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State-of-the-art: Viscosities of QGP
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Huge uncertainties of the extracted QGP properties, due to poorly known initial conditions 
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IC: What is our current understanding?
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How can we access the initial conditions in EXP ?

IC: What is our current understanding?
IP-Glasma TrajectumJETSCAPE
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❖ Spatial anisotropy in the initial state converted to momentum anisotropic 
particle distributions
• known as elliptic flow
• reflect initial eccentricity and transport properties of QGP

system expansion
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coordinate space Eccentricity

momentum space Elliptic Flow

From eccentricity to elliptic flow
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expansion

Initial state Final state
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<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>

From initial anisotropy to anisotropic flow
<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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❖ Flow measurements at the top LHC energies agree with hydrodynamic predictions
• The Quark-Gluon Plasma behaves like a perfect fluid
• Constrain initial state models

• EKRT ✅ , TRENTo ✅ , IP-Glasma ✅ , MC-KLN ❌ , MC-Glauber❌

ALICE, Physical Review Letters 116, 132302 (2016)

Probe QGP properties with Flow
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ALICE JHEP 07 (2018) 103

vn{m}

Initial geometry fluctuations How does vn 
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p(vn)

ALICE JHEP 07 (2018) 103

vn{m} Moments p(εn)

C. Gale etc, PRL110 (2013) 1, 012302

vn / "n
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❖ Despite the precision of experimental data (ALICE,  ATLAS,  CMS), 
the differences of P(εn) from various initial state models are minor
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Final  state P(v2/<v2>)

P(vn) -> P(εn) How does vn 
fluctuate

Minor difference from IC

Initial  state P(ε2/<ε2>)
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•Central collision: 
• Initial φ2, φ4 randomly fluctuate, 

weak correlations
• <cos4(ψ2-ψ4)> is small

•Peripheral collisions: 
• Initial φ2, φ4 tend to align, 

strong correlations
• <cos4(ψ2-ψ4)> is large

ALICE, PLB773 (2017) 68, 
               JHEP05 (2020) 085

ψn - ψm correlations

ψ2

ψ4

How do ψn and 
ψm correlate

φ2

φ4

φ2

φ4
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Initial conditions (size) through [pT]

❖Shape of the fireball: Anisotropic flow

[H. Niemi et al., PRC 87 (2013) 5, 054901
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Initial conditions (size) through [pT]

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

[pT] ∝ Ei

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

[pT] ∝
1
R

❖Shape of the fireball: Anisotropic flow

[H. Niemi et al., PRC 87 (2013) 5, 054901
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ALICE, PRC88 (2013) 044910, PRL111 (2013) 222301

❖  Multi-particle [pT] correlations:
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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

ALICE, EPJC 74 (2014) 3077

2nd-moment / 1st-moment 3rd-moment / 2nd-moment

ALICE, PLB 850 (2024) 138541

[pT] fluctuations
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J.E. Bernhard etc, Nature Physics,15, 1113 (2019) 

Bayesian analyses: status before 2022
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J.E. Bernhard etc, Nature Physics,15, 1113 (2019) 
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JETSCAPE, Phys. Rev. Lett. 126, 242301 (2021)

J.E. Bernhard etc, Nature Physics,15, 1113 (2019) 

Bayesian analyses: status before 2022
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JETSCAPE, Phys. Rev. Lett. 126, 242301 (2021)

J.E. Bernhard etc, Nature Physics,15, 1113 (2019) 

Bayesian analyses: status before 2022

p
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vn-[pT] correlations

❖Shape of the fireball: Anisotropic flow

❖Size of the fireball: radial flow, 

❖Final state: correlation between  and 

[pT]

vn pT

ρ(v2
n , [pT]) =

cov(v2
n , [pT])

var(v2
n ) var([pT])

P. Bozek etc, PRC96 (2017) 014904

❖ 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
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❖ IP-Glasma+MUSIC+UrQMD shows a weak centrality dependence and describe the data 
fairly well

❖ State-of-the-art Bayesian results (Trajectum, JETSCAPE) with TRENTo initial conditions all 
show strong centrality dependence, negative values for centrality >40%

15

ρ(vn2, [pT]) in Pb-Pb

0 10 20 30 40 50 60
Centrality (%)

0.4−

0.2−

0

0.2

0.4

]) Tp,[2 2
(vρ

Pb 5.02 TeV−Pb

| < 0.8η|

c < 3.0 GeV/
T

p0.2 < | < 0.4η]: |
T

p[
| > 0.8η∆: |nv

ALICE
Trajectum (ISE)
Trajectum
JETSCAPE (ISE)
JETSCAPE

v-USPhydro (ISE)
v-USPhydro
IP-Glasma+MUSIC+UrQMD
IP-Glasma+MUSIC+UrQMD (FSE only)

v-USPhydro, PRC103 (2021) 2, 024909

Trajectum, PRL126, 202301 (2021)
Privation communication

JETSCAPE, PRL126, 242301 (2021 )
Privation communication

ALICE, PLB 834 (2022) 137393

IP-Glasma, PRC102, 034905 (2020)

ρ(v2
n , [pT]) =

cov(v2
n , [pT])

var(v2
n ) var([pT])
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❖ Sensitive to the nucleon width parameter (size of nucleon)
▪ IP-Glasma ~ 0.4 fm;  v-USPhydro ~ 0.5 fm;  Trajectum~0.7 fm; JETSCAPE (TRENTo) ~ 1.1 fm

▪ w(IP-Glasma) < w(v-USPhydro) < w(Trajectum) < w(JETSCAPE) 

▪ New constraints on the nucleon size

w ~ 0.4

w ~ 0.5

w ~ 0.7

w ~ 1.1

Constraining nucleon width

G. Giacalone etc., PRL128, 042301 (2022)

TRENTo

w
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Nuclear structure at high energies
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Nuclear structure at high energies

ALICE, Physics Letters B 850, 138477 (2024)
ALICE, JHEP 05 (2023) 243
ALICE, Phys. Rev. C Letters, 107 (2023) 051901
ALICE, Physics Letters B 834, 137393 (2022) 
ALICE, Physics Letters B 818, 136354 (2021)
ALICE, Phys. Rev. C 104, 024903 (2021)
ALICE, Phys. Rev. C 103, 024913 (2021)
ALICE, ALICE-PUBLIC-2021-004 (2021)
ALICE, JHEP 06, 147 (2020)
ALICE, JHEP 05, 085 (2020)
ALICE, Eur. Phys. J. C 80, 846 (2020)
ALICE, Physics Letters B784 (2018) 82
ALICE, Phys. Rev. C 97, 024906 (2018)
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Nuclear structure at high energies
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Nuclear structure at low energies
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Nuclear Structure of 129Xe 

Ben Mottelson (NBI)Aage Niels Bohr (NBI)
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Nuclear structure at high energies
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Probe nuclear structure of 129Xe with vn

ALICE, Physics Letters B 784 (2018) 82

❖ Significant v2 enhancements in central Xe-Xe collisions
❖ LHC data clearly suggests a non-zero β2 (deformation of 129Xe)

Physics Letters B 784 (2018) 82
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ALICE, PLB784(2018)82

Differential flow vs pT and η
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ALICE, PLB784(2018)82

Differential flow vs pT and η
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ALICE, PLB784(2018)82

Differential flow vs pT and η
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New publication in 2024

❖ For the first time observe the impact of 
NS over a very wide pseudorapidity range 
(-3.5 < η < 5.0)
▪ New input for the low-x physics
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ψn - ψm correlations How do ψn and 
ψm correlate
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ψn - ψm correlations How do ψn and 
ψm correlate

     φ2

φ4

❖ A stronger correlation is observed in the Xe-Xe collisions.
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• Promising sensitivities to the nuclear deformation β2 in central Xe-Xe collisions
• Insensitive to triaxial structure

ALICE paper in 
preparation for PLB

Nuclear structure with Standard flow studies
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Probe NS with two-particle [pT] correlations
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Probe NS with two-particle [pT] correlations
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❖These two-particle pT correlations 
provide a new way to probe 
deformation structures of 129Xe.
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❖These two-particle pT correlations 
provide a new way to probe 
deformation structures of 129Xe.
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Probe NS with multi-particle [pT] correlations
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Probe NS with multi-particle [pT] correlations
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Probe NS with multi-particle [pT] correlations

• Multi-particle [pT] correlation reflects 
the initial size fluctuations, also bring new 
information on the triaxial structure.
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Probe triaxial structure of 129Xe
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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

Probe triaxial structure of 129Xe
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arXiv:2403.07441, submitted to PRL

γ

❖As soon as the <cos (3γ)> is the same, the ρ2 and Γpt are identical

▪ One can NOT distinguish triaxial (fixed γ = 30°) and γ-soft 
(fluctuating γ) structures with existing 3-particle correlations

Probe γ-soft structure of 129Xe

�pT =
h�pT,i�pT,j�pT,kih[pT ]i

h�pT,i�pT,ji2
<latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit><latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit><latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit><latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit>

3-particle [pT] correlation
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3-particle vn2 — [pT] correlation
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Simple logic
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Simple logic

❖ 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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New proposals:

Expectations:

New probe for the γ-soft structure

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

❖Difference in ρ4,2 can reach 50% in 
the ultra-central collisions.

❖Opening a new pathway to 
probe nuclear shape phase 
transition at the ultra-
relativistic energies.
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Run 2 2017 (pilot)

8 hours data taken

Massive Pb-Pb data
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Run 1 2010, 2011

Run 2 2015, 2018

Run 3 2022 (pilot), 2023, 2024

4-6 weeks each period

Run 2 2017 (pilot)

8 hours data taken

Massive Pb-Pb data
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Neutron skin study at High Energy
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PRL131, 202302 (2023)

Extracting neutron skin of 208Pb



You Zhou (NBI) @ ⻅微学术沙⻰, USTC, China 34

neutron skin Symmetry energy 
EoS of Nuclear Matter Critical size & mass of neutron stars

Heavy-ion collisions Neutron stars

Connecting to astrophysics
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And more 

❖ More than just flow and [pT]
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W-S α-clustering? CGC?

O-O collisions at the LHC in 2025

arXiv: 2402.05995 arXiv:2404.09780

arXiv: 2404.08385
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Future possibilities 

❖ Neutron skin 40Ca and 48Ca

CERN (11.2024) TH Institute Light Ions at the LHC
organised by CERN-TH, YZ (NBI), Qipeng Hu (USTC) etc.
a dedicated workshop to discuss the new colliding light ions
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Future possibilities 

❖ Neutron skin 40Ca and 48Ca

CERN (11.2024) TH Institute Light Ions at the LHC
organised by CERN-TH, YZ (NBI), Qipeng Hu (USTC) etc.
a dedicated workshop to discuss the new colliding light ions

❖ New isobar runs 40Ca vs 40Ar (well within the capability of 
nuclear EFT calculations)

❖ Further understanding on the α-clustering structure with 20Ne
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Possible open questions

38

    

TH IC Hydrodynamics Rescattering Final

IC FinalParton transport Rescattering

 Are the existing NS study at high energies model independent?
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Possible open questions

38

    

TH IC Hydrodynamics Rescattering Final

IC FinalParton transport Rescattering

 Are the existing NS study at high energies model independent?

Q: Will the same NS input gives the same Initial Conditions? 
• Will TRENTo gives the same ε2{4}/ε2{2} as IP-Glasma or AMPT?

Q: Any difference by using hydrodynamics and parton transport (AMPT)?

Q: Will the choices of hadronic rescattering models (SMASH, UrQMD, ART) 
matter for the NS study?
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Conclusion Remarks

The nuclear structure studies at the high energies (i.e., RHIC & LHC) 
can not replace the efforts of NS at low energies, OBVIOUSLY. 

They complement each other  
NS@LE covers much wider range in the nuclide chart 
NS@HE enables novel opportunity to resolve some challenging questions 
(many-body, shape etc) with a few selected nuclei 

The interactions between two communities are crucial 
Can we have a unified description of nuclear structure through the entire 
energy scale from MeV to TeV 

Thanks !
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2 Postdoc (1 Flow, 1 FoCal) 
• starting Early 2025 
• 600,000 RMB/year 

1 PhD (Flow) 
• Open call in spring 2025 
• 450,000 RMB/year 

Contact You Zhou: You.Zhou AT cern.ch
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Bakcup
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Recent Activities @ High Energies

link

linkBNL (01.2022)

linkGSI (05.2022)

linkGSI (10.2022)

link

CEA, Saclay 
(09.2022)

INT (02.2023)

NBI (06.2023)
link

https://live-int-uw-edu.pantheonsite.io/programs-and-workshops/23-1a
https://www.bnl.gov/porir2022/
https://indico.gsi.de/event/14430/
https://indico.gsi.de/event/15627/
https://esnt.cea.fr/Phocea/Page/index.php?id=107
https://indico.cern.ch/event/1043736/
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Activities in 2024 and beyond 

PKU (04.2024) 
Beĳing

(Program + workshop 
for two communities)

RHIC (0.2 TeV): 
• U-U vs Au-Au 
• Zr-Zr vs Ru-Ru 
• O-O
LHC (~ 5 TeV): 
• Xe-Xe vs Pb-Pb 
• O-O
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❖ The very first direct measurement of correlations between vn and vm

• NSC(3,2) is insensitive to η/s

• NSC(3,2) measurements provide a direct access into the initial conditions (despite details of systems evolution)

• Can we use NSC to explore the nuclear structure?

SC(m,n) = hv2m v2ni � hv2mi hv2ni
Symmetric cumulants:
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ALICE, PLB818 (2021) 136354
iEBE-VISHNU, M. Li, YZ etc, PRC104, 024903 (2021)

G. Giacalone, private communication

❖ Precision NSC(3,2) data provides tight 
constraints on the initial state models

❖ what is the general correlation between any 
order of vnk and vmp and the correlations 
among multiple flow coefficients

Significant difference

Probe IC with NSC(3,2) How do vn and 
vm correlate
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❖ One algorithm for any particle cumulant 
▪ Multi-particle mixed harmonic cumulants
▪ correlation between vmk, vnl and vpq

▪ correlation between vmk and vnl 
▪ No need of any package !

A reminder J. Jia, JPG41 (2014) 124003

m-particle cumulant

m-particle correlation

How do vn and 
vm correlate
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❖ First measurement of correlations between higher order moments of v2 and v3 

‣ Final state results quantitatively reproduced by the initial state correlations

‣ Experimental data provides direct constraints on the correlations of higher order moments 
of eccentricity coefficients from initial state models

M. Li, YZ etc, PRC104, 024903 (2021)ALICE, PLB818 (2021) 136354

Mixed harmonic cumulants How do vn and 
vm correlate
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❖ Fully parametrised initial conditions

Pwounded = 1 − exp (−σgg ∫ dxρA(x)ρB(x)), ρA/B ∝ exp ( − |x − xA/B |2

2w2 )
❖ Deposit energy into each nucleus’ thickness function

TA/B = ∑
i∈wounded A/B

γ exp( − |x − xi |
2 /2w2)

❖ Modify to include quark constituents

dS
dη

η=0

∝

max(TA, TB) p → + ∞
(TA + TB)/2 p = + 1 (arithmetic)

TATB p = 0 (geometric)
2TATB /(TA + TB p = − 1 (harmonic)
min(TA, TB) p → − ∞

❖ Generalised mean of thickness functions

dS
d2x⊥dη

η=0

∝ ( (TA + TB)p

2 )
1/p

ρA =
1
nc ∑

i=1nc

ρc(x − xi)

TRENTo IC
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z

y
x

Pictures at low energy and high energy

❖ Even with the fixed parameters (nuclear structure), the nucleon distributions are not 
fixed (not identical but vary from one event to the other)

Low energy High energy
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SC(m,n) = hv2m v2ni � hv2mi hv2ni

Symmetric cumulants:

ALICE,  PRL117, 182301 (2016) X. Zhu etc, PRC95, 044902 (2017)
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Initial geometry correlations
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Probe Nuclear structure with NSC(3,2)

❖Different results due to nuclear deformation observed in NSC(3,2)
❖New measurements should allow the constrain the β2 but not γ
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Z. Lu, M.Zhao, J. Jia, YZ, Eur. Phys. J. A (2023) 59, 279

Xe-Xe 5.44 TeV

Normalised Symmetric cumulants:
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Multi-particle pT correlations

• [PT] and its event-by-event fluctuations measured in heavy-ion 
collisions at the LHC -> probe initial size and size fluctuations
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❖ A stronger correlation is well explained by the transport model using 
deformed 129Xe nuclei using transport model

Enhanced ψn correlations in models

 

❖ρ4,22 probes correlations between Ψ2 and Ψ4 
~ <cos 4(Ψ2 - Ψ4) >

Z. Lu, M.Zhao, J. Jia, YZ, Eur. Phys. J. A (2023) 59, 279
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❖Shape of the fireball: Anisotropic flow

❖Size of the fireball: radial flow [pT]

❖Final state: correlation between  and vn pT

ρ(v2
n , [pT]) =

cov(v2
n , [pT])

var(v2
n ) var([pT])

P. Bozek etc, PRC96 (2017) 014904

❖ Assuming vn ∝ εn ,  [pT] ∝ E0

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

final-state model 
calculation

[pT] - vn correlations



You Zhou (NBI) @ ⻅微学术沙⻰, USTC, China 57

W-S α-clustering? CGC?

ALICE-PUBLIC-2021-004

O-O collisions at RHIC and the LHC


