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Imaging-By-Smashing: 
New Frontiers of Nuclear Structure from MeV to TeV
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T~ 5.5 thousand billion Kelvin (350,000 times 
hotter than sun’s core)

                          Big Bang
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Large “Heavy-ion” Collider @ CERN
Large Hadron Collider, CERN, Geneva

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

Xe-Xe 5.44 TeV

v ~ 99.999992% c
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❖ Shape of the fireball: Anisotropic flow

QGP 
expansion

Final state
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Initial state

<latexit sha1_base64="ROKZOeJKCj7jS3yxTKddiNH/sjA=">AAACH3icbVDLSgMxFM3UV62vUZdugkVwIWVGpLoRim5cVrAP6Iwlk962oZnMkGQKZZg/ceOvuHGhiLjr35g+Frb1QOBwzr3cnBPEnCntOGMrt7a+sbmV3y7s7O7tH9iHR3UVJZJCjUY8ks2AKOBMQE0zzaEZSyBhwKERDO4nfmMIUrFIPOlRDH5IeoJ1GSXaSG277A2Bpt6QSIgV40YSGb7FCwL2LjA8p8yQap+1U5FlbbvolJwp8Cpx56SI5qi27R+vE9EkBKEpJ0q1XCfWfkqkZpRDVvASBTGhA9KDlqGChKD8dJovw2dG6eBuJM0TGk/VvxspCZUahYGZDInuq2VvIv7ntRLdvfFNsDjRIOjsUDfhWEd4UhbuMAlU85EhhEpm/oppn0hCtam0YEpwlyOvkvplyS2Xyo9XxcrdvI48OkGn6By56BpV0AOqohqi6AW9oQ/0ab1a79aX9T0bzVnznWO0AGv8C9K4o3U=</latexit>
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Anisotropic flow -> QGP properties
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❖ Shape of the fireball: Anisotropic flow

QGP 
expansion

Final state
<latexit sha1_base64="8aEk+3YSvzoWPbCsSvdMD4KZL6Y=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARXEiZKaJuhKIblxXsBTq1ZNK0Dc0kQ5KplGHew42v4saFIq4EF76NmekstPVA4OP/z+Hk/H7IqNKO820VlpZXVteK66WNza3tHXt3r6lEJDFpYMGEbPtIEUY5aWiqGWmHkqDAZ6Tlj69TvzUhUlHB7/Q0JN0ADTkdUIy0kXp21RPGlnQ40khK8RA3ezFPEngJJylA7wSS+5hCDr26opnXs8tOxckKLoKbQxnkVe/Zn15f4CggXGOGlOq4Tqi7MZKaYkaSkhcpEiI8RkPSMchRQFQ3zm5L4JFR+nAgpHlcw0z9PRGjQKlp4JvOAOmRmvdS8T+vE+nBRTemPIw04Xi2aBAxqAVMg4J9KgnWbGoAYUnNXyEeIYmwNnGWTAju/MmL0KxW3LOKe3tarl3lcRTBATgEx8AF56AGbkAdNAAGj+AZvII368l6sd6tj1lrwcpn9sGfsr5+AJLKobg=</latexit>�!
Vn = vn e

in n

�!
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>
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Anisotropic flow -> QGP properties

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

QGP properties

ALICE, Phys. Rev. Lett 116, 132302 (2016)
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❖Size of the fireball: radial flow, [pT]
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Radial flow -> QGP properties
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❖Size of the fireball: radial flow, [pT]
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[pT4]

[pTm]

.

.

.

Radial flow -> QGP properties

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

[pT] ∝ Ei[pT] ∝
1
R

[pT]

QGP properties
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TH Initial Conditions Hydro Rescattering Final

Partonic/hadronic transport Final

EXP

Initial Conditions

Data and model comparisons

From ALICE@NBI group 
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Global Bayesian Analysis
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Current best understanding on the time evolution of QGP (Early Universe)

                

η/s(T) is very close to 1/4π (Quantum limit) -> Perfect fluid
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ALICE, Eur. Phys. J. C 84 (2024) 813, Published: 14 August 2024, 588 citations

Primary goal of high-energy nuclear collisions: QGP
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Quark-Gluon Plasma? Not Nuclear Structure?
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Collective flow



May 7th, 2026You Zhou (NBI) @ 15th Nordic Nuclear Physics Meeting, Visby 9

QGP   <— Collective flow
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initial conditions <— QGP   <— Collective flow
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Nuclear Structure <—initial conditions <— QGP   <— Collective flow
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Nuclear Structure <—initial conditions <— QGP   <— Collective flow
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Nuclear Structure <—initial conditions <— QGP   <— Collective flow

(overlapping) (overlapping)
quadrupole Triaxial Octuple Hexadecapole 

Starting point:

✓One-body nucleon 
density distributions 
with W-S including NS 
parameters
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Emergence of Nuclear structure effect via Anisotropic Flow

❖ Significant v2 enhancements in central Xe-Xe collisions than in Pb-Pb collisions

ALICE, Physics Letters B 784 (2018) 82
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Emergence of Nuclear structure effect via Anisotropic Flow

❖ Significant v2 enhancements in central Xe-Xe collisions than in Pb-Pb collisions

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

•  It was realised that such enhancement is due to the NS effect, originated from large β2 deformation 
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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 -> large β2

❖ No difference from different γ,                     
no impact of triaxial structure in v2

�!
V2
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Nuclear structure of 129Xe with Anisotropic Flow

❖Overall, calculations with a0 = 0.492 and β2W-S = 0.207 describes the flow measurements better in Xe–Xe collisions
▪ Compatible with low-energy nuclear structure (MeV energy scale).
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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 -> NS

Nuclear structure of 129Xe with Radial Flow
E. G. Nielsen etc., EPJA (2024) 60, 38

[pT2]

0 5 10 15 20 25 30
Centrality (%)

0.1−

0.08−

0.06−

0.04−

0.02−

0
0.02

3−10×

3
κ 

 = 0
2
β

 = 0.18
2
β

° = 27γ = 0.18, 
2
β

° = 60γ = 0.18, 
2
β

 = 5.44 TeVNNsXe −Xe AMPT

0 5 10 15 20 25 30
Centrality (%)

0.5

1

1.5

 ra
tio

 

 = 0.18 / spherical
2
β

 / spherical° = 27γ = 0.18, 
2
β

 / spherical° = 60γ = 0.18, 
2
β

oblate

triaxial

prolate

[pT3]

<latexit sha1_base64="OwFtkWx/PVj7XHpjpu7pcbfA++I="></latexit>

ω2 → 1

32ε

〈
ϑ2
2

〉
<latexit sha1_base64="fNbyfNrvbxd49dOsezIf6aFmMTg="></latexit>

ω3 → 1

896ε3/2

〈
cos(3ϑ)ϖ3

2

〉



May 7th, 2026You Zhou (NBI) @ 15th Nordic Nuclear Physics Meeting, Visby 14

❖ Shape of the fireball: Anisotropic flow ❖Size of the fireball: Radial Flow, [pT]

Nuclear structure with “Shape-Size correlation”
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❖ Shape of the fireball: Anisotropic flow ❖Size of the fireball: Radial Flow, [pT]

Nuclear structure with “Shape-Size correlation”

P. Bozek etc, PRC96 (2017) 014904
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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

❖Shape-Size correlation: ρ(vn2, [pT])
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❖ Shape of the fireball: Anisotropic flow ❖Size of the fireball: Radial Flow, [pT]

Nuclear structure with “Shape-Size correlation”

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])
<latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit><latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit><latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit><latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit>

Initial-state model 
estimation

final-state model 
calculation

❖Shape-Size correlation: ρ(vn2, [pT])

<latexit sha1_base64="7VUlzHhfCaWKlnmyJE86CohC29c="></latexit>

C(v22 , [pT]) → ↑
3
↓
5
〈
cos(3ω)ε3

2

〉

28ϑ3/2

<latexit sha1_base64="S3ArUb+j6acSKW3edSXDVlZdNF0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzGaHzGOZmRVCyC948aCIV3/Im3/jbLIHjRY0FFXddHdFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvwoZyJmnbMstpL9UUi4jTbjS5zf3uI9WGKflgpykNBR5LFjOCbS4NdKKG1Zpf9xdAf0lQkBoUaA2rn4ORIpmg0hKOjekHfmrDGdaWEU7nlUFmaIrJBI9p31GJBTXhbHHrHJ05ZYRipV1Jixbqz4kZFsZMReQ6BbaJWfVy8T+vn9n4OpwxmWaWSrJcFGccWYXyx9GIaUosnzqCiWbuVkQSrDGxLp6KCyFYffkv6VzUg0a9cX9Za94UcZThBE7hHAK4gibcQQvaQCCBJ3iBV094z96b975sLXnFzDH8gvfxDSM+jlI=</latexit>ω
<latexit sha1_base64="xGgzbo4UIFWqAge7KRNCh3/eKSI="></latexit>

ω(v42 , p
2
T) → Aε6

2 [53 + 16 ↑cos(6ϑ)↓] +B
[
ε6
2 , ↑cos(3ϑ)↓

]
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Extract precise Nuclear Structure with Bayesian Fit
❖ Precise imaging of nuclear structure with collective flow

ALICE data

Unified 
algorithm

ALICE, in preparation for 
Report on Progress in Physics

v2
ALICE, PbPb 5.02 TeV

ALICE, XeXe 5.44 TeV
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Combining NS + “heavy-ion theory”
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Combining NS + “heavy-ion theory”

Low-energy NS

Hydrodynamic

Hydrodynamic

                                                                         

PRL135 (2025) 012302

Parton
Transport

Parton Transport In preparation
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Evidence of nuclear geometry driven flow in light ion collisions
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ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.
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ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.

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

observed in light ion collisions

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

❖ Unified Framework: nuclear structure 
across energy scale
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❖ Nicely described by predictions from 
Trajectum(NS+hydro) 
• Nuclear geometry driven hydrodynamic flow 

observed in light ion collisions

• For the first time excellent 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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Evidence of nuclear geometry driven flow in light ion collisions
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ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.

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

observed in light ion collisions

• For the first time excellent 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

Also see CERN Headline (Sept. 19th, 2025)
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ALI-PREL-623642

Many new OO & Ne-Ne measurements available in 2026

? Toward precise nuclear structure imaging (5-α vs α+16Ο)

ALI-PREL-623545

+ many more to be available before this summer

(ALICE, Phys. Rev. Lett. in preparation)
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Neutron skin study at Relativistic Nuclear Collisions
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Neutron skin study at Relativistic Nuclear Collisions

         

  

Smaller [pT] & stronger 
[pT] fluctuationsLarge Initial 

size
Large 

neutron skin
Weaker flow fluctuations
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arXiv: 2512.00114, accepted by EPJC
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What can we learn from 48Ca-48Ca vs 40Ca-40Ca

arXiv: 2512.00114, accepted by EPJC

• 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

[pT2] [pT3]
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Colliding mode

New opportunities from 2030
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Colliding mode With a second injection source

New opportunities from 2030
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Update 2024

22

❖ 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!)

Summary

❖ 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.
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Question:
➡ What to collide at the Run 4 & Run 5 @ LHC

Outlook



May 7th, 2026You Zhou (NBI) @ 15th Nordic Nuclear Physics Meeting, Visby 23

Question:
➡ What to collide at the Run 4 & Run 5 @ LHC

Outlook

     

Special offer

Thanks for your attention!

New collisions 
Please
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Flow ratios (Ne-Ne / OO) -> sub-structure

ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.

25
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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) -> sub-structure

• 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)

ALICE, arXiv:2509.06428, submitted to Phys. Rev. Lett.

25


