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The EXTREME chain:
The HadrEx analysis framework



EXTREME Hydro Simulation Chain The HadrEx format

entropy
profile.dat

[ « The need: a convenient ROOT-based data storage format

— T_munu.dat E

; Implemented in all user-analysable formats: outputs 1, 2 and 3
« Complete uniformity for analysis!

MUSIC
A (3+1)D hydrodynamic ik
code for heavy-ion collisions

surface.dat

iSS
Monte Carlo sampler for
Cooper-Frye freeze-out

OSCAR.dat

outpur-root
m hx2osc.dat

fort.14

Doraye oy particle_list.f13 ThirteenToHadrex output2.root
Decayslill;?mgractions particle_list.f13 ThirteenToHadrex output3.root
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EXTREME Hydro Simulation Chain The HadrEx format

entropy
profile.dat

‘  The need: a convenient ROOT-based data storage format

— T_munu.dat

; Implemented in all user-analysable formats: outputs 1, 2 and 3
« Complete uniformity for analysis!

MUSIC
A (3+1)D hydrodynamic  ppieieie kb
code for heavy-ion collisions

 How they are produced: converters at various stages produce
hadrex-format files with various types of information

surface.dat

iSS
Monte Carlo sampler for
Cooper-Frye freeze-out

OSCAR.dat
|

—* outpur-root

hx2osc.dat

fort.14

UrQMD

D particle_list.f13 — ThirteenToHadrex —> output2.root
ecays only

il

urQmMD particle_list.f13—] ThirteenToHadrex L output3.root
") Decays and interactions
Y
aY
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EXTREME Hydro Simulation Chain The HadrEx format

entropy
profile.dat

* The need: a convenient ROOT-based data storage format

— T_munu.dat |

; « Implemented in all user-analysable formats: outputs 1, 2 and 3
« Complete uniformity for analysis!

MUSIC
A (3+1)D hydrodynamiC i
code for heavy-ion collisions

 How they are produced: converters at various stages produce
hadrex-format files with various types of information

surface.dat

iSS
o e o, « What they contain: event information + a particle list
|

OSCAR.dat

—> outpur oot N '
hx2osc.dat
I , - _-I'IIIIHIIJ
i -HIH
DUrQMD particle_list.f13 — ThirteenToHadrex — output2.root A ’
ecays only

UrQMD

Decays and interactions

il

particle_list.f13— ThirteenToHadrex —> output3.root
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The HadrEx event and particle classes

« HxSimEvent: a generic event class
o TClonesArray of HxSimParticles,
o total multiplicity at mid-rapidity + VOM acceptance (ALICE centrality selection)
o hadronic collision history (optional)

« HxHydroEvent: a hydro-specific event class. Derives from HxSimEvent
o Ncoll
o Entropy
o Derived centrality already there (optional)

)

CARGO

« HxSimParticle: a generic particle class g

* Momentum 3-vector

° E R
. Pr[w)eGrgCyOde C++ object-oriented paradigm:
— « Mother / daughter indices (optional) All classes have convenient

setters/getters for analysis!

« HxSpaceTimeParticle: particle class with spacetime info
» (Creation position and time
» Hadronic interaction information

In blue: links to the corresponding
headers in our repository.

an L

aY
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https://gitlab.com/hadrex/hadrex-wokshop-2021/-/blob/master/base/HxSimEvent.h
https://gitlab.com/hadrex/hadrex-wokshop-2021/-/blob/master/base/HxHydroEvent.h
https://gitlab.com/hadrex/hadrex-wokshop-2021/-/blob/master/base/HxSimParticle.h
https://gitlab.com/hadrex/hadrex-wokshop-2021/-/blob/master/base/HxSpaceTimeParticle.h
https://gitlab.com/hadrex/hadrex-wokshop-2021/-/tree/master

int-main- (-int-argc, - charkx*-argv-)

{
COUT < " skskokokokokakakakakakokokokokokokakakskokokookskkakakakkkkokskokkkkk ' <<endl ;
cout<<" Example-analysis-module- "<<endl;
COUT << " skakakakokakakokokokokokskskokokskokskkokkakskskkakakakakkskkokokkkkk ' <<endl ;

if - (argc-<-2) {
cout<<": - Improper number-of-arguments! - (received- "<<argc<<"): -\n"
<<"..Correct-call: ./dopTSpectra-[inputfile]  [outfile]"<<endl;

Program
X return -1; |nterface

TString lInputFile = argv[1];
TString 1lOutputFile = argv[2];

: "<<lInputFile.Data()<<endl;
: - "<<1OutputFile.Data()<<endl;

cout<<"Input
cout<<"Output

HxSimEvent *event = new HxSimEvent();
TFile *f = new TFile(lInputFile.Data(),"read");
TTree xT = (TTreex)f->Get("T");

TLeaf xleafEvent = T->GetLeaf("simEvent") -;

TFile *foutput = new TFile(1lOutputFile.Data(),  "RECREATE");

TH1D - *hEventCounter = new  TH1D("hEventCounter","",1,-0.5,0.5);

Long_t 1INPtBins_Uniform = 500;
Double_t 1PtMax_Uniform = 50;

TH1D - *hPtCharged THAD("hPtCharged", - "", -1INPtBins_Uniform, -0, - 1PtMax_Uniform);
TH1D - xhPtChargedYCut
TH1D - x*hEtaCharged

TH1D - x*hYCharged

NG

THAD("hEtaCharged", - "", - 400, - —20, - +20) ;
THAD("hYCharged", - "", - 400, -—-20, - +20) ;

A practical example:
Calculate p; spectra

Let's go through an example code to
show how to write a simple analysis:
fill a pr histogram for charged
particles at midrapidity!

Setup 1/0O

No need to touch this, at

least when getting started

Qutput

Histograms

< This is where you should
add extra output

TH1D("hPtChargedYCut", - "", -1NPtBins_Uniform, -0, - 1PtMax_Uniform);

histograms in case you
write an analysis

a¥
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cout<<"Will-loop:-over- "<<T->GetEntries()<<" events."<<endl;
int nevents = T->GetEntries();
for(int i=0; i<nevents; i++) {

g,
aY

UNICAMP

hEventCounter -> Fill(0);

T->GetEntry(i);
event = (HxSimEventx) - leafEvent->GetValuePointer();
int nparticles = event->GetNparticles();

Count your events!

for(Long_t j=0; j<nparticles; j++) {

HxSimParticle *particle = event->GetParticle(j);

if(-TMath::Abs( particle->Charge() )>le-4 ) {
hEtaCharged -> Fill( particle->Eta() ) ;
hYCharged -> Fill( particle->Y() ) ;
if( TMath::Abs( particle->Eta() ) < 0.5 ) hPtCharged -> Fill ( particle->Pt() );
if( TMath::Abs( particle->Y() ) < 0.5) hPtChargedYCut -> Fill ( particle->Pt() );

if - (-i-%-100-==-0-) -{

Double_t complete =-100. % (- double ) (i) / ( double ) ( nevents );
cout << "Event # " << 1-<<-"/" << nevents << " (" << complete << "%, Time
timer->Stop();

Double_t time = timer->RealTime();

1EventsPerSecond = (- (- Double_t-) (- i) ) /time;

timer->Start ( kFALSE );

Double_t secondsperstep = time / ( Double_t ) ( i+1 );

Double_t secondsleft = ( Double_t ) ( nevents-i-1- ) * secondsperstep;
Long_t minutesleft = ( Long_t ) ( secondsleft / 60. );

secondsleft = ( -Double_t ) (- (-Long_t ) ( secondsleft ) % 60 );

cout << minutesleft << "min " << secondsleft << "s, working at "<<lEventsPerSecond<<" Events/s...

"¢

A practical example:
The actual analysis

The analysis:
fill histograms ﬁ Customize to your needs!

Calculate time

to finish Helpful to know: just a

handy printout

The HadrEx analysis framework
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Browser ‘ File Edit View Options Tools Help
Files | Canvas_1 [X] | Editor 1 [
8, % & Draw Option: -
— hPtCharged
[_Jroot é E_. Entries 404535
(_LIPROOF Sessions ro— Mean 0.7584
- StdDev_ 0.5761

ZAROOT Files 10*
=2 ana_hydro_0.root a

: : 10°E *,
l{k hYCharged;1 1 ; = *++++
= : C t
- : = t
i-(_[1Shared : o ]dHH
- ddviddc > B H H
J-(_lApplications e ’ ’ 1 ’
| Cipeskiop —_—
4=_{1Documents
: Downloads v
| 1-(11805.02973 Command |
§"'91812'06772 . | Command (local): | E
1 l.m12012 n_RR2
«[ ] ’
Filter: | All Files (*.") -] ‘
Pad graghics frame |TFrame 74,165 x=0.686538, y=127.469 /
« hEventCounter: counts events

t> - hPtCharged: charged particle pt spectrain |r] < 0.5
- hPtChargedYCut: charged particle pr spectrain [)| < 0.5
- hEtaCharged: charged particle n distribution
 hYCharged: charged particle y distribution

A practical example:

The output

The HadrEx analysis framework



void:-GetNchAndMeanPt(){ ProceSSing the

TFile - *file-=-new-TFile("AnalysisResults.root", - "READ");

if(1file) { t t
not-found! -Please-check"<<endl; Ou pu

cout<<"File:'AnalysisResults.root’

return;

}
TH1D* hEventCounter = (TH1Dx)  file->Get("hEventCounter");

TH1D* hPtCharged = (TH1D%*)  file->Get("hPtCharged");

) Multiplicity per event: divide by the

Double_t 1Nch = hPtCharged->Integral(1, hPtCharged->GetNbinsX()) / b : | { dl
hEventCounter->GetBinContent(1); AflanelS M RSN el(=Io)

cout<<"Nch = "<<1INch<<endl;
cout<<"Mean pT = "<<hPtCharged->GetMean()<<endl;

Average pr: a simple “GetMean” call You will run this later today!

will do it WE NEED YOU!

To run: root.exe —g -b GetNchAndMeanPt.C

\i:> root [0]
Processing GetNchAndMeanPt.C...

Nch = 853.449
Mean pT = 0.758421

NG
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Moving forward...

 The HadrEx framework is there to help!

« But it is still constantly evolving according to our needs!
« Custom classes can also be done for PYTHIA events, etc

» Tiago will now walk us through the details of how to get your
first event generation and analysis going.

« Ab initio simulations: from beginning to the end!

A Thank you for your attention!

¥
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