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Motivation for Hijing++

• Ideal: amount of simulated
data ≈ real data

• Number of events at LHC: O(108)/ s
• Necessary time to generate 1 s of
ALICE data: O(days)

• Challenge:
• high statistics
• event-by-event fluctuations
• modular and scalable
structure
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Hijing++ in details



History

• HIJING: Heavy-Ion Jet INteraction Generator
• Original FORTRAN version: M. Gyulassy, X-N. Wang, 1991
• HIJING 2.x FORTRAN X-N. Wang, W-T. Deng, 2010
• event generator based on pairwise nucleon-nucleon
interactions

• hard scattering (PYTHIA)
• elastic collisions
• soft scattering

• diffractive processes, string excitations (FRITIOF)
• soft gluon radiation (ARIADNE; Gunion-Bertch direct radiation)

• Lund hadronization (PYTHIA)

C++ based HIJING 3.x with parallel features: 2016-18
Modern, modular, parallel C++14 framework
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Program structure

7



Usage - basics

HIJING++

• Easy to use (C++14 compiler, cmake, LHAPDF6, Pythia8)
• Optional addons (ROOT, FastJet, ...)
• Implicitly parallel

1 # include ” H i j i n g . hpp”
2
3 using namespace H i j i n g3 ;
4
5 i n t main ( i n t argc , char * argv [ ] )
6 {
7
8 H i j i n g h i j i n g ;
9 i f ( argc == 1 )
10 h i j i n g . readF i l e ( ” t e s t Se t t i n g s . cmnd” ) ;
11 e lse
12 h i j i n g . readF i l e ( argv [ 1 ] ) ;
13
14 h i j i n g . i n i t ( ) ;
15 h i j i n g . s t a r t ( ) ;
16
17 }

testSettings.cmnd:

1 PDF : pSet = GRV98lo
2 ! PDF : pSet = CT14nnlo
3
4 H i j i n g : threads = 3
5 Beams : eCM = 8160
6 H i j i n g : Nuc lea rE f fec t s = on
7
8 Main : numberOfEvents = 50000
9 H i j i n g : idA = P
10 H i j i n g : aproj = 1
11 H i j i n g : zp ro j = 1
12 H i j i n g : idB = A
13 H i j i n g : a targ = 208
14 H i j i n g : z t a r g = 82
15 ( . . . )

All parameters in xml files, full compatibility with Pythia8
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Usage - HijAnalysis

1
2 h i j i n g . newAnalysis ( ” root ” , ” HardCo l l i s ion ” , ” pTdata_hard ” , 50 , 0 .0001 , 2 0 . 0 ) ;
3
4 h i j i n g . newAnalysis ( ” root ” , ” Sof tProcess ” , ” proj_pxpy ” , 100 , −15.0 , 1 5 . 0 ,
5 100 , −15.0 , 1 5 . 0 ,
6 ” p_ { x , Pro j } ” , ” p_ { y , P ro j } ” ) ;
7
8 h i j i n g . newAnalysis ( ” a s c i i ” , ” Sof tProcess ” , ” p ro j _pz_asc i i ” , 100 , −5000.0 , 1 5000 .0 ) ;
9
10 h i j i n g . newAnalysis ( ” root ” , ” raw ” , ” EventEnd ” , ” raw data ” ) ;
11
12 //////////////////////////////////////////////////////////////////
13
14 h i j i n g . ana l y s i sP roper t i e s ( ” pTdata_hard ” , ” pT ” , ” ID1 ” , ” ID2 ” ) ; // u and d quarks
15
16 h i j i n g . ana l y s i sP roper t i e s ( ” p ro j _pz_asc i i ” , ” f i n a l ” , ” pz ” ) ;
17
18

Define a new analysis:

newAnalysis(type, location, name, histogram details)

Define the properties of an existing analysis:

analysisProperties(name, property1, property2, ...)
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Usage - HijAnalysis

Default: simple ascii file
1 # Name : ptEnd_charged_asci i
2 # System : PP ( 1 , 1 ) at # sqr t { s_ {NN} } = 8160 GeV , N_ { ev } = 50000
3 # En t r i e s : 3968
4 # Ana lys i s proper t ies : charged f i n a l pT
5 # bincenter binwidth value s t a t . e r ro r
6 0 .4 0 . 1 1 . 3 9 5 1 7 . 5 7 2 6 e−08
7 1 . 2 0 . 1 0 .071687 3 .3406e−07
8 2 0 . 1 0 .015661 7 . 1 4 7 2 e−07
9 2 . 8 0 . 1 0 .0021052 1 . 9494e−06
10 3 . 6 0 . 1 0 .00072602 3 . 3 1 95 e−06
11 4 . 4 0 . 1 0 .00014937 7 . 3 1 8 3 e−06
12 5 . 2 0 . 1 9 . 4 148e−05 9 . 2 1 8 1 e−06
13 6 0 . 1 1 . 2 5 1 7 e−05 2 . 5 28 1 e−05
14 6 .8 0 . 1 3 . 4 22 e−05 1 . 5 2 9 e−05
15 7 . 6 0 . 1 1 .0082e−05 2 .8168e−05
16 . . .
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Usage - HijAnalysis

With ROOT support:
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Usage - HijAnalysis

With ROOT support:
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Usage - HijAnalysis

With ROOT support:
1
2 ==================================================================================
3 j id E px py pz m phi eta y theta
4 ==================================================================================
5 Event 9 :
6 −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
7 0 −2112 1 . 9 7 0 . 597 −0.482 1 . 5 5 0 .94 −0.679 1 . 4 5 1 . 06 0 .461
8 1 211 0 . 184 0 . 03 1 7 0 .0795 −0.083 0 . 1 4 1 . 1 9 −0.86 −0.487 2 . 3 4
9 2 −211 1 . 5 7 −1.4 0 .626 0 . 287 0 . 1 4 2 . 7 2 0 . 186 0 . 185 1 . 3 9
10 3 −13 1 . 4 −0.952 0 .692 0 . 749 0 . 106 2 . 5 1 0 .6 0 .598 1
11 4 14 1 . 5 1 −0.563 0 .469 1 . 3 2 0 2 . 4 5 1 . 3 5 1 . 3 5 0 .508
12 5 2112 3 . 3 5 −2.17 0 .607 2 . 2 9 0 .94 2 . 8 7 0 .895 0 .839 0 . 7 76
13 6 211 0 . 323 0 .0635 −0.172 0 . 226 0 . 1 4 −1.22 1 . 0 4 0.868 0 .682
14 . . .
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Usage - HijAnalysis

Complete user freedom with user analysis:
1 ofstream ou t f i l e ( ” myAnalysis . dat ” ) ;
2 auto myCode = [ ] ( unique_ptr <Hi jEvent >& h i j even t ) {
3
4 fo r ( i n t i =0 ; i < h i jevent−>event . s i z e ( ) ; i ++ )
5 {
6 i f ( h i jevent−>event [ i ] . i s F i n a l ( ) ) {
7 o u t f i l e << h i jevent−>event [ i ] . eta ( ) ;
8 // do something else
9 }
10 }
11 } ;

New analysis with user type:
1 h i j i n g . newAnalysis ( ” user ” , ” EventEnt ” , ” myAnalysis ” ,myCode ) ;

Or, attach to an existing analysis:
1 h i j i n g . analysisCustomCode (93001 ,myCode ) ;
2 h i j i n g . ana l y s i sP roper t i e s ( ” myAnalysis ” , ” CC#93001 ” ) ;
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Parallelism, performance benchmarks

Utilizing more CPU threads:
1 h i j i n g . readSt r ing ( ” H i j i n g : threads = 3 ” ) ;
2

Or in a settings.cmnd:
1 H i j i n g : threads = 3
2 ! 0 : get maximum number depending on hardware
3 ! de fau l t : 1

pp pA AA

15



Physics benchmarks

Identified hadron spectra measured in p+ p collisions (presented in SQM17)
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Physics benchmarks

Ratio of 13TeV/7TeV p+ p collisions (presented in SQM17)
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Physics benchmarks

Identified hadron spectra measured in p+ Pb collisions, with old Hijing shadowing
(presented in SQM17) 16



Physics benchmarks

Predictions for p+Pb Collisions at √sNN = 8.16 TeV; arXiv:1707.09973 (L. Albacete et al.)
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Predictions for the XeXe run



Identified hadron spectra

Note: the curves are scaled for better visibility.
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Rapidity distribution

18



Pseudorapidity distribution
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Jet quenching based on GLV opacity approach

Opacity: L/λ = (0.62± 0.09) · ⟨Npart⟩0.33±0.03

Figures are from EPJ C 49(1), 2007 (G.G.Barnaföldi
et al.) and

Phys.Rev. C81(024909) 2010 (W.A. Horowitz et al.)
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Nuclear modification factor in pT

Value of Ncoll is from arXiv:1710.07098 21



Nuclear modification factor in y

Value of Ncoll is from arXiv:1710.07098 22



Nuclear modification factor in η

Value of Ncoll is from arXiv:1710.07098 23



Summary



Summary, outlook

Work in progress: new features not covered in this talk

• New Q-dependent version of the HIJING shadowing parametrization -

• Gunion-Bertch direct soft radiation -

• Jet Quenching: several models -

Summary

• Porting from FORTRAN to C++: 3

• GRV98 PDF was included to LHAPDF6 for backward compatibility 3

• Testing physics: 3-

• Testing/optimizing CPU parallel performance: -

• OpenCL (GPU) support: 7

• Tsallis-motivated FF (see Á.T.’s talk on Wednesday): -

Thank you for your attention!
24
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