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Motivation

* Variety of Monte Carlo event generators
with not standardized output.

e Same algorithms for processing generated data.

* Easy way to process event and particle information.
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McDst format

McDst structure

B-Ti2 pAu_urgmd.meDst.root
[
B ¥ | MeDst1
L——_Igﬁ Event
ﬁ Event.fEventhr
4% Event.fB
4% EventiPhI
ﬁ Event.fMes
4% Event.iStepNr
3% Event.fStepT
Eﬂ---ﬂ Event. fGomment
ﬁ Event.fNparn
3% Event.fNcoll
& HaslInconsistentHash(}
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E,gﬂ Particle

----- 3 Particle findex
----- X5 Partkcle fPdg
----- i Pariicke fStatus
----- 3 Pariicke fParent

----- 3 Particke fDecay
----- % Particle fChild[2]

ROOT

Data Analysis Framework

McDst

- mcArrays: static TClonesArray**

+ unset()

+ event(): McEvent*

+ numberOfParticles()

+ print methods ...

+ set(array: TClonesArmray**)

Class diagram

McArrays
+ {NAlIMcArrays = 2}
+ typelndex{ Event=0, Particle }

+ mcArrayNames[NAIIMcArrays)
+ mcArray Types[NAlIMcArrays]

+ mcArraySizes[NAlIMcArrays]

+ particle(i: Int_t): McParticle*

Ekaterina Kuzina

static McEvent* event() { return AN
(McEvent*)mcArrays[McArrays::Event]->UncheckedAt(0);
}
static McParticle* particle(int_ti) { return AN
(McParticle*)mcArrays[McArrays::Particle]->UncheckedAt(i);
}
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Reading mcDst.root files [1]

1 //macros/analyseMcDst.C

2- void analyseMcDst(const Char_t *inFile = "../test.mcDst.root", const Char_t *oFileName = "oProcTest.root") {
3 // Initialize reader

4 McDstReader* myReader = new McDstReader(inFile);

5 myReader->Init();

6 // Configure to read concrete branches

7 myReader ->setStatus("*",0);

8 myReader->setStatus("Event",1);

9 myReader->setStatus("Particle",1);

11 Long64_t eventszread = myReader->chain()->GetEntries();
12 TFile *oFile = new TFile(oFileName, "RECREATE");

14 // Event histogramming

15 TH2D *hImpactParVsNch = new TH2D("hImpactParVsNch", "Impact parameter vs. Nch;Nch;Impact parameter (fm)",
16 300, -0.5, 599.5, 130, 0., 13.);

17 TH1D *hSqrtSnn = new TH1D("hSqrtSnn","Collision energy;#sqrt{s_{NN}} (GeV);Entries", 100, 150., 250. );
18 // Track histogramming

19 TH1D *hPz = new TH1D("hPz","p_{z} of particle;p_{z} (GeV/c);Entries", 402, -201., 201.);

20 TH1D *hPionMom = new TH1D("hPionMom","Momentum of #pi;p (GeV/c);Entries", 100, 0., 2.);
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Reading mcDst.root files [2]

}

/! Run info
hsqrtsnn->Fi11{ myReader->run()->nnsqrts() );

J/ Event analysis

for(Long64 t iEvent=0; iEvent<events2read; iEvent++) {
myReader->loadEntry(iEvent);
McDst *dst = myReader-=mcDst();

{/ Retrieve event info
McEvent *event = dst-=event();

/[ Track analysis
Int_t nTracks = dst-=numberOfParticles();
for(Int_t iTrk=0; iTrk<nTracks; iTrk++) {
{[ Retrieve i-th track info
McParticle *particle = dst-=particle(iTrk);
if ( particle-=charge() ) {
NumOfCharged++;
hPtvsEta->Fill( particle-=eta(), particle-=pt() ):
if ( particle->pdg() == 211 ) {
hPionMom->Fill{ particle->ptot() );
1

T //for(Int_t iTrk=0; iTrk<nTracks; iTrk++)

hImpactParVsNch-=Fil1{ NumOfCharged, event-=impact() )};
} //for(Long64 t iEvent=0; iEvent<eventsZread; iEvent++)

oFile-=Write();
oFile-=Close();

myReader-=Finish();

Class diagram

McDstReader

mInputFileName: TString

mMcDst: McDst*

mMcRun: McRun*

mChain: TChain*

mTree: TTree*

mEventCounter: Int_t

mMcArrays: TClonesArray*[McArrays::NAlIMcArrays]
mStatusArrays: Char_t[McArrays::NAIIMcArrays]

+ + + + +

getters...
setStatus(branchNameRegex, enable)
Init()

loadEntry(iEntry): Bool_t

Finish()
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Data QA example

1 // macros/mcdstqa.C
2 - void mcdstga(const char *ifile ../test.mcDst.root",
3 const char *ofile ../qa_mcdst.root")

n

"

4-{ McDstQA

5 /...

6 reader: McDstReader*
; McDstQA qa(ifile, ofile); ofile: TFile*
9

// Configure the cut
McDstCut cut; — >

- cut: McDstCut*
10 cut.excludePdg(-211); ;
11 // Set the cut - nEvents: int
12 qa.setMcDstCut(&cut); + hImpactPar: THIF *
13 // Start filling histograms
14 ga.run(); + hRefMult05: TH1F #
o 1 + hNTracks: TH1F *
McDstCut B + hSph05: THI1F *

- pdgExclude: std::vector<int> + hPx: THIF *

- etaCut: float[2] + hPy: THIF *

- ptCut: float[2] + hPz: THIF *

+ excludePdg(pdg: int) R hPrg: THIES

. L

+ setEta(lo: float, hi: float) + DMBqry b THER

+ setPt(lo: float, hi: float) + setMcDstCut(ptr: McDstCut*)

+ isGoodParticle(v, pdg): bool + run(nev: int)
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Converters

To convert Monte Carlo data simulated by particular heavy ion
collisions generators a set of converters provided.

Implemented converters:

v HIJING — McDst
v Pythia8 — McDst
v UrQMD — McDst

NUCLEUS-2022
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(TFile *) ©x56395284a2ed
root [1] gSystem->Load "libMcDst.so"

(int) ©
root [2] ::Class()->IgnoreTObjectStreamer
root [3] * run_ = ( *)_file@->Get "run"

Warning: Default constructor of McRun should not be used!
(McRun *) 0x56395319fd40
root [4] run_->print

=ll= Run Header =ll=
Generator : UrQMD30400

Comment :

op © [¢] ] 0] 1 [¢] (] ] 0] (] [¢]
op © [¢] ] 0] (] [¢] 1 ] 1 [¢] [¢]
op © [¢] ] 1 1 (] (] ] ] [¢] (]
op 0 5 ] [¢] [¢] [¢] (] ] [¢] [¢] [¢]
pa 0.1000E+01 0.5200E+00 0.2000E+01 0.3000E+00 0.
pa 0.2700E+00 0.4900E+00 0.2700E+00 0.1000E+01 0.
pa 0.9000E+00 0.5000E+02 0.1000E+01 0.1000E+01 0.
pa 0.4200E+00 0.1080E+01 0.8000E+00 0.5000E+00 0.
pa 0.5000E+00 0.1000E+01 0.1000E+01 0.1000E+01 0.
pa 0.2000E+00 0.2000E+03 0.1000E+01 0.5000E+01 0.
Decayer 3

Projectile mass 3 Z

Projectile charge 3 1

Projectile momentum (AGeV/c) : 99.9956

Target mass 1 197

Target charge : 79

Target momentum (AGeV/c) : -99.9956

Minimal impact parameter (fm) : @

Maximal impact parameter (fm) : 10.13

Impact parameter weighting : 1

Minimal azimuthal angle (rad) : @

Maximal azimuthal angle (rad) : @

Cross-section (mb) : 3220.8

Requested number of events 1 20000

root [5] I

Ho oo
*
oo oo

000OE+00
1660E+01
1000E+01
000OE+00
1000E+01
1060E+01

coo®o @

PR Ne

]
1
]

0

.3700E+00

8500E+00
1500E+01
5500E+00
1000E+01
1000E+11

[oN-NoNoNoNO]

og

1€
5¢
1€
1€




McDst demo [1

- | LXTerminal = an

File Edit Tabs Help
mcdst demo: root.exe out_11688210.mcDst.root
| Welcome to ROOT 6.22/00 https://root.cern |
| (c) 1995-2020, The ROOT Team; conception: R. Brun, F. Rademakers |
| Built for linuxx8664gcc on Jun 14 2020, 15:54:05
| From tags/v6-22-00@v6-22-00 |
| Try '.help', '.demo', '.license', '.credits', '.quit'/'.g' |

root [0]
Attaching file out 11688210.mcDst.root as file0...
Warning in <TClass::Init>: no dictionary for class McEvent is available
Warning in <TClass::Init=: no dictionary for class McParticle is available
Warning in <TClass::Init>: no dictionary for class McRun is available
(TFile *) 0x5620309eedf0
root [1] .1ls
TFile** out_11688210.mcDst.root UrQMD
TFile* out_11688210.mcDst.root UrQMD
KEY: McRun run;1l Run Header
KEY: TTree McDst;1 UrQMD tree
root [2] McDst->GetEntries
(long long) 20000
root [3] McDst->Show 6

Event =1

Event.fEventNr = 7

Event. fB = 8.610000

Event. fPhi = 0.000000

Event. fNes =1

Event.fStepNr =0

Event. fStepT = 200.000000

Event. fComment = 0] o] o] 0 o] [¢] [0] [¢]
Particle 199

Particle. fIndex e, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19

Particle. fPdg 2212, 2112, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212, 2212

particle.fStatus = 0, 0, @, 6, 0, ¢, 0, 0, 0, 0, 0, 0, @, 0, 0, 0, 0, 0, O, O

Particle.fParent = 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535
Particle.fParentDecay = 0, o, ¢, 0, 0, 0, 6, 0, 6, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, @

Particle.fMate = 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535
Particle.fDecay = 0, ©, 0, ¢, 6, 6, 0, ¢, 6, 0, 6, 0, 0, @, 0, 0, ©, 0, 0, @

Particle.fchild[2] =0 , ©

[o ]
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McDst demo [2

hd LXTerminal -+ x
File Edit Tabs Help

Particle.fStatus = 0, ©, 0, o, 6, 0, 6, 6, 6, ¢, 6, 0, 6, 0, 6, 6, 0, 0, 0, 0

Particle.fParent = 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535
Particle.fParentDecay = @, 0, 0, @, 6, o, ¢, 0, ©, 0, 0, 0, 0, 0, @, 0, @, 0, 0, @

Particle.fMate = 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535, 65535
Particle.fDecay = 0, 0, 0, 0, 0, 06, 0, 0, », @, ®, @, @, @, 0, @0, 0, O, O, O

Particle.fChild[2] =0 , O

, 0,0

’

[cNcNoNoNcNoNoNoNoNoNooNoNoNoNoNol
[N NN N NN No Moo ool oo NoNo)

’

Particle. fPx = 0.053368, -0.053368, 0.073483, 0.027772, -0.012713, -0.045424, 0.048683, -0.089333, -0.070463, 0.154261, 0.028725, -0.263950, -0.254861, 0.
120464, -0.078821, ©.141004, 0.126064, -0.103316, 0.003231, -0.119585

Particle. fPy = -0.052547, 0.052547, 0.142969, 0.015450, -0.018717, 0.065926, -0.039536, 0.045354, -0.024054, 0.651785, 0.143379, -0.143392, -0.145722, 0.0
53687, 0.158555, -0.193787, -0.046434, -0.001735, 0.015945, -0.011151

Particle.fPz = 99.976852, 100.657509, -93.867752, -82.646629, -100.817558, -81.636536, -95.275093, -123.822968, -124.523827, -85.703796, -90.176712, -93.1
64627, -103.579826, -102.235199, -99.090363, -93.375221, -112.928490, -85.467819, -112.254128, -110.865547

Particle.fX = 4.500082, 4.112719, -3.970414, -3.739832, -8.097073, -7.490017, -12.480335, 1.250300, -3.303073, -0.658907, -2.514036, -7.551460, -6.890844
, -5.052734, -9.594933, 1.091671, -8.099133, -6.566839, 0.415562, -9.773263

Particle.fY = 0.759671, -1.314808, 3.173838, -5.696999, -2.969401, -4.973915, 1.885224, -4.015235, 0.952277, -2.366462, -1.197677, 1.886453, 1.836998, -3
.841448, 3.371446, -2.462156, -4.712348, 4.071899, 2.808927, -0.197309

Particle.fZ = 199.976776, 199.977249, -199.927429, -199.937714, -199.885086, -199.897141, -199.924057, -199.923676, -199.965073, -199.921356, -199.937134
, -199.939896, -199.942245, -199.933792, -199.915024, -199.936340, -199.915878, -199.960831, -199.893051, -199.917755

Particle.fT = 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000
000, 200.%00000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000, 200.000000

root [4]

NUCLEUS-2022 Ekaterina Kuzina
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McDst demo [3

a
File Edit Tabs Help

root [4] McDst->Scan!"Particle.fPx:Particle.fPy:Particle.fPz"
ok ok ko ok ok ok ok ok ok ko k ok ok ok ok ok okok sk ok okl ok ok sk ok ok kokok ok ko kckok ok ok sk kok k ok ok ok sk kokok ok sk kkok ok ok ok

& Row * Instance * Particle. * Particle. * Particle. *
38 e ok ok sk ko ok sk ok ok koKl ok ok koK Skokok ok ok ok ko kool Ok ROk ko kROl ok kORok oKk ok ROR oK IOk ok kokokok

= 0 * @ * -0.058787 * -0.030527 * 104.07475 *
& 0 * 1 * 0.0587872 * 0.0305279 * 96.559616 *
& 0 * 2 * -0.021353 * 0.1700269 * -106.4697 *
& 0 * 3 * -0.070147 * 0.0528593 * -118.9137 *
= 0 * 4 * 0.0047383 * -0.023185 * -99.77002 *
& 0 * 5 * 0.0096585 * 0.0702770 * -123.8340 *
& 0 * 6 * -0.072852 * -0.008100 * -103.3557 *
& 0 * 7 * 0.1533938 * -0.025881 * -86.36042 *
- 0 * 8 * 0.1091791 * -0.081618 * -84.84692 *
& 0 * 9 * -0.155280 * 0.1345352 * -113.5155 *
= 0 * 10 * 0.0061068 * 0.1574216 * -111.8254 *
= 0 * 11 * 0.1241751 * -0.218871 * -129.7234 *
& 0 * 12 * 0.1462907 * -0.233112 * -117.1266 *
& 0 * 13 * -0.074748 * 0.0959855 * -95.36087 *
& 0 * 14 * 0.1285485 * 0.1139925 * -107.3664 *
= 0 * 15 * -0.233518 * -0.101025 * -108.8966 *
& 0 * 16 * -0.095636 * -0.005996 * -86.45087 *
& 0 * 17 * 0.0406610 * -0.020398 * -121.3769 *
= 0 * 18 * 0.0368464 * -0.001136 * -89.67111 *
- 0 * 19 * 0.1228579 * -0.072961 * -96.78379 *
& 0 * 20 * 0.0520281 * 0.0121144 * -111.3632 *
= 0 * 21 * 0.1544391 * -0.081061 * -111.1130 *
& 0 * 22 * 0.0246913 * -0.026895 * -102.2290 *
= 0 * 23 * -0.082182 * -0.183376 * -90.10899 *
& 0 * 24 * -0.007486 * 0.0773330 * -95.48199 *

Type <CR> to continue or g to guit ==> g

R e s e e s e e et
(leng long) 25

root [5] McDst->Draw "Event.fB"

<] cl - + %
File Edit View Options Tools Help
Event.fB
htemp
500 Enties 20000
- Mean 6.753
- Std Dev 2.384
- 1}
400—
300—
200—
100—
olr P -
4] 10
Event.fB

Info in <TCanvas::MakeDefCanvas>: created default TCanvas with name cl

root [6] []
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McDst demo [4

& LXTerminal =
File Edit Tabs Help

root [6] gSystem->Load "libMcDst.so"

(int) ©

root [7] McRun::Class()->IgnoreTObjectStreamer

root [8] McRun* run = (McRun*) file®->Get "run"

Warning: Default constructor of McRun should not be used!

(McRun *) 0x55f71902cf20

root [9] _run->print

-I- Run Header -I-

Generator : UrQMD30400

Comment :

op O 0 0 0 1 [¢] 0 0 0 0 [¢] 0 0 0 0

op © [¢] ] ] 0 0 1 ] 1 0 0 e * 0 2 1

op 0O [¢] (] 1 1 ] [¢] (] [¢] [c] ] [¢] (] 1 [c]

op @ 5) [¢] [¢] [¢] [¢] [¢] [¢] [¢] [¢] [¢] 1 [¢] 1 [¢]

pa 0.1000E+01 0.5200E+00 ©0.2000E+01 ©0.3000E+00 0.0000E+00 ©0.3700E+00 0.0000E+00 0.9300E-01 0.3500E+00 0.2500E+00 0.0000E+00 0.5000E+00
pa 0.2700E+00 0.4900E+00 0.2700E+00 0.1000E+01 0.1600E+01 0.8500E+00 0.1550E+01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
pa 0.9000E+00 0.5000E+02 0.1000E+01 0.1000E+01 0.1000E+01 0.1500E+01 0.1600E+01 0.0000E+00 0.2500E+01 0.1000E+00 0.3000E+01 0.2750E+00
pa 0.4200E+00 0.1080E+01 0.8000E+00 0.5000E+00 0.0000E+00 0.5500E+00 0.5000E+01 0.8000E+00 0.5000E+00 0.8000E+06 0.1000E+01 0.2000E+01
pa 0.5000E+00 0.1000E+01 ©0.1000E+01 ©0.1000E+01 0.1000E+01 ©0.1000E+01 ©0.1000E+061 0.1000E+01 ©0.1000E+01 ©0.1000E+01 0.7000E+00 0.3000E+01
pa 0.2000E+00 0.2000E+03 0.1000E+01 0.5000E+01 0.1000E+01 0.1000E+11 0.1000E+01 0.1000E+01 0.0000E+00 0.1000E+11 0.2000E+01 0.5500E+00
Decayer z

Projectile mass : 2

Projectile charge 1

Projectile momentum (AGeV/c) : 99.9956

Target mass : 197

Target charge : 79

Target momentum (AGeV/c) : -99.9956

Minimal impact parameter (fm) : @

Maximal impact parameter (fm) : 10.13

Impact parameter weighting 1

Minimal azimuthal angle (rad) : 0

Maximal azimuthal angle (rad) : ©

Cross-section (mb) 1 3220.8

Requested number of events : 20000

root [10]
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Sources and guides

w
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https://github.com/nigmatkulov/McDst

C@ Thank you for your attention!
MEPhI
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Backup slides
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McDst class

McParticle McEvent
- flndex: UShort_t - fEventNr: Ulnt_t
- fPdg: Int_t - fB: Float_t
- fStatus: Char _t - fPhi: Float_t

fParent: UShort_t
fParentDecay: UShort_t
fMate: UShort_t
fDecay: Short_t

fChild: UShort_t[2]

- fNes: UShort_t
- fStepNr: UShort_t
- fStepT: Float_t
- fComment: TString
- fNpart: Short_t

diagram [1]

McArrays

+ {NAlIIMcArrays = 2}

+ typelndex{ Event=0, Particle }
+ mcArrayNames[NAIIMcArrays]
+ mcArrayTypes[NAIIMcArrays]

+ mcArraySizes[NAIIMcArrays]

- fPx: Float_t - fNcoll: Short_t

- fPy: Float t + setters...

- fPz: Float_t + getters...

- fX: Float_t + print()

- fY: Float t

- fZ: Float_t

- fT: Float_t

- fE: Float_t

+ ptot(): Double_t McDst

+ pt(): Double_t - mcArrays: static TClonesArray
+ phi(): Double_t + set(array: TClonesArray**)
+ pdgMass(): Double_t + unset()

+ mass(): Double_t + event(): McEvent*

+ charge(): Double_t + particle(): McParticle*

+ eta(): Double_t + numberOfParticles(): UInt_t
+ momentum(): TLorentzVector + print methods ...

+ position(): TLorentzVector

+ setters...

+ getters...

+_print()

}

static McParticle* particle(Int_t i) { return
(McParticle*)mcArrays[McArrays::Particle]->UncheckedAt(i);

static McEvent* event() { return A\
(McEvent*)mcArrays[McArrays::Event]->UncheckedAt(0);
}

AN
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McDst class diagram [2]

BEEDY

&

McDstCut McDstQA McDstReader McRun
- pdgExclude: std::vector<int> - reader: McDstReader* minputFileName: TString + mProtMass: static Double_t
- etaCut: float[2] - ofile: TFile* mMcDst: McDst* + mNeutMass: static Double_t
- ptCut: float[2] - cut: McDstCut* - mMcRun: McRun* + mPionMass: static Double_t
+ excludePdg(pdg: int): void - nEvents: int - mChain: TChain* - fGenerator: TString
. * - . * - . i
+ setEta(lo: float, hi: float): void + himpactPar: TH1F mTree: TTree fComment: TString
+ setPt(lo: float, hi: float): void + hRefMult05: TH1F * - mEventCounter: Int_t - fDecayer: TString
+ isGoodParticle(v: const TLorentzVector &. pdg: int): bool + hNTracks: TH1F * - mMcArrays: TClonesArray*[McArrays::NAIIMcArrays] - fAProj: Short_t
+ hSph05: TH1F * - mStatusArrays: Char_t[McArrays::NAlIMcArrays] - fZProj: Short_t
+ hPx: TH1F * + meDst(): McDst* - fPProj: Float_t
. * .
+ hPy: TH1F + chain(): TChain* - fATarg: Short_t
. * )
+ hPz: TH1F + tree(): TTree* - fPTarg: Float_t
; * i
+ hPdg: TH1F + run(): McRun* - fBMin: Float_t
- * -
+ hMSarysP: TH2F + setStatus(branchNameRegex: const Char_t, enable: Int_t) - fBMﬁ’f' Float_t
+ setMcDstCut(ptr: McDstCut*) + Init() ) fBWe'gm' Bool_t
+ run(nev: int) + loadEntry(iEntry: Long64_t): Bool_t ) fPh!Mm‘ Float_t
+ Finish() - fPhiMax: Float_t

McPIDConverter

- fConversionTables: ConversionTableMap
- fginstance: static McPIDConverter*
+ EConvention: enum

- loadConversionTable(pidType: const EConvention&)

+ pdgCode(pid: const Int_t&, pidType: const EConvention&): Int_t

+ instance(): static McPIDConverter*

NUCLEUS-2022

- fXSection: Float_t
- fNEvents: UInt t

McDst

- mcArrays: static TClonesArray

+ set(array: TClonesArray™*)
+ unset()

+ event(): McEvent*

+ particle(): McParticle*

+ numberOfParticles(): UInt_t
+ print methods ...

+ sqrtS(): Double_t

+ nnSqrtS(): Double_t

+ projectileEnergy(): Double_t
+ targetEnergy(): Double_t

+ betaCM(): Double_t

+ gammaCM(): Double t

+ getters...

+ setters...

+ print(): void

Ekaterina Kuzina
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