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PYTHIA 8

Welcome to PYTHIA - The Lund Monte Carlo!

PYTHIA 8 is the successor to PYTHIA 6, rewritten from scratch in C++. At the release of the first public version, 8.100, it was untried and
also still missed a few relevant features. This has changed over the years since then, and the release of 8.200 marks the end of a
transition period. PYTHIA 8.2 has a significantly extended physics scope, notably for LHC physics, relative to what PYTHIA 6.4 could
offer. There are only a few areas left, such as yy physics, where 6.4 still has a role to fill.

Documentation

On these webpages you will find the up-to-date manual for PYTHIA 8.2. Use the left-hand index to navigate this documentation of
program elements, especially of all possible program settings. All parameters are provided with sensible default values, however, so you
need only change those of relevance to your particular study, such as choice of beams, processes and phase space cuts. The pages
also contain a fairly extensive survey of all methods available to the user, e.g. to study the produced events. What is lacking on these
webpages is an overview, on the one hand, and an in-depth physics description, on the other.

The overview can be found in the attached PDF file

An Introduction to PYTHIA 8.2

T. Sjéstrand et al, arXiv:1410.3012 [hep-ph].

You are strongly recommended to read this summary when you start out to learn how to use PYTHIA 8.2.

For the physics description we refer to the complete

PYTHIA 6.4 Physics and Manual

T. Sjéstrand, S. Mrenna and P. Skands, JHEPO0S (2006) 026,

which in detail describes the physics (largely) implemented also in PYTHIA 8, and also provides a more extensive bibliography than
found here. When you use PYTHIA 8.2, you should therefore cite both.

bl A

http://home.thep.lu.se/~torbjorn/pythia8 | html/VWelcome.html
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Pythia8 | X Kurulumu

wget http://home.thep.lu.se/~torbjorn/pythia8/pythia8|75.tgz
tar xvfz pythia8175.tgz

cd pythia8175

J/configure --enable-shared true
make

pwd

export PYTHIA8=..../pythia8175
export PYTHIA8DATA=%$PY THIA8/xmldoc
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Calisma 1

gHiggs bozonu dallanma
oranlarinin Higgs
bozonu kutlesi ile

degiSiminin cizdirilmesi.
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Higgs Bozonu Uretimi

102 T T T T T T FI T T T T T | T T T | T T T Eﬁ
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IGGS XS WG 20

Gluon fusion

R = qqH

(NNLO qcp +NLO Ew) i
0 s —
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M, [GeV]

W/Z+H production HiggsSM:gg2H (gg fuzyon)

q W,Z
>V%‘< HiggsSM:ff2Hff(t:ZZ) (ZZ fiizyon)

- Ho HiggsSM:ff2Hff(t:WW) (WW fuzyon)

tt+H production q

. L Pythia8 Ayarlari HiggsSM:gg2Httbar (t-tbar + H)
> HO HiggsSM:ffbar2HZ (Z+ H)
9 srssEsTEE<L HiggsSM:ffbar2HW (W+ H)
C— —_ HiggsSM:all (Butun suregler)
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Higgs Bozonu Bozunumu
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example/main0|.cc

#include "Pythia8/Pythia.h"
using namespace Pythia8;
int main() {

Pythia pythia;

// Olay Uretim ayarlari
pythia.readString("HiggsSM:all = on");
pythia.readString("25:m0 = 125.");

// Carpisma ayarlari
pythia.init(2212, 2212, 14000 );

/ Olay dongusu. Olay Uret. Eger hata olursa
atla.
for (int iEvent = 0; iEvent < 10; ++iEvent) {
if (Ipythia.next()) continue;

// Olay dbngusunun sonu.
}
pythia.stat();

return O;

Uretim tesir kesiti

o(pp—H)

Tesir Kesiti Hesabi

PYTHIA Event and Cross Section Statistics

Subprocess I Code | Number of events | sigma +— delta

O O I a | Tried Selected Accepted | (estimated) (mb)
,I I I

f fbar —> H (SM) 901
g g —> H (SM) 902

4
105
5
f fbar —> H@ W+ (SM) 905 15

I

| .572e-12
I

|

f f' —> He f f'(Ze z@ fusion) (SM) 906 | 15

I

I

I

I

I

.004e-10
.407e-12
.000e+00
.000e+00
.685e-11
.000e+00
.000e+00

*
|
|
I
I
I
I

.572e-12 |

.106e-11 |

.407e-12 |

.000e+00 |

.000e+00 |

.685e-11 |

.000e+00 |

.000e+00 |

|
|
|
£ 3

f_1 f_2 —> H@ f_3 f_4 (W+ W- fusion) (SM) 907 44
g g —>Ht tbar (SM) 908
q gbar —> H t tbar (SM) 909

SO PO
SO FRP OO NP
SO RPROOOHW
SO FROSOOSOONW

[
[~
e
[~
e

«332e-10

N

sum .933e-11

*
|
|
|
I
I
I
I
I
| f fbar —> H@® Z@ (SM) 904
|
I
I
I
I
I
|
|
*

End PYTHIA Event and Cross Section Statistics

PYTHIA Event and Cross Section Statistics

378 34 .827e-12
.06%e-11
.01Be-12
.360e-11
.072e-12
«249%e-11
.000e+00

.000e+00

«324e-13
«440e-12

*

|
Number of events | sigma +— delta |

|

|

|

|

f fbar —> H (SM) 901 |
|

.891e-13 |
|

|

|

|

|

|

|

|

*

Subprocess Code |
O a | Tried Selected Accepted | (estimated) (mb)
I |
g g —> H (SM) 902 8356 705

*

|

|

|

|

|

|

|

| f fbar —> HO Z@ (SM) 904 564 51
| f fbar —> H@ W+ (SM) 905 1299 96
|

|

|

|

|

|

I
*

|
|
|
|
| .099%e-13
f f' —> He f f'(Z@ Z@ fusion) (SM) 906 | 1497

|

|

|

|

I

.219%e-13
.763e-13
.000e+00
.000e+00

f_1 f_2 —> H® f_3 f_4 (W+ W- fusion) (SM) 907 4417
g g->Ht tbar (SM) 908 2
q gbar —> H t tbar (SM) 909 55

SO R AP NOW
SO WNB_BNWM

o

.317e-10

N

sum .746e-12

End PYTHIA Event and Cross Section Statistics

PYTHIA Event and Cross Section Statistics

sigma + delta

Subprocess Code | Number of events |
O a | Tried Selected Accepted |
I

(estimated) (mb)

fbar —> H (SM) 901
g —> H (SM) 902
fbar —> HO Z@ (SM) 904
fbar —> H@ W+— (SM) 905

3707 .657e-12
81843 .018e-11
5596 .255e-12
13106 .428e-11
«349e-12
43785 .275e-11
27 .000e+00
558 .075e-14

*
|
|
|
|
|
|

.556e-13 |

.818e-13 |

.52%e-13 |

.278e-13 |

.116e-13 |

.966e-13 |

.000e+00 |

.968e-15 |

|
|
I
*

1 f_2 —> He f_3 f_4 (W+ W- fusion) (SM) 907
g -> H t tbar (SM) 908
gbar —> H t tbar (SM) 909

BORRENRNR

|
f |
g |
f |
f |
f f' —> He f f'(Z@ Zz@ fusion) (SM) 906 | 14821
f_ |
g |
q |

|

|

163443 .315e-10

v

um .728e-13

*
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I

-

CNU FTIMNLA CVTIIL danu LWiud> JTULLUINI JLauaid>Lild>
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Tesir Kesiti Hesabi

#include "Pythia8/Pythia.h"
using namespace Pythia8;
int main() {

Pythia pythia;

// Olay Uretim ayarlari
pythia.readString("HiggsSM:all = on");
pythia.readString("25:m0 = 125.");
pythia.readString("25:onMode = off");
pythia.readString("25:onlfMatch = 22 227);

// Carpisma ayarlari
pythia.init(2212, 2212, 14000);

// Olay dongusu. Olay uret. Eger hata
olursa atla.
for (int iEvent = 0; iEvent < 100; ++iEvent)

{

if ('pythia.next()) continue;
// Olay dongusunun sonu.
}
pythia.stat();

return O;

*
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

*

PYTHIA Event and Cross Section Statistics

Subprocess oo [

Number of events | sigma +- delta
Tried Selected Accepted | (estimated) (mb)

I
fbar —> H (SM) 901 | 3804 271 | 1.013e-14 4.355e-16

f

g g ->H (SM) 902 | 83055 6953 | 2.558e-13 2.204e-15
f fbar —> H@ Z@ (SM) 904 | 5768 478 | 1.746e-14 4.233e-16
f fbar —> H@ W+— (SM) 905 | 13029 1044 | 4.048e-14 6.392e-16
f f' —> HO f f'(Z@ Z@ fusion) (SM) 906 | 15154 305 | 1.187e-14 3.053e-16
f_1 f_2 —> HO f_3 f_4 (W+ W- fusion) (SM) 907 | 44508 3.565e-14 5.179e-16
g g ->Ht tbar (SM) 908 | 28 0.000e+00 0.000e+00
q gbar —> H t tbar (SM) 909 | 558 5.555e-17 5.555e-17

I
sum | 165904 3.714e-13 2.449e-15

End PYTHIA Event and Cross Section Statistics

Uretim tesir kesiti Dallanma orani

a(pp—H) x  BR(H=yy)

Mh = 125 GeV i¢cin BR(H—yy)=3.71410-'3/ 1.315-10-°
= 0.00282

8 Sertac Oztiirk
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#include "Pythia8/Pythia.h"
using namespace Pythia8;
int main() {

Pythia pythia;

// Digsardan dosyayi oku
pythia.readFile("main01.cmnd");

int nEvent = pythia.mode("Main:numberOfEvents");
pythia.init();
// Olay dongusu. Olay uret. Eger hata olursa atla.
for (int iEvent = 0; iEvent < nEvent; ++iEvent) {
if (pythia.next()) continue;
// Olay dongusunin sonu.
}
pythia.stat();

return O;

main0l.cc

! main@l.cmnd.

! Ana program ayarlari.

Main:numberOfEvents = 1000 I olay sayisi

! Demet ve carpisma parametreleri

Beams:idA = 2212 I birinci 1sin, p = 2212
Beams:idB = 2212 I ikinci 1sin, p = 2212
Beams:eCM = 14000. I kitle merkezi enerjisi

I Higgs bozonu uretim ve bozunum ayarlari
HiggsSM:all = on

25:m0 = 125.

25:0nMode = off

25:0onIfMatch = 22 22

I Olay ayarlari

#PartonLevel:MPI = off I multiparton etkilesmesi
#PartonLevel:ISR = off ' ilk—=durum radyasyonu
#PartonLevel:FSR = off son—-durum radyasyonu

|
#HadronLevel:Hadronize = off ! hadronizasyon

|

|

#HadronLevel:Decay = off bozunum
#PDF:pSet = 8 PDF secimi
- — SestannsstER AN

main0l.cmnd

9 Sertac Oztiirk
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Branching ratios

Higgs Dallanma Oran

—
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[/ Higgs kiitlesi degerlerinin

secilmesi

e [I00, I'l5, 130, 145, 160,
175, 190,205] GeV

A Bir bozonum kanalinin

secilmesi

[ ROOT ile elde edilen

degerlerin grafik olarak
cizdirilmesi
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CaliSma 2

Eta dagilimi

h_eta

" TEntries 1557938

[/ Olay iiretme ve dagilimlari - ER
histogram olarak ¢izdirme. too0op- E
* Son durum parcaciklarin eta ol .
dagilimi 3 E
* Son durum pT>| GeV olan B B R T B T
oo oo e TI
yuklu pargacik sayisi dagilimi
k Yuklu parcacik sayisi
———— R — R B B B B R B B U
C Mean 74.88
- RMS 23.2
60— -
5of— —f
cd rootexample o E
30 -
make hist F E
1o~ s
. /hj— S t . exe 00: Ilgl(; II4|0I | I6|0I | I8|0I | I1(|)0I | I12|0II {Lil(r)L‘ﬂnHG"gl | I15;0I | I2:00

Yuklu parcacik sayisi
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// Stdlib kGtiphane dosyasi
#include <iostream>

// Pythia8 programina erisim icin kutiphane dosyasi
#include "Pythia8/Pythia.h"

// ROOT kuttphane dosyalari
#include "TH1.n"

#include "TH2.h"

#include "TVirtualPad.h"
#include "TApplication.h"
#include "TCanvas.h"
#include "TFile.h"

using namespace Pythia8;
int main(int argc, char* argv(]) {

// Root uygulama ortaminin ayarlanmasi.
TApplication theApp("hist", &argc, argv);

TFile* outFile = new TFile("hist.root", "RECREATE");

// Pythia8 olay ayarlarinin yapilmasi

Pythia pythia;

pythia.readString("HardQCD:all = on");
pythia.readString("PhaseSpace:pTHatMin = 200 ");
pythia.readString("PhaseSpace:pTHatMax = 300 ");

/I Garpisma ayarlari
pythia.init( 2212, 2212, 14000 );

/l Histogram ayarlari

TH1F *h_eta = new TH1F("h_eta","Eta dagilimi", 100, -5, 5);

TH1F *h_nyuklu = new TH1F("h_nyuklu","Yuklu parcacik
sayisi", 200, 0, 200);

// Olay dbngusune bagla. EQer hata varsa olayi atla.
for (int iEvent = 0; iEvent < 3000; ++iEvent) {
if (\pythia.next()) continue;

int n_par = 0;

for (inti = 0; i < pythia.event.size(); ++iX
// Sadece son durumdaki parcaciklari se¢
if ('pythia.event]i].isFinal()) continue;

h_eta->Fill(pythia.event[i].eta());

/I pT>1 GeV olan yUkllu parcaciklari sec
if (pythia.event][i].isCharged() && pythia.event[i].pT()>1.0)
n_par++;
Y

h_nyuklu->Fill(n_par);
}

/[ Histogramlari kayit et.
outFile->cd();
h_eta->Write();
h_nyuklu->Write();
outFile->Close();

// istatistik
pythia.stat();

/] Son.
return O;

Sertac Oztiirk




Odev - EnYiksek Enerijili Hadron

A Olay igerisinde en yuksek enerijili son durum

hadron parcacigin PDG kod numarasinin ve
enerjisinin 2-B histogramini gizdirin.

id

A

"Eneriji

13 Sertac Oztiirk



CaliSma3

[A Uretilen bir LHE dosyasinin pythia8 ile hadronize edilmesi.

(ZLHE : Les Houches Event
[ Olay ve siirec bilgisini parton seviyesindeki cikti dosyasidir.
*  MadGraph, CalcHEP/CompHEP, Pythia

[/ Baska bir olay ureteglerinde elde edilen bir LHE dosyasi,
Pythia’ da girdi olarak kullanilarak hadronizasyona ugratilr.

|4 Sertac Oztiirk



LHE Dosya Formati

<LesHouchesEvents version="*1.0">

<init>
2212 2212 0.35000000000E+04 0.35000000000E+04 00 10042 10042 3 2
0.46446972880E+04 0.17139268058E+02 0.77489000000E+01 1

0.31042443040E+04 0.11454885420E+02 0.77489000000E+01 2
</init>
parcgacik sayisi

V

2 0.7748900E+01 0.8040000E+02 0.7957747E-01 0.1297830E+00
O O 0O 501 0.00000000000E+00 0.00000000000E+00 0.34637450368E+01 0.34637450368E+01 0.00000000000E+00 0. 1.

2 -1
1 -1 0 0 501 0O 0.00000000000E+00 0.00000000000E+00 -0.48594881400E+03 0.48594881400E+03 0.00000000000E+00 0. -1.
24 2 1 2 0 0 0.00000000000E+00 0.00000000000E+00 -0.48248506897E+03 0.48941255904E+03 0.82053709061E+02 0. 0.
11 1 3 3 0 0 0.51230888840E+01 -0.14990768056E+02 -0.46696969867E+03 0.46723834243E+03 0.00000000000E+00 0. -1.
-12 1 3 3 0 0-0.51230888840E+01 0.14990768056E+02 -0.15515370300E+02 0.22174216608E+02 0.00000000000E+00 0. 1.
</even .
\ / /
PDG kod . \
ebeveyin . .
4 kutle spin
renk akisi B
durum 4-vektor
-1:ilk durum
|: son durum
2:ara durum
15 Sertac Oztiirk
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// Stdlib katiphane dosyasi
#include <iostream>

// Pythia8 programina erigim icin kutiphane dosyasi
#include "Pythia8/Pythia.h"

// ROOT katiphane dosyalari
#include "TH1.h"

#include "TH2.h"

#include "TVirtualPad.h"
#include "TApplication.h"
#include "TCanvas.h"
#include "TFile.h"

using namespace Pythia8;
int main(int argc, char* argv(]) {

// Root uygulama ortaminin ayarlanmasi.
TApplication theApp("hist", &argc, argv);

TFile* outFile = new TFile("hist.root", "RECREATE");

/I LHE dosyasinin okunmasi

Pythia pythia;
pythia.readString(“Beams:frameType= 4");
pythia.readString(“Beams:LHEF = test.lhe ");

// Carpisma ayarlari
pythia.init( );

// Histogram ayarlari

TH1F *h_eta = new TH1F("n_eta","Eta dagilimi", 100, -5, 5);

TH1F *h_nyuklu = new TH1F("h_nyuklu","Yuklu parcacik sayisi"
200, 0, 200);

// Olay dénguslne bagla. EQer hata varsa olay! atla.
for (intiEvent = 0; ; ++iEvent) {
if ('pythia.next()) continue;

int n_par = 0;

for (inti = 0; i< pythia.event.size(); ++i}
// Sadece son durumdaki parcaciklari se¢
if ('pythia.event[i].isFinal()X
// Dosyanin sonuna geldiginde dongtden cik.
if (pythia.info.atEndOfFile()) break;
continue;}

h_eta->Fill(pythia.event[i].eta());
// pT>1 GeV olan yUklli parcaciklari se¢
if (pythia.event[i].isCharged() && pythia.event[i].pT()>1.0)
n_par++;
}

h_nyuklu->Fill(n_par);

}

// Histogramlari kayit et.
outFile->cd();
h_eta->Write();
h_nyuklu->Write();
outFile->Close();

// istatistik.
pythia.stat();

/l Son.
return O;

}
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// Stdlib kGitiphane dosyasi.
#include <iostream>

// Pythia8 programina erisim icin kitiphane dosyasi.
#include "Pythia8/Pythia.h"

using namespace Pythia8;
int main(int argc, char* argvl[]) {

// Pythia8 olay ayarlarinin yapilmasi

Pythia pythia;
pythia.readString("HardQCD:gg2bbbar = on”);
pythia.readString("HardQCD:qgqgbar2bbbar = on”);
pythia.readString("PhaseSpace:pTHatMin = 200 ");
pythia.readString("PhaseSpace:pTHatMax = 300 ");

/I Garpisma ayarlari
pythia.init( 2212, 2212, 14000 );

/[ LHA objesi olustur.

LHAupFromPYTHIA8 myLHA(&pythia.process, &pythia.info); //
Olaydaki parton seviyesi bilgisi

// LHAupFromPYTHIA8 myLHA(&pythia.event, &pythia.info); //
Olaydaki tim parcacik bilgisi

/I LHE dosyasi olugtur
myLHA.openLHEF("pythiaLHE_qgcd.lhe");

/I LHA dosyasina baslangic¢ bilgisini kayit et ve yaz.
myLHA.setInit();
myLHA.initLHEF();

// Olay déngusu
for (int iEvent = 0; iEvent< 100 ; ++iEvent) {
/l Generate an event.
pythia.next(); |7

// Olay bilgisini kayit et ve yaz.
myLHA.setEvent();
myLHA.eventLHEF();

}

// Statistics: full printout.
pythia.stat();

// Tesir kesiti degerini gunceller
myLHA.updateSigma();

// LHE dosyasini kapat.
myLHA.closeLHEF(true);

// Son.
return O;

[ Pythia8 de LHE
dosyasi uretilebilir.
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