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Introduction



QGP everywhere...?

Slide from Dennis Perepelitsa; Hard Probes Student Day, 30. 09. 2018 3 / 18



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, X.N. Wang, M. Gyulassy, Phys. Rev. D44, 3501 (1991).

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

• 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) 4 / 18



HIJING++ FAQ

HIJING++...

• ...is a framework, not a black box.
• ...is not a direct port of the old FORTRAN code.
• ...is a direct port of the old FORTRAN code after all
(regarding the physics).

• ...is not wrapper for Pythia8.
• ...is not published (yet).
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HIJING++ summary

FORTRAN HIJING→ HIJING++:

• Computational level:

• single precision→ double precision
• multihreading
• module management
• analysis interface

• Physics level:

• parameters of the wounded nucleon model tuned for:

• LHC energies
• Pythia8 tunes

• PDF distributions via LHAPDF6 (FORTRAN HIJING: GRV98)
• colour reconnection is included
• agreement with experimental pp/pA data is good, especially at mid-pT
• jet energy loss:

• collisional: OK
• radiative: under development
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Current status results



HIJING++ results

Pseudorapidity of charged
hadrons from RHIC to LHC
energies in pp collisions

• Agreement with
experimental data is
much better for
HIJING++ and for higher
energies compared to
FORTRAN HIJING

• PDF set: CT10nlo,
105 − 106 events
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HIJING++ results

pT spectra of identified and
charged hadrons from RHIC
to LHC energies in pp
collisions

• At higher energies, at
very low pT Hijing++
underestimates, while at
high pT overestimates

• Az mid-pT the
agreement is good

• PDF set: CT10nlo,
(10− 20)x106 events
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HIJING++ results

Nuclear modification factor
of charged hadrons at p-Pb

RpPb =
d2NpPb/dηdpT

⟨Nbin⟩d2Npp/dηdpT ,

⟨Nbin⟩ = 16.037

• with Hijing++ the
agreement is excellent
until ≈ 6 GeV

• PDF set: CT10nlo, HIJING
shadowing model, 104

(p-Pb) and 106 (pp)
events
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Jet energy loss



HIJING++ Jet energy loss

Radiative energy loss: opacity
expansion
(M. Gyulassy, P. Lévai, I. Vitev, Phys.Lett. B538 (2002) 282-288, Nucl.Phys. B594

(2001) 371-419)

Probability of radiating a collinear gluon:

p(L) = 1− e−
L

λg (1)

The energy loss:

∆E =
CRαS
N(E)

(Lµ)2

λg
log

( E
µ

)
, (2)

N(E) = 1
4+ 22

log E
(3)

Collisional energy loss
No gluon radiation, only elastic scattering
of the partons in the dense medium
Needs some tuning
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HIJING++ Jet energy loss

Pseudorapidity density at
different centralities

Peripheral: reasonable
agreement
Central: too few final state
hadrons
PDF set: nCTEQ15, HIJING
shadowing turned off
Problem: the implementation
of the collinearity, Pythia8
merge the partons that are
too close in the phase space
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Tech features



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 H i j i ng3 ;
4
5 i n t main ( i n t argc , char* argv [ ] )
6 {
7 H i j i ng h i j i n g ;
8 h i j i n g . readF i le ( ” t e s tSe t t i ngs . cmnd” ) ;
9
10 h i j i n g . i n i t ( ) ;
11 h i j i n g . newAnalysis ( ” root ” , ” EventEnd ” , ” pt_cpion ” ,
12 50 , 0 .0 , 20 .0 ) ;
13 h i j i n g . ana lys i sProper t ies ( ” pt_cpion ” , ” f i n a l ” , ”pT ” ,
14 ”yw−0.5to0 . 5 ” ,
15 ” ID211 ” , ” ID−211” ) ;
16 h i j i n g . s t a r t ( ) ;
17 }

testSettings.cmnd:

1 PDF : pSet = CT10nlo
2
3 H i j i ng : threads = 3
4 Beams : eCM = 8160
5 H i j i ng : DoShadowing = o f f
6 H i j i ng : makeLog = o f f
7 H i j i ng : fileName = PbPb_5020_GLVtest
8
9 Main : numberOfEvents = 50000
10 H i j i ng : idA = P
11 H i j i ng : aproj = 1
12 H i j i ng : zpro j = 1
13 H i j i ng : idB = A
14 H i j i ng : atarg = 208
15 H i j i ng : z ta rg = 82
16 ( . . . )

Highly customizable through run parameters stored in xml files
12 / 18



HIJING++ structure
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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 i n i t i on : GLV model vers ion 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 H i j i ng : Quenching = HijQuenching_GLV0
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HIJING++ built-in analysis

1 h i j i n g . newAnalysis ( ” root ” , ” EventEnd ” , ” mu l t i p l i c i t y _ roo t ” , 100 , 0 .0 , 100.0 , ” <dN_ { ch }/d#eta > ” , ” Prob ” ) ;
2
3 h i j i n g . newAnalysis ( ” a s c i i ” , ” EventEnd ” , ” eta_charged_asci i ” , 20 , −5.0, 5 . 0 ) ;
4
5 h i j i n g . newAnalysis ( ” root ” , ” raw” , ” EventEnd ” , ” raw data ” ) ;
6
7 auto myEventF i l ter = [& ] ( const Event &event ) {
8 return true ;
9 } ;
10
11 auto myHadronFilter = [& ] ( const Pa r t i c l e &par t i c le , const Event &event ) {
12 return pa r t i c l e . i s F i n a l ( ) && abs ( pa r t i c l e . id ( ) ) == 2 1 1 ;
13 } ;
14
15 h i j i n g . analysisBranches ( ” raw data ” , ” eta ” , ”pT” ) ;
16
17 h i j i n g . a n a l y s i s F i l t e r ( ” raw data ” , myEventFi l ter , myPart ic leAccept ) ;
18
19 h i j i n g . ana lys i sProper t ies ( ” mu l t i p l i c i t y _ roo t ” , ” charged ” , ” f i n a l ” , ” mu l t i p l i c i t y ” , ”nonorm” ,
20 ”yw−0.5to0 . 5 ” , ”png” ) ;
21
22 h i j i n g . ana lys i sProper t ies ( ” eta_charged_asci i ” , ” f i n a l ” , ” eta ” , ” charged ” ) ;
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HIJING++ performance tests

Wigner GPU Laboratory, Intel(R) Xeon Phi(TM) CPU 7250 (272 CPU threads)
1 event, 1 thread, Pythia 8.2: ∼200%
1 event, 1 thread, FORTRAN HIJING: ∼70%∗ 16 / 18



HIJING++ documentation (based on the xml files)
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Summary



Summary

• Brand new framework in C++
• Good agreement with pp/pA data, tuning for heavy-ion is under
progress

• Default jet energy loss with GLV+collisional model, under development
• CPU parallelization and analysis is included in the standard accessory
• Modules: room for any new model
• Only a little polishing is needed, release soon...

stay tuned!
Contacts:

biro.gabor@wigner.mta.hu
or

hijing@wigner.mta.hu

wigner.mta.hu/∼hijing (Soon!)
18 / 18



Thank you for your attention!
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HIJING++ multithreading



HIJING++ analysis example outputs



HIJING++ analysis example outputs
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