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• QCD predicts a phase transition from a hadron gas to a 
strongly interacting deconfined medium (Quark-Gluon 
Plasma)


• High energy heavy-ion collisions (large systems) allow to 
produce this phase of matter

• Study its properties (shear viscosity over entropy density, transport 

coefficients, …)
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Small and large collision systems
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• Medium-free baseline for studies in 

heavy-ion collisions

p-Pb collisions

• Access to Cold Nuclear Matter 

effects (CNM)
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Heavy-ion collisions: what we want to measure?
credits: Boris Hippolyte (ALICE)
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• Fourier expansion of the azimuthal 
distribution of emitted particles
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• Flow coefficient: correlation of particles with azimuthal 
angle     with respect to a common symmetry plane '
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• Initial overlap geometry and its fluctuations is transferred into final 
momentum anisotropy via collective interactions in the QGP

• Measurements are described by hydrodynamic calculations

ALICE, PRL 116, 132302 (2016)
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• The symmetry plane         is not known -> we use multi-particle correlations:
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How do we measure flow?

hhmiin1,...,nm
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m-particle correlation

…

Average over

m-tuplets


and events

 n
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Bilandzic et al., PRC 83, 044913 (2011)
Bilandzic et al., PRC 89, 064904 (2014)vn = hcosn ('� n)i

<latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit>

Charged particles

hh2iin,�n = hhcos (n'1 � n'2)ii ⇡ hv2ni
<latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit>

hh4iin,n,�n,�n = hhcos (n'1 + n'2 � n'3 � n'4)ii ⇡ hv4ni
<latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit>
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• The symmetry plane         is not known -> we use multi-particle correlations:

 5

How do we measure flow?

hhmiin1,...,nm
<latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit>

cn{m}
<latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit>

m-particle correlation m-particle cumulant

hh2iin,�n
<latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit>

hh4iin,n,�n,�n
<latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit>

cn{2} = hh2iin,�n
<latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit>

cn{4} = hh4iin,n,�n,�n � 2 · hh2ii2n,�n
<latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit><latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit><latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit><latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit>

……

Average over

m-tuplets


and events

 n
<latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit><latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit><latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit><latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit>

hh2iin,�n = hhcos (n'1 � n'2)ii ⇡ hv2ni
<latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit>

hh4iin,n,�n,�n = hhcos (n'1 + n'2 � n'3 � n'4)ii ⇡ hv4ni
<latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit>

Bilandzic et al., PRC 83, 044913 (2011)
Bilandzic et al., PRC 89, 064904 (2014)vn = hcosn ('� n)i

<latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit>

Charged particles
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• The symmetry plane         is not known -> we use multi-particle correlations:

 6

How do we measure flow?

hhmiin1,...,nm
<latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit>

cn{m}
<latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit>

vn{m}
<latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit><latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit><latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit><latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit>

m-particle correlation m-particle cumulant flow coefficient  
obtained from m-particle cumulant

hh2iin,�n
<latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit>

hh4iin,n,�n,�n
<latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit>

cn{2} = hh2iin,�n
<latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit>

cn{4} = hh4iin,n,�n,�n � 2 · hh2ii2n,�n
<latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit><latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit><latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit><latexit sha1_base64="RsEPFsVgDSILSf6/EJ+qHZe19u0="></latexit>

vn{2} =
p

cn{2}
<latexit sha1_base64="crz4dMmy4TFO9bP3O3bcIVr656w="></latexit><latexit sha1_base64="crz4dMmy4TFO9bP3O3bcIVr656w="></latexit><latexit sha1_base64="crz4dMmy4TFO9bP3O3bcIVr656w="></latexit><latexit sha1_base64="crz4dMmy4TFO9bP3O3bcIVr656w="></latexit>

vn{4} = 4
p

�cn{4}
<latexit sha1_base64="B3hMqPBcxgkQBeai3+zHGZag/dE="></latexit><latexit sha1_base64="B3hMqPBcxgkQBeai3+zHGZag/dE="></latexit><latexit sha1_base64="B3hMqPBcxgkQBeai3+zHGZag/dE="></latexit><latexit sha1_base64="B3hMqPBcxgkQBeai3+zHGZag/dE="></latexit>

…… …

Average over

m-tuplets


and events

 n
<latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit><latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit><latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit><latexit sha1_base64="unok0ES98Fx6suweM8DHrGrTmLA=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u3UreqpXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1Moyvw4lQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHd4ePCw==</latexit>

hh2iin,�n = hhcos (n'1 � n'2)ii ⇡ hv2ni
<latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit><latexit sha1_base64="SK4dPfI25y7vKCmBSSnXjK7Hyvw="></latexit>

hh4iin,n,�n,�n = hhcos (n'1 + n'2 � n'3 � n'4)ii ⇡ hv4ni
<latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit><latexit sha1_base64="JfGhsO4Iq3GSqd4+Gzc27RCh0ik="></latexit>

Bilandzic et al., PRC 83, 044913 (2011)
Bilandzic et al., PRC 89, 064904 (2014)vn = hcosn ('� n)i

<latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit><latexit sha1_base64="Dswgze+fvxDmgH2JZxIdODeIMtQ=">AAACIXicbVDLSgMxFM3UV62vUZdugkWooGVGBLsRim5cVrAP6AxDJk3b0CQzJJlCGforbvwVNy4U6U78GdPpLLT1wIXDOeeS3BPGjCrtOF9WYW19Y3OruF3a2d3bP7APj1oqSiQmTRyxSHZCpAijgjQ11Yx0YkkQDxlph6P7ud8eE6loJJ70JCY+RwNB+xQjbaTAro0DAW+hx5AYMAJTT3KIIzWF3gUUZireGMl4SOEl9BqKBuLck1k0sMtO1ckAV4mbkzLI0QjsmdeLcMKJ0JghpbquE2s/RVJTzMi05CWKxAiP0IB0DRWIE+Wn2YVTeGaUHuxH0ozQMFN/b6SIKzXhoUlypIdq2ZuL/3ndRPdrfkpFnGgi8OKhfsKgjuC8LtijkmDNJoYgLKn5K8RDJBHWptSSKcFdPnmVtK6qrlN1H6/L9bu8jiI4AaegAlxwA+rgATRAE2DwDF7BO/iwXqw369OaLaIFK985Bn9gff8AY1Whzg==</latexit>

Charged particles
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• The symmetry plane         is not known -> we use multi-particle correlations:
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How do we measure flow?

hhmiin1,...,nm
<latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit><latexit sha1_base64="oFhrV3x8P1janxfoCrbK3bGAlqQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwUWIigi6LblxWsA9oQphMJ+3QmUmYmQgl9DPc+CtuXCjitjv/xmmThbYeGO7hnHu5c0+UMqq0635blbX1jc2t6nZtZ3dv/8A+POqoJJOYtHHCEtmLkCKMCtLWVDPSSyVBPGKkG43v5n73iUhFE/GoJykJOBoKGlOMtJFC+8JnSAwZKQvk0JeFUJQwF6HXgI7jNKAI+TS0667jLgBXiVeSOijRCu2ZP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSLw6bwzCgDGCfSPKHhQv09kSOu1IRHppMjPVLL3lz8z+tnOr4JcirSTBOBi0VxxqBO4DwlOKCSYM0mhiAsqfkrxCMkEdYmy5oJwVs+eZV0Lh3PdbyHq3rztoyjCk7AKTgHHrgGTXAPWqANMHgGr+AdfFgv1pv1aX0VrRWrnDkGf2DNfgAnSp8n</latexit>

cn{m}
<latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit><latexit sha1_base64="muVz6CLuDBa6ZzzR5MVQ+DzyiZU=">AAACInicbVDLSsNAFJ3UV42vqEs3g6XgooREBHVXdOOygm2FJoTJdNoOnZmEmYlQQr/Fjb/ixoWirgQ/xmmThbYeGO7hnHu5c0+cMqq0531ZlZXVtfWN6qa9tb2zu+fsH3RUkklM2jhhibyPkSKMCtLWVDNyn0qCeMxINx5fz/zuA5GKJuJOT1IScjQUdEAx0kaKnMt6wJAYMlIWyGEgC6EoUS4ivwFd121AEfGpjSMR5DyYRk7Nc7054DLxS1IDJVqR8xH0E5xxIjRmSKme76U6zJHUFDMytYNMkRThMRqSnqECcaLCfH7iFNaN0oeDRJonNJyrvydyxJWa8Nh0cqRHatGbif95vUwPLsKcijTTROBi0SBjUCdwlhfsU0mwZhNDEJbU/BXiEZIIa5OqbULwF09eJp1T1/dc//as1rwq46iCI3AMToAPzkET3IAWaAMMHsEzeAVv1pP1Yr1bn0VrxSpnDsEfWN8/jx2jBw==</latexit>

vn{m}
<latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit><latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit><latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit><latexit sha1_base64="c21A1XSZGRNr8MjiBMeetq7Nzv4=">AAACInicbVDLSgMxFM3UV62vUZdugqXgogwzIqi7ohuXFewDOsOQSdM2NMkMSaZQhn6LG3/FjQtFXQl+jGlnFtp6INzDOfdyc0+UMKq0635ZpbX1jc2t8nZlZ3dv/8A+PGqrOJWYtHDMYtmNkCKMCtLSVDPSTSRBPGKkE41v535nQqSisXjQ04QEHA0FHVCMtJFC+7rmMySGjBQFcujLXMhLmInQq0PHcepQhHxWmYTCz7g/C+2q67gLwFXiFaQKCjRD+8PvxzjlRGjMkFI9z010kCGpKWZkVvFTRRKEx2hIeoYKxIkKssWJM1gzSh8OYmme0HCh/p7IEFdqyiPTyZEeqWVvLv7n9VI9uAoyKpJUE4HzRYOUQR3DeV6wTyXBmk0NQVhS81eIR0girE2qFROCt3zyKmmfO57rePcX1cZNEUcZnIBTcAY8cAka4A40QQtg8AiewSt4s56sF+vd+sxbS1Yxcwz+wPr+Aaxuoxo=</latexit>

m-particle correlation m-particle cumulant flow coefficient  
obtained from m-particle cumulant

hh2iin,�n
<latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit><latexit sha1_base64="rzvj3/IecjEzkQB2Rdlb8dyrr3U="></latexit>

hh4iin,n,�n,�n
<latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit><latexit sha1_base64="wmAavfSQwO3eNOF9uyrrjbunf+s="></latexit>

cn{2} = hh2iin,�n
<latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit><latexit sha1_base64="T9awLyKIceqiWXZi31wFNJ8bmMQ="></latexit>
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…… …

Average over

m-tuplets


and events
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Symmetric Cumulant:
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<latexit sha1_base64="x5de183ytv/gZQzefEEroWovF0Y="></latexit><latexit sha1_base64="x5de183ytv/gZQzefEEroWovF0Y="></latexit><latexit sha1_base64="x5de183ytv/gZQzefEEroWovF0Y="></latexit><latexit sha1_base64="x5de183ytv/gZQzefEEroWovF0Y="></latexit>

Bilandzic et al., PRC 83, 044913 (2011)
Bilandzic et al., PRC 89, 064904 (2014)vn = hcosn ('� n)i
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Charged particles
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How do we measure flow?Identified particles

A) Two-particle differential cumulants

B) Invariant mass method 
• Obtain the particle pair flow

• Extract the vn from invariant mass method



Collectivity in small systems | 15.05.2019 Katarina Krizkova Gajdosova

• Inner Tracking System (ITS) 
• trigger, tracking


• Time Projection Chamber (TPC) 
• tracking, particle identification


• Time Of Flight (TOF) 
• particle identification


• V0 
• trigger


• event multiplicity estimation

 9

A Large Ion Collider Experiment

• Pb-Pb @ 5.02 TeV

• Xe-Xe @ 5.44 TeV

• p-Pb @ 5.02 TeV

• pp @ 13 TeV• Data sets:

ALICE, JINST 3 S08002 (2008) ALICE, Int.J.Mod.Phys. A29, 1430044 (2014)

ALICE, JINST 8 P10016 (2013)

ALICE, JINST 5 P03003 (2010)

ALICE, Nucl.Instrum.Meth. A622, 316 (2010)

ALICE, Eur.Phys.J.Plus 128, 44 (2013)
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Collectivity in heavy-ion collisions

Collectivity = long-range multi-particle correlations
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Experimental working definition:

Charged particles
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• Mass ordering (at low pT)

• Originates from hydrodynamic flow and 

hadron re-scattering in the hadronic phase 


• Baryon-meson grouping (at 
intermediate pT)

• Originates from recombination or 

coalescence -> partonic collectivity

 12

Collectivity in heavy-ion collisions
Identified particles

ALICE, JHEP 09 (2018) 006
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• Mass ordering (at low pT)

• Originates from hydrodynamic flow and 

hadron re-scattering in the hadronic phase 


• Baryon-meson grouping (at 
intermediate pT)

• Originates from recombination or 

coalescence -> partonic collectivity

 13

Collectivity in heavy-ion collisions
Identified particles

ALICE, JHEP 09 (2018) 006
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Collectivity in small systems ?
• Original understanding:

• Large collision systems -> QGP

CMS, PRL 116, 172302 (2016)

p p
No flow:

Δη

Flow:

Pb Pb

CMS, PLB 724 (2013) 213

Δη

Δφ

Δφ

• Small collision systems -> no QGP -> baseline & Cold 
Nuclear Matter (CNM)
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Collectivity in small systems ?
• Original understanding:

• Large collision systems -> QGP

CMS, PRL 116, 172302 (2016)

p p
No flow:

CMS, JHEP 09 (2010) 091 

CMS, PLB 724 (2013) 213 

• Need for new understanding:
• Large collision systems -> QGP
• Small collision systems at high multiplicity -> ?

p p

p Pb

Δη Δη

Δη

Flow:

Pb Pb

CMS, PLB 724 (2013) 213

Δη

Δφ

Δφ
Δφ

Δφ

• Small collision systems -> no QGP -> baseline & Cold 
Nuclear Matter (CNM)
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• Subevent method: suppresses non-flow effects in 
m-particle correlations


• Tested with PYTHIA calculations
J. Jia et al. PRC 96, 034906 (2017), P. Huo et al. PLB 777 (2018) 201

2-subevent method

3-subevent method

Non-flow effects - challenge in small collision systems

• Subtraction method: subtracts minimum-bias 
pp collisions (which are expected to be 
dominated by non-flow effects)

-
p-Pb high-multiplicity pp minimum bias

• Non-flow: correlations not associated with the common symmetry plane 

• Jets, resonance decays, …

jet resonance  
decay
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• Strong Nch dependence of v2 

• Reflecting the overlap geometry and strength of 

interactions


• Ordering v2 > v3 > v4, except for very high Nch 
(fluctuation dominant region) 


• At low Nch vn are compatible with large 
collision systems


• Weak vn dependence on Nch in pp and p-Pb 
collisions


• Ordering v2 > v3 > v4 

large collision systems

small collision systems

Flow coefficients vn{2}
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Charged particles

ALICE, arXiv:1903.01790 [nucl-ex] (2019)
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• At low Nch vn are compatible with large 
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large collision systems

small collision systems

Flow coefficients vn{2}

• Cannot be explained solely by non-flow 
(PYTHIA 8 model)


• Hydrodynamic calculations:

• Almost quantitative agreement in p-Pb collisions


• Model fails to describe pp collisions

PYTHIA 8.210 Monash 2013: Sjöstrand et al., Comput.Phys.Commun. 191, 159 (2015)

model comparison
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large collision systems

small collision systems

Flow coefficients vn{2}

• Cannot be explained solely by non-flow 
(PYTHIA 8 model)


• Hydrodynamic calculations:

• Almost quantitative agreement in p-Pb collisions


• Model fails to describe pp collisions

• Hydrodynamic calculations:

• Almost quantitative agreement with both Pb-Pb 

and Xe-Xe collisions


• Largely overestimate v2 at low Nch

PYTHIA 8.210 Monash 2013: Sjöstrand et al., Comput.Phys.Commun. 191, 159 (2015)

IP-Glasma+MUSIC+UrQMD: Schenke et al. PRC89, 024901 (2014), Mäntysaari et al. PLB772, 681 (2017)

model comparison
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Flow coefficients vn{2}Identified particles

• Similar observations as in Pb-Pb measurements

• Clear mass ordering at low pT


• Indication of baryon/meson grouping at intermediate pT

ALICE, JHEP09, 006 (2018)
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PHENIX, Nature Phys. 15, 214 (2019) Mäntysaari et al., PLB 772, 681 (2017)

Weller, Romatschke, PLB 774, 351 (2017)

• Some hydrodynamic models describe even 
measurements in pp collisions

Zhao et al., PLB 780, 495 (2018)

• Hydrodynamics reproduces measurements 
of pA, dA, 3HeA collisions

p-Au d-Au 3He-Au

p-Pb

pp

pp

Description by (some) other models two-particle correlations

p-Pb
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PHENIX, Nature Phys. 15, 214 (2019) Mäntysaari et al., PLB 772, 681 (2017)

Weller, Romatschke, PLB 774, 351 (2017)

• Some hydrodynamic models describe even 
measurements in pp collisions

Zhao et al., PLB 780, 495 (2018)

• Hydrodynamics reproduces measurements 
of pA, dA, 3HeA collisions

p-Au d-Au 3He-Au

p-Pb

pp

pp

two-particle correlationsDescription by (some) other models

p-Pb

How about multi-particle correlations (m>2) ? 
(Collectivity = long-range multi-particle correlations)
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• v2{m} ~ v2{m}sub (long-range correlations)

• v2{4} ~ v2{6} ~ v2{8} (multi-particle correlations)

Flow coefficients vn{m}
large collision systems
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ALICE, arXiv:1903.01790 [nucl-ex] (2019)
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• v2{m} ~ v2{m}sub (long-range correlations)

• v2{4} ~ v2{6} ~ v2{8} (multi-particle correlations)

Long-range multi-particle correlations  
observed in small collision systems!

Flow coefficients vn{m}

p-Pb collisions 
• v2{4} < v2{4}3-sub after non-flow suppression

• Real values of v2{4}3-sub obtained at lower Nch

• Multi-particle correlations: v2{4}3-sub ~ v2{6}

pp collisions 
• Real values of v2{4}3-sub

• Only possible with non-flow suppression!


• Multi-particle correlations: v2{4}3-sub ~ v2{6}

large collision systems

small collision systems
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• v2{m} ~ v2{m}sub (long-range correlations)

• v2{4} ~ v2{6} ~ v2{8} (multi-particle correlations)

Flow coefficients vn{m}

p-Pb collisions 
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• Multi-particle correlations: v2{4}3-sub ~ v2{6}

pp collisions 
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large collision systems

small collision systems
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• v2{m} ~ v2{m}sub (long-range correlations)
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Long-range multi-particle correlations  
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• Quantitative agreement with Pb-Pb data 
over the entire multiplicity range!

• Note: v2{2} was overestimated by the model at 

low Nch


• Underestimation of Xe-Xe data

• Model is not tuned to different coll. system yet


• No hydrodynamic curves for small collision 
systems…

Flow coefficients vn{m} model comparison

210 310
| < 0.8)η (|chN

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18{k
}

2v

| < 0.8η|
c < 3.0 GeV/

T
p0.2 < 

ALICE
pp
13

p-Pb
5.02

Xe-Xe
5.44

Pb-Pb
5.02  (TeV)NNs

Hydro
Xe-Xe

5.44
Pb-Pb
5.02

{4}2v

3-sub
{4}2v
{6}2v

2-sub
{6}2v
{8}2v

2-sub
{8}2v

IP-Glasma+MUSIC+UrQMD: 

Schenke et al. PRC89, 024901 (2014), Mäntysaari et al. PLB772, 681 (2017)

Charged particles

ALICE, arXiv:1903.01790 [nucl-ex] (2019)



Collectivity in small systems | 15.05.2019 Katarina Krizkova Gajdosova 29

…hydro does not show negative c2{4} in pp (yet?)

Zhao et al., PLB 780, 495 (2018)

• The c2{4} is not described by iEBE-VISHNU

• Further investigation of initial conditions is necessary

pp collisions

• There are not many model calculations of multi-particle cumulants 
on the market 

Charged particles
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Symmetric cumulants

• Positive SC(4,2)3-sub observed in all collision systems


• Negative SC(3,2)3-sub in Pb-Pb and Xe-Xe collisions at 
large multiplicities


• Crossing to a positive correlation in Pb-Pb collisions

• Followed by small collision systems, too


• Indication of a similar origin of the collectivity, or remaining 
non-flow ?
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ALICE, arXiv:1903.01790 [nucl-ex] (2019)

Charged particles
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• PYTHIA 
• Does not reproduce the pp data, although the 

SC(3,2)3-sub reveals similar trend


• IP-Glasma+MUSIC+UrQMD 
• Qualitatively describes both Pb-Pb and Xe-Xe 

collisions, although the SC(3,2)3-sub remains negative 
at low Nch

Symmetric cumulants model comparison
ALICE, arXiv:1903.01790 [nucl-ex] (2019)

Charged particles
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Summary

• Collective phenomena observed even in the 
smallest collision system

• vn{m}: long-range multi-particle correlations


• v2{2}(pT): mass ordering & baryon/meson grouping 
in p-Pb collisions


• The origin of the collectivity in small systems 
is yet to be understood

• Initial state / final state / both initial and final state 

effects ?


• SC(m,n): the new ALICE data provide further 
constraints for model comparison

Charged particles

Identified particles
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Backup
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Normalised ratio
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• The vn and vm are taken from vn{2, |Δη|}

• In the absence of non-flow, the ratio directly reflects 

correlations between flow coefficients


• Indication of similar correlation between different 
collision systems at the same Nch


• Large increase of magnitude at Nch<100


• IP-Glasma+MUSIC+UrQMD quantitatively describes 
large collision systems (except for low Nch)

model comparison
ALICE, arXiv:1903.01790 [nucl-ex] (2019)

Charged particles
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Flow coefficients vn{2}Identified particles

• Similar observations as in Pb-Pb measurements

• Clear mass ordering at low pT


• Indication of baryon/meson grouping at intermediate pT


• Approximate NCQ/KET scaling: indication of partonic collectivity

ALI-PREL-156533 ALI-PREL-156557

ALICE, JHEP09, 006 (2018)
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• Identification of π, K, p

• Identification via energy loss dE/dx in TPC and time of 

flight in TOF

 36

Particle identification & reconstruction

• Reconstruction of φ, K0S, Λ

• Short-lived and no charge -> cannot be measured 

directly


• Reconstruction via their decay products (which are 
identified via particle identification)
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Trigger selection

• Minimum-bias trigger: 
• Suppression of non-flow with subevent 

method 
• The sign of c2{4} remains positive 

• High multiplicity trigger selection: 

• Additional event selection allows to 
obtain negative c2{4}3-sub 
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Testing the subevent method

• Clear decrease of the signal with the subevent method

• PYTHIA = without flow -> c2{4} remains positive


• After injecting v2 = 0.04

• Only the 3-subevent method could reliably reproduce the signal

Jia et al., PRC 96, 034906 (2017)



Collectivity in small systems | 15.05.2019 Katarina Krizkova Gajdosova 39

Subevent method in SC

• Subevent method tested in PYTHIA 8 (pp collisions) and HIJING (p-Pb collisions)

• Significant effect on the SC(m,n) measurements

Huo et al., PLB 777, 201 (2018)Huo et al., PLB 777, 201 (2018)


