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. Chapter 1

. Introduction

2 The intro to everything.
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Chapter 2

A Quick Start

2.1 The flow package

The ALICE flow package® contains most known flow analysis methods. In this
chapter we give a few examples how to setup an analysis for the most common
cases. The chapters that follow provide more detailed information on the structure
of the code and settings of the various flow methods. This write-up is however
not a complete listing of the methods, for this the reader is referred to the header
files.

2.2  On the fly

The macro Documentation/examples/runFlowOnTheFlyExample.CP is a basic
example of how the flow package works. In this section we explain the main
pieces of that macro.

1. To use the flow code the flow library needs to be loaded. In A1iR0OQT:

‘ I gSystem->Load ( )

In root additional libraries need to be loaded:

1 gSystem->Load( )
> gSystem->Load( );

2The ALICE flow package is part of AlIROOT, the ALICE extension of the ROOT frame-
work, which can be obtained from http://git.cern.ch/pub/AliRoot. The flow package itself is
located in the folder $ALICE_ROOT/PWG/FLOW/, where $ALICE_ROOT refers to the source directory
of AliIROOT.

bIn aliroot, this macro can be found at
$ALICE_ROOT/PWGCF/FLOW/Documentation/examples/runFlowOnTheFlyExample
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3 gSystem->Load( )
1 gSystem->Load ( )
5 gSystem->Load ( )

2. We need to instantiate the flow analysis methods which we want to use. In
this example we will instantiate two methods: the first which calculates the
flow versus the reaction plane of the Monte Carlo, which is our reference
value (see section 5.1), and second the so called Q-cumulant method (see
section 5.4).

1 AliFlowAnalysisWithMCEventPlane *mcep = new
AliFlowAnalysisWithMCEventPlane () ;
2 AliFlowAnalysisWithQCumulants *qc = new
AliFlowAnalysisWithQCumulants () ;
3. Each of the methods needs to initialize (e.g. to define the histograms):
1 mcep->Init();
2 qc->Init ();

4. To define the particles we are going to use as Reference Particles (RP’s,
particles used for the Q vector) and the Particles Of Interest (POT’s, the
particles of which we calculate the differential flow) we have to define two
track cut objects:

1 AliFlowTrackSimpleCuts #*cutsRP = new AliFlowTrackSimpleCuts();

2 AliFlowTrackSimpleCuts *cutsPOI = new AliFlowTrackSimpleCuts ();

3 cutsP0I->SetPtMin (0.2);

| cutsPO0I->SetPtMax (2.0);
5. Now we are ready to start the analysis. For a quick start we make an event

on the fly, tag the reference particles and particles of interest and pass it to
the two flow methods.

11
12

13

for(Int_t i=0; i<nEvts; i++) {
// make an event with mult particles
AliFlowEventSimple* event = new AliFlowEventSimple (mult,

AliFlowEventSimple::kGenerate);

// modify the tracks adding the flow value v2
event ->AddV2(v2);
// select the particles for the reference flouw
event ->TagRP (cutsRP) ;
// select the particles for differential flow
event ->TagP0I (cutsP0I);
// do flow analysis with various methods:
mcep->Make (event) ;
gc->Make (event) ;

}

2.2. ON THE FLY Page 4 of 24
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6. To fill the histograms which contain the final results we have to call Finish
for each method:

1 mcep->Finish();
2 qc->Finish () ;

7. This concludes the analysis and now we can write the results into a file:

1 TFile #*outputFile = new TFile( s )
2> mcep->WriteHistograms () ;
; qc->WriteHistograms () ;

2.3 What is in the output file?

Now we have written the results into a file, but what is in there?

2.4 Reading events from file
The macro Documentation/examples/runFlowReaderExample.C is an example

how to setup a flow analysis if the events are already generated and for example
are stored in ntuples.

2.5 A simple flow analysis in ALICE using Tasks

The macro Documentation/examples/runFlowTaskExample.C is an example
how to setup a flow analysis using the full ALICE Analysis Framework.

2.3. WHAT IS IN THE OUTPUT FILE? Page 5 of 24
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Chapter 3

The Flow Event

Here we describe the flowevent, flowtracks, general cuts and cuts for RPs POlIs.
OntheFly, AfterBurner. Filling with ESD, AOD, Ntuples, etc.
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. Chapter 4

. The Program

132

133

Common
cuts

ESD
AOD

AliFlowAnalysisWithScalarProduct

AliFlowAnalysisWithLeeYangZeros

I

—

AliFlowEvent
Simple

AliFlowAnalysisWithCumulants

AliFlowAnalysisWithQCumulants

-~

AliFlowTrackSimple

AliFlowVector

Here we describe the program.

-
N

AliFlowAnalysisWithFittingQDistribution

AliFlowAnalysisWithLYZEventPlane

AliFlowAnalysisWithMCEventPlane
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Chapter 5

Methods

The flow package aims at providing the user with most of the known
flow analysis methods. Detailed theoretical overview of the methods
can be found in the following papers, which are included in the folder
$ALICE ROOT/PWGCF/FLOW/Documentation/otherdocs/

e The Monte-Carlo Truth

Scalar Product Method
EventPlaneMethod/FlowMethodsPV.pdf

Generating Function Cumulants
GFCumulants/Borghini GFCumulants_PracticalGuide.pdf

Q-vector Cumulant method
QCumulants/QCpaperdraft.pdf

Lee-Yang Zero Method
LeeYangZeroes/Borghini LYZ PracticalGuide.pdf

Lee-Yang Zero Method
LeeYangZeroesEP/LYZ RP.pdf

The structure of this chapter is as follows: of each of the available methods a short
description is given in the theory subsection (for more detailed information, see
the papers listed above) followed by details which are specific to the implemen-
tation in the subsection implementation. Caveats, possible issues, etc, are listed
in the caveats subsections.

5.1 The Monte-Carlo Truth

Here we describe the implementation of the monte-carlo truth.
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5.2 Scalar Product Method

5.2.1 Theory
The scalar product method

The scalar product method - as well as the Q-cumulant method which will be
described later - does not depend on explicit construction of an (sub)event plane,
but estimates v,, directly from multi-particle correlations.

To do so, firstly all particles in an event are labeled either as reference particles
(RP’s) or particles of interest (POI's). The RP and POI selections are in turn
divided into sub-events, which are again taken from different 1 ranges, in analogy
to the approach taken for the event plane method. Each POI is correlated with a
sub-event Q-vector from the RP selection, which allows for the calculation of v,
without any explicit reconstruction of an event plane[? |.

The reason for the division into RP’s and POI’s is the fact that the two particle
correlator of POI’s,

oPOT _ \/<em<¢f°1—¢f“>> (5.2.1.1)

is generally not stable statistically. Introducing reference flow, 5.2.1.1 can be
rewritten as
<em(¢f01_¢fp)> POI, RP
vPOT = = n_In (5.2.1.2)

" <em(¢fp—¢fp)> JOBPyEP’

By taking an abundant particle source as RP’s - in the case of this study the RP
selection comprises all charged particles - both correlators in 5.2.1.2 are statisti-
cally stable.

The scalar product method In the scalar product method, POI’s uy,
up, = emer, (5.2.1.3)

are correlated with @)%, the complex-conjugate Q-vector built from RP’s in a given
sub-event a. First, the scalar product of u; and @} is taken,

Mpgp,a
ug (5.2.1.4)
Jj=1,
Gk

where Mgp,, denotes RP multiplicity for a given sub-event a and the inequality

j # k removes auto-correlations. From this, differential v,, of POI’s (v},) and v,

5.2. SCALAR PRODUCT METHOD Page 12 of 24
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of RP’s (v%) in sub-event a can be obtained in a straightforward way from the

correlation of POI’s and RP’s:

MRp,a MRp,a

* 1 *
(u Q) = fyp— ; Upe ]; w (5.2.1.5)
ik

where POI multiplicity is expressed in terms of Mrpq; Mpor = Mrp,,—k. Since
for any function f(z) and constant a

Zaf(ac) :aZf(m) (5.2.1.6)

5.2.1.5 can be rewritten as

1 MRp,a MRp,a
O = ——— § infor—V,] § —in[p; —V,] 5.9.1.7
u e e [V
< a> n[ a k prd J - ( )

= MRP,a'U:lUZ
where in the last step of 5.2.1.7 it has been used that
Zi\/j ein[%—‘l’n]
M

To obtain the estimate of v,, one must still disentangle the reference flow
contribution from the event averaged correlation given in 5.2.1.5. Proceeding in
a fashion similar to that presented in equation 5.2.1.5, it can be shown that

Qa Q* _ a,b
<Ma' M’;> = (vivd) (5.2.1.9)

where Q,, @ are the Q-vectors of RP’s in sub-event a,b. Under the assumption
that

(5.2.1.8)

Up =

(vr) = (vn)?, (5.2.1.10)

- an assumption which will be spoiled in the case of flow fluctuations - and re-
quiring that the v,, estimates in both sub-events are equal, one simply evaluates

vy, = M (5.2.1.11)

to obtain v%. For equal multiplicity sub-events M, = My, 5.2.1.11 is simplified to

" Qe Q)

5.2. SCALAR PRODUCT METHOD Page 13 of 24
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v? can be obtained by switching indices @ and b in expressions 5.2.1.11 and

5.2.1.12, and should equal v%. This principle can be generalized straightforwardly
to allow for a selection of RP’s which has been divided into three subevents.

a_ ((w3)) (5.2.1.13)

’U ol
" (weuld) (vsvle) [ (ubvle)

(o 5)
o 8 (8 5) /(% %)

where cyclic permutation of a,b, ¢ (in analogy to the switching of indices in ??
gives the estimates of v¥ and v¢.[insert some discussion here: is this result actually
true, and some light on va, vb, (vc)]

5.2.2 Implementation
Extension to Event Plane method

As explained earlier, the event plane analysis results in this study are actually
obtained by normalizing the Q-vectors in the scalar product by their length |Q,,|.
Consider the following;:

* *|,—inVq, .
Qn _ |Qn|e — e*”lq’Qn. (5221)

Qs @z
For a full event, the enumerator of 5.2.1.11 can be expressed as

((wemm¥an)) = ((emonemmban)) = ( (0 ¥en)) ) = ((cos(nlsi — ¥o,)))

which corresponds to the all-event average of ?7?. As shown in the previous sub-
section this expression equals v2%.
For normalized Q-vectors, the denominator of 5.2.1.11 reads (using 5.2.2.1):

(o &)= \J(emvanvon) =\ [eosulia,, — 0, 1)) (52:22)

from which the event plane resolution can be calculated using 7?7 or ?77.

Caveats

5.3 Generating Function Cumulant Method

Here we describe the generating function cumulant method and how it is imple-
mented.

5.3. GENERATING FUNCTION CUMULANT METHOD Page 14 of 24
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5.4 Q-vector Cumulant Method
5.4.1 Theory

The Q-cumulant (QC) method® uses multi-particle correlations to estimate vy,
estimates for RP’s and POTI’s, but does not limit itself to two-particle correlations.
Although higher-order Q-cumulant calculations are available, this section will
discuss the method using two- and four-particle correlations.

Multi-particle correlations in the QC method are expressed in terms of cumu-
lants, which are the the expectation values of correlation terms in joint probability
density functions. Consider the following: if two observables f for particles x; and
x; are correlated, the joint probability f(x;,x;) is the sum of the factorization of
the constituent probabilities and a covariance term:

f(@iyz5) = f@i) f(z5) + fe(@i, z;) (5.4.1.1)
When taking as an observable azimuthal dependence,
x; = e r; = e (5.4.1.2)

the two-particle cumulant is expressed as the covariance of the expectation value:
Ec(e™9i=¢ily = p(elin(0i=aily _ p(einlod) p(einl=¢al), (5.4.1.3)

Symmetry arguments (along the lines of those given in appendix ??) dictate that
the product of separate expectation values is equals zero, from which a familiar
expression for the two-particle correlation is obtained:

Ec(em¢i=2ily = p(emnloid) penl=#l) (5.4.1.4)
— <em[¢n1> <6m[f¢j1>
— <ei"[¢i—¢j]>

= <2> ’
the all-event average of which is denoted by
en{2} = ((2)) (5.4.1.5)

where ¢, {2} is called the two-particle cumulant. For the four-particle case, one
proceeds likewise:

E,(emloitdi—dx—0il) = p(einlditei—on—dil) (5.4.1.6)
. E(ei"[¢i_¢k])E(ei"[¢j_‘M)
_ E(ei"[@*@])E(em[‘i’j*%]).

aThe overview given in this section is inspired by [? |, for further reading the reader is

referred there. A full derivation of results that are relevant in this study is given in appendix
?9?

5.4. Q-VECTOR CUMULANT METHOD Page 15 of 24
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The four-particle cumulant can be expressed in terms of two- and four-particle
correlations as well,

eaf4} = ((4)) — 2((2))°. (5.4.L.7)

From 5.4.1.5 and 5.4.1.7 it follows that v, harmonics are related to cumulants
following

v {2} = Ven {2} (5.4.1.8)
vp{d} = v/ —cn{d}.

where v, {2}, v,{4} denote flow estimates obtained from two- and four-particle
correlations.

In a fashion similar to that explained in the previous subsection, the Q-
cumulant method uses reference flow to obtain a statistically stable estimate of
the differential flow of POI’s. Differential POI flow, for the two- and four-particle
case, can be expressed as

{2} = ((2)) (5.4.1.9)
dn{4} = ((4')) — 2:((2')) ((2))

where d,,{2},d,,{4} denotes the two-, four-particle differential flow and the ’ is
used as an indicator for differential (p; dependent) results. Disentangling from
this the reference flow contributions, one is left with the final expression for the
estimate of differential v,, for POI’s:

dn{2}
V Cn{2}

Con o dn{4)
v {4} = (—Cn{Q})?’/‘l'

v {2} = (5.4.1.10)

5.4.2 Implementation

Here we describe the Q-vector cumulant method and how it is implemented.

5.5 Lee-Yang Zero Method

Here we describe the Lee-Yang Zero method and how it is implemented.

5.6 Lee-Yang Zero Method

Here we describe the Lee-Yang Zero method and how it is implemented.

5.5. LEE-YANG ZERO METHOD Page 16 of 24
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= 9.7 Fitting the Q-vector Distribution

26 Here we describe how the fitting of the Q-vector distribution is implemented.

5.7. FITTING THE Q-VECTOR DISTRIBUTION Page 17 of 24
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- Chapter 6

- Summary

230 This sums it all up.
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. Appendix I

s Here we put short pieces of code.
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