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Anisotropic Flow
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❖ Spatial anisotropy in the initial state converted to momentum 
anisotropic particle distributions
• known as anisotropic flow
• reflect initial anisotropy and transport properties of QGP

Initial spatial Anisotropy

momentum space Anisotropic Flow

system expansion
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Flowing primordial fluid
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❖  Anisotropic flow measurements agree with hydrodynamics
• The Quark-Gluon Plasma produced at the top LHC energy behaves like a perfect fluid

ALICE, Physical Review Letters 117, 182301 (2016)

Daily Mail, February 2016
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How to measure flow
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408 citations

1235 citations

317 citations

❖ Event-Plane method, popular at RHIC

❖ Multi-particle correlations with generating 
function method, popular at RHIC

❖ Multi-particle correlations with Q-cumulant method, 
popular at earlier LHC
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❖ Complication of the design of the code for m-particle correlations

• For 4-particle correlations of

                                       

Issues of Q-cumulant method
❖ Unable to provide precise corrections on non-

uniform acceptance (NUA) and efficiency (NUE) 
corrections

• biased flow measurements

5

hcosn('1 + '2 � '3 � '4)i
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 for vn{4} calculations
hcosn(3'1 + 2'2 � 3'3 � 2'4)i
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 for Symmetric cumulants SC(3,2)

Completely different equations, different codes
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Generic Framework
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❖ 2014, Generic framework method, the most popular approach at the LHC

Step1 Step2 Step3

154 citations
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Advantages of Generic Framework
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• Clear advantage compared to Q-cumulant

• The same code for all multi-particle correlations
• Take care of acceptance and efficiency corrections 

• Largely suppress non-flow in multi-particle cumulants
• Further implementation with sub-event method

P. Huo et al., PL B 777 (2018) 201

CMS, PRC101 (2020) 014912

 

STAR, PLB783 (2018) 459
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Disadvantages
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• Disadvantage
• Terms of particle correlations 

following Bell numbers
• For 6-particle correlations, there are 

203 terms (see RHS)
• For 8- and 10-particle correlations, 

there are 4140 and 115975 terms, 
respectively.

• Impossible to implement (in C++)

Example: 6-particle correlations

PRC101 (2020) 014912

6-particles
8-particles
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Generic algorithm
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❖ 2020, Generic algorithm method, the most efficient, precise and reliable method 

complex Correlator(int* harmonic, int n, int mult = 1, int skip = 0)
{
int har_sum = 0;
for (int i = 0; i<mult; ++i) har_sum += harmonic[n-1+i];
complex c(Q(har_sum, mult));
if (n == 1) return c;
c *= Correlator(harmonic, n-1);
if (n == 1+skip) return c;

complex c2 = 0;
int h_hold = harmonic[n-2];
for (int counter = 0; counter <= n-2-skip; ++counter)
{

harmonic[n-2] = harmonic[counter];
harmonic[counter] = h_hold;
c2 += Correlator(harmonic, n-1, mult+1, n-2-counter);
harmonic[counter] = harmonic[n-2];

}
harmonic[n-2] = h_hold;
return c-mult*c2;

}

<latexit sha1_base64="L1sbbTjie4lAOTNof4To7OJiY3s="></latexit>

• Few lines of code, for any multi-
particle correlations 

• Much faster than generic framework 
(much shorter CPU times)

arXiv: 2005.07974

Feel free to contact you.zhou@cern.ch
if you have any technical question

mailto:you.zhou@cern.ch
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New possibilities
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number of cumulant: m
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HIJING, Pb-Pb 5.02 TeV

“Future high-energy pp programme with 
ALICE”, ALICE-PUBLIC-2020-005

New possibility of m-particle correlations 
(m>8) with existing RHIC & LHC heavy-ion 
data, and also in the future HL-LHC program.

•  Validation successful for multi-
particle cumulants

arXiv: 2005.07974

v2 input  = 0.10 
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With many more observables
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• New generic algorithm of multi-particle mixed 
harmonic cumulants, which for the first time 
study the correlations between v2k, v3l, v4p

• Free of non-flow (Results from HIJING are all 
zero)

• Sensitive to the initial conditions and transport 
properties of QGP (based on hydro 
calculations)

• negative, positive and negative signs of 
correlations between 4-, 6- and 8-particle mixed 
harmonic cumulants MHC.

arXiv: 2005.07974
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Summary

❖  “generic algorithm”, one code for all flow studies
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EXP data

TH simulations

LHC, RHIC, 
SPS, FAIR
NICA

Generic algorithm STAR, PLB809 (2020) 135728

ALICE, PRL123, 142301 (2019)
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Thanks for your attentions!
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Ultra-higher order cumulants
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arXiv: 2005.07974

• 14-particle cumulant of single harmonic • 16-particle cumulant of single harmonic


