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Heavy-ion physics
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HIJING Monte Carlo event generator

H eavy

I on
J et
IN teraction

G enerator

Hé – yì – jīng
”Nuclear change theory”; Book of Changes, ”Originally
a divination manual in the Western Zhou period
(1000–750 BC)”

First, FORTRAN version: 1991, Miklós Gyulassy, Xin-Nian Wang
X.N. Wang, M. Gyulassy, Phys. Rev. D44, 3501 (1991).
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HIJING++ Monte Carlo event generator

• Pairwise nucleon interactions ((in)elastic scattering (Pythia), diffraction, gluon radiation, Lund
fragmentation...)

• Key importance for detector design and validation, testing new physics

• Up to date, the community still uses the (more-or-less) original FORTRAN code

• Challenge: software simulation of 600 million real collision in each second (HiLumiLHC:
multiple of this)

• Target audience: the whole heavy ion community (large collaborations and BSc students as
well)

• Gergely Gábor Barnaföldi, Gábor Papp, Péter Lévai, Szilveszter Harangozó, Miklós Gyulassy,
Xin-Nian Wang, Ben-Wei Zhang, Guoyang Ma
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HIJING++ Monte Carlo event generator

Solid C++ foundations

• User friendly usage (C++14 compiler, cmake, LHAPDF6, Pythia8)
• Many optional extension (ROOT, FastJet, Rivet)
• Easily parallelizable

main.cc:

1 # include ” H i j i ng . hpp”
2
3 using namespace Hi j ing3 ;
4
5 i n t main ( i n t argc , char * argv [ ] )
6 {
7 Hi j i ng h i j i n g ;
8 i f ( argc ==1 )
9 h i j i n g . readF i le ( ” t es tSe t t i ngs . cmnd” ) ;
10 else
11 h i j i n g . readF i le ( argv [ 1 ] ) ;
12
13 h i j i n g . i n i t ( ) ;
14 h i j i n g . s t a r t ( ) ;
15 }

testSettings.cmnd:

1 PDF : pSet = GRV98lo
2 ! PDF : pSet = nCTEQ15
3
4 Hi j i ng : threads = 3
5 Beams : eCM = 8160
6 Hi j i ng : Nuc learEf fects = on
7
8 Main : numberOfEvents = 50000
9 Hi j i ng : idA = P
10 Hi j i ng : aproj = 1
11 Hi j i ng : zpro j = 1
12 Hi j i ng : idB = A
13 Hi j i ng : atarg = 208
14 Hi j i ng : z targ = 82
15 ( . . . )

Highly customizable through run parameters stored in xml files
7



HIJING++ outline
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HIJING++ modularity

In the xml:
1 <word name= ” H i j i ng : Quenching ” defaul t = ” HijQuenching_GLV0 ” >
2 Select the j e t quenching de f in i t i on : GLV model version 0 .
3 </word>

Building the HijModules:
1 unique_ptr < IHijQuenching > ModuleFactory : : makeQuenching ( const s t r i ng &name) {
2 i f (name == ” HijQuenching_GLV0 ” )
3 return move(make_unique<HijQuenching_GLV0 > ( ) ) ;
4 i f (name == ” HijQuenching_GLV1 ” )
5 return move(make_unique<HijQuenching_GLV1 > ( ) ) ;
6 }

At user level, in testSettings.cmnd:
1 Hi j i ng : Quenching = HijQuenching_GLV0
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HIJING++ multithreading

10



HIJING++ multithreading

10



HIJING++ multithreading

10



HIJING++ multithreading

10



HIJING++ multithreading

10



HIJING++ multithreading

10



HIJING++ multithreading

10



HIJING++ built-in analysis

Analysis interface
1 h i j i n g . newAnalysis ( ” root ” , ” HardCo l l i s ion ” , ” pTdata_hard ” , 50 , 0 .0001 , 2 0 . 0 ) ;
2
3 h i j i n g . newAnalysis ( ” root ” , ” Sof tProcess ” , ” proj_pxpy ” , 100 , −15.0 , 1 5 . 0 , 100 , −15.0 , 1 5 . 0 , ” p_ { x , Pro j } ” , ” p_ { y , P ro j } ” ) ;
4
5 h i j i n g . newAnalysis ( ” a s c i i ” , ” Sof tProcess ” , ” p ro j _pz_asc i i ” , 100 , −5000.0 , 15000 .0 ) ;
6
7 h i j i n g . newAnalysis ( ” root ” , ” raw ” , ” EventEnd ” , ” raw data ” ) ;
8
9 auto myEventF i l te r = [& ] ( const Event &event ) {
10 return true ;
11 } ;
12
13 auto myHadronFilter = [& ] ( const P a r t i c l e &pa r t i c l e , const Event &event ) {
14 return pa r t i c l e . i s F i n a l ( ) && abs ( p a r t i c l e . id ( ) ) == 2 1 1 ;
15 } ;
16
17 h i j i n g . analys isBranches ( ” raw data ” , ”n” , ”b” , ” pT ” ) ;
18
19 h i j i n g . a n a l y s i s F i l t e r ( ” raw data ” , myEventF i l ter , myPart ic leAccept ) ;
20
21 h i j i n g . ana l y s i sP roper t i e s ( ” pTdata_hard ” , ” f i n a l ” , ” pT ” , ” ID1 ” , ” ID2 ” ) ;
22
23 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 ” ) ;
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HIJING++ speed tests
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HIJING++ documentation based on the xml files
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HIJING++ documentation based on the xml files
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HIJING++ physics benchmarks

Presented at the Quark Matter 2018 conference
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Thank you for your attention!

2 Quark Matter 2018 posters
First Results with HIJING++ on High-energy Heavy Ion Collisions, arXiv:1805.02635

Predictions for p+Pb Collisions at√sNN = 8.16 TeV: Nucl.Phys. A972 (2018) 18-85, arXiv:1707.09973
Strangeness in Quark Matter 2017 poster

First Results with HIJING++ in High-Energy Heavy-Ion Collisions: Nucl.Part.Phys.Proc. 289-290 (2017)
373-376, arXiv:1701.08496
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