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I am You
2015.1    Moved to Denmark as a Postdoc

Carlsberg postdoc fellowship 
(1.2M DKK for 2 years)

2017

2019.8    Associate Professor 
(5-years temporary position)

2022 Preparing for ERC-StG final interview
(11.1M DKK for 5 years)

Villum Young Investigator 
(10M DKK for 5 years)

2019

DFF-Sapere Aude Research Group Leader 
(6.4M DKK for 4 years), declined

2018

2019.1    Assistant Professor

20??         ??
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ALICE-Denmark Group

❖ In 2022, we have 6 senior staff (3 permanent, 3 non-permanent), 1 postdoc, 2 PhD, 9 MSc

• By the end of 2024, only 1 senior staff left if no new hiring 

❖ In the past 5 years, 7 Postdocs, 9 PhD students, and 14 MSc (with excellent diversity)

ALICE Thesis Award 2019 
Katarina Gajdosova (NBI)
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Official positions in ALICE (last five years)
❖ Jens Jørgen Gaardhøje

• Vice president, CERN council

• ALICE Management Board

• Project leader FMD

❖ Børge Svane Nielsen 
• ALICE Technical Board

• Project Leader TPC Laser

❖ Ian Bearden 
• ALICE Editorial Board 

• Project Leader FoCal-H 

❖ Kristjan Gulbrandsen  
• ALICE Run Coordination

• Coordinator of Physics Analysis Group (GEO)

❖ You Zhou
• ALICE Physics Board

• Convener of Physics Work Group (PWG-CF)

• Coordinator of Physics Analysis Group (Flow)

❖ Zuzana Moravcová
• ALICE Management Board

• ALICE Juniors’ Representative
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Recreating the QGP in the laboratory

Fundamental goals of ultra-relativistic heavy-ion program at the LHC  
• recreate the Quark-Gluon Plasma (primordial matter) in the laboratory
• study its properties and understand its time evolution
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Key milestones of the ALICE Collaboration at Run 1&2
❖ Extract precise properties and time evolution of QGP in heavy-ion collisions
❖ Discovery of collective flow in small collision systems 

ALICE-DK group played and is playing a leading role.

ALICE: 2010-2022

[Expected]
[Unexpected]
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TH Initial State 
model Hydrodynamic Rescattering Final

EXP

Heavy-ion collision: a complex system
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System 
expansion
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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>
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• vn  : Anisotropic flow
• ψn : Flow symmetry plane

Probing QGP using Anisotropic Flow

QGP properties
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❖ Flow measurements at the top LHC energy agree with hydrodynamic predictions
• The Quark-Gluon Plasma (Early Universe) behaves like a perfect fluid
• “fluid” : matter described by hydrodynamics
• “perfect”: very small shear and bulk viscosities 

ALICE, Physical Review Letters 116 (2016), 132302

A perfect fluid
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ALICE, Physics Letters B784 (2018) 82
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❖ Symmetric cumulant, developed by us, is sensitive to the temperature dependence of viscosity of QGP
• For the first time probing the evolution of QGP in experiments

ALICE, Physical Review Letters 117 (2016), 182301

Temperature (time) evolution of QGP fluid

v2

v2 v3

v4
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ALICE data as inputs

Bayesian analysis framework

• First extraction of temperature 
dependent viscosity of QGP 
• Reveal the time evolution of the Early 

Universe with the first microsecond

QGP evolution, state-of-the-art

Initial conditionsTemperature-dependent viscosities
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Bayesian IC• A new observable                  , quantifying the correlations between vn and [pT], 
giving us direct access to the initial conditions (independent of QGP properties).

• The best understanding of initial conditions from the state-of-the-art Bayesian 
analyses failed completely to describe the new ALICE measurements.

• Significant improvements in the understanding of the initial conditions!

⇢(v2n, [pT])
<latexit sha1_base64="Bh/sdYLAGnVdTn+PZIhRf0B1Y9c=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSkCLosunFZoS9IYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhts9DqgQuHc+7l3nuChFGpLOvLKK2srq1vlDcrW9s7u3vm/kFXxqnApINjFot+gCRhlJOOooqRfiIIigJGesH4Zub3JkRIGvO2mibEi9CQ05BipLTkm0euGMW1iZ/x/L5xDp3Ez1wRwXbunflm1apbc8C/xC5IFRRo+eanO4hxGhGuMENSOraVKC9DQlHMSF5xU0kShMdoSBxNOYqI9LL5Dzk81coAhrHQxRWcqz8nMhRJOY0C3RkhNZLL3kz8z3NSFV55GeVJqgjHi0VhyqCK4SwQOKCCYMWmmiAsqL4V4hESCCsdW0WHYC+//Jd0G3Xbqtt3F9XmdRFHGRyDE1ADNrgETXALWqADMHgAT+AFvBqPxrPxZrwvWktGMXMIfsH4+Aa77pbq</latexit><latexit sha1_base64="Bh/sdYLAGnVdTn+PZIhRf0B1Y9c=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSkCLosunFZoS9IYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhts9DqgQuHc+7l3nuChFGpLOvLKK2srq1vlDcrW9s7u3vm/kFXxqnApINjFot+gCRhlJOOooqRfiIIigJGesH4Zub3JkRIGvO2mibEi9CQ05BipLTkm0euGMW1iZ/x/L5xDp3Ez1wRwXbunflm1apbc8C/xC5IFRRo+eanO4hxGhGuMENSOraVKC9DQlHMSF5xU0kShMdoSBxNOYqI9LL5Dzk81coAhrHQxRWcqz8nMhRJOY0C3RkhNZLL3kz8z3NSFV55GeVJqgjHi0VhyqCK4SwQOKCCYMWmmiAsqL4V4hESCCsdW0WHYC+//Jd0G3Xbqtt3F9XmdRFHGRyDE1ADNrgETXALWqADMHgAT+AFvBqPxrPxZrwvWktGMXMIfsH4+Aa77pbq</latexit><latexit sha1_base64="Bh/sdYLAGnVdTn+PZIhRf0B1Y9c=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSkCLosunFZoS9IYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhts9DqgQuHc+7l3nuChFGpLOvLKK2srq1vlDcrW9s7u3vm/kFXxqnApINjFot+gCRhlJOOooqRfiIIigJGesH4Zub3JkRIGvO2mibEi9CQ05BipLTkm0euGMW1iZ/x/L5xDp3Ez1wRwXbunflm1apbc8C/xC5IFRRo+eanO4hxGhGuMENSOraVKC9DQlHMSF5xU0kShMdoSBxNOYqI9LL5Dzk81coAhrHQxRWcqz8nMhRJOY0C3RkhNZLL3kz8z3NSFV55GeVJqgjHi0VhyqCK4SwQOKCCYMWmmiAsqL4V4hESCCsdW0WHYC+//Jd0G3Xbqtt3F9XmdRFHGRyDE1ADNrgETXALWqADMHgAT+AFvBqPxrPxZrwvWktGMXMIfsH4+Aa77pbq</latexit><latexit sha1_base64="Bh/sdYLAGnVdTn+PZIhRf0B1Y9c=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahgpSkCLosunFZoS9IYphMJ+3QySTMTAolBNz4K25cKOLWn3Dn3zhts9DqgQuHc+7l3nuChFGpLOvLKK2srq1vlDcrW9s7u3vm/kFXxqnApINjFot+gCRhlJOOooqRfiIIigJGesH4Zub3JkRIGvO2mibEi9CQ05BipLTkm0euGMW1iZ/x/L5xDp3Ez1wRwXbunflm1apbc8C/xC5IFRRo+eanO4hxGhGuMENSOraVKC9DQlHMSF5xU0kShMdoSBxNOYqI9LL5Dzk81coAhrHQxRWcqz8nMhRJOY0C3RkhNZLL3kz8z3NSFV55GeVJqgjHi0VhyqCK4SwQOKCCYMWmmiAsqL4V4hESCCsdW0WHYC+//Jd0G3Xbqtt3F9XmdRFHGRyDE1ADNrgETXALWqADMHgAT+AFvBqPxrPxZrwvWktGMXMIfsH4+Aa77pbq</latexit>

Direct access to unknown initial conditions

Reveal the unknown ALICE, arXiv: 2111.06106
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Pb-Pb collisions

pp

Small droplets of QGP?

For many years, the proton-proton collision was used 
as “reference data” where no QGP is expected …
But !

(peripheral Pb-Pb)
~hundreds of charged particles 
produced

(high multiplicity pp)
~100 charged particles 
produced
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❖ Discovery of flow in small collisions systems (proton-lead, proton-proton collisions)

14

Flow in Pb-Pb, Xe-Xe, p-Pb and even pp

❖ Challenges two paradigms at once!
• How far down in system size does the “Standard model of heavy ions” (hydrodynamics) remain?

• Can the standard tool for minimum bias pp (PYTHIA) remain standard?

 

   

hydrodynamicsPYTHIA

ALICE, 
Physical Review Letters 
123, 142301 (2019)
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❖  Flow of identified particles in p-Pb and pp collisions
• Mass ordering in low pT region (described by hydrodynamics)

• Baryon-meson v2 splitting at intermediate pT region by > 3σ
• Model without quark coalescence cannot qualitatively describe trends seen in data

• Discovery of partonic (quark & gluon) flow in small systems -> a small droplet of QGP

15

Smallest droplet of Quark-Gluon Plasma

p-Pb pp
With quark coalescence Without quark coalescence
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❖ Publications
• ALICE-NBI group (~10 members) led 24 of total 344 publications in ALICE 

(1900+ members)

• In addition, 10+ theoretical publications on the top journals in the last 5 years

❖ Conference talks
• At least 1 ICHEP, 2-3 EPS-HEP, 2 Quark Matter talks per conference

16

Publications and Conferences

~0.5% ALICE member in Denmark contributed to 7% total ALICE publications
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❖ CGC

17

• CGC has the potential to explain unsolved puzzles: 
• how particles are produced in high-energy collisions, 
• the distribution of matter itself inside of these particles (initial conditions)

• Pay $2 billion dollar to build Electron-Ion Collider in 2035, or something 
cheaper and earlier.

Long-term prospective: study of CGC
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Discovery of CGC?

⇢(v2n, [pT])
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First probe of CGC with               in O-O collisions at Run 3
• twice of sign changes -> signature of CGC 

O-O collisions @ Run3

 

 CGC         
Geometry 

CGC?

π0

Photon
Jet

                            

FoCal @ Run 4

Future measurements with π0 and photons with FoCal 
• Proposal of FoCal has been approved by ALICE and LHCC, costs ~ 11M CHF
• Discover or disprove of CGC, challenging the advanced theory in the entire field
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❖ LHC Run3 and Run4 programs
• New discoveries with major upgrades!

• Retirements and contracts end of almost all senior staff by 2024 (challenging      ).

19

Timeline and milestones

                       2020                       2019

Long Shutdown 2 (LS2)

                       2018

Run 2: precise extraction 
of QGP properties

Forward Multiplicity 
Detector (FMD)
 —> Retired

ALICE-DK

Run 3: discover QGP in small systems

Fast Interaction Trigger (FIT)

ALICE-DK

10 M DKK (5 years)

 Forward Calorimeter (FoCal)

Run 4: discover/
disprove of CGC

ALICE-DK
8.5 M DKK (5 years)
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Backup



May 12th, 2022You Zhou (NBI) @ rECFA meeting (Denmark)

❖ Dedicated LHC running programs at Run3 and Run4
• Very high statistics collisions of pp, p-Pb, p-O, O-O (system size scan)

• Similar programs at RHIC@BNL with p-Al, p-Au, d-Au, 3He-Au collisions

• ALICE-DK group led the O-O and p-O proposals

21

Highlight: small systems @ LHC
LHC Running Program
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A new accelerator approved in US

electron -> <- ion

• Critical importance of CGC, recognized by DOE of US, approved the design and construction of 
Electron-Ion Collider at a cost of $1.6 - 2.6 Billion

• Can we do something similar but earlier and cheaper in Europe?
• Also use the obtained knowledge as the input for EIC

2030’s


