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Art Poskanzer was one of the most important colleagues in 
my career. His constant support, from day #1, was essential.

I still have 763 emails from Art, after he taught me not to 
delete professional emails. We co-authored a few papers 
together but we had many interactions beyond these 
papers.

This presentation is a very incomplete history of collective 
flow, as seen through the window of my interactions with 
Art.
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1. Early days

2. Searching for collectivity

3. Understanding fluctuations
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January1993
Calcutta

in plane or out 
of plane?
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I presented my recent prediction that at 
ultrarelativistic energies, there would be more 
momentum emitted parallel to the reaction plane x:
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Art told me after my talk:   
We measured this at the Bevalac, and we observe 
the opposite: particles are « squeezed out » of the 
reaction plane. 
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I realized that the physics changes as a function 
of collision energy. 
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January1995
Monterey

Art was busy chairing QM’95 and I didn’t seem him 
much, but I was inspired by some of the talks
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….

….
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In one of the parallel talks, a postdoc from Kent state 
presented uncorrected azimuthal distributions of Λ 
baryons relative to the event plane. 

Right after the conference, I worked out a systematic 
reconstruction method, by correcting each Fourier 
coefficient for the event plane resolution
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The first curve, and the concept of event-plane 
resolution, had actually been introduced earlier on 
by Sergei Voloshin in his seminal 1994 paper with 
Zhang.  
This formed the basis of the event-plane method, 
recently selected as one of the milestone papers of 
PRC
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December 1997
Tsukuba

establishing 
terminology
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Art presented the first flow analysis of the NA49 
collaboration  
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I was giving the plenary talk on flow. Art approached 
me before my talk and told me that it was a good 
opportunity for establishing the terminology on this 
topic
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January 1999
Berkeley

transport or
hydro? 
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ballistic

hydro
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Sergei and Art applied this idea 

ballistic

hydro

They showed that tranport 
calculations using RQMD were in 
the ballistic regime

This was forgotten soon after 
the first RHIC results, which 
established that Au-Au collisions 
are large systems, where hydro 
applies. 



20

Recently re-discovered in the context of small systems 
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September 2000
Berkeley

the RHIC 
breakthrough
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1. Early days

2. Searching for collectivity

3. Understanding fluctuations



Nonflow
• In 1999 and 2000, in a series of papers with Mai Dinh and Nicolas 

Borghini, we argued that most existing analyses of flow at AGS and 
SPS were biased by correlations such as Bose-Einstein quantum 
correlations, or global momentum conservation, which have 
nothing to do with flow. 

• In particular, it implied that the v1 and v2 results published by NA49 
in 1998 had a lot of nonflow bias. 

• Art was enthusiastic and supportive from day #1. Not everyone 
was! Together with Sergei, the 5 of us wrote a paper on how to 
correct the event-plane method for momentum conservation. 
More importantly, we collaborated on the re-analysis of NA49 data, 
with the Frankfurt group. Art was (informally) the project leader. 
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Cumulants

• We thought that the only way of systematically getting rid of 
nonflow was to go beyond two-particle correlations and measure 
cumulants of higher-order correlations. We worked out the analysis 
method in 2000 and 2001 with Dinh and Borghini.  

• It was first applied by STAR in 2002, by Aihong Tang (talk today). 

• Mai Dinh applied the cumulant method to NA49 data a few months 
later. She was awarded the PhD prize of the French Physical Society 
(only one prize for all of physics) for her work. 
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Directed flow at RHIC
Borghini had the brilliant idea of analyzing the first harmonic, directed 
flow, by using elliptic flow as a reference.  As soon as the paper was 
out, Art called me and said « This is how we will do it at STAR ».
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A by-product of this analysis is that it gave the sign of elliptic flow, 
which one does not measure by analyzing elliptic flow alone:   
First and only direct evidence that elliptic flow at RHIC is in plane! 



Lee-Yang zeroes
• In 2003, with Bhalerao and Borghini,  I proposed yet another method 

to analyze elliptic flow. Eventually, I had found how to measure 
collectivity.  

• Lee and Yang introduced this method to locate the liquid-gas phase 
transition in calculations. In the same way as the liquid-gas transition 
corresponds to the system becoming inhomogeneous (spontaneous 
symmetry breaking of translational invariance), elliptic flow 
corresponds to the breaking of rotational (azimuthal) symmetry: all 
directions are no longer equivalent. 

• The method is very robust, and much simpler to implement than 
cumulants. Yet the added value is incremental, as results are practically 
identical. Not considered breakthrough research. 

• Only Art showed interest. He coded the analysis himself. We discussed it 
when he visited Paris in 2006
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Fourier transform of the 
distribution of the flow 
vector.  The first minimum, 
which is compatible with 0 
within errors, is where 
collectivity lies.
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1. Early days

2. Searching for collectivity

3. Understanding fluctuations



Hydro need not be collective
• A gradual change of paradigm in the field. Already in 2003, 

PHENIX had shown that a rapidity gap suppresses nonflow:  
Pair correlations good enough, cumulants not needed. 

30

• More importantly, the beautiful 
wave (ridge) structure seen in pair 
correlations has a natural 
interpretation in terms of density 
fluctuations, stretched along the 
beam direction by the 
ultrarelativistic dynamics, and 
expanding according to hydro 
(Alver and Roland, 2010). 

CMS data,  
Pb+Pb



Art’s contributions to fluct.
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A breakthrough paper: Flow fluctuations as a small, Gaussian 
perturbation on top of in-plane elliptic flow.  
Comes with a simple prediction: v2{2} > v2{4} = v2{6} = v2{8}



Non-Gaussian fluctuations
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Art also pointed out that this discrepancy was due to the fact that ε 
was bounded by 1.  I told him I’d think about it. It took > 4 years.



Elliptic flow in p+Pb collisions
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We also found that the distribution of 
eccentricity was not quite Gaussian in 
simulations of p+Pb collisions.
We obtained a perfect fit by replacing 
the Gaussian with a Power law: 

exp(-ε2/σ2) → (1-ε2)α
which vanishes at ε=1. 0
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The Power distribution comes 
with a quantitative, parameter-
free  prediction for the 
hierarchy of successive 
cumulants  
v2{2} > v2{4} > v2{6} > v2{8}
 
Quantitative agreement with 
experiment is excellent

I consider this the most solid 
proof of flow in p+Pb collisions, 
inspired by Art.
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Art’s problem solved
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In 2014, I contacted Art and told him I had a possible solution to the 
problem he had pointed out in 2009, in case he was interested to 
test it. He was enthusiastic and started doing the fits immediately, 
and we wrote another 2 papers together with Li Yan. 

ε2

Pb+Pb collisions, 75-80% cent.

Lucille and Art invited me (and my 
friends) Chez Panisse to celebrate 
as I was on a private visit in 2014.



U+U collisions
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In 2016 and 2017, I visited Berkeley several times.  
Art drew my attention to the recent analysis of U+U collisions  by 
STAR.  I told Giuliano Giacalone, then a MSc student, to look at 
these data. He was very excited. It inspired his PhD thesis.  

Giuliano was awarded the PhD prize of the Nuclear Physics 
Division of the European Physical Society in 2022.
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At the same time, Art was still reading my most recent papers and 
giving me feedback, all the way through my last visit:
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Thank you


