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Evolution in the Little Bang
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Initial 
conditions

Hydrodynamic 
evolution

η/s(Τ), ζ/s(T)

Hadronic 
rescatterings                          

                  

Credits: C. Shen
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~0.3fm

(v-USPhydro)

How can we access the initial conditions in EXP ?

Credits: G. Giacalone

Current status of initial state models
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Studying QGP with flow
❖Spatial eccentricity in the initial state converted to momentum 

anisotropic particle distributions
•known as elliptic flow
•reflect initial eccentricity and transport properties of QGP

z

y
x

Z

X

 RP
<latexit sha1_base64="qRvZ68etxcyjxfxdZjcY4sPOxMw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8co9gOaUDbbTbt0dxN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMEdokCU9UJ8KaciZp0zDDaSdVFIuI03Y0up357TFVmiXy0UxSGgo8kCxmBBsrhYGvWS8PlEAP/rRXrbl1dw60SryC1KCA36t+Bf2EZIJKQzjWuuu5qQlzrAwjnE4rQaZpiskID2jXUokF1WE+P3qKzqzSR3GibEmD5urviRwLrScisp0Cm6Fe9mbif143M/F1mDOZZoZKslgUZxyZBM0SQH2mKDF8YgkmitlbERlihYmxOVVsCN7yy6ukdVH33Lp3f1lr3BRxlOEETuEcPLiCBtyBD00g8ATP8Apvzth5cd6dj0VrySlmjuEPnM8fZzKR2A==</latexit><latexit sha1_base64="qRvZ68etxcyjxfxdZjcY4sPOxMw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8co9gOaUDbbTbt0dxN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMEdokCU9UJ8KaciZp0zDDaSdVFIuI03Y0up357TFVmiXy0UxSGgo8kCxmBBsrhYGvWS8PlEAP/rRXrbl1dw60SryC1KCA36t+Bf2EZIJKQzjWuuu5qQlzrAwjnE4rQaZpiskID2jXUokF1WE+P3qKzqzSR3GibEmD5urviRwLrScisp0Cm6Fe9mbif143M/F1mDOZZoZKslgUZxyZBM0SQH2mKDF8YgkmitlbERlihYmxOVVsCN7yy6ukdVH33Lp3f1lr3BRxlOEETuEcPLiCBtyBD00g8ATP8Apvzth5cd6dj0VrySlmjuEPnM8fZzKR2A==</latexit><latexit sha1_base64="qRvZ68etxcyjxfxdZjcY4sPOxMw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8co9gOaUDbbTbt0dxN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMEdokCU9UJ8KaciZp0zDDaSdVFIuI03Y0up357TFVmiXy0UxSGgo8kCxmBBsrhYGvWS8PlEAP/rRXrbl1dw60SryC1KCA36t+Bf2EZIJKQzjWuuu5qQlzrAwjnE4rQaZpiskID2jXUokF1WE+P3qKzqzSR3GibEmD5urviRwLrScisp0Cm6Fe9mbif143M/F1mDOZZoZKslgUZxyZBM0SQH2mKDF8YgkmitlbERlihYmxOVVsCN7yy6ukdVH33Lp3f1lr3BRxlOEETuEcPLiCBtyBD00g8ATP8Apvzth5cd6dj0VrySlmjuEPnM8fZzKR2A==</latexit><latexit sha1_base64="qRvZ68etxcyjxfxdZjcY4sPOxMw=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8co9gOaUDbbTbt0dxN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCopZNMEdokCU9UJ8KaciZp0zDDaSdVFIuI03Y0up357TFVmiXy0UxSGgo8kCxmBBsrhYGvWS8PlEAP/rRXrbl1dw60SryC1KCA36t+Bf2EZIJKQzjWuuu5qQlzrAwjnE4rQaZpiskID2jXUokF1WE+P3qKzqzSR3GibEmD5urviRwLrScisp0Cm6Fe9mbif143M/F1mDOZZoZKslgUZxyZBM0SQH2mKDF8YgkmitlbERlihYmxOVVsCN7yy6ukdVH33Lp3f1lr3BRxlOEETuEcPLiCBtyBD00g8ATP8Apvzth5cd6dj0VrySlmjuEPnM8fZzKR2A==</latexit>

p

p
p

z

y

x PX

PZ

Initial spatial Eccentricity

momentum space Elliptic Flow

system expansion

Initial state

Final state

J.Y. Ollitrault, PRD 46 (1992) 229

Figures by B. Hippolyte 
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• vn  : Anisotropic flow
• ψn : Flow symmetry plane

System 
expansion
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From initial anisotropy to anisotropic flow

Initial state Final 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

How does ψn 
fluctuate

How do vn and 
vm correlate

How do ψn and 
ψm correlate

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>

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>

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>

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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❖  Investigating p(v2) with multi-particle cumulants 
• Ultra-higher order cumulants e.g. v2{10}{12}{14}{16} is implemented for HL-LHC,

• Possibility to construct a more precise p.d.f. with higher moments

                                                      

ALICE JHEP 07 (2018) 103

vn{m} Moments p(vn) p(εn)

P(vn) and P(εn)

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

JHEP 07 (2018) 103

How does vn 
fluctuate

vn / "n
<latexit sha1_base64="ICg9JfUvVCCYo/eM4v7Duz5ZNqA=">AAACAnicbVDLSgMxFM34rPVVdSVugkVwVWZE0GXRjcsK9gGdoWTSO21oJglJplBKceOvuHGhiFu/wp1/Y9rOQlsPBA7n3MvNObHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYcPITFOoU8mlbsXEAGcC6pZZDi2lgaQxh2Y8uJ36zSFow6R4sCMFUUp6giWMEuukTul42BE4VFoqK3E4JBqUYdw5ziv7FX8GvEyCnJRRjlqn9BV2Jc1SEJZyYkw78JWNxkRbRjlMimFmQBE6ID1oOypICiYazyJM8JlTujiR2j1h8Uz9vTEmqTGjNHaTKbF9s+hNxf+8dmaT62jMhMosCDo/lGQcu7jTPnCXaaCWjxwhVDP3V0z7RBNqXWtFV0KwGHmZNC4qgV8J7i/L1Zu8jgI6QafoHAXoClXRHaqhOqLoET2jV/TmPXkv3rv3MR9d8fKdI/QH3ucPpJCXlA==</latexit><latexit sha1_base64="ICg9JfUvVCCYo/eM4v7Duz5ZNqA=">AAACAnicbVDLSgMxFM34rPVVdSVugkVwVWZE0GXRjcsK9gGdoWTSO21oJglJplBKceOvuHGhiFu/wp1/Y9rOQlsPBA7n3MvNObHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYcPITFOoU8mlbsXEAGcC6pZZDi2lgaQxh2Y8uJ36zSFow6R4sCMFUUp6giWMEuukTul42BE4VFoqK3E4JBqUYdw5ziv7FX8GvEyCnJRRjlqn9BV2Jc1SEJZyYkw78JWNxkRbRjlMimFmQBE6ID1oOypICiYazyJM8JlTujiR2j1h8Uz9vTEmqTGjNHaTKbF9s+hNxf+8dmaT62jMhMosCDo/lGQcu7jTPnCXaaCWjxwhVDP3V0z7RBNqXWtFV0KwGHmZNC4qgV8J7i/L1Zu8jgI6QafoHAXoClXRHaqhOqLoET2jV/TmPXkv3rv3MR9d8fKdI/QH3ucPpJCXlA==</latexit><latexit sha1_base64="ICg9JfUvVCCYo/eM4v7Duz5ZNqA=">AAACAnicbVDLSgMxFM34rPVVdSVugkVwVWZE0GXRjcsK9gGdoWTSO21oJglJplBKceOvuHGhiFu/wp1/Y9rOQlsPBA7n3MvNObHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYcPITFOoU8mlbsXEAGcC6pZZDi2lgaQxh2Y8uJ36zSFow6R4sCMFUUp6giWMEuukTul42BE4VFoqK3E4JBqUYdw5ziv7FX8GvEyCnJRRjlqn9BV2Jc1SEJZyYkw78JWNxkRbRjlMimFmQBE6ID1oOypICiYazyJM8JlTujiR2j1h8Uz9vTEmqTGjNHaTKbF9s+hNxf+8dmaT62jMhMosCDo/lGQcu7jTPnCXaaCWjxwhVDP3V0z7RBNqXWtFV0KwGHmZNC4qgV8J7i/L1Zu8jgI6QafoHAXoClXRHaqhOqLoET2jV/TmPXkv3rv3MR9d8fKdI/QH3ucPpJCXlA==</latexit><latexit sha1_base64="ICg9JfUvVCCYo/eM4v7Duz5ZNqA=">AAACAnicbVDLSgMxFM34rPVVdSVugkVwVWZE0GXRjcsK9gGdoWTSO21oJglJplBKceOvuHGhiFu/wp1/Y9rOQlsPBA7n3MvNObHizFjf//ZWVtfWNzYLW8Xtnd29/dLBYcPITFOoU8mlbsXEAGcC6pZZDi2lgaQxh2Y8uJ36zSFow6R4sCMFUUp6giWMEuukTul42BE4VFoqK3E4JBqUYdw5ziv7FX8GvEyCnJRRjlqn9BV2Jc1SEJZyYkw78JWNxkRbRjlMimFmQBE6ID1oOypICiYazyJM8JlTujiR2j1h8Uz9vTEmqTGjNHaTKbF9s+hNxf+8dmaT62jMhMosCDo/lGQcu7jTPnCXaaCWjxwhVDP3V0z7RBNqXWtFV0KwGHmZNC4qgV8J7i/L1Zu8jgI6QafoHAXoClXRHaqhOqLoET2jV/TmPXkv3rv3MR9d8fKdI/QH3ucPpJCXlA==</latexit>

P (vn/ hvni) ⇡ P ("n/ h"ni)
<latexit sha1_base64="4rZEYeAG3C7bELNFrtZuQsm9wJ0="></latexit><latexit sha1_base64="4rZEYeAG3C7bELNFrtZuQsm9wJ0="></latexit><latexit sha1_base64="4rZEYeAG3C7bELNFrtZuQsm9wJ0="></latexit><latexit sha1_base64="4rZEYeAG3C7bELNFrtZuQsm9wJ0="></latexit>
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ESE: J. Schukraft etc, PLB719 (2013) 394
ALICE, PRC 93 (2016) 3, 034916

ε2 v2

P(vn) and ESE

❖ Using Event-Shape Engineering (ESE) to select high 
(low) q2 to get larger (smaller) v2

❖ The fluctuation study with ESE reveals that ESE 
selects not only ε2 but also its fluctuations, which 
modifies the p.d.f. (i.e. its skewness)

❖ One should not compare high 10% q2 in data to 
10% large ε2 model calculations (common issues in 
HF studies)

v2{2} v2{4}

v2{6} v2{8}
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pT-differential p.d.f.
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V0M 10-20%
 = 5.02 TeVNNsPb-Pb, 

ALICE Preliminary

ALI−PREL−325005

❖ Study pT differential p.d.f. of v2 using multi-particle cumulants

• Non-trivial pT dependence of γ1 and γ2

• γ1 : negative at low pT and is compatible with 0 at high pT

• γ2:  positive for pT < 2 GeV/c and then consistent with 0 within large uncertainty

• Different or modification of p.d.f. in differential study?

�1 = �6
p
2 v2{4}2

v2{4}� v2{6}
(v2{2}2 � v2{4}2)3/2

<latexit sha1_base64="W+bhitYchHGEypOzB3k0ijEWL2c="></latexit><latexit sha1_base64="W+bhitYchHGEypOzB3k0ijEWL2c="></latexit><latexit sha1_base64="W+bhitYchHGEypOzB3k0ijEWL2c="></latexit><latexit sha1_base64="W+bhitYchHGEypOzB3k0ijEWL2c="></latexit>

�2 = �3

2

v2{4}4 � 12 v2{6}4 + 11 v2{8}4

(v2{2}2 � v2{4}2)2
<latexit sha1_base64="5FL437iQE60SRJB4Eqp4JBld52o="></latexit><latexit sha1_base64="5FL437iQE60SRJB4Eqp4JBld52o="></latexit><latexit sha1_base64="5FL437iQE60SRJB4Eqp4JBld52o="></latexit><latexit sha1_base64="5FL437iQE60SRJB4Eqp4JBld52o="></latexit>
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First PID flow fluctuations

ALI-PREL-318269

)c (GeV/
T
p 
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η

Δ
{2

, |
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10-20%

 = 5.02 TeVNNsPb −ALICE Pb
| < 0.5, 10-20%y|

±π
±K
pp+

φ
0
SK
Λ+Λ

❖ First study of (relative) flow fluctuations of identified 
hadrons using v2{2} and v2{4}

❖ Particle species dependence is observed

• Similar indications from hydro calculations

• Final state effects modify the p.d.f.?

<latexit sha1_base64="I1WVuTPgswoBeBOatS64WfzkpOQ="></latexit>

v2n{2} = hvni2 + �2
vn

<latexit sha1_base64="k6HVlbLpFD/u0o/YD2oJI+wsimw="></latexit>

v2n{4} ⇡hvni2 � �2
vn

<latexit sha1_base64="9/OIwHfWNWJMCBuvUUwmP3TNSdg="></latexit>

Fvn =
�vn

hvni
=

s
v2n{2}� v2n{4}
v2n{2}+ v2n{4}
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Flow vector fluctuations

Φ4

Φ2 Φ3

Initial symmetry planes

<latexit sha1_base64="DE8whIL3ci4OUe0ULY7rr4uKjWI="></latexit>

vn{2} =
hvn(pT) vn cosn[ n(pT)� n]ip

hv2ni
<latexit sha1_base64="MHeQ4I4DlEkCSriR87W5V89v1vc=">AAACG3icbVDLSgMxFM3UV62vqks3wSLUTZkpom6EohuXFfqCmXHIpJk2NMmMSaZQhv6HG3/FjQtFXAku/BvTx0JbDwQO59x7c+8JE0aVtu1vK7eyura+kd8sbG3v7O4V9w9aKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYeDm4nfHhKpaCwaepQQn6OeoBHFSBspKFaHgXCrPryCnnqQOvMYEj1GoJHvq+Uk8DjSfcmzxvjUk1NrHBRLdsWeAi4TZ05KYI56UPz0ujFOOREaM6SU69iJ9jMkNcVmXsFLFUkQHqAecQ0ViBPlZ9PbxvDEKF0YxdI8oeFU/d2RIa7UiIemcrKqWvQm4n+em+ro0s+oSFJNBJ59FKUM6hhOgoJdKgnWbGQIwpKaXSHuI4mwNnEWTAjO4snLpFWtOOcV5+6sVLuex5EHR+AYlIEDLkAN3II6aAIMHsEzeAVv1pP1Yr1bH7PSnDXvOQR/YH39ANbcoVU=</latexit>

vn[2] =
p
hv2n(pT)i

❖ , indicates presence of flow 
angle and magnitude fluctuations

❖  How can we disentangle the two contributions 
and quantify each of them?

v2{2}/v2[2] < 10

U. Heinz etc, PRC87, 034913 (2013)
F. G. Gardim etc, PRC87, 031901(R) (2013)

ALICE, JHEP 09 (2017) 032

How does ψn 
fluctuate
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New observable to measure 
flow angle fluctuations:

<latexit sha1_base64="BpDuh6eOElDfYOvSGm4GZQG3VR8=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1iEChKS0ovLoiAuK9gLtDFMppN26GQSZiZiCX0VNy4UceuLuPNtnLRF1PrDwMd/zuGc+f2YUals+9NYWV1b39jMbeW3d3b39s2DQltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vgyq3fuiZA04rdqEhM3RENOA4qR0pZnFq5K/aakHr9DZ3M49cyibdnVilMtwwzq9ZoDHcue6RuKYKGmZ370BxFOQsIVZkjKnmPHyk2RUBQzMs33E0lihMdoSHoaOQqJdNPZ7VN4op0BDCKhH1dw5v6cSFEo5ST0dWeI1Ej+rWXmf7VeooJzN6U8ThTheL4oSBhUEcyCgAMqCFZsogFhQfWtEI+QQFjpuPI6hKUvL0O7bDk1y7mpFBsXizhy4AgcgxJwQB00wDVoghbA4AE8gmfwYkyNJ+PVeJu3rhiLmUPwS8b7F+25k70=</latexit>

F ( a
n, n)

<latexit sha1_base64="xofhnWgXW970ncsX2oW/uCdD56o="></latexit>

=
hhcos[n('a

1 + 'a
2 � '3 � '4)]ii

hhcos[n('a
1 + '2 � 'a

3 � '4)]ii
<latexit sha1_base64="lv0OUxix3PaeoqoxVTbN7tQOnik="></latexit>

=
hv2n(paT) v2n cos 2n[ n(paT)� n]i

hv2n(paT)v2ni
<latexit sha1_base64="//OXsxUxcDRRsoCfXH/TZvnawpY="></latexit>

⇡ hcos 2n[ n(p
a
T)� n)]i

New observable to measure 
flow magnitude fluctuations:

<latexit sha1_base64="Y/SaQGvZVgfePxLiUPMbECbHDys="></latexit>

hhcosn('a
1 + '2 � 'a

3 � '4)ii
hhcosn('a

1 � 'a
3)iihhcosn('2 � '4)ii

=
hv2n(paT) v2ni
hv2n(paT)ihv2ni

 indicates -dependent flow 
angle fluctuations
F(Ψa

n, Ψn) < 1 pT Deviations from baseline indicate the -
dependent flow magnitude fluctuations

pT

-integrated baseline:pT

<latexit sha1_base64="H+O7Zq2P71AJl9ZLVgRXE3jUe68=">AAACFHicdZBNS8MwGMdTX+d8q3r0EhyCIMx2jLnj0IvHCe4Ftq6kWbqFpWlJ0sEo+xBe/CpePCji1YM3v41ZV6GKPhD45/d/Hp7k70WMSmVZn8bK6tr6xmZhq7i9s7u3bx4ctmUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6TjTa4XfmdKhKQhv1OziDgBGnHqU4yURq553meIjxiBU5cPqn2RXi7ysJLBQcU1S3bZSgtaOVGv1uw6/LZKIKuma370hyGOA8IVZkjKnm1FykmQUBQzMi/2Y0kihCdoRHpachQQ6STpp+bwVJMh9EOhD1cwpfmJBAVSzgJPdwZIjeVvbwH/8nqx8utOQnkUK8LxcpEfM6hCuEgIDqkgWLGZFggLqt8K8RgJhJXOsZgP4X/RrpTtWtm+rZYaV1kcBXAMTsAZsMElaIAb0AQtgME9eATP4MV4MJ6MV+Nt2bpiZDNH4EcZ719i+55q</latexit>

hv4ni/hv2ni2

Flow angle and magnitude fluctuations
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Flow angle fluctuations

❖ Probe pT dependent flow angle fluctuations with 
❖ Deviations from unity strongest in central collisions
❖ More than 5σ significance at high pT in most centralities
❖ Comparison with model predictions:

▪ iEBE-VISHNU underestimates the deviation in central collisions 
▪ AMPT works well in central while overestimates the data in semi-central
▪ for pT > 3 GeV/c, hydro calculations/predictions might not be reliable, CoLBT is only available in 10-20% 

and 40-50% with very limited statistics

<latexit sha1_base64="BpDuh6eOElDfYOvSGm4GZQG3VR8=">AAAB+3icbZDLSsNAFIYnXmu9xbp0M1iEChKS0ovLoiAuK9gLtDFMppN26GQSZiZiCX0VNy4UceuLuPNtnLRF1PrDwMd/zuGc+f2YUals+9NYWV1b39jMbeW3d3b39s2DQltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vgyq3fuiZA04rdqEhM3RENOA4qR0pZnFq5K/aakHr9DZ3M49cyibdnVilMtwwzq9ZoDHcue6RuKYKGmZ370BxFOQsIVZkjKnmPHyk2RUBQzMs33E0lihMdoSHoaOQqJdNPZ7VN4op0BDCKhH1dw5v6cSFEo5ST0dWeI1Ej+rWXmf7VeooJzN6U8ThTheL4oSBhUEcyCgAMqCFZsogFhQfWtEI+QQFjpuPI6hKUvL0O7bDk1y7mpFBsXizhy4AgcgxJwQB00wDVoghbA4AE8gmfwYkyNJ+PVeJu3rhiLmUPwS8b7F+25k70=</latexit>

F ( a
n, n)

<latexit sha1_base64="//OXsxUxcDRRsoCfXH/TZvnawpY="></latexit>

⇡ hcos 2n[ n(p
a
T)� n)]i
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Flow magnitude fluctuations

❖ Probe pT dependent flow magnitude fluctuations  
❖ Deviations from baseline at higher pT

❖ 5σ significance at high pT in most centralities (~3σ in 30-40%)
❖ Comparison with model calculations:

• iEBE-VISHNU are consistent with their baselines, but fail to reproduce ALICE data

• AMPT works well in 0-5% centrality, fails in higher centralities

• Relative deviation from unity by dividing the base line

<latexit sha1_base64="Y/SaQGvZVgfePxLiUPMbECbHDys="></latexit>

hhcosn('a
1 + '2 � 'a

3 � '4)ii
hhcosn('a

1 � 'a
3)iihhcosn('2 � '4)ii

=
hv2n(paT) v2ni
hv2n(paT)ihv2ni
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❖ Comparison of SC and Normalized SC (NSC) to hydrodynamic calculations

• Although hydro describes vn fairly well, there is not a single centrality for which a given η/s parameterization describes 
simultaneously SC and NSC -> tighter constraints!

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

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

SC(m,n) = hv2m v2ni � hv2mi hv2ni
Symmetric cumulants:
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ALICE,  PRL117, 182301 (2016)
X. Zhu etc, PRC95, 044902 (2017)

hv23 v22i
hv23i hv22i

⇡ h"23 "22i
h"23i h"22i

v2 / "2
v3 / "3

NSCv(3,2) NSCε(3,2)

(Normalized) Symmetric CumulantHow do vn and 
vm correlate
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❖ Multi-particle mixed harmonic cumulants
▪ correlation between vmk, vnl and vpq

▪ correlation between vmk and vnl 

Mixed harmonic cumulants 
with 4-particles 

MHC(v2m, v2n) = SC(m,n) =
⌦
v2m v2n

↵
�
⌦
v2m

↵ ⌦
v2n

↵
<latexit sha1_base64="tVk39MnZJcTlxpjn4IymO8CI95I="></latexit><latexit sha1_base64="tVk39MnZJcTlxpjn4IymO8CI95I="></latexit><latexit sha1_base64="tVk39MnZJcTlxpjn4IymO8CI95I="></latexit><latexit sha1_base64="tVk39MnZJcTlxpjn4IymO8CI95I="></latexit>

Mixed harmonic cumulants 
with 6-particles 

Mixed harmonic cumulants 
with 8-particles

P(vm, vn, vk,…)
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❖ Non-zero value of nMHC(v22, v32, v42) in Pb-Pb collisions

‣  Highly non-trivial correlations among three flow coefficients

ALICE, PLB818 (2021) 136354

Correlations between vm2, vn2, vk2,…
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Correlations between v2k and v3L
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ALI−PUB−482633

❖ First measurement of correlations between higher order moments of v2 and v3

‣ characteristic -, +, - signs observed for 4-, 6- and 8-particle cumulants of mixed harmonic 

‣ 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

ALICE, PLB818 (2021) 136354 M. Li, YZ etc, PRC104, 024903 (2021)
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ψn correlations: P(ψm, ψn, ψk)
P(ψm, ψn, ψk)P(φm, φn, φk)

❖ Stronger initial symmetry plane correlations likely results in stronger final state flow 
symmetry plane correlations

Z. Qiu etc, PLB 707 (2012) 151

Expectations:
• Central collision: 

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

• Peripheral collisions: 
• ψ2, ψ4 tend to align, strong correlations
• <cos4(ψ2-ψ4)> is large

How do ψn and 
ψm correlate
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❖ ρmn, probes the symmetry plane correlations
• No energy dependence between measurements except ρ6,222 

• Among many models, TRENTo model does not work well in ρn, mk 

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

EKRT, PRC93, 024907 (2016)
TRENTo, EPJC77 (2017) 645
AMPT, EPJC77 (2017) 645
IP-Glasma, PRC95, 064913 (2017)

ψn correlations: P(ψm, ψn, ψk)
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JETSCAPE, Phys. Rev. Lett. 126, 242301 (2021)

p

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

Bayesian analyses with simple vn



You Zhou (NBI) @ RHIC-BES seminar 21

Bayesian analysis with more flow observables

J.E. Parkkila etc,  
arXiv: 2106.05019

vn χn,mk NSC(3,2)

Similar study by 
including flow data in 
Bayesian analysis, see: 
G. Nijs, W. Van der 
Schee, to be appeared 
on arXiv.
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How does vn 
fluctuate

How does ψn 
fluctuate

How do vn and 
vm correlate

How do ψn and 
ψm correlate

P (vm, vn, vk, ..., m, n, k, ...)
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Flow studies -> IC (shape) and QGP properties
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❖Shape of the fireball: Anisotropic flow

❖Size of the fireball: radial flow, 

❖Initial geometry and fluctuations of shape and size

❖Final state: correlation between  and 

[pT]

vn pT

<pT> - vn correlations

ρ(v2
n , [pT]) =

cov(v2
n , [pT])

var(v2
n ) var([pT])

: 3-particle correlation (2 azimuthal, 1 [pT] ) 

: 2 and 4-particle azimuthal correlations 

: 2-particle [pT] correlations 
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P. Bozek etc, PRC96 (2017) 014904

⇢(v2n, [pT]) ⇡ ⇢("2n, E
�1
0 )

<latexit sha1_base64="/BcDFB6twM5PHFFADiCcYcUWkjM="></latexit><latexit sha1_base64="/BcDFB6twM5PHFFADiCcYcUWkjM="></latexit><latexit sha1_base64="/BcDFB6twM5PHFFADiCcYcUWkjM="></latexit><latexit sha1_base64="/BcDFB6twM5PHFFADiCcYcUWkjM="></latexit>



You Zhou (NBI) @ RHIC-BES seminar

❖  IP-Glasma-IC: IP-Glasma+MUSIC+UrQMD slightly overestimate the Pb-Pb data

❖  TRENTo-IC based calculations show strong centrality dependence, negative values for centrality >40%

• v-USPhydro, Trajectum, JETSCAPE

❖  The difference is from the initial stage: geometric effects or initial momentum anisotropy (CGC)?

▪ No significant difference between the “full IP-Glasma” and “FSE only” for the presented centralities

▪ Difference not from initial momentum anisotropy and confirm the different geometric effects
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v-USPhydro, PRC103 (2021) 2, 024909

Trajectum, PRL126, 202301 (2021)
Privation communication

JETSCAPE, PRL126, 242301 (2021 )
Privation communication

ρ2 in Pb-Pb

ALI-PREL-494367

(FSE only)
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ALI-PREL-491950
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2
2

2 2

2

v-USPhydro, PRC103 (2021) 2, 024909

DWS =
D0

1 + e(r−R0(1+βY20))/a

G.Giacalone, PRC 102 024901 (2020)

β2 < 0   β2 > 0   

❖ Significant differences of initial state calculations using different deformation parameter in central Xe-Xe collisions

▪ ρ2 is sensitivties to β2

▪ The uncertainty of current v-USPhydro calculations is too large to draw a confirm conclusions

▪ Experimental data (in Xe-Xe@LHC and U-U@RHIC) open a new window to study nucleon deformation.

ρ2 in Xe-Xe
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B. Bally etc, arXiv:2108.09578

Probe triaxial structure of Xe

❖ Better agreement between LHC data and calculations with γ = 26.93°

▪ Indication of triaxial structure of Xe at high energy

▪ New connection of high-energy heavy-ion physics to low-energy nuclear (structure) physics
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❖ρ3 values:
▪ positive
▪ have a modest centrality dependence for the 

presented centralities, 
▪ better described by IP-Glasma, 
▪ TRENTo predicts negative ρ3 , getting worse 

for Trajectum and JETSCAPE calculations

❖model shows that ρ3 is not sensitive to β2

❖Difference of full IP-Glasma and FSE only, indication 
of potential contributions from IMA in peripheral?

ρ3 in Pb-Pb and Xe-Xe

v-USPhydro, PRC103 (2021) 2, 024909

Trajectum, PRL126, 202301 (2021)
Privation communication

JETSCAPE, PRL126, 242301 (2021 )
Privation communication

(FSE only)
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❖ Sensitive to the nucleon width parameter (size of nucleon)

▪ IP-Glasma ~ 0.3;  v-USPhydro ~ 0.5;  Trajectum~0.7; JETSCAPE (TRENTo) ~ 1.1

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

❖ Different contributions from pre-hydrodynamic phase (free streaming) and sub-nucleon structure

w ~ 0.3

w ~ 0.5

w ~ 0.7

w ~ 1.1

G. Giacalone, private communication

❖ Sensitive to the nucleon width parameter (size of nucleon)

▪ IP-Glasma ~ 0.3; JETSCAPE (TRENTo) ~ 1.1

❖ Different types of thickness functions

▪ TRENTo                      with p≈0                 ， IP-Glasma           type

Difference in IP-Glasma and TRENTo: potential explanations

Credits: G. Giacalone
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❖  The first measurement of higher-order [pT], v2 and v3 correlations

❖ the first ρ23 measurement is non-zero 
▪ negative for the presented centrality
▪ anti-correlations between two flow 

coefficients and [pT]

❖ ρ23 from IP-Glasma and v-USPhydro are 
different for centrality >40% 
▪ Also difference of full IP-Glasma and 

FSE only, indication of IMA?

❖ Not conclusive on which model works 
better due to sizeable uncertainties
▪ An improved result will be available soon 

by using the entire Run2 data

P. Bozek etc, PRC104 (2021) 1, 014905

ALI-PREL-491940

Higher-order correlations
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Large Small

? ?

Large is large, but is small really small ?
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Collective flow in small systems
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⇨ hydro-dynamics: 
✪                : elliptic (v2) flow for > 95% of all particles (pt < few GeV) 
✪                : higher harmonics vn, PID  (m dependence) of vn 
✪                : non-linear mode mixing (vn≠ εn), factorization violation r(pT), EbE P(vn), …
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NNLO

Credits:   
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Multi-particle cumulants
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❖ p-Pb and pp collisions
• Non-zero v2 and  v2{4} ≈ v2{6}, strong evidence of flow in 

small systems!

• Future LHC Run3 & 4 programs will enable the 
measurements of v2{8}, v2{10} and v2{12} in small systems

O-O

pp

ALICE-PUBLIC-2021-004
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No negative c2{4} in hydro in pp

Also see: B. Schenke etc,  PRC102, 044905 (2020)
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Also see: W. Zhao., etc,  EPJC80 (2020) 9, 846

HIJING-IC superMC-IC TRENTo-IC

❖ Any solution or progress on the wrong 
sign of c2{4} from hydro?

• Will 3+1D hydro help?

W. Zhao., etc,  PLB780 (2018) 495
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PID vn in small systems
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❖ What we knew: v2 of identified particles in Pb-Pb
• at low pT: mass ordering, described by hydrodynamic calculations
• at intermediate pT: approximate baryon/meson grouping

❖ What we also had: v2 of identified particles in p-Pb
• at low pT: most particle species follow mass ordering -> hydrodynamic flow?
• at intermediate pT: baryon v2 > meson v2 -> partonic collectivity? Indication of QGP?
• A better experimental treatment on non-flow is in preparation 

❖ What about pp?
• Will similar behaviours remain?
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Origin of mass ordering

❖ Mass ordering of PID v2 in small collision systems
▪ Qualitatively predicted by initial stage effects (e.g. CGC+Lund), or final stage effects: hydro (iEBE-

VISHNU), parton escape (AMPT), hadronic rescatterings (UrQMD)
▪ Mass ordering at low pT might not be used as an evidence of hydrodynamic flow
▪ quantitative comparison to non-flow suppressed/subtracted data will be extremely useful
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W. Zhao etc, PLB 780 (2018) 495

Y. Zhou et al., PRC 91, 064908 (2015)B. Schenke etc, PRL117, 162301 (2016)

Initial

hydro

hadronic

partonic

D.Sarkar etc, PRC94,044919(2016)
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❖ Calculation with quark coalescence gives a better but not a perfect scaling 
• A perfect NCQ scaling is not the requirement of partonic collectivity. 
• Baryon/meson v2 grouping or v2(baryons) > v2(mesons) is not the evidence of partonic collectivity  

• Further separation at high pT might be a better probe of partonic flow? 
• Special role of φ meson (follows meson group if partonic flow and baryon flow if hydro+frag)?

• A future precision data/model comparison will be highly needed
• New ALICE data in both p-Pb and pp with much improved non-flow subtractions at QM2022

NCQ scaling from coalescence
W. Zhao etc., Phys. Rev. Lett. 125, 072301 (2020)

        

ALICE CMS

ATLAS
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ALI-SIMUL-480234

ALICE-PUBLIC-2021-004

❖ Search for the initial momentum anisotropy (IMA) in smaller colliding systems
▪ Peripheral Pb-Pb collisions

• Slope changes for Nch ~ 100 for data and ~ 20 for IP-Glasma calculations
• Both AMPT and IP-Glasma+hydro predicts slope changes -> not unique signature of IMA?

▪ pp collisions: 
• Decreasing trend with increasing Nch, results are consistent with the one in Pb-Pb
• AMPT generates stronger anti-correlations, PYTHIA predicted a wrong Nch dependence
• Non-flow is a main challenge, many important studies by J. Jia, C. Zhang, J. Nagle etc

More results in smaller colliding systems
G. Giacalone etc, PRL125 (2020) 19, 192301

ALI-PREL-491854
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Summary

Thanks for your attention!

Collective flow in Large and Small systems 

For Large systems:

• Many flow studies on the joint p.d.f., and new study includes correlations between anisotropic 
flow and radial flow

• New constraints on the initial conditions and the properties of QGP

• New possibility to probe nuclear structure at high energy

• TRENTo model seems to have a new challenge, which might further affect the current understanding or 
the properties of QGP, via Bayesian analysis

For Small systems
• Few selected flow observables have been discussed

• Wrong sign of c2{4} in hydro remain unsolved

• PID vn (at intermediate and high pt) in small system will show more hints of partonic collectivity

• Probe possible IMA at low multiplicity, where non-flow is still a challenge.

There have been many more exciting new results in the past 
few years—my apology if I can not cover them all here.
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Backup
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Jiangyong Jia, J.Phys.G 41 (2014) 12
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ψn fluctuations P(ψn)

 

ALICE, JHEP09(2017)032

❖ Breakdown of factorization more pronounced in central collisions.
❖ Hydrodynamic reproduce the factorization broken

• Indication of pT dependent flow angle (and magnitude) fluctuations

❖ Using novel multi-particle correlations, both flow-angle and flow magnitude 
fluctuations are observed in experiments (see backup for more details)
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P(vn) -> P(εn)
ATLAS, JHEP11, 183 (2013)

❖ Elliptic-power function:
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W. Zhao etc., Phys. Rev. Lett. 125, 072301 (2020)

        

ALICE CMS

ATLAS

NCQ scaling from coalescence
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Fit
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P(vn) from multi-particle cumulants of vn

Multi-particle correlations of single harmonic vn

Multi-particle cumulants of single harmonic vn
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