op5JQLpWIeQeQU3HKpWDYE5bKlXBG6DpojBZaodu33di8gkU+FJhwr1XJRqDsxlpoRTqfJdqRoiMkID2jLUIF9qjrx/IYpPDNKD/YDaZ7QcK5+n4ixr9TE90ynj/VQ/fZm4l9eK9L9i07MRBhpKshiUT/iUAdwFgjsMUmJ5hNDMJHM/BWSIZaYaBNb0oTwdSn8n9Szjosc9yafqlwu40iAE3AK0sAFJVAB16AKaoCAO/AAnsCzdW89Wi/W66J1xVrOHIEfsN4+AUd9lqQ=</latexit><latexit sha1_base64="5wUFrxPVEt6uqVmlCnVI/o8REXY=">AAACA3icdVDLSgMxFM34rPU16k43wSJUKEOmT7srunFZwT6gLSWTpm1oJjMkmUIZCm78FTcuFHHrT7jzb0wfgooeCPdwzr3c3OOFnCmN0Ie1srq2vrGZ2Epu7+zu7dsHh3UVRJLQGgl4IJseVpQzQWuaaU6boaTY9zhteKOrmd8YU6lYIG71JKQdHw8E6zOCtZG69nE1Pe7G/jQDTRGLMppmHMc579op5JQLpWIeQeQU3HKpWDYE5bKlXBG6DpojBZaodu33di8gkU+FJhwr1XJRqDsxlpoRTqfJdqRoiMkID2jLUIF9qjrx/IYpPDNKD/YDaZ7QcK5+n4ixr9TE90ynj/VQ/fZm4l9eK9L9i07MRBhpKshiUT/iUAdwFgjsMUmJ5hNDMJHM/BWSIZaYaBNb0oTwdSn8n9Szjosc9yafqlwu40iAE3AK0sAFJVAB16AKaoCAO/AAnsCzdW89Wi/W66J1xVrOHIEfsN4+AUd9lqQ=</latexit>

How do ψn and 
ψm correlate

P ( m, n, k, ...)
<latexit sha1_base64="4iAzIhXN506/knRYUaUPEYR6IDA=">AAACDHicdZDLSgMxGIUz9VbrrerSTbAIFcowUwXrrujG5Qj2Au1QMmmmDU0yQ5IRyjAP4MZXceNCEbc+gDvfxvSiVNEDgY9z/p8kJ4gZVdpxPqzc0vLK6lp+vbCxubW9U9zda6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVjC4neeuWSEUjcaPHMfE5GggaUoy0sXrFklfueor2Up5V4IzEN42yim3bx2bKtZ2poLMA1drJuQO/ohKYy+sV37v9CCecCI0ZUqrjOrH2UyQ1xYxkhW6iSIzwCA1Ix6BAnCg/nX4mg0fG6cMwkuYIDafu4kaKuFJjHphJjvRQ/c4m5l9ZJ9FhzU+piBNNBJ5dFCYM6ghOmoF9KgnWbGwAYUnNWyEeIomwNv0VFkv4H5pV23Vs9/q0VL+Y15EHB+AQlIELzkAdXAEPNAAGd+ABPIFn6956tF6s19lozprv7IMfst4+AXKmmfI=</latexit><latexit sha1_base64="4iAzIhXN506/knRYUaUPEYR6IDA=">AAACDHicdZDLSgMxGIUz9VbrrerSTbAIFcowUwXrrujG5Qj2Au1QMmmmDU0yQ5IRyjAP4MZXceNCEbc+gDvfxvSiVNEDgY9z/p8kJ4gZVdpxPqzc0vLK6lp+vbCxubW9U9zda6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVjC4neeuWSEUjcaPHMfE5GggaUoy0sXrFklfueor2Up5V4IzEN42yim3bx2bKtZ2poLMA1drJuQO/ohKYy+sV37v9CCecCI0ZUqrjOrH2UyQ1xYxkhW6iSIzwCA1Ix6BAnCg/nX4mg0fG6cMwkuYIDafu4kaKuFJjHphJjvRQ/c4m5l9ZJ9FhzU+piBNNBJ5dFCYM6ghOmoF9KgnWbGwAYUnNWyEeIomwNv0VFkv4H5pV23Vs9/q0VL+Y15EHB+AQlIELzkAdXAEPNAAGd+ABPIFn6956tF6s19lozprv7IMfst4+AXKmmfI=</latexit><latexit sha1_base64="4iAzIhXN506/knRYUaUPEYR6IDA=">AAACDHicdZDLSgMxGIUz9VbrrerSTbAIFcowUwXrrujG5Qj2Au1QMmmmDU0yQ5IRyjAP4MZXceNCEbc+gDvfxvSiVNEDgY9z/p8kJ4gZVdpxPqzc0vLK6lp+vbCxubW9U9zda6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVjC4neeuWSEUjcaPHMfE5GggaUoy0sXrFklfueor2Up5V4IzEN42yim3bx2bKtZ2poLMA1drJuQO/ohKYy+sV37v9CCecCI0ZUqrjOrH2UyQ1xYxkhW6iSIzwCA1Ix6BAnCg/nX4mg0fG6cMwkuYIDafu4kaKuFJjHphJjvRQ/c4m5l9ZJ9FhzU+piBNNBJ5dFCYM6ghOmoF9KgnWbGwAYUnNWyEeIomwNv0VFkv4H5pV23Vs9/q0VL+Y15EHB+AQlIELzkAdXAEPNAAGd+ABPIFn6956tF6s19lozprv7IMfst4+AXKmmfI=</latexit><latexit sha1_base64="4iAzIhXN506/knRYUaUPEYR6IDA=">AAACDHicdZDLSgMxGIUz9VbrrerSTbAIFcowUwXrrujG5Qj2Au1QMmmmDU0yQ5IRyjAP4MZXceNCEbc+gDvfxvSiVNEDgY9z/p8kJ4gZVdpxPqzc0vLK6lp+vbCxubW9U9zda6ookZg0cMQi2Q6QIowK0tBUM9KOJUE8YKQVjC4neeuWSEUjcaPHMfE5GggaUoy0sXrFklfueor2Up5V4IzEN42yim3bx2bKtZ2poLMA1drJuQO/ohKYy+sV37v9CCecCI0ZUqrjOrH2UyQ1xYxkhW6iSIzwCA1Ix6BAnCg/nX4mg0fG6cMwkuYIDafu4kaKuFJjHphJjvRQ/c4m5l9ZJ9FhzU+piBNNBJ5dFCYM6ghOmoF9KgnWbGwAYUnNWyEeIomwNv0VFkv4H5pV23Vs9/q0VL+Y15EHB+AQlIELzkAdXAEPNAAGd+ABPIFn6956tF6s19lozprv7IMfst4+AXKmmfI=</latexit>
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ωεn = εn e
in!n

observables: vn{m} Flow decorrelation
rn(pTa, pTb)

Symmetric cumulant
SC(m,n)

Non-linear flow
ρm,nk

Probe Nuclear Structure with anisotropic flow

Details, also see talk: 
Giuliano Giacalone @ Monday
Wenyao Ke @ Monday
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sensitivity of anisotropic flow to nuclear structure

Prolate
(β2 > 0, γ=0)

Triaxial
(β2 > 0, γ=30°)

Oblate
(β2 > 0, γ=60°)

spheric
(β2 = 0)

❖ Significant v2 enhancements in central Xe-Xe 
collisions, originated from large deformation β2

❖ No difference observed from the results with 
different γ values, no impact of triaxial structure in v2
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❖Overall, calculations with a0 = 0.492 and β2 = 0.207 describes the flow measurements better in Xe–Xe collisions
▪ Compatible with low-energy nuclear structure (MeV energy scale).

Nuclear structure of 129Xe with systematic flow measurements
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❖Size of the fireball: radial flow, [pT]

[G. Giacalone et al., PRC103 (2021) 2, 024909]

[pT] ∝ Ei[pT] ∝
1
R

[pT]
[pT2]
[pT3]
[pT4]

[pTm]

.

.

.

S. Bhatta etc., PRC 105 (2022) 2, 024904
E. G. Nielsen etc., EPJA (2024) 60, 38

Probe Nuclear Structure with radial flow
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• [pT] fluctuations, which reflect the initial size fluctuations, also bring new information on the NS.
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sensitivity of radial flow ([pT] fluctuations) to nuclear structure
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• [pT] and its event-by-event fluctuations measured in 
heavy-ion collisions at the LHC 

-> probe initial size and size fluctuations

Latest measurements of [pTk]

Spherical nuclei Deformed nuclei

Stronger size fluctuations 
for deformed nuclei

pT,2pT,1

A B η0 0.8-0.8

No bias from non-collective effects: Resonance decays, 
global momentum conservation, etc.

Emil G.N (NBI) @QM2025
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❖ Shape of the fireball: Anisotropic flow

[H. Niemi et al., PRC 87 (2013) 5, 054901

❖Size of the fireball: radial flow, [pT]

[G. Giacalone et al., PRC103 (2021) 2, 024909]

[pT] ∝ Ei[pT] ∝
1
R

“Reverse engineering” with collective motion

                                                         

                                                                                            

P. Bozek etc, PRC96 (2017) 014904

<latexit sha1_base64="AGhPco6rrOB8tex7KhxyYXW73eQ="></latexit>

ω(v2n, [pT]) =
cov(v2n, [pT])√

var(v2n)
√

var([pT])

❖ Considering vn ∝ εn ,  [pT] ∝ E0

⇢(v2n, [pT]) = ⇢("2n, [E0])
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Initial-state model 
estimation

final-state model 
calculation
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❖ Better agreement between LHC data and calculations with γ = 26.93°
▪ First study of triaxial structure of 129Xe at high energy collisions at the LHC

▪ Similar results confirmed by ATLAS

▪ Evidence of triaxial structure of 129Xe?   B. Bally etc, PRL128 (2022) 8, 082301

27

Probe triaxial structure of 129Xe
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Nuclear Shape Phase Transition
Nuclear Shape Phase diagram

128Xe — 132Xe

Details, also see talk: 
Huichao Song @ Wednesday
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Shape transition via high-order correlations of vn and pT

❖ To probe the relation of r1, r2 and r3, we need 3-particle correlations

❖ To probe the γ fluctuations, we need 6-particle correlations
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Phys. Rev. Lett. 133 (2024) 192301

New proposal:

➡The six-particle correlations allow to differentiate triaxial (fixed γ = 30°) 
and γ-soft (fluctuating γ) structures

➡The implementation is highly non-trivial! 

(initial state calculations)
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A Unified Algorithm makes them all possible

Multi-particle azimuthal correlations studies

multi-particle azimuthal correlation:
Generic Framework (2014)
Generic Algorithm (2021)

Current flow studies

M
ul

ti-
pa

rti
cl

e 
p T

 c
or

re
la

tio
n 

st
ud

ie
smulti-particle pT correlation:

Generic Algorithm (2024)

Current pT correlation studies

NEW vn-pT correlation studies

Also see: Masakiyo Kitazawa etc., arXiv: 2510.13838
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Exploring nuclear shape phase transition
❖ First ever experimental measurement on the multi-particle correlations of vn and pT

ALICE data

Unified 
algorithm

Bayesian 
Fit Maxim’s talk
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Light nuclei

❖ Phase III: Unification and validation
➡ Toward a Unified Framework: nuclear structure across energy scale

➡ Validation with Light-Ion Collisions
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CGC?

                                  

LHC: Large ligHt-ion Collider @ CERN

July, 2025! Event display of O-O collisions in ALICE
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Low-energy NS

Hydrodynamic Parton
Transport

Hydrodynamic Parton Transport
                                                                         

PRL135 (2025) 012302 In preparation

Unification: Combining NS + “heavy-ion theory”
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ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.

Validation: Evidence of nuclear geometry driven flow

❖ Nicely described by predictions from 
Trajectum(NS+hydro) 
• Nuclear geometry driven hydrodynamic flow 

observed in light ion collisions

• For the first time reasonable agreement 
(equivalent if not better than Pb-Pb) between 
hydro predictions and data in small systems

❖ Unified Framework: nuclear structure 
across energy scale

✓ Validation with Light-Ion Collisions
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❖ Enhanced v2 in Ne-Ne than OO
• Driven by nuclear geometrical shape of 20Ne 

(larger deformation compared to 16O)

• Trajectum prediction using NLEFT-NS overestimates 
the ratio

• Trajectum prediction using PGCM-NS agrees better 
although still overestimates the ratio

Flow ratios (Ne-Ne / OO) tell us more

• predictions from 3DGlauber and IP-Glasma using 
PGCM describes the data

• Data better described by the models using a 
smaller sub-nucleon (~ 0.1 fm)
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❖ v3 ratio is close to unity in the central 
collisions due to large β3 from tetrahedral 
shape of 16O, then increases toward 
peripheral collisions

ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.
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CERN Headline (Sept. 19th, 2025)
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Neutron skin

❖ Phase IV: Tomography / Precision Era
➡ Toward Precision Nuclear Structure Tomography at the LHC

Heavy nuclei

Light nuclei
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ALI-PREL-623642

39

Many new OO & Ne-Ne results

? Discrimination power? (PGCM vs NLEFT vs other models)

ALI-PREL-623545

New results released for SQM2026+ many more to be available before this summer
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ALICE measurements 

(To be available)

One novel idea

ALICE data

5-α or α+16O ?
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ap = 0.448 fm, 
Rp = 6.680 fm,
rp = 5.436 fm,
Rn = 6.690 fm

  

Smaller [pT] & stronger 
[pT] fluctuationsLarge Initial 

size
Large 

neutron skin
Weaker flow fluctuations

  

Neutron skin study at High Energy

Talks on neutron skin:
• Xavier R.M, Monday
• Huichao S., Tuesday
• Bjoern S., Wednesday
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PRL131, 202302 (2023)

Extracting neutron skin of 208Pb at the LHC
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What can we learn from 40Ca & 48Ca

Resolve the 
tension between 
PREX and CREX 
(Current puzzle in 

low-energy 
nuclear physics)



April 23th, 2026You Zhou (NBI) @ Yukawa Institute, Kyoto 44

AMPT results for 48Ca-48Ca vs 40Ca-40Ca  

• Highly non-trivial differences observed when using large and small neutron skin
• 48Ca-48Ca as a promising candidate for the future light-ion runs at the LHC-Run4

arXiv: 2512.00114, submitted to EPJC
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QGP? QGP?

Details, also see talk: 
Huichao Song @ Wednesday

Searching for a tiny droplet of QGP

Yes,  
We Can!
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❖ Flow of identified hadrons in pp, p-Pb, OO and Pb-Pb

• Observation of partonic flow in small systems (> 5σ), 
flow developed at the parton level.
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ALICE Collaboration,
Nature Communications 17, 2585 (2026)

QGP in p-Pb and pp collisions

It was a ten-years journey …. ☹

                           

Preet P. (NBI) @SQM2026
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ALICE, JHEP05(2023)243
ALICE, Nat Com. 17, 2585 (2026)

                           

QGP in 4He-4He ?

PID flow 
In 4He-4He 

Preet P. @SQM2026
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Summary
With the inputs on NS from low-energy 
community, we have significantly improved 
our understanding on the Quark-Gluon 
Plasma (critical for the HI community!)

With the future developments, we would 
like to fully explore the potential of the 
LHC as the most powerful Nuclear 
Structure experiment, with a few 
carefully-selected nuclei.

Details on the machine see talk: 
Reyes Alemany Fernandez @ Tuesday
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Colliding mode Fixed target

New opportunity
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❖ Imprint of Light Nuclei Structure
• Same picture observed in hydro and AMPT models
• Robust signature independent on the system’s evolution

❖ v2{2} ratio (Pb-Ne)/(Pb-O)
• With NLEFT, up to 20% increase in Pb-Ne

• With W-S, down to 10% decrease in Pb-Ne
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208Pb-20Ne @ ~68 GeV
208Pb-16O @ ~68 GeV
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❖One can NOT distinguish triaxial (fixed γ = 30°) and 
γ-soft (fluctuating γ) structures with existing 3-particle 
correlations measurements

51

Phys. Rev. Lett. 133 (2024) 192301

Explore nuclear shape phase transition with 129Xe

γ

3-particle pT correlation

�pT =
h�pT,i�pT,j�pT,kih[pT ]i

h�pT,i�pT,ji2
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3-particle vn2 — [pT] correlation

Shape-size correlations
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