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e Bazi kavramlar
e Simulasyon (benzetim)
 Monte-Carlo (MC)
* Olay ve Olay Sayisi

* Yuksek Enerji Fiziginde Kullanilan
Programlardan Bazilari

» Partonik Seviye Yazilim
* CalcHEP/CompHEP
 Uygulama 1l
* MadGraph

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

iICERIK
»Hadronik Seviye Yazilim
Pythia8

> Dedektor Benzetimi Yazilimi
Delphes

> Analiz Yazilimi
ROOT

» Uygulama 2
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SIMULASYON (BENZETIM) ve MONTE CARLO (MC) NEDIR?

* Simulasyon (benzetim) gercek bir problemin bilgisayarla yapilan modelidir.
Boyle problemler dogada rastgele ve karmasik olup cok sayida degisken
icerir. Bu tlr problemlerin analitik ¢ézUmlerini bulmak oldukc¢ca zordur.
Cozum icin ise yaklasimlardan biri Monte Carlo (MC) gibi simulasyon
teknikleri kullanarak sistemin bilgisayar modelinin olusturulmasidir.

e Simulasyonlar oldukca 6nemlidir, cinkd bunlar pahali ve dikkat isteyen
gercek deneylerde, sistem parametrelerini degistirerek sistemin davranisini
gozlemlememize imkan saglar. Simdilasyonlar gercekte meydana
gelebilecek durumlar olusturmak ve bu olaylarin etkisini calismamiza
imkan saglar. Sayisal simulasyon yonteminde temel adim ardisik rastgele
sayl Uretilmesidir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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SIMULASYON (BENZETIM) ve (MC) NEDIR?

* MC simulasyonu veya MC ydntemi, adini Monako
Prensligi'ndeki Unli kumarhaneden dolayr almistir.
Oynanan rulet oyunu rastgele sayilar UGretme
mekanizmasinin en basit ornegidir. Bu isim Stanislaw
Marcin Ulam, Enrico Fermi, John von Neumann ve
Nick Metropolis gibi ilk kullanicilari tarafindan popluler
hale getirilmistir.

MC yontemleri basta “istatistiksel ornekleme” gibi
daha jenerik isimler altinda uygulanmistir MC
yontemi, matematik veya fizik problemlerinin, bu
problemlerin olasilik modellerine uygulanan rasgele
denemeler yoluyla cozilmesi yontemidir. Bu rasgele
yontemin en o6nemli kullanimi 1930 yilinda Fermi
tarafindan, o vyillarda vyeni kesfedilen no6tronlarin
Ozelliklerini hesaplamak icin kullanilmistir.

ilkay TURK CAKIR, Ankara Universitesi

(deterministic)
kurulmasinin

Belirlenimci

algoritmalarin
olanaksiz oldugu ya da c¢ok
karmasik algoritmalar gerektiren

problemlerin coziminde
basvurulan bir sayisal ¢cozimleme
teknigi olan MC yontemi, sistemli
olarak Manhattan Projesi’nin Los
Alamos’taki laboratuvarinda
notronlarin cesitli maddelerden
gecebilme ozelliklerinin
belirlenmesi calismalarinda
kullaniimistir (1943).
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* MC yontemine cok vyalin bir drnek, kapali bir egri icinde kalan bir alanin
hesaplanmasidir. Kapal egri kenar uzunlugu birim olarak alinan karenin icine
yerlestirilir. 0 ile 1 arasinda ve birbirinden bagimsiz olarak Uretilen iki rasgele sayi
ﬁifti, kare icinde rasgele bir noktayi belirler. Cok sayida Gretilen boyle noktalardan

|

apali egri icine rastlayanlarin sayisinin Gretilen toplam nokta sayisina orani, e%ri
ginde kalan alanin yaklasik degerini verir; tretilen nokta sayisi arttikca yaklasiklik

aha dogru olur. MC yonteminin bigisayarlar kullanilmasi bilgisayarda rasgele sayi
uretilmesi yontemlerinin gelistirilmesini gerektirmisir.

* MC yonteminin oldukca fazla uygulama alani mevcuttur: Sayisal analiz, atom ve
molekul fizigi, ntkleer fizik, yuksek enerji fizigi, dedektor similasyonu, hiicre
simulasyonu, borsa modelleri, dagilim fonksiyonlari uygulamalarinda kullanilir.
Cok kath integrallerin hesaplanmasinda, kismi diferansiyel denkelemlerin,
dogrusal denklem sistemlerinin ¢6zimunde, notron yayinimi, gama isinimi
sogurulmasi problemlerinde, paracacik fiziginde bozunum genisliklerinin ve
sacllma tesir kesitlerinin hesaplanmasi gibi bircok yerde kullanilr.

* NOT: Rasgele sayi: Bir kimenin veya dizinin elemanlarindan bir kisminin istatistiksel olarak rasgele secilmesi
yoluyla Uretilmis sayiya rasgele sayi denir. Ornegin, zar atmak, tombala ¢cekmek, rulet, kumar makinalari v.b.
Bilgisayar belirlenimli bir aygit o\{duéundan uretilen sayilar aslinda tam olarak nitelikli degildir. Rasgele

sayllrada bulunmasi gereken o6zellikleri belli 6lcide iceren bu sayilar bu nedenle “s6zde rasgele sayilar”
olarak adlandirilir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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OLAY NEDIR?

* Dogrusal carpistiricisi (LC) veya Blylk Hadron Carpistiricis
(LHC) yuiksek enerji fizigi deneyleri, yiuksek performansli
hesap ortami icin en cok istenen alt vyapilardir.
Parcaciklara vyeteri kadar enerji verdikten sonra, bu
parcaciklar ya bir hedefle yada birbirleriyle carpistirilirlar.
Bu carpismalarin her biri, OLAY olarak adlandirilir. Bir
yiksek enerji fizikcisinin amaci, her bir olayi ayiklayip, bu
tek olaydaki verileri toplayip, bu olaydaki parcacik
sirecininin test edilen teori ile uyusup uyusmadigini
incelemektir. Her olay, bir cok parcacik Uretildiginden cok
karmasiktir. Dolayisyla, baska parcaciklara bozunmadan
once cok kisa mesafeler gittiklerinden gozlenebilir izler
birakmazlar. Dedektorler (algiclar) bu izleri ve bu sinyalleri
algilayan aletlerdir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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MONTE CARLO BENZETIM ADIMLARI

Veriler %é ‘

Yeniden olusturma
/ Yapilandirma

Analiz
Farpisma Algilama / girdileri
Algic
e 01010101195
N =) 11010101017
me =) .. = [ b0y oot
| Sk > L ——
R )101101101001
Matris elemani Te%a., 0101010111
hesaplanmasi Parton saganagi / Dedektor |
hadronlasma benzetim Dijitallestirme
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OLAY SAYISI

Toplanmis Isinhk
Tesir kesiti  Genlik

Olay Sayisi

Verimlilik

Faz Uzayi
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FiZIK OLAYLARI

: , DEDEKTRLER .
PARTONIK SAGANAKLAR HADRONIZASYON (ALGICLAR) OLAYLAR
SUREC

Yiksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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Yiksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum



195
Turkish Physical Society

o Turk Fizik Dernegi

YEF'DE KULLANILAN BAZI PROGRAMLAR

CalcHEP, MadGraph ve PYTHIA olay Uretimine giden son hesap asamalarini

otomatiklestirmeye calisan programlardir. Verilen bir sacilma sireci icin temel basamaklar
asagidaki gibidir:

* Slrecte bulunan Feynman diyagramlarinin cizilmesi
* Matris elemani ifadelerinin bulunmasi

* Faz uzayi Uzerinden integralin alinmasi

 Toplam veya diferensiyel tesir kesitinin bulunmasi

 Herbiri son durum parcaciklarina karsi gelen dortli enerji-momentum vektorleri
kiimesi olarak toplam diferensiyel tesir kesitine gore olaylar rasgele olarak Uretilir.

Yiksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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Olay tretici Monte Carlo programldlr' https://theory.sinp.msu.ru/~pukhov/calchep.html

« Coklu parcaciklarin carpismalari
. - CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.
ve b Oz u n m a I a rl s u re c I n d e Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen
o I ay I a rl n u ret i m i V e o I ay u ret i m lelle; Irlr;agl niiie;lztffocr;aic‘HEP s to enable one to go directly from the Lagrangian to the cross sections and distributions effectively, with a high level of automation. The package can be compiled
1 H General informati
I § I e m I a m a c I y I a h aZ I rI a n a n @ Main features, @ Acknowledge&ats1 gn;zliﬁiations&Lectures @ Contributions
u
Manual
a n a I IZ ya p m a ve h es a p I a m a @ calchep_man_3.3.6.pdf (manalil:lafor version 3.3.6, July 19,2012)

@ HEP computer tools (Lecture by Alexander Belyaev)

u -
p a ket I d I r See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)
| |

Code download.
@ License GPL-3
@ Installation @ Current version 3.8.10(updated 07.06.2021) @ New Options and Bugs Fixed @ All versions

- L} n
« CalcHep i¢ de parcgacikl
a c e I e rls I n e a r aCI a r @ MSSM_10.14(15.102014) @ NMSSM 8.15(25.08.2015) @ CPVMSSM 10.14?1230.2014) @ SUSY models By A.Semenov @ LeptoQuarks @ 5DSM @ 6DSM
b I I k I - I Model database @ HEPMDB
s e m o e r ve ra a m a r I e Related packages on Web:
am g 3 . Packages for model generation: @ LanHEP @ FeynRules @ SARAH
g oste ri I ir. YE F d e k| h esa p I ama RGE and spectrum calculation: @ SuSpect @ Isajet @ SoftSUSY @ SPheno @ CPsuperH @ NMSSMTools
Particle widths in MSSM: @ SUSY-HIT @ HDECAY
L] = = = Parton showers: @ PYTHIA
metotlarinin otomatiklestirilmesi -
ontacts
i gi n ku I I a n I I m a ktad I r. Email: ~ calchep@googlegroups.com Launchpad service: @ Ask a question @ File a bug
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CalcHEP iLE NELER YAPILABILIR?

¢ Dallanma Orani Hesaplayabiliriz ©

é Agac Seviyesinde Tesir Kesiti Hesaplayabiliriz ©
é Feynman Cizimleri Yapabiliriz ©

¢ Olay Uretimi ©

é Yeni surec¢ girebiliriz ©

Not: En ¢cok kullanacaginiz tus: esc tusu

Yiksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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CalcHEP KURULUM

é tar zxvf calchep_ 3.8.x.tgz
é cd calchep 3.8.x

é make

¢ . mMkWORK(dir ../calcworkilk (istenilen bir isim verilebilir)
é cd ..

é cd calcworkilk

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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CalcHEP has compiled successfuly and can be started.
The manual can be found on the CalcHEP website:
http://theory.sinp.msu.ru/~pukhov/calchep.html
The next step is typically to run
./mKWORKdir <new_dir>
where <new_dir> is the new directory where you will do

your calculations. After creating this directory, you oo o sa o
should cd into it and run calchep or calchep_batch. Sasi © o osign Ja Coisiioicen 0 Lo e S
Please see the manual for further details.

H AT HHFHEHFHEHRER

Authors: Alexander Pukhov(Skobeltsyn Institute of Nuclear Physics,Moscow)

# n Alexander Belyaev(University of Southampton)
_________________________________________________________ Neil Chistensen (University of Pittsburgh)

1 ] 0 1 ; : i1 : <calchep@googl :
1lkay@ilkayl calchep_3.8.10 % ./mkWORKdir ../calcworkilk 25 GRS ;z“m5i§§;2§$%?ﬁ§%gi?%?@@
1lkay@ilkayl calchep_3.8.10 % cd SRR, e At o, meT e e,
. y@ . y p_ ' ' ° : : The BSMs for Calg?IE;&ﬁgrz éeveggged gnegzgl:ggf'azgignr;itg? ov/catehep Bem
1lkay@ilkayl Desktop % cd calcworkilk 8. Belanger, . Boudjena, 4. Semenov

. . . h k i d i by:

1 1 ka y@l 1 ka y 1 ca 1 CWOor kl 1 k % u e Palt\:l. gggczg?‘g?;g;eggl?; ?i;fz?g Kjgvalenko,A. Kryukov,G. Lepage, 3. Semenov

Press F9 or click the box below to get

References, Contributions, Acknowledgments

This information is available during the session by means of the F9 key

ilka&@ilka&l Desktob_% cd calcworkilk
ilkay@Pilkayl calcworkilk % ./calchep

Yiksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum



UYGULAMA-1

1- Bir model segelim.
Ornegin Standart Model segilir.

2- Bir surecg secelim.
Istenmeyen alt surecler atilabilir.

3- Feynman gmmlerlnln karesini alip
sonucu “C” dilinde yazdiralim.

4- “C” programini derleyip sayisal
inceleme yapalim. Sonuglar
burada elde edebiliriz.

5- Hizlandirici da burada secelim.

6- Tesir kesitlerini ISR ve BS etkileri
dahil ederek hesaplayalim.

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

- Al CAIGHEF_3.5. 1U[SYmD

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use FZ2 key to get information about interface
facilities and F1 - as online help.

https: /sanswers.launchpad.net /calchep
https: //bugs. launchpad. net calchep

Fl- F2- F5— F6— F9—

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as orline help.

https: sanswers. launchpad.net calchep
https: /bugs. launchpad. net calchep

Fl- F2- F5- F6- F9-
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SM(+hgg)
SM(+hgg+h4G)
IDM

IDM(+hgqg)
IMPORT MODEL

F10-

Enter Process

Force Unit.Gauge= OFF
Edit model
Numerical Evaluation

Delete model

F10-

UPDYO-XV, 05-10 Eylil 2023, Bodrum
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Abstract
CalcHEP package is created for calculation of SM(+hgqg)
decay and high energy collision processes of SM(+hgg+h4G)
elementary particles in the lowest order (tree) IDM
approximation. The main idea put into the CalcHEP IDM(+hgg)
was to make available passing from the lagrangian IMPORT MODEL

to the final distributions effectively with the
high level of automatization.
Use F2 key to get information about interface
facilities and F1 - as online help.
https: //answers.launchpad.net /calchep
https://bugs. launchpad.net calchep

A(A )- photon Z(Z )—- Z boson G(G )- gluon
W+{(W- )- W boson ne(Ne )- neutriro e(E )- electron
nm(Nm )- mu-neutrino m(M )- muon nrl (N1 )- tau-neutrino
I1(L )- tau-lepton u(U )- u-quark d(D )- d-guark

____ c(C )- c—-quark s(8 )- s—-quark t(T )- t-gquark

{( b(B )- b-quark hR(h )- Higgs
e-et__=> L [
Y

\\pk/ —

nter process: Rty W4

Yiksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum
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[ NN | CalcHEP_3.8.10/symb
Model: SM
Process: e, B > m M
Feynman diagrams
2 diagrams in 1 subprocesses are constructed. Square diagrams
0 diagrams are deleted. Write down processes

[ i | CalcHEP_3.8.10/s

Delete,On/o0ff, Restore, Latex

Yiksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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[ NON | \| CalcHEP_3.8.10/symb
Model: SM
Process: e,E -> m M
Feynman diagrams View diagrams
Z diagrams in 1  subprocesses are constructed. Square diagrams
0 diagrams are deleted. Write down processes
e @ [%| calcHEP_3.8.10/symb
Model: SM
Process: e, Bk —> m M
Feynman diagrams
2 diagrams in 1 subprocesses are constructed. Symbolic calculations
8 diagrams are deleted. Make&launch n_calchep
Make n_calchep
Sgquared diagrams REDUCE program
3 diagrams in 1 subprocesses are constructed.
8 diagrams are deleted.
8 diagrams are calculated.

Yiksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi

UPDYO-XV, 05-10 Eylil 2023, Bodrum
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@ C | calcHEP_3.8.10/symb
Model: SM
Process: e, B > m M

Feynman diagrams View squared diagrams

2 diagrams in 1 subprocesses are constructed.

0 diagrams are deleted. Make&Launch n_calchep

Make n_calchep

Squared diagrams REDUCE program

3 diagrams in 1 subprocesses are constructed.

0 diagrams are deleted.

0 diagrams are calculated.

@ C '\ CalcHEP_3.8.10/symb |

Model: SM
Process: e,E -> m M

Feynman diagrams

2 diagrams in 1 subprocesses are constructed. C-compiler

0 diagrams are deleted. Edit Linker

REDUCE code

Squared diagrams MATHEMATICA code

3 diagrams in 1 subprocesses are constructed. FORM code

0 diagrams are deleted. Enter new process

3 diagrams are calculated.

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

ilkay TURK CAKIR, Ankara Universitesi
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N JoN ) | CalcHEP_3.8.10/symb
Model: SM
Process: e,E -> m M

Feynman diagrams C code

2 diagrams in 1 subprocesses are constructed.

0 diagrams are deleted. Edit Linker

REDUCE code

Squared diagrams MATHEMATICA code

3 diagrams in 1 subprocesses are constructed. FORM code

0 diagrams are deleted. Enter new process

3 diagrams are calculated.

® O e [%| calcHEP_3.8.10/num

{sub)Process: e, E —> m, M
Monte Carlio session: 1(begin)

Subrocess

#IT Cross sectionfpb] Errorf%] nrCalilli ELff. Model parameters
Constraints
oCD alpha & scales

Breit-Wigner

Aliases

Cuts

Phase space mapping
Monte Carlo simulation
1D integration

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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IN state

S.F.1: OFF
S.F.2: OFF
First particle
Second particle
First particle
Second particle

momentum{GeV] 4000
momentum[GeV] 4000
unpolarized
unpolarized

ISR&BS Etkisini (Hizlandiricimiza Uygun Olarak) G6z Oniine Alalim

SRS o ¥ o 4 =T SR, . OSSO PR—— |
CalcHEP_3.8.10/num

IN state

S.F.1: Qis| OFF

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

Qisr=1.00EQ*sqrtsS,Beamstr:560.0,0.400,2.

ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eyliil 2023, Bodrum
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[ NoN ] [X| calcHEP_3.8.10/num /

(sub)Process: e, E -> m, M

ISR: Initial State Monte Carlo session: 1(begin)
. s IN state
Radiation

#IT Cross section{pb]

BS:Bremsstrahlung

ISR scale = 1.00E+00%sqgrt

Beamstralung ON

row |\ GaICHEP_3.8.10/num Bunch x +y sizes ( n2m ) 560.0
Bunch lenght (mm) 0.400
Number of particles 2.0e+l10

* N_gamma = 1.53
: -> il
(sub)Process: e, E > m, M * Upsilon = 0.63

Monte Carlo session: 1(begin) —_— a Uygun Olarak) 7"
Cl NI Y- ARA T 17\ 1.C AN N4 .L:‘.L
Beamstrahlung F(x)*(1-x)*(2/3)

#IT Cross section[pb]

S.F.2: Qisr=1.00E0*sqrtS,Beamstr:560.0,0.400,2.0E+10

* ISR: Kisimadan yayimlanan foton radyasyonudur.
Bu etki kiitle merkezini azaltabilir. Tesir kesitini
degistirebilir.

ISR scale = 1.00E+00*sqrt

Beamstralung ON

Bunch x+y sizes (nm)= 560.0 ) ..
Bunch lenght (mm) ) * BS: Parcaciklarin elektrik alanindan dolayi ener;ji

Nambex °f*Pa§fé:jfn: o kaybedebilir. Bu spektrum dogrusal carpistiricinin
* Upsilon = 0.63 geometrisine (bunch x+y sizes), demetin

gzﬂﬁizﬁﬂﬁg ﬁ:gﬂ *%fi)A(Z/_?) boyutlarina (bunch lenght), demetdeki parcacik

sayisina (bunch of particles), demet enerjisine

gore degisim gostermektedir.
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e A |
0@ [X| CalcHEP_3.8.10fnum

(sub)Process: e, E > m, M :

Monte Carlo session: 1(begin)
IN state

#IT Cross section{pb]

S.F.1: Qisr=1.00EQ0%sqrtsS,Beamstr:560.0,0.400,2.0E+10
S.F.2: Qisr=1.00E0*sqgrtsS,Beamstr:560.0,0.400,2.0E+10

particle momentum{GeV] 4000
Second particle momentum{GeV] 4000
First particle unpolarized
Second particle unpolarized

® O® % CalcHEP_3.8.10/num !

{(sub)Process: e, E —> m, M
Monte Carlo sessionr: 1(begimn)

Subprocess
IN state
#IT Cross sectionfpb] Errorf$] nrCall ELff. Model parameters
Constraints
QCD alpha & scales

Breit-Wigner
Aliases

Cuts

Phase space mapping

1D integration

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum



(sub)Process: e,

Monte Carlo session:

#IT Cross sectionf{pb] Error[%]

(sub)Process: e,
Monte Carlo session:

#IT Cross

39
40
< >
41
42
43
44
45
< >

[ ST N SN S S SN N

sectionf{pbj] Error %]
. 3B357E-02
. 3344E-02
.2663E-02
. 32351E-02
. 3348E-02
. 3357E-02
.BB367E-02
. 3368E-02
. 2740E-02

> m, M
1{(begin)

—=> m, M

0 bt b i bt bt (0 b

I{(begin)

. 06E-01

.06E o1
.47E-01
. O7E-01
. 06E-01
. 07E-01
. O7E-01
. 06E-01
. F6E-01

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

CalcHEP ©

|%| CalcHEP_3.8.10/num

Monte Carlo simulation

nCall Eff.
nSess =5
nCalils = 100000
Set Distributions
Display Distributions
Clear statistic
Freeze grid OFF
[%| CalcHEP_3.8.10/num - man e
nCall Eff.
98568
98568
3942720
98568
28568 Integration is over
98568 Press an ke
98568
98568
4435560 7

ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eyliil 2023, Bodrum
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(sub)Process: e, E -> m, M

Monte Carlo session: 1(begin)
Monte Carlo simulation

#IT Cross sectionfpb] Error[%] nCall Eff. chi”

39 1.3357E-02 1.06E-01 98568 nSess =5
40 1.3344E-02 1.06E-01 98568 nCalls = 100000
<>  1.2663E-02 9.47E-01 3942720 6
41 1.3351E-02 1.07E-01 98568 *Start integration
42 1.3348E-02 1.06E-01 98568 Display Distributions
43 1.3357E-02 1.07E-01 98568 Clear statistic
44 1.3367E-02 1.07E-01 98568 Freeze grid OFF
45 1.3368E-02 1.06E-01 98568 Clear grid
< > 1.2740E-02 8.36E-01 4435560 7

FATATATA AT AT AT AVAT AT AVA AT A A A AT ATATATATATAVA VAT AT AT A VAT AT ATAT AT AT AVA AT ATV A AT ATV A AT A AV A VA LA

- = — R e e g g

(sub)Process: e, E -> m, M

Distributions 1

Clr-Del-Size—Read—ErrMes
Parameter 1/> Min 1 <[> Max 1 </Parameter 2/> Min 2 <[> Max 2 <

M(m,M) /0 1200 ! T/ /

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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51
52
53
54
55
< >

56

#IT Cross

PO SN SN S S S SR

T
@
[ ]

. 3341E-02
. 3375E-02
. 3348E-02
. 3359E-02
. 3349E-02
. 2853E-02
. 3351E-02

(sub)Process: e, E -> m, M
Monte Carlo session:

sectionfpb] Error{%]

4 b Oy b

S A AT MM

06E-01

.07E-01
. 07E-01
. 06E-01
. 06E-01
. 78E-01
. 06E-01

rale i = M

(sub)Process: e, E -> m, M

Monte Carlo session:

#IT Cross

51 1.3341E-02
52 1.3375E-02
53 1.3348E-02
54 1.3359E-02
55 1.3349E-02
< > 1.2853E-02
56 1.3351E-02
57 1.3344E-02

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

section{pb] Error{%]

. 06E-01
. 07E-01
.07E-01
. 06E-01
. 06E-01
. 78E-01
. 06E-01
.07E-01

bt b Oy B b B B e

CalcHEP

%| CalcHEP_3.8.10/num

1 (continue)

nCall
98568
98568
98568
98568
98568

5421240

98568

Fala N =i ol s

%/ CalcHEP_3.8.10{num

1 (continue)

nCall
98568
98568
98568
98568
98568
5421240
98568
98568

ilkay TURK CAKIR, Ankara Universitesi
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Monte Carlo simulation

chi?
*¥Start integration

Integration is over
7 Press any ke

Monte Carlo simulation

Display Distributions

Distributions

UPDYO-XV, 05-10 Eylil 2023, Bodrum
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Monte Carlo simulation

‘ Display Distributions

Distributions

number of bins

300
150

75

. ® O ( *W CalcHEP_3.8.10/num

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar
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Y-max . 00247

0

Y-min 2.01E-06
Y-scale =
Spline

Mouse: show Func

Save plot in file

Log.

Degismez kitle dagilimi grafigi
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1- Hizlandirici ve Parcacik Fiziginde Bilgisayar Uygulamalari Okulu, Anadolu Universitesi,
llkay TURK CAKIR, Ders Notlari: https://indico.cern.ch/event/335370/contributions/781762/

2- Hizlandirici ve Parcacik Fiziginde Bilgisayar Uygulamalari Okulu, Gaziosmanpasa Universitesi
llkay TURK CAKIR, Ders Notlari: https://indico.cern.ch/event/264054/contributions/592261/

3- CalcHEP 3.4 for collider physics within and beyond the Standard Model (Alexander Belyaev1,2, Neil D.
Christensen3, Alexander Pukhov) : https://arxiv.org/pdf/1207.6082.pdf

4- Practical introduction into CalcHEP
https://indico.cern.ch/event/656211/contributions/2756825/attachments/1547486/2429259/calchep tools

bootcamp belyaev.pdf

5-Veri analizi, Ders Notlari, ilkay TURK CAKIR
https://www.slideserve.com/atira/ver-anal-z-i

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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MadGraph5 +Pythia8+ Delphes+ ROOT

* MadGraph5

» Siurec tanimlama, diyagramlar, parametreler

* Pythia8

» Hadronlasma, bozunum

* Delphes

» Dedektor hizli simiilasyonu, bilinen dedektorler icin kartlar, parametreler

* ROOT
> Analiz

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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TR MadGraph Ozellikleri

* MadGraph programi, Standart Model (SM) ve SM o6tesi fenomenoloji icin gerekli tim
bilesenleri saglayan bir pakettir.

* Agac seviyesinde matrix elemani hesaplayicisi, tesir kesiti hesabi ve olay Uretimi yapar.

e Uzun siire C++/Fortran ile hazirlanan MG4 kullanilmis, 2010 yilindan bu yana “Python”
dilinde hazirlanan MG5 kullaniimaktadir.

* Diger MC Uureticilerine gore; Grid Uzerinde, cok cekirdekli ya da kiime bilgisayarlarda (pbs)
daha basarili hesaplama yapabilir.

* Terminal Gzerinde arayuz sunar. Sonuclar html olarak verilebilir. Glinimuzde olaylari simtle
etmek icin yaygin olarak kullanilmaktadir.

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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MadGraph ILE NE YAPILIR?

* Bu takim, parton seviyesindeki basit bir tesir kesiti

]‘ n
— F/dPS( )| M|

* Matris elemani karesi: Feynman diagramlarinin genlikleri yoluyla gelir, diagramlar
modelinin tim etkilesim ve parcacik bilgisini tasiyan Lagrangieni ile elde edilir.

* F baslangic durumlari Gzerinden alinan ortalama aki faktorlerdir.

e Tum faz uzayi (PS) Gzerinden integral alinarak hesaplanir.

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum



© T MadGraph ILE NE YAPILIR?

* Hadron Carpistiricisinda bir tesir kesiti hesabi;

1 n
g = - Z/dPS( )dxa dzy, fa/p(xa) fb/p(fBb)|Mfz'|2
ab

e TUm partonlar Gzerinden toplam alinir (a ve b).

* f: parton dagilim fonksiyonlari (PDF)

* ave b protondan gelen birer parton ve x parton fraksiyonlari olmak tzere f(x)
partonlarin protonlardan gelme olasiligini gosterir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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MadGraph NE ICERIR?

 MadGraph vyazilimi, cesitli programlari icerecek sekilde genisletilebilir: bir
rastgele olay Ureteci, parton dusu ve hadronizasyon icin kullanilan kod
Pythia ve iki dedektor simulatori ?PGS ve Delphes).

* |Igilendigimiz simulasyon tlrune bagl olarak, bu ek parcalardan bazilari
ereksiz olabilir. Ornegin, sadece ﬁarton seviyesinde bir tesir Kkesiti
esaplamak istiyorsak, temel formuli kullanmak yeterlidir. Bununla birlikte,
bunun Otesine gecmek ve hadronizasyon veya detektdor simuilasyonunu
dahil etmek istiyorsak, Pythia ve PGS veya Delphes'i de kullanmak
zorundayiz. Bu biraz karmaflk gelebilir, ancak pratikte bu araclarin
kombinasyonu basittir ve aslinda MadGraph cercevesi bunu otomatik
olarak yapmaya hazirdir.

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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MadGraph NE ICERIR?

* Yuksek enerjili carpismalarda, detektorlerde
son asamada ortaya c¢ikan hadronlasma
gozlemlenir.

* Hadronlasma: Baslangicta slrece giren kuark
va da gluonlarin, son durumda bozunarak 2y,
asimptotik 6zglrligin izin verdigi 6lclide bir ooy
araya gelerek yine kuark ya da gluon isinimi
yapmasidir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TORK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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* Secilen fizik modeli cercevesinde MC
teknikleri kullanarak yuksek ener;ji fizigi

PDF
olaylarini Uretme programidir. ME
* Parcacik carpismalarinin ve TQ‘;’
etkilesmelerinin benzetiminde kullanilir. FSR
BR
* PYTHIA, orta ve yuksek momentum
aktarimh  etkilesmeleri, etkilesmede
Decays

cikan  parcaciklarin  bozunma  ve
dallanmalarini, sacilma tesir kesitini, ilk
durum ve son durum isimalarini, coklu

etkilesmeleri, parton dagilim
fonksiyonlarini ve partonlarin Genel-amagli olay treticiler: PYTHIA, HERWIG, SHERPA.
hadronla smasil | g| N gere kli alt PYTHIA boyutu: ~ 3MB (PYTHIA 6.4 (Fortran), ~ 38MB PYTHIA 8.2 (C++)).

programlari icermektedir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum



- DELPHES : Parametrik Hizli Benzetim

DELPHES

fast simulation

* Genel bir carpistirici deneyinin hizli benzetimi icin bir cerceve programidir.

* Delphes, hizli ve ¢cok amach bir algic yanit benzetimi gerceklestiren bir C++
program cercevesidir. Benzetim manyetik alana gomullu bir izleme sistemi,
kalorimetreler ve bir mion sistemi icerir. Bu cerceve, standart dosya
formatlarina (6rnegin, Les Hauches Olay Dosyasi (LHE) veya High Energy Monte
Carlo (HepMC) baglanir ve ayri ayri analizler icin kullanilabilecek izole leptonlar,
kayip enerji ve jet toplama gibi goézlemlenebilir ciktilar Gretir. Algic yanitinin
benzetimi manyetik lanain etkisini, kalorimetrelerin tanecikligini ve alt algic
cozunurliklerini dikkaet alir. Son durum parcaciklarinin gorsellestirilmesi, ayni
zamanda karsilik gelen ROOT kutlphanesi kullanilarak gerceklestirilebilir. )

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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. Dellt()hes, parametrize edilmis bir yapisallik icinde cok amach algiclarin
tepkilerinin benzetimini yapabilen modiler bir cercevedir.

NE ICERIR?
» birikme (pile-up) B
»manyetik alanda yukli parcacik iletimi . ",."?
» elektromanyetik ve hadronik kalorimetreler .. [.?"/" it
»miuon sistem -~ i

NE SAGLAR? N p
» lepton (elektronlar ve mionlar)
»fotonlar
» jetler ve kayip enine enerji (parcacik- akis)
»tau’lar ve b’ler

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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DELPHES: VERI AKIS DIYAGRAMI

* Harici Monte-Carlo jeneratorlerinden gelen olay @) (=) () () ()
dosyalari ilk 6nce bir okuyucu asama tarafindan iglenir. s
pums
* Yigilma olaylari daha sonra sert sa¢ilma olayina ust <$ —
.o . { { i |
uste biner. (o) G (o) (oo )
] pile-up subtract |
v e g : : : e ] [
* Uzun dmarla pargaciklar, homojen bir manyetik alan
icinde kalorimetrelere yayilir. \[oeeme ]|/

 Kalorimetrelere ulasan parcaciklar enerjilerini %/

kalorimetrelerde biriktirir. (B (o) (B

Yuksek Eneriji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum
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e DELPHES: VERI AKIS DIYAGRAMI
* Pargacik akis algoritmasi 4 vektérden olusan koleksiyon ) ) () () ()
Uretir: elektronlar, fotonlar, parcacik akis izleri ve kuleler g —
s
* Muonlar kararli pargaciklardan segilir ve 4 vektorleri e
bulunur. <¢ T
Cofe e e
* Yigilma tepe noktalarindan gelen yukli hadronlar atilir - Fa;ﬂe‘t| .
ve kalan olay yigilma yogunlugu hesaplanir.
\|‘ unique bjectinder —| /
* Yigilma yogunlugu daha sonra, jetler Uzerinde ve G L (g . @D
muonlar, elektronlarve fotonlar icin izolasyon ﬁ }j
parametresi Uzerinde biriktirme c¢ikarma islemini /@\
gerceklestirmek icin kullanilir. Eksik enerjide birikme ) (oo )

cikarma islemi gerceklestirilmez.
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DELPHES: VERI AKIS DIYAGRAMI ) (o) () (o) ()

* Son asamada, yeniden vyapilandirilmis nesnelerin 4

Durss
kopyalari kaldirilr.
C%rl]eﬁg ( propagated stable particles )

| | { | |

’ calorimeter and energy flow ‘

| { f |
<muons> (electrons) (photons) ( towers and tracks )
| {

e Ciktr verileri bir ROOT agaci biciminde saklanir ve
ROOT cercevesi yardimiyla analiz edilebilir. Kbk agac

pile-up subtractors ‘

|
| | i |
.o ) ) ) oo ‘ isolation ‘ |Fast]et‘ ‘merger‘
dosyalari da LHCO dosya formatina donustaralebilir.
\‘ | unique object ﬁn:ier ‘ /
{ i
* Her adimda yapilanma dosyasi tarafindan kontrol (mas) . (o)

\Q
)

electrons jets
edilir. °
/@\

Analysis Event
(macrosj ( LHCO j [display]
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Data Analysis Framework

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar

ROOT

Yilda birkac petabaytlk veri alan, Bluyuk Hadron Carpistiricisi
(BHC) deneylerinin verilerini isleme esnasinda yuksek islem
verimliligi icin tasarlanan ROQOT, 2009 yilindan itibaren yiksek
enerji fizigindeki veri analizi ve veri toplamada kullanilan en
glincel ve acik kaynak kodlu bilimsel bir veri analiz paketidir.

ROOT'un gunumuzde CERN dahil bircok onemli bilimsel

merkezde kullanilan temel bir veri analiz paketi olmasinin
nedeni:

» ROOT’un verileri kendi formatinda (.root) kaydetmesi ve bu
verileri yuksek bir islem verimliligi icinde geri yukleyerek
kullanabilmesidir. Bu nedenle bir cok deneyde alinan veriler

ROOT formatinda alinip isleme ROOT ile devam
edilmektedir.

ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eyliil 2023, Bodrum
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ROOT

 ROOT, Windows, Linux ve MacOS isletim sistemlerinde desteklenmektedir.
 ROOT kendi icinde bir C++ yorumlayici bulundurur.

* Derleyiciye ihtiya¢c duyulmadan C/C++ kodlari ile calisilabilir.

* Etkilesimli komut satiri “root” yazarak baslatilir.

* root —| ile de baslatilabilir.
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ROOT

Bir dosyadan veri okuyup cizdirmek, histogram kavrami ve histogram cizdirmek, veri
kimesine egri uydurmak, uydurulan egrinin parametrelerini gormek (ntuple okumak, ve
icindeki bilgileri cizdirir.

ROOT'un en o6nemli 6zelligi, ROOT un icerisinde Tree adinda, icerisinde dallari ve
yapraklari olan bir veri tasiyici olmasidir. Bu veri tasiyicisi icerisine yuklenen verileri saklar
ve gerektiginde ROOT platformu Uzerinde cesitli kullanim imkanlari saglar. Bu 6zellik
verilerin kaybolmasi, saklanmasi, bellek gereksinimleri gibi sorunlarin é6nlne

ROOT Windows, Linux ve MacOS isletim sistemlerinde desteklenmektedir.

ROQT parcacik fizigi veri analizi icin tasarlanmis olmasina ragmen ayni zamanda astronomi
ve veri madenciligi gibi diger uygulamalarda da kullanilmaktadir.
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* ROOT icinde olan fakat C++'da olmayan 6zel komutlar bir . isareti ile birlikte yazilir.

Ornekler:

e ROOT'dan ¢ikmak icin: .q

e kabuk komutu kullanmak icin: .|

e ROOT'u calistirmak icin: root veya root —|
e bir makro yuklemek icin: .L dosya adi

e bir makro calistirmak icin: .x dosya adi

e yardim icin: .help veya.?

* NOT: Makro nedir? Belli bir isi yapmak Uzere her istediginizde calistirabileceginiz bir
dosya icerisine yazilmis komutlar ve fonksiyonlar dizisidir.

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylil 2023, Bodrum



0 - Turk Fizik Dernegi
! 1950
Turkish Physical Society

ROOT KURULUMU

https://root.cern sayfasindan bilgisayariniza uygun platfromu olan

ROOT’u secip indirebilirsiniz.

Dm e e — e e teram ] m et i e = —. = -

ROOT o S Download a pre-compiled binary distribution

Data Analysis Framework

We distribute pre-compiled ROOT for several major Linux distributions as well as MacOS and
(as a beta) Windows. The steps to install a pre-compiled binary are simple:

ROOT: analyzing petabytes of data, scientifically.

An open-source data analysis framework used by high energy physics and others. 1. Install all required dependencies with the system package manager

©@Learnmore | L Install v6.28/04 2. Download the release for the desired platform and ROOT version
3. Unpack the archive
4

. Add the ROOT libraries and executables to your environment by sourcing the appropriat

thisroot.* script. These setup scripts can be found in the ROOT binary release, in the

9 bin directory.
1l

For example, on Centos8, a user could execute the following bash commands to install ROOT
Release 6.28/04 - 7 May 2023

v6.28/04, after installing all required dependencies:

Binary distributions

Platform Files size

Version 6 Centos 8 root_v6.28.04.Linux-centos8-x86_64-gcc8.5.tar.gz 225M
Fodora 36 root_v6.28.04.Linux-fedoraVERSION_ID=36-x86_64- s0mm
gcc12.2.tar.az
Release 6.28/04 - 07 May 2023 Release 6.10/04 - 28 Jul 2017 Ubuntu 18.04 100t _v6.28.04.Linux-ubuntu18-x86_64-0007.5.tar.02 2a3m
Ubuntu 20.04 FO0t_v6.28.04. Linux-ubuntu20-x86_64-gcc9.4.tar.gz 24am
Release 6.28/02 - 23 Mar 2023 Release 6.10/02 - 06 Jul 2017 Ubuntu 22.04 r00t_v6.28.04.Linux-ubuNtu22-xB6_64-gocT1.3.tar.07 201
macOS 11.7 arm64 Xcode 12 root_v6.28.04.macos-11.7-arm64-clang120.pkg 344amM
Release 6'28/00 - 04 Feb 2023 Re|ease 610/00 - 13 Jun 2017 macOS 11.7 armé4 Xcode 12 root_v6.28.04.macos-11.7-arm64-clang120.tar.gz 223M
macOS 11.7 x86_64 Xcode 12 root_v6.28.04.macos-11.7-x86_64-clang120.pkg 359M
Release 6'26/10 - 16 Nov 2022 Release 6'09/02 - 08 Mar 2017 macOS 11.7 x86_64 Xcode 12 root_v6.28.04.macos-11.7-x86_64-clang120.tar.gz 235M
macOS 12.6 arm64 Xcode 14 root_v6.28.04.macos-12.6-arm64-clang140.pkg 341M
Release 6.26/06 - 29 Jul 2022 Release 6.08/06 - 02 Mar 2017 macOS 12.6 arm64 Xcode 14 OOt V6.28.04.macos12.6-arm6a-clang140.tar.gz 22am
macOS 12.6 x86_64 Xcode 14 root_v6.28.04.macos-12.6-x86_64-clang140.pkg 355M
Release 6.26/04 - 07 Jun 2022 Release 6.08/04 - 13 Jan 2017 macoS 12.6 x86_64 Xcode 14 [00t_v6.28.04.macos-12.6-x86_64-clang140.tar.gz 23am
macOS 13.3 arm64 Xcode 14 root_v6.28.04.macos-13.3-arm64-clang140.pkg 354M

Nalacaaa A AAINAA AN Ao ANAA
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MadGraph (LaunchPad)

e https://launchpad.net/mg5amcnlo

Login/Regi
(B MadGraph5 aMC@NLO
Overview Code Bugs Blueprints Translations Answers
Registered 2009-09-15 bya Michel Herquet
Get Involved
MadGraph5_aMC@NLO is a framework that aims at providing all the elements necessary for SM and BSM phenomenology, such as Report 2 bug i

the computations of cross sections, the generation of hard events and their matching with event generators, and the use of a variety
of tools relevant to event manipulation and analysis. Processes can be simulated to LO accuracy for any user-defined Lagrangian, an Ask a question =
the NLO accuracy in the case of models that support this kind of calculations -- prominent among these are QCD and EW corrections

. ’ Register a blueprint .
to SM processes. Matrix elements at the tree- and one-loop-level can also be obtained.

MadGraph5_aMC@NLO is the new version of both MadGraph5 and aMC@NLO that unifies the LO and NLO lines of development of
automated tools within the MadGraph family. It therefore supersedes all the MadGraph5 1.5.x versions and all the beta versions of
aMC@NLO. As such, the code allows one to simulate processes in virtually all configurations of interest, in particular for hadronic and Downloads

e+e- colliders; starting from version 3.2.0, the latter include Initial State Radiation and beamstrahlung effects. e va e a5

The standard reference for the use of the code is: J. Alwall et al, "The automated computation of tree-level and next-to-leading
order differential cross sections, and their matching to parton shower simulations", arXiv:1405.0301 [hep-ph]. In addition to that, e s 4
computations in mixed-coupling expansions and/or of NLO corrections in theories other than QCD (eg NLO EW) require the citation

of: R. Frederix et al, "The automation of next-to-leading order electroweak calculations", arXiv:1804.10017 [hep-ph]. A more Ve
complete list of references can be found here: http://amcatnlo.web.cern.ch/amcatnlo/list_refs.htm - S e \ .

Download: released on 2023-05-12

MG5_ aMC _v3.5.0.tar.gz indirilir. Python3 ile uyumludur.
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MadGraph KURULUMU

» tar zxvf MG5_aMC_v3.5.0.tar.gz
» ./bin/mg5_aMC

» install pythia8

» install Delphes

(NOT 1: Eger burada hata verirse, (6rnegin require g77 gibi),._bilgisayarlnlz Mac ise
uyumlu olan versiyona uyumlu olan gfortran doyasi indirilir. Ornegin, macOS Big Sur
ise gfortran 11.2 —BigSur.dmg infdirlir ve install Delphes komutu tekrarlanir. )

NOT 2: Root Delphesten dnce mutlaka kurulmahdir. ROOT un kurulumu
MadGraph’dan bagimsizdir.

NOT 3: Eger “install Delphes” komutu ile yine de basaramaz iseniz bir sonraki
slayttaki adimlari izlemeniz yeterli olacaktr.

Yiksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar ilkay TURK CAKIR, Ankara Universitesi UPDYO-XV, 05-10 Eylul 2023, Bodrum



o Turk Fizik Dernegi
1950

Turkish Physical Society

DELPHES KURULUMU

* https://github.com/delphes/delphes baglantisina tiklayip
https://github.com/delphes/delphes.git adresi kullanilarak

git clone https://github.com/delphes/delphes.git
komutu ile Delphes indirilir.

Sonra sirasi ile asagidaki komutlari calistirilarak kurulur.

mv delphes Delphes
cd Delphes

make -j4

make display
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MadGraph KAYNAKLAR

1- https://cp3.irmp.ucl.ac.be/projects/madgraph
2- https://launchpad.net/mg5amcnlo

3_
https://indico.cern.ch/event/335370/contributions/781780/attachmen
ts/655157/900786/HPFBUO4 MadGraph 2.pdf
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ROOT KAYNAKLAR

1- http://root.cern.ch
2- https://root.cern/manual/
3- https://root-forum.cern.ch/

4-Parcacik Fizigi Bilgisayar Uygulamalari Okulu, istanbul Universitesi, Ilkay TURK CAKIR, Ders

Notlari
https://indico.cern.ch/event/877623/contributions/3707938/attachments/1980072/3297006/s

on_PFHUOQO.pdf
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PYTHIA KAYNAKLAR

1- T. Sjostrand et al., An Introduction to PYTHIA 8.2An Introduction to PYTHIA 8.2,
arXiv:1410.3012 [hep-ph], http://home.thep.lu.se/~torbjorn/pdfdoc/pythia8200.pdf

2- T. Sjostrand, S. Mrenna and P. Skands, A Brief Introduction to Pythia 8.1,A Brief
Introduction to Pythia 8.1, arXiv:0710.3820, web sayfasi:

3- http://home.thep.lu.se/~torbjorn/pythia8/pythia8100.pdf

4- http://home.thep.lu.se/~torbjorn/php8157/Welcome.php

5- T. Sjostrand, S. Mrenna and P. Skands, PYTHIAPYTHIA 6.4 Physics and Manual6.4 Physics
and Manual, hep-ph/0603175, web sayfasi:
http://www.thep.lu.se/~torbjorn/pythia/lutp0613man2.pdf
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DELPHES KAYNAKLAR

1- https://www.tcm.phy.cam.ac.uk/~mjh261/pdfs/delphes.pdf
2- https://cp3.irmp.ucl.ac.be/projects/delphes
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UYGULAMA 2

MUS_aMU>ex1T B
1lkay@®ilkayl MG5_aMC_v3 5 0 % ./bin/mg5_aMC

MG5_aMC_v3_5_0 — Python « mg5_aMC — 118x24

lhapdf-config does not seem to correspond to a valid lhapdf-config executable.

Please set the 'lhapdf' variable to the (absolute) /PATH/TO/lhapdf-config (including lhapdf-config).
Note that you can still compile and run aMCE@NLO with the built-in PDFs

MG5_aMC> set lhapdf /PATH/TO/lhapdf-config

None does not seem to correspond to a valid lhapdf-config executable.

Please set the 'lhapdf' variable to the (absolute) /PATH/TO/lhapdf-config (including lhapdf-config).
Note that you can still compile and run aMCENLO with the built-in PDFs

MG5_aMC> set lhapdf /PATH/TO/lhapdf-config

Using default text editor "vi". Set another one in ./input/mg5_configuration.txt
Loading default model: sm

INFO: Restrict model sm with file models/sm/restrict_default.dat .
INFO: Run "set stdout_level DEBUG" before import for more information.
INFO: Change particles name to pass to MG5 convention

| Defined
i Defined
Defined
Defined
Defined
Defined
Defined

multiparticle
multiparticle
multiparticle
multiparticle
multiparticle
multiparticle
multiparticle

MG5_aMC>[|

p=gucds u~ c~ d~ s~
j=gucds u~ c~ d~ s~

1+ = e+ mu+
1- = e- mu-
vl = ve vm vt

vl~ = ve~ vm~ vt~
all =gucds u~ c~ d~ s~ a ve vm vt e- mu- ve~ vm~ vt~ e+ mu+ t b t~ b~ z w+ h w- ta- ta+
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heft

heft-ckm

heft-full

heft-no_b_mass
heft-no_masses
heft-no_tau_mass
heft-zeromass_ckm
hgg_plugin/
loop_qgcd_qged_sm
loop_qcd_qged_sm-full
loop_qcd_ged_sm-no_widths
loop_qcd_ged_sm-with_b_mass

loop_qcd_ged_sm-with_b_mass_no_widths

loop_qcd_ged_sm_Gmu
loop_qcd_ged_sm_Gmu-ckm
loop_qcd_ged_sm_Gmu-full

loop_qcd_ged_sm_Gmu-no_widths

loop_sm-c_mass
loop_sm=ckm

MG5_aMC

Limport model sm-full

loop_sm-no_widths
loop_sm-parallel_test
loop_sm-test
loop_sm-zeromass_ckm
loop_sm/
MSSM_SLHA2-full
MSSM_SLHA2-no_b_mass
MSSM_SLHA2-no_masses
MSSM_SLHA2-no_tau_mass
MSSM_SLHA2/

nmssm

nmssm-full

RS

RS-

sextet_diquarks
sextet_diquarks-
sm-c_mass

sm—-ckm

sm-full

INFO: Change particles name to pass to MG5 convention

Kept definitions of multiparticles p / j / 1+ / 1- / vl / vl~ unchanged
Defined multiparticle all = g ud s u~ d~ s~ a ve vm vt ve~ vm~ vt~ c t b ¢~ t~ b~ z w+ h w- e- mu- ta- e+ mu+ ta+

MG5_aMC>[

Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar
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sm-zeromass_ckm

sm/

SMScalars
SMScalars-full
SMScalars/
taudecay_UF0/
TopEffTh

TopEffTh-
triplet_diquarks
triplet_diquarks-
uutt_sch_4fermion
uutt_sch_s4fermion-
uutt_tch_scalar
uutt_tch_scalar-
VLQ_v4_4FNS_UFO0-3rd
VLQ_v4_4FNS_UFO-3rdL
VLQ_v4_4FNS_UFO-3rdL_noCKM
VLQ_v4_4FNS_UF0/
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MG5_aMC>generate e+ e- > e+ e-

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying process: e+ e- > e+ e- WEIGHTED<=4 (1

INFO: Process has 6 diagrams

1 processes with 6 diagrams generated in 0.012 s

Total: 1_processes with 6 diagrams

MG5_aMC>output ilkay

>y

INFO: initialize a new directory: ilkay

INFO: remove old information in ilkay

INFO: Organizing processes into subprocess groups

INFO: Generating Helas calls for process: e+ e— > e+ e— WEIGHTED<=4 @1
INFO: Processing color information for process: e+ e— > e+ e— @1

INFO: Creating files in directory P1_epem_epem

INFO: Some T—-channel width have been set to zero [nhew since 2.8.0]

if you want to keep this width please set "zerowidth_tchannel" to False
INFO: Generating Feynman diagrams for Process: e+ e— > e+ e— WEIGHTED<=4 @1
INFO: Finding symmetric diagrams for subprocess group epem_epem
Generated helas calls for 1 subprocesses (6 diagrams) in ©.010 s

Wrote files for 16 helas calls in ©.127 s

ALOHA: aloha starts to compute helicity amplitudes

ALOHA: aloha creates 4 routines in 2.785 s

save configuration file to /Users/ilkay/MG5_aMC_v3_5_0/ilkay/Cards/me5_cont
INFO: Use Fortran compiler gfortran

INFO: Use c++ compiler clang

INFO: Generate web pages

Output to directory /Users/ilkay/MG5_aMC_v3_5_0/ilkay done.

Type "launch" to generate events from this process, or see
/Users/ilkay/MG5_aMC_v3_5_0/ilkay/README

Run "open index.html" to see more information about this process.
MG5_aMc>[

Total: 1 processes with 6 di;grams
MG5_aMC>dj_3p]_ay dj_agrams | @ | TirkFizik Derneg

1950
-
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e+ e- > e+ e- WEIGHTED=4 page 1/1

e+ e+

diagram 1 QCD=0, QED=2 diagram 2 QCD=0, QED=2

diagram 3 QCD=0, QED=2 diagram 4 QCD=0, QED=2

diagram 5 QCD=0, QED=2 diagram 6 QCD=0, QED=2

Diagrams made by MadGraph5_aMC@NLO
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Run "open index.html" to see more information about this process.
MG5_aMC>1aunch- The following switches determine which programs are run:

/ \
| 1. Choose the shower/hadronization program shower = OFF |
| 2. Choose the detector simulation program detector = OFF |
| 3. Choose an analysis package (plot/convert) analysis = Not Avail. |
| 4. Decay onshell particles madspin = OFF |
| 5. Add weights to events for new hypp. reweight = OFF |
\ /

Either type the switch number (1 to 5) to change its setting,
Set any switch explicitly (e.g. type 'shower=Pythia8' at the prompt)
Type 'help' for the list of all valid option

***** SRne Pt L lautaell | Lldnna!ll ax.Jued _precs eutgx whan wuan ava dana TAQg to answer]
ilkay@Ilkays—-MacBook-Pro ~ % cd MG5_aMC_v3_5_0/il/Events/run_01
.- . . . _ - .. - - ;o _ . - .

NOT: Bu asamada hizli hareket etmek gerekiyor, cinku beklendigi zaman otomatik olarak secim yapiyor.

The following switches determine which programs are run:

/ \
° ]_ | 1. Choose the shower/hadronization program shower = Pythia8 |
| 2. Choose the detector simulation program detector = Delphes |
o 2 | 3. Choose an analysis package (plot/convert) analysis = Not Avail. |
| 4. Decay onshell particles madspin = OFF |
| 5. Add weights to events for new hypp. reweight = OFF |
\ /
Either type the switch number (1 to 5) to change its setting,
[ () Set any switch explicitly (e.g. type 'shower=0FF' at the prompt)
Type 'help' for the list of all valid option
Type '0', 'auto', 'done' or just press enter when you are done.
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. param ¢+ param_card.dat

. run ¢+ run_card.dat

. pythia8 : pythia8 card.dat
delphes : delphes_card.dat

PO DN R
~N——

/
I
|
I
|
\

you can also

- enter the path to a valid card or banner.

- use the 'set' command to modify a parameter directly.
The set option works only for param_card and run_card.
Type 'help set' for more information on this command.

— call an external program (ASperGE/Madwidth/...).
Type 'help' for the list of available command

[0, done, 1, param, 2, run, 3, pythia8, 4, enter path, ... ]1[90s to answer]
>

* 2 (run_card.dat dosyasina # Collider type and energy *
girer). Burada i tuguna ba5|p ¥ 1pp: ©=No PDF, 1=proton, -l=antiproton, *
gerekli degisiklikler yapilir ve ¥ 2=elastic photon of proton/ion beam *
esc tusuna basilir ve :x ¥ +/-3=PDF of electron/positron beam *
kullanilir ise kaylt eder. ¥ +/-4=PDF of muon/antimuon beam *

iskokokokokokokokokskokskokokokokokokokokokok ok ok sk sk sk sk sk sk sk stk sksk sk sk sk sk sk sk ok ok okok ok sk ok sk sk sk sk sk sk sk sk sk sk k ok ok
0 = lppl ! beam 1 type
o . . 0 = 1lpp2 ! beam 2 type

* Eger kayit etmek istemez isek 45.0 = ebeaml ! beam 1 total energy in GeV

-q komutu verilir. 45.0 = ebeam2 ! beam 2 total energy in GeV

Fokeokokokokok sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok ok
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0 yazilir ise artik sonuclar alinir:

e [~ @ file:///Usersfilkay/MG5_aMC_v3_5_0/ilkson/crossx.html 2 - N ©®

Results in the sm-full for e+ e- > e+ e-

run_01 g =02 = O Oy Q
Name A~ Date Modified Size Kind
Available Results . Tun_01_tag_1_banner.txt Today 13:41 50 KB Plain Text
.. run_shower.sh Today 13:41 214 bytes Plain Text
- - - B tag_1_delphes_events.root Today 13:42 85MB Document
Run Collider Banner|Cross section (pb)|Events Data Output Action 1. tag_1_delphes og Today 13:42 8KB. Log File
. parton madevent|LHE remove run  launch detector simulation tag_1_dirs.dat Today 13:41 28KB Document
run_01 45.0 :456_0 GeV tag 1 4185 4.1 10000 |pythia8 LOG HEPMC]| remove run launch detector simulation tag_1_pts.dat Today 13:41 28 KB Document
: . delphes LOG rootfile remove run I tag_1_pythia8_events.hepme.gz Today 13:42 633 KB gzip co...archive
tag_1_pythia8.cmd Today 13:41 6 KB Document
Main P .. tag_1_pythia8.log Today 13:41 122KB Log File
am Fage i unweighted_events.lhe.gz Today 13:41 375KB  gzip co...archive

& Dod

ilkay@Ilkays—-MacBook-Pro ~ % cd MG5_aMC_v3_5_0/ilkson/Events/run_01
ilkay@Ilkays—MacBook-Pro run_01 % 1ls

run_01_tag_1_banner.txt tag_1_pts.dat

run_shower.sh tag_1_pythia8.cmd
tag_1_delphes.log tag_1_pythia8.1log
tag_1_delphes_events.root tag_1_pythia8_events.hepmc.gz
tag_1_djrs.dat unweighted_events.lhe.gz

ilkay@Ilkays—MacBook-Pro run_01 % I
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root [1] TBrowser i
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ROOT iLE CALISMA

ilkay@Ilkays-MacBook-Pro run_01 % root -1 tag_1_delphes_events.root

XK

ROOT Object Browser

Browser IEiIe Edit View Options Tools
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* root filenin icinde delphes tree var.
* Delphes dedektor sim. programi
Delphes igcindeki tree’nin adina Delphes denmis

Ayrica; .Is ve new Tbrowser komutlari da kull

Files |

24 % [ Draw Option: -

(Jroot

(1PROOF Sessions

{AROOT Files

=-i@tag_1_delphes_events.root
- ]ProcessIDO;1

vvvvvv s Event_size

- #4 Weight

-

|

Canvas_1 [X]| Editor 1 [

Browser ‘Eile Edit View Options Tools

ROOT Object Browser

Help

Files |

Canvas_1 [/ | Editor 1

l

24 Y & Draw Option: I~

AN TOUWGOT

3% Tower_size
b A EFlowTrack

-

&4 Electron
. -3k Electron.fUniquelD

-3 Electron.fBits

Electron.PT

htemp

600

500

400

300

200

100

_IIII|IIII|IIII|IIII|IIII|IIII|IIII

Entries 14846
Mean 23.14
Std Dev 11.41

TSI

Ll
50
Electron.PT

‘. 3% Flectron PT
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* Yaz okulu icin emegi gecen tim komitelere ve herkese tesekkurler.

e “Yuksek Enerji Fiziginde Kullanilan Yazilimlar ve Uygulamalar” icin en
az iki ders sure ayrilmalidir.

* Bu ders notlarinda Yiksek Enerji Fiziginde kullanilan yazilimlar ve
uygulamalari hakkinda genel bilgiler verilmistir. Bu vyazilimlarda
vapilabilecek en basit érnekler sunulmustur. Yazilimlar ile ilgili ayrintili
ve ileri duzeydeki Dbilgileri onceden hazirlamis oldugum ders
notlarinda kaynaklar kisimlarindan ulasabilirsiniz.
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