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Outline

Motivation for HIJING++

Technical details of the HIJING++
— The structure of the program
- Simulation framework & new features

New physics & tests
- Code validation in proton-proton collisions
- Fine-tuning

Outlook...
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MOTIVATION
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A QUESTION
How long does an ‘event’ takes?
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Simulation vs. data taking

» |deal: amount of simulated data = real
data

- Number of events at LHC: ¢(10%)/ s
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Simulation vs. data taking

» |deal: amount of simulated data = real
data

> Number of events at LHC: ¢(10%)/ s

> Necessary time for Monte Carlo with
ALICE geometry: 3.8 ms/track
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Simulation vs. data taking

—

» |ldeal: amount of simulated data = real
data

- Number of events at LHC: ¢(10%)/ s

> Necessary time for Monte Carlo with
ALICE geometry: 3.8 ms/track

» Necessary time to simulate 1 s of ALICE
data: &(days)
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HIl data from the Large Hadron Collider

 LHC upgrades & theories required more and faster HI simulations

LHC / HL-LHC Plan e
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HIJING + +

(C++ based HIJING version 3.1 with parallel opportunities)
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The HIJING++

HIJING(Heavy-lon Jet INteraction Generator)
4%

|\I

2%
91‘/&1&?%

-.\\ Bagua (eight simbols)

l .ﬁ ﬁ.{ fundamental principles of reality

adjoint representation 8 of SU(3)
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The HIJING++

HIJING(Heavy-lon Jet INteraction Generator)

Bagua (eight simbols)

fundamental principles of reality

adjoint representation 8 of SU(3)

Il solenoid magnet (surrounds) [l TOF

B TS (small ring, centre) I pecAL
TPC (“spoked wheel”) B EMCAL
TRD (“stripes”) B HMPID

G.G. Barnafoldi: HpT4LHC, Knoxville 2019

15



The 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).
e ...Is hot wrapper for Pythia8.

e ...Is not published (yet).
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Program Flow - In general

=)= @

¥

Pair-by-pair nucleon-nucleon events

Ojet
Multiple soft gluon exchanges
between valence- and di-quarks [ \
PYTHIA Elastic

String hadronization according , \
to Lund fragmentation scheme

| Soft m=p ARIADNE,
String Fragmentation
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Pythia8 namespace

containers

Structure similarities

Actual program flow is
more complicated

New: HijManager

Program Structure — HIJING 3.1

User Code (Main Program)

HijAnalysis

HijCore

HijManager

HijWorker

HijModules

HijPhysics

HijNucleon
HijSoft
HijNuclearEffect
HijFragmentation
HijHard

A A
Pythia ‘
|
HijInfo Event process HijEvent
I Py t i
ProcessLevel PartonLevel HadronLevel
ProcessContainer TimeShower StringFragmentation
PhaseSpace SpaceShower MiniStringFrag...
LHAinit, LHAevnt MultipleInteractions ParticleDecays
ResonanceDecays BeamRemnants BoseEinstein
A A A
1 1
BeamParticle SigmaProcess, SigmaTotal
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Program Structure

Hijing class

* Processes ordered in class hierarchy

namespace Pythia8 {

class Hijing {

public: * Former common blocks _, class variables
Info info;
Rndm rndm; * Processes called through object functions
Settings settings;

private: //  Class for handling the hard collisions
HardCollision hijhard; //  Class for handling the soft interactions

SoftScatter hijsoft; . . )
//  Class for handling the Lund string fragmentation

Fragmentation fragmentation;

//  Class for the nuclear effects
NucleonlLevel nucleonlevel;
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The 'main’ example

Usual form kept for regular users Form also similar to Pythia 8.x

FORTRAN C++

#include "Hijing.h"
PROGRAM TEST

PARM(1) = 'DEFAULT' using namespace Pythia8;

VALUE(1) = 86060

CALL PDFSET(PARM, VALUE) int main() {

CALL GetDesc() Hijing hijing("../xmldoc", true);
hijing.readString("PDF:pSet = LHAPDF&:GRV981o");

CALL HIJSET(EFRM, FRAME, PROJ, TARG, IAP, IZP, IAT, IZT) bool okay = hijing.init(200.0, frame
- " - ¥ ¥

"AY, "A™, 197, 79, 197, 79);

N _EVENT=1EG .
if (l!okay) return 1;

DO 280 IE = 1, N_EVENT
CALL HIJING(FRAME, BMIN, BMAX)

200 CONTINUE int MaxEvent = 1le6;

for (int iEvent = @; iEvent < MaxEvent; ++iEvent)
STOP hijing.next(frame, 8.8, 0.0);
END 1
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Program Features

* Calculation by improved models

* Pythia like prompt Histogram creation

const std::size t num_threads = std::thread::hardware concurrency();

L CPU Ievel Para”el Comput|ng for (std::size t 1 = Qu; 1 < num_threads; ++1){

async_hijing.at(1i) = std::unique_ptr<Hijing>(new Hijing);
¥

for (std::size t I = 8; I < num_threads; ++I){

...async run...
e ++ okay[I] = async_hijing[I]->init(...);
for (int iEvent = ©; iEvent < numEvent; ++iEvent)
STANDARD async_hijing[I]->next(...);
TEMPLATE for (int 1 = 8; 1 < async_hijing[I]-»event.size(); ++1)
if(...) hist[I]->fi11(...);

LIBRARY }
* MCNet2: RIVET, YODA compatibility
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Dependencies & External packages

Boost

LHAPDF 6

Pythia 8

GSL (optional)

sudo apt-get install libboost-all-dev boos t

LI rRARI ES

Jconfigure -prefix=¢HOME/.../share/LHAPDF

make all

insert downloaded PDF library to $HOME/.../share/LHAPDF
optionally modify pdfsets.index, add set if needed

export LD LIBRARY PATH=<library path>

/configure --with-lhapdfé-lib=¢HOME/.../lib \
--with-boost-lib=/usr/lib/x86_64-linux-gnu
make -j4

HIJING make option

G.G. Barnafoldi: HpT4LHC, Knoxville 2019
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HIJING vs. HIJING++

FORTRANHIJING HIJING++:

Precision

Pythia version

PDF

Colour reconnection
Jet quenching
Multithreading
Analysis interface

Module management - **

single double
5.3* 8.2+
GRVa8lo LHAPDF6.2+
X v
(v) (v)
X v
X R
X v

*Was modified and hardwired into HIJING

**Default tune for HIJING++ is Monash, for that re-tuning of the parameters is needed

***Includes: simple ascii, ROOT and HepMC2 (Rivet)

****In Backup

G.G. Barnafoldi: HpT4LHC, Knoxville 2019
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Performance tests with HIJING++

G.G. Barnafoldi: HpT4LHC, Knoxville 2019
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Fast computing = parallel computing

e Moore's law:

Every 2nd year the number of
transistors (integrated circuits)
are doubled in computing
hardwares.

e Amdalh's law:

The theoretical speedup is given by
the portion of parallelizable program,
20 P, & number of processors, N, Is:
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Fast computing = parallel computing

 Moore's law: mn

Every 2nd year the number of Deciaasing
. . . . 10° performance?
transistors (integrated circuits) S
are  doubled in computing . .
hardwares. e mpcs o
10°: = :
° Amdalh's |aW 1575 1980 1985 1990 1995 2000 2005 2010 2015

Amdahl’s Law

The theoretical speedup is given by 2000
the portion of parallelizable program, o

Parallel Portion

16.00 1 — 50%
P, & number of processors, N, is: 1400 —§§§
12.00 - o
— 1 ;3’:10.00 —
Speedup(N) (1_P)+§ Eeal |l
4.00 +
Serial part of job = Parallel part is divided 200 1
1 (100%) - Parallel part up by N workers o

MMMMMMMMMM
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Multi-thread features

What is in the DO LOOP?

!F!_
procesing|
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Multi-thread features

What is ongoing in a
“mass” production of
using MC in data analysis?

G.G. Barnafoldi: HpT4LHC, Knoxville 2019

39



Multi-thread features

What is ongoing in a
“mass” production of
using MC in data analysis?
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Multi-thread features
MCevent —»- Loop through particles—»- . —a- Ask or new event

What is ongoing in a
“mass” production of
using MC in data analysis?

G.G. Barnafoldi: HpT4LHC, Knoxville 2019
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Multi-thread features

il

Multi-threading is not
just running the same
code multiple....

Input ¢
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Multi-thread features

What is ongoing in a
“mass” production of
using MC in data analys

Input F

4

Illll

A

Pool of events
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Multi-thread features

How much does a pp/pA/AA collision event cost in time?

1]

ms/event

5020 GeV, pp

T —

ms/event

| S020GeV. pA |

800 {-----

600 1

event

w400

ms,

T 5020 Gev, AA [T

200
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Multi-thread features

How much does a pp/pA/AA collision event cost in time?

pp, @ =0.058, max. speedup= 16.9
101 pa, @=0.041, max. speedup = 23.8
5 i i —— AA a=0067, max. spesdup= 147

pp: 17X

"
i o
i hJ
] =]
H m
i =
i =]
! I=
Speedup

o i i
5020 GeV, AM 1 i ] ; Amdahl's law:
i i i Rz
| s g Tl -
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Performance tests: runtime

* Runtime newvs.old  _ ¢
Single core run & 1 event: E &
o 10
- Old HIJING pp is faster, than £
PYTHIAS, but less physics = 40
10°
102
10
1
107"

L HIIING V2B, [y
= HIJING v2554, pA

| HIJINGLV2558, AR ...t eseseseeseses e
= Pythia v8.266

1 event (w/ init.)
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Performance tests: runtime

* Runtime new vs. old

Single core run & 1 event:

— Old HIJING pp is faster, than
PYTHIAS, but less physics

— HIJING++ pp is slower, than
PYTHIAS: this is the effect of
minijets + nuclear effects

— Init: is longer for HIJING++

1 06 =HIJING v2554; pp"HIJIN

—HIJING v2554, pA  HIJIN

| HIJING V2554, AA.... HIJIN

10°E
0 = Pythia v8.266

Time [ms]

G++, pp"HIJING++, MT (100 thread) pp =
G++, pA E
G+, AA... . HWING:++, MT.(100 thread) AA_

107"

1 event (w/ init.)
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Performance tests: runtime

* Runtime new vs. old

Single core run & 1 event:

— Old HIJING pp is faster, than
PYTHIAS, but less physics

— HIJING++ pp is slower, than
PYTHIAS: this is the effect of
minijets + nuclear effects

— Init: is longer for HIJING++

Multi- event & multi-core run:

10°

10°

Time [ms]

107"

=HIJING v2554, pp " HRING+, pp "HIJINGEE, MT (100 thread) pp =
EHIJING v2554, pA  HIJING++, pA s
__HIWJING.v2554, AA . HWMING++, AA . HWING++, MT. (100 thread) AA_
= Pythia v8.266 3

1 event (w/ init.) Avg. event length (w/o init.)

G.G. Barnafoldi: HpT4LHC, Knoxville 2019

48



Performance tests: runtime

* Runtime new vs. old

Single core run & 1 event:

— Old HIJING pp is faster, than
PYTHIAS, but less physics

— HIJING++ pp is slower, than
PYTHIAS: this is the effect of
minijets + nuclear effects

— Init: is longer for HIJING++

Multi- event & multi-core run:

— Due to the MPI support several
times faster

— Better performance in HIC than
in small systems (100 evts)

Time [ms]

10°

10°

107"

=HIJING v2554, pp"HIRINGE+, pp HIJINGEE, MT (100 thread) pp =

“HIJING v2554, pA  HIJING++, pA

;HIJ.ING...’1.!255.4.,..AA........HlJ.lNGi-..—A-.,..AA.......HIJIN.G.-lr:I-.,.M.T..(.].O.D...t.hr.e.ad}..A
= Pythia v8.266

1 event (w/ init.)

Avg. event length (w/o init.)
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Physics tests with HIJING++

G.G. Barnafoldi: HpT4LHC, Knoxville 2019
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Physics tests: global observables in pp

9 1 1 1 rrriri 1 1 1 N 1rrri 1 1 1 I rriri 1 1 _
L. - E e INEL - st i~ IINEL:-O oc 114 e Ef,'l?:g‘ st -
* Total ch. multiplicity 5 sf mios ¢ el 3 o =
s F @ ISR o CDF 3
- All pp data in a wide center of & 7 © HONGS H""“‘T} 3
mass energy range 10 GeVto ~ E * -
13 TeV 6 —
5 =
—  HIJING++ ch. multiplicity trend E_ =
IS similar than the data - .
3 —
2 3
1 =
: 1 1 L1 1 111 I 1 1 L1 1 11 II | | L1 1 111 I 1 1 :
0 10° 10° 10°
/s (GeV)
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Physics tests: global observables in pp

1 — T T ] T | T 1
Y8=200 GeV 8=900 GeV {8=2760 GeV  (8=7000 GeV  {s=B000 GeV  {s=13000 GeV (IHEL:O):
pp @ PHOBOS W ALICE M ALICE [ ALICE [ ALICE @ ALICE

“ Hijings++  “E Hijings+ 4B Hiings+ 5 Hijings+ Hiing++ - Hijing++

T

* (Pseudo) rapidity
— pp data 200 GeV - 13 TeV .
— In this set PHOBOS & ALICE

dN/dn

— Perfect agreement up to 5-10% S
in wide pseudo-rapidity range.

Tt rrrylrnol rrrrypriri
I I RRERY I

|
%

— e @ |0
s e el
v - -
_|_I [ | [ | [ I I I [ | I [ [ | [ | [ | I [
o 12 1 I I LI E—— 4=
11— — —_— —— e e E— — — — — ':l—I—ﬂ'
% 1 —r"a-"r-r--t g8 8- -F--B-F F F -5 08 %-..E
5 09 —— — 1 1 = | * [ — —
o 08k, ., . . 1 M I T IS S S =1
-3 - -1 0 1 2 3
mn
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Physics tests: global observables in pp

o(P

. . . | | 1 I 1 1 1 I 1 1 1 I | | | I 1 1 1 I 1 1 1 ]
Sele()) rap|d|ty 5 6 C_ (=200 GeV (=7000 GeV _
> N e Pythia 8.235 & Pythla 8.235 .
pp data 200 GeV vs. 7 TeV © n B Hijing++ * Hijing++ ]
5 }— iiﬂ}ﬂ}ﬂ}q}@{b ﬁi{bﬂ} d}iﬂ,q} —
PYTHIA 8.235 (Monash) vs. . Qiii *‘}igiwﬁgf* uﬁiﬁﬂ ]
HIJING++ C 2 ze .
4 }— *% —
- &Y e T
Change in the trends 3 —
B e oDDo =
@ 200GeV HIJING++ > PYTHIA - ST e eesseens  aprsoeelta .
2~ a=5e®” Seolm ]
@ 7TeV  PYTHIA > HIJING++ : e O .
B O @ O =
- o @ -
At 200 GeV curves are less paralle 1 oe® “ogm
. . T B @ @ n
especially around mid-rapidity. - ° A
B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
06 -4 -2 0 2 4 6

p. [GeV]
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Physics tests: global observables in pp

_I Ll I LI I L L L I L L L I L L L I LI L I L L L I 1 I_
A u {3=900 GeV {3=2760 GeV {3=T000 GeV 3
(PseUdO) rapldlty __'-5 6.5 :_ W | ALICE data I ALICE dets I | ALICE data _:
% - % | HWING 2.553 4 HWING 2.553 % | HUING 2.553 -
- pp data 900 GeV vs. 7 TeV °E ""“3.,“’“' o inee © Hiknge+ E
— e + 7
= HIJING 2.553 vs. HIJING++ 5.5 ;- —;
sE- =
- Change in the trends asf | =
@ 900GeV HIJING++ = HIJING BT E
@ 7TeV  HIING > HIJING- is 3 E
- Differences are stronger at high § g
energies and higher pseudorapi *E —
2.5 — —
:I 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 1 I:

273 2 ] 0 T 2 3

n
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Physics tests: global observables in pp

* Charged hadron spectra

— pp data 900 GeV - 13 TeV
In this set ALICE data

— Perfect agreement up to 50% in
wide transverse momentum and
center of mass energy range.

10 sag,
oE PP, M|<0.8
T 10° =
5 10°
e 3
b 102
T 10
l—
Q. 10 {s=13000 GeV, INEL>0 (x1ed)
cté; 1 I | ALICE
N 1
1_1 0_2 {s=8000 GeV, (x1e3)
g 0 O | ALICE
;___1 0_3 {8=7000 GeV, (x1e2)
| 0—4 O | ALICE

-5
1 0 {8=2760 GeV, (x1e1)
10—5 ~ B ] ALICE
o E 55 Hiinges
10 {5=900 GeV
10—3 [ B | ALICE
g F s Hiinges
10 1 1 1 1 111 I
2 T
1.51

0.5
0
10" 1 10

Data/MC
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Physics tests: global observables in pA

10 LRI LI BRI AL I ILULELE LELEL I I R
* Charged hadron spectra ; " e

I--' 0—1

_g = W p-Pb-s b, NSD, f|<0.3

T 107 SE pEn Ao asas
— pp & pA data dAu at 200 GeV > 10: T oo e
and pPb 5.02 TeV o o W, T NS,
Q o ; Tu Tm S :pP:: th:fn mlug.? s
) 5 = s,
- In this set STAR & ALICE data g‘f:gs 5
107 -
10°
— Perfect agreement up to 50% in 10;:
) "
wide transverse momentum and 1?,-11
center of mass energy range. 107
[— 12 " U o [, | s ;I; ] —]
L e R W L
8 0iC | = ¥ A P e
o 06k= ; ‘ 5 . : 1 3
p, [GeV]
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Physics tests: global observables in pA

T K4
0 # —— K*(x1e-)

y

—p 1 % p(p) (x1e-2)

- ppdata at 200 GeV and 2.76 TeV  $ ,y- 2

PP, ly|<0.5, Ys=200 GeV 7 pp. [1|<0.8, {5=2.76 TeV

- Inthis set STAR & ALICE data

— Perfect agreement up to 50% in
wide transverse momentum and
center of mass energy range.

— High-pT proton production has to
be improved.

» |dentified hadron spectra _ ®F R R e }

Data/MC
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Physics tests: global observables in pA

* Nuclear Modification

d? NpPDKdnde
Npjn ) @2 Npp /drdpy

Rpr — (

3 [ T T T I T T T I T T T I T T T I T T T I ] 1-8_. Ll L] I Ll L} L] I T L] Ll I L] Ll Ll I L] Ll L} I L} L} Ll I L} L] L] I L] L] Ll I L] Ll L] 1 Ll Ll I_
- - STAR Hijing++ _ :._ - p-Pb, i_f.’f" snzo GeV— h*, n|<0.3 -
Q-|- - ® I m ~3 1.6— m | ALKC —
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2 VL _ o N ]
e |— — - —
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What Is the next 7?77
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Test & tunes within RIVET framework

Predictions for ALICE pp collisions at LHC energies

dNidn

3.5

MC/Data
=
m=n =™
[ N {1y O

Pseudorapidity 1/(s) = 0.9 TeV, INEL > 0

B —4— ALICE T
B —— Hijing++ i
B —+— Pythia8 |
i L N =cns
! A -
C 11 Ly v v b e e ]
E_| LA I N B B B B |_E
— ——
E_I oo by v v b |_E
1 -0.5 0 05 1

|

Pseuda

rapidity 1/(s) = 2.36 TeV, INEL = 0

dNidn

#‘F

T T 1
—4— ALICE
—t+— Hijing++

—— Pythia8
|

_

l

4.5

u
+

MC/Data
o2 =
IIII|IIII|IIII III|IIII|IIII T T T T | T T T

w—e o™
(RO R — (7
.
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MC/Data

—_ s

Eg—;g (ub/(GeVvZ2c®))

=
Fe.

Test & tunes within RIVET framework

0 O O O O O
L " ™ —SE & 5 B - )

— c::lI
[4,] [~]

T

=)
on

J,:0

invariant cross section at /s = 7 TeV

||\\||||\‘||||‘\||||\||
—+ ALICE
—— Hijing++
— Pythia8
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Test & tunes within RIVET framework

n/=° ratio at v/s = 2.76 TeV n/n ratio at /s = 7 TeV

L | L | L | L | T T 1 L T T 1
— —4— ALICE —
- —f— Hijing++ .
- —— Pythia8 .

n/nV

£ 0.75
= 07
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2

—+— ALICE
—t— Hijing++

=11

1.5

ot C
o :I;‘

E -

Q 1 | —__
=

1.5

111 |||||rrr—r

i
i

i

111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | L1 05 | L1 1 | L1 1 | L1 1
4 6 8 10 12 14 16 18 20 2 4 6 12
p, (GeVic) p, (GeVic)

LI itn | ] I_IﬁII|IIII||||ll|_LLLL|_LLllI||||I|IIII|IIII|IIII|IIII|IIII|IIII|

MC/Data

*

e

0.5

I
F

o
o
.

m_

G.G. Barnafoldi: HpT4LHC, Knoxville 2019



Summary

 HIJING++
- Coding from FORTRAN — C++ has been done

- One more step HijCore & HijManager were introduced
- Performance (parallel) tests are ongoing and promising
* First PHYSICS

- Physics tests has been started
- Comparison to data is ongoing: RIVET & YODA support is available

— Tunes are running using PROFESSOR
- Documentation, documentation, documentation....

 Next
- Step-by-step reconsidering of nuclear effect (shadowing with Q2z, jet quenching)
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Stay tuned... (web page Is ready

Hijing++ RC 3.0-1

A Heavy lon Jet INteraction Generator, e+ version

Home  Installation  Downloads = Documentation  Classes = Files = List of example mains

installaNon
Introduction

These are the setup instructions

Prerequisites

. I;Iit

+ cmake (min. v3.2)

v LHAPDF® (w5.2.0 or newer)

PythiaB (vB21% or newer)

* c++ compiler with c++14 support (goc 5 or later)

LHAPDF&

wiet http:/fwew hepforge. orgfarchive/hapdf/LHAPDF-6.X.¥ _tar. gz
tar -xvf LHAPDF-6.X.¥. Tar_ gz

cd LHAPDF-6.X.Y

Sfconfigure --prefic= where/to/install

nake - N

sudo make install

Install {nuclear) pdf sets
The pdf aet GRY 3o 8 included in the downloaded package 11 is manly used dunng the development, since it s an unvalbdated, “unoficial” set, However, f you wisil

1. copy the GEVSEID falder (you can Teund Ninaisc) into /path/ta/instal L/LHAPDFE/ share /L HAPDF
2 insert inta the file pd T sets . index at the camrect line numbser (e between BDO0D and 801717 the following: B00G0 GRVIRM T

sed - 300000 METAVTILHCY 2/a 30060 GRVIE: 1 fpath/tofinstall/LHAPDF &/ share/LHAPDF /pdfsets.index

Il you wish to use other npdf sets, visit and repeat the first step.

Pythia8

Download and install the latest version from the official webpage:

=
&
L =9
e
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Documenta

Home
Gabor Biré o

Welcome to HijWiki!

For install, visit the install ir

For the tunable parameters, go to the

Example mains:

. short description
LI short description
o short description
* short description
. short description

About

UpdateHistory

Bibliography

Version 3.1.1 last updated on 2018.03.1

2

tion Is ongoing...

Hijing++ v3.1.X

The following environm

ent variables need to

Home
Gabor Biro

Welcome to HijWiki!
For install, visit the instal
For the tunable parameters, go to the X pa

Example mains

o short d

o | short description
LI short description
- m t: short desc

*n short description
About

UpdateHistory

Bibliography

Version 3.1.1 last updated on 2018.03.12

G.G. Barnafoldi: HpT4LHC, Knoxville 2019

Index of tunable parameters

Hi ing
HijModules
Threads
BeamRemnants

Glossary

Parameters

parm Hijing:MininvMassExStr (Default: 1.5, Min: 0.0, Max: 1000000.0)

Minmum value for the invariant mass of the excited sting system in a hadron-hadron mie

parm Hijing:invMassCut (Default: 3.0, Min: 0.0, Max: 1000000.0)

Inverant mass cut-off for the dipole radistion of & strin

parm Hijing:HardCut (Default: 0.0, Min: 0.0, Max: 1000000.0)

Minimum pt transfer of hard or semihard scatterings. was HIPR1(8) befor.

parm Hijing:TriggerPT (Default: -2.25, Min: -10000.0, Max: 100000.0)

per event If HIDRA(

parm Hijing:MinJetPT (Default: 2.0, Min: 0.0, Max: 10000.0)

mum p_T of a jet which will interact with excited nuciear matter. When the p_T of 2 jet

70



BACKUP
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First calculations: pp & pPb

HIJING++ pPb comparison (y=0)
— Test: hadron spectra az 5.02 & 8 TeV

T

p, dp_dy

— HIJING++ to Theory (kTpQCD, AMPT)
* PYTHIA8 on pp
* AMPT pPb

1/N,, d°N/2r

G.G. Barnafoldi: HpT4LHC, Knoxville 2019

104 10 ;gl:q@ """"""""""""""""""""""""""" 3 \,E=31 60 GeV, |T|I‘C05
) 2 ¢ Hijing++, pPb— h~
3 1 B9 - -
10 £ g i+ Hijing++, pp—h
102 107 5% . T % Pythia8, pp— h
0 102k RTS8 o 1 4 pPOAWPT
10 102 ER IR ~
. ok 5 4 E'ﬁl " {s=5020 GeV, [n|<0.5
1 @. 10 i, 1....|....|f.|‘?‘a‘i & Hijing++, pPb— h~
10_1. g@@f . 0 05 115 2 25 3 35 4 45 ¢| Hijing++,pp—>h:
9 o 4 Pythia8, pp— h™
10—2 ﬁ@mgg E ]
3 o e
~ S
10° gam@ 99§ .
£ @Q 99.
10_4 2}',& QE ggg.géi -
s N EQEQ 99“3%%%3-..
10° fag, TeHgRa, PUb8g .
Bgige #‘“"'“""EEE;EE. _ '8999@;@@0-@. o
107 &ﬂ*‘gﬁ_@ +"’°‘:g-g:igﬁﬂmﬂ:ﬂ #90.0839
Wpmgn, T e BE DBy
10—8 ol b v b b g |ﬁﬁ-fif%fﬁﬁfﬁfiﬁﬁiﬁ:ig?ﬁf?:ir.-..| T
0 2 4 6 8 10 12 14 16 18 20
P, (GeV/c)
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First calculations: pp & pPb

HIJING++ pPb comparison (y=0)
— Test: hadron spectra az 5.02 & 8 TeV

— HIJING++ to Theory (kTpQCD, AMPT)
* PYTHIA8 on pp
* AMPT pPb
* kTpQCD_v21 with HIJING & EPS09

- HIJING++ to LHC data:

1N,, &°N/2n p_d

kTpQCD v2.1, 7=, s=5020 GeV, [n|<0.5

-
: ¢ HIWING-SH, ¢ =0.35, :K’r>=2.5 GeVZ/c? .
S sat-2 2 2,2 =
S  EPS09,c, =0.35, <k’>=2.5 GeVic E
S %}é-i‘ff . 4 pPb nucl_off reference, <k®>=2.5 GeV?/c? =
107 5 4?%‘: ., 4 pp reference, <k:>=2.5 GeV?/c? E
— LaE -
= 4B =
10°% % 886@ . Hijing++, 5=5.02 TeV -
= 11}\':-_. el . 3
0 el =
10° =
S0 EES  fT O g -
~107 3 ALICE, {5=5.02 TeV o :
107 14 6PLh*(N§D. Inl<0.3) T
= Eur.Phys.J. C74 (2014) 3054
L 3
10°® 10 pPb—s x* (NSD, -0.5<11<0.0) é
= pp— 1 (INEL, [|<0.8)
= Phys.Lett. B760 (2016) 720-735
9
we L L
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First predictions: pp & pPb

HIJING++ pp & pPb comparison

B e ] AR o o
by R. Vogt: NPA 972 (2018) 18 S R il
— Prediction: hadron spectra 8 TeV § ) :}a:
- HIJING++ to Theory at 8 TeV E J &%‘T%LL E
* PYTHIAS on pp .; | ‘ plﬁ?m ’ | " m"' e "
* EPS09NLO Ap} e e .
* AMPT on pPb I - 15
* KTpQCD_v21 on pp & pPb 'f;r 2:
- Results: v o
- Differences at pp level T aem .t

* Similar spectra in pP®G. Bamafoldi: HPT4LHC, Knoxville 2019 74



First predictions: pp & pPb

HIJING++ pp & pPb comparison

o ol mcos wer
by R. Vogt NPA 972 (2018) 18 - Oy
— Prediction: hadron spectra 8 TeV f;:ﬁi _ :}a:
- HIJING++ to Theory at 8 TeV T i
» PYTHIAS on pp T AR M
+ EPSO9NLO Y e
* AMPT on pPb L £
* kTpQCD_v21 on pp & pPb ghr g:
- Results: j:: :j'_:
* Major differences for K & p H = N
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First predictions: pp & pPb

HIJING++ pp & pPb comparison 4 e
by R. Vogt NPA 972 (2018) 18 | (b) center—of-mass frame
— Prediction: rapidity distribution 8 TeV _ HH?

- HIJING++ to Theory at 8 TeV ol ﬂ%{{ﬁ

* PYTHIA8 on pp

16 [— + e, o —

dN,,./dn

& peac M
° +* -
rcBK 10— _i'“" rcBE ”1+ i
* bCGC ¥ ¢ HUING++ ‘"
o+ © pp HUING++ *F+
- Results: 51— *  pp PYTHIAB * ]
= AT - - 1I'h'-l-:
* Major deviance for PYTHIAS at saot ﬁfi‘%%‘ﬂfiu.f.;ﬂ]”ful-ﬁ“?-ﬂ'rﬁlﬁﬂ.r,.i
midrapidity is coming from minijets e — 2 0 2 4 §
ﬂnm
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First predictions: pp & pPb

HIJING++ pp & pPb comparison

e g = ¥ 2 L

by R. Vogt NPA 972 (2018) 18 = %g i A
- Prediction: IN, 1 Jdudon T R R R S
o alPT) = TR dN dud7pr “e oo oo mesoe :
— HIJING++ to Theory at 8 TeV L e S A
* KTpQCD v21 with EPS09 & HIJING L IR
* EPSO9NLO
— Results:

* Better agreement with EPS09

* No relevant difference between T, K, p
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First predictions: pPb —» heavy hadrons

HIJING++ pPb rapidity dependence 14Le o 0 e :
— : . Q- o0 ® % 6 0@ -

- Prediction at various rapidity: e T T E
© F *goo#%8co ]

B oy — __Npa /dydpr - - At -

AT = { Nbin )dNpp [dyd®pr 0.8 & .

- | = s :

- | =% ]

0.6— i g o —

WIS - ng - I

- Results: B Jem ww 5,
. 0.2 f ]

* To the y>0 similar trends B ﬁ&

0 | | | | PRI B I AR -

b
&
A
b
\+]
B
o

* On the y<0 yields increase with mass

~
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