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HEENEAZEREK. FIWMTIERF:

CERN Roo0t5/6
Python, C++, Fortran
LHAPDF5/6
MadGraph (ExRootAnalysis, Ihereader)
Pythia8, HEPMC2
FastJet
Delphes
MCFM or VBFNLO or MATRIX



https://pypi.org/project/lhereader

IRE AN

1. FFi7H:
« H->bb
» CERN RootE¥i#E44r (Fortran. Python)
* FENBFMMCERS

2. Mad Graphf&1r:

o XENYERIR

o METEREITE ete->mutmu-

e LHES#T pP->WW->lvgq

¢ pp->L LO. NLO. MLM . CMSIE& %&Rivet
3. Parton Shower

o IHIPNA

* Event Display, Bjig
o KBS Status. copy. Hdecay. ZGvs Zjets

4. Others

e CEPCISR, UFO/BSM, Delphes, Reweighting, EFT, Interference,
Loop-Induced

5. MC in CMS



ER DS Y

Generator

home.thep.lu.se/~torbjorn/talks/van1lho.pdf
Introduction to Event Generators (dur.ac.uk)

Parton Shower

http://home.thep.lu.se/~torbjorn/Pythia.nhtml
https://indico.cern.ch/event/438776/attachments/1159226/1668171/herwig.pdf
users.ictp.it/~smr2463/lect/Ellis-3.pdf
https://indico.cern.ch/event/369827/contributions/875691/attachments/1165138/1679417/gieseke.pdf

Jefts
https://www.physics.sjtu.edu.cn/madgraphschool/index.php2g=node/29
https://indico.cern.ch/event/346738/contributions/813675/attachments/684118/939687/14_JetPhysics.pdf

Underlying Events, LHC Xsec
www.phys.ufl.edu/~rfield/cdf/lUVa RickField 3-2-16.pdf
ICHEP 2016 Chicago (3-20164F8) 10 H): Total, elastic and inelastic pp cross sections at the LHC (15' + 5" - Indico (cern.ch)

Matching and Merging
https://www.physics.sjtu.edu.cn/madgraphschool/index.php2g=node/29
https://indico.cern.ch/event/669309/timetable/2view=standard



http://home.thep.lu.se/~torbjorn/talks/van1ho.pdf
https://conference.ippp.dur.ac.uk/event/309/contributions/1286/attachments/1054/1203/MC3_krauss.pdf
http://home.thep.lu.se/~torbjorn/Pythia.html
https://indico.cern.ch/event/438776/attachments/1159226/1668171/herwig.pdf
http://users.ictp.it/~smr2463/lect/Ellis-3.pdf
https://indico.cern.ch/event/369827/contributions/875691/attachments/1165138/1679417/gieseke.pdf
https://www.physics.sjtu.edu.cn/madgraphschool/index.php?q=node/29
https://indico.cern.ch/event/346738/contributions/813675/attachments/684118/939687/14_JetPhysics.pdf
http://www.phys.ufl.edu/~rfield/cdf/UVa_RickField_3-2-16.pdf
https://indico.cern.ch/event/432527/contributions/1072410/
https://www.physics.sjtu.edu.cn/madgraphschool/index.php?q=node/29
https://indico.cern.ch/event/669309/timetable/?view=standard

MadGraph — Diagrams/Amplitudes—MC integration — Xsec, LHE (weighted/unweighted)
— Pythia6/8 —» HEPMC - Jet, reconstruction, Simulation

C++ version of MG, Analysis package...




Tutorials

https://github.com/qliphy/2021Summer
https://www.notion.so/MCnet-Beijing-School-2021-436e0edf33064fcf8f267c0cf92e9ec2
https://www.notion.so/High-Energy-Physics-ML-Tutorial-f9f8a3c624cb489cbeda53d38628d5ed

& gliphy / 2021Summer Q

<> Code () lssues 1 Pull requests () Actions [M] Projects [ wiki @) Security |~ Insights H igh Energy Physics M L Tuto rial
¥ main ~ ¥ 1branch 0 tags Preparation

Usage for these software

‘ qliphy first commit 2deseco 13 days ago ¥ 1 commit Events generation

Generate LHE file
||

Do parton shower and detector simulation through pythia and delphes

[

Make root ntuple

= MCnet Beijing School 2021 Make npz file

[ README.md Neural Network

i Packages needed
Indico event, GitLab , Docker Hub hepstore , IHEPBox ackages nee

Input/Output Path

P Setup
% Tutorials Run the Script
% Tutorials I
& Previous MCnet tutorials Code Qverview
@ Troubleshooting Decision Tree

Input/Output Path

P Setup Run the Script

Docker documentation, {Docker MATJEISERE)
™ Recommended environment

@ Getting started with Docker

~= Tutorials

You are encouraged to self-educated using the tutorials in the GitLab repo. If you run into problems, the notes below might be helpful.
A7 Herwig tutorial

5 Madgraph5 tutorial

(4] Pythia tutorial 6
%) sherpa tutorial

= Rivet tutorial



https://github.com/qliphy/2021Summer
https://www.notion.so/MCnet-Beijing-School-2021-436e0edf33064fcf8f267c0cf92e9ec2
https://www.notion.so/High-Energy-Physics-ML-Tutorial-f9f8a3c624cb489cbeda53d38628d5ed

e X
How to deal with decay <5 M Ma;]
with MadGraph? - 220 g

Does the result looks ok?

CrossSections < LHCPhysics < TWiki (cern.ch)



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

laliphy@qliphy: ~/Desktop/MG5_aMC/MG5_aMC v3.1.1/MG5_aMC v3_1 1$ python2 ./bin/mg5 aMC
'WARNING: root:

>k sk 3K ok sk ok sk ok sk ok ok sk ok ok sk ok sk sk ok ok sk ok ok skosk sk sk sk ok sk sk ok sk skok sk ok sk ok ok sk ok sk skok skok ok skok skok sk skok kok ok k

MG5 aMC>install pythia8

You are installing 'pythia8', please cite ref(s): arXiv:1410.3012.

JDownloading the HEPToolInstaller at:
http://madgraph.phys.ucl.ac.be/Downloads/HEPToolsInstaller/HEPToolsInstaller V145.tar.

z

WELCOME to
MADGRAPHS5 aMC@NLO

* x
* k *x k § ok * *x %
* * ¥ *

MG5 aMC>install ExRootAnalysis

Downloading http://madgraph.phys.ucl.ac.be/Downloads/ExRootAnalysis/ExRootAnalysis V1.1.5
.tar.gz

--2021-07-03 15:12:26-- http://madgraph.phys.ucl.ac.be/Downloads/ExRootAnalysis/ExRootAn
alysis V1.1.5.tar.gz

VERSION 3.1.1 2021-05-28 MG5 aMC>install Delphes

You are installing 'Delphes’', please cite ref(s): arXiv:1307.6346.

The MadGraph5 aMC@NLO Development Team - Find us at Downloading http://cp3.irmp.ucl.ac.be/downloads/Delphes-3-current.tar.gz

https://server@6.fynu.ucl.ac.be/projects/madgraph
and

http://amcatnlo.web.cern.ch/amcatnlo/

¥ X X ¥ X X X X X X ¥ X X X X X X ¥ X
K OX K K K K K K K KX K K X KX K X K X ¥

Type 'help' for in-line help.

b t~ b~ z w+ h w- ta- ta+
G5 aMC>generate h > b b~
INFO: Trying process: h > b b~ @1
INFO: Process has 1 diagrams
1 processes with 1 diagrams generated in 0.004 s
Total: 1 processes with 1 diagrams
MG5 aMC>output hbb
initialize a new directory: hbb
remove old information in hbb
Organizing processes into subprocess groups
Generating Helas calls for process: h > b b~ @1
Processing color information for process: h > b b~ @1
Creating files in directory P1 h bbx
Generating Feynman diagrams for Process: h > b b~ @l
Finding symmetric diagrams for subprocess group h bbx
Generated helas calls for 1 subprocesses (1 diagrams) in 0.006 s
Wrote files for 4 helas calls in 0.039 s
aloha starts to compute helicity amplitudes
: aloha creates 1 routines in 0.321 s
save configuration file to /home/qliphy/Desktop/MG5 aMC/MG5 aMC v3.1.1/MG5 aMC v3 1 1/hbb
/Cards/me5 configuration.txt




Results Summary for run:

run 01 tag: tag

Width : 0.005391 +-
Nb of events : 10000

8.447e-12 GeV

CrossSections < LHCPhysics < TWiki (cern.ch)

Higgs — 2 gauge bosons

My H - gg H - vy H - Zy H - WWwW H-ZZ Total 'y

(GeV) BR error [%)] BR error [%] BR error [%] BR error [%] BR error [%] (GeV) error [%]

80.0 4.94E-02 +12.02 -11.58 9.18E-04 +6.34 -6.15 0.00E+00 +0.00 -0.00 6.27E-04 +5.89 -5.73 1.64E-04 +5.79 -5.63 1.99E-03 +5.29 -5.24
81.0 5.05E-02 +11.99 -11.55 946E-04 +6.32 -6.15 0.00E+00 +0.00 -0.00 6.96E-04 +5.86 -5.72 1.81E-04 +5.75 -5.62 2.01E-03 +5.28 -5.21
82.0 5.17E-02 +11.97 -11.56 9.74E-04 +6.31 -6.16 0.00E+00 +0.00 -0.00 7.74E-04 +5.89 -5.73 1.99E-04 +5.78 -5.63 2.04E-03 +5.28 -5.24
1249 8.58E-02 +10.23 -9.97 2.28E-03 +4.99 -489 153E-03 +8.93 -8.90 2.13E-01 +4.27 -4.18 2.62E-02 +4.27 -4.18 4.06E-03 +3.95 -3.94
1250 857E-02 +10.22 -998 2.28E-03 +4.98 -483 154E-03 +9.01 -883 215E-01 +4.26 -4.20 2.64E-02 +4.28 -421 +3.97 -3.93
1251 8.56E-02 +10.22 -995 2.28E-03 +491 -488 155E-03 +894 -886 2.16E-01 +4.24 -4.17 267E-02 +4.24 -4.18 4.08E-03 +3.94 -3.91
125.2 8.55E-02 +10.21 -9.96 2.28E-03 +491 -489 156E-03 +898 -8.81 2.18E-01 +4.23 -4.18 2.69E-02 +4.21 -4.17 4.10E-03 +3.95 -3.90
1253 8.54E-02 +10.20 -9.95 2.28E-03 +4.91 -489 156E-03 +896 -8.85 2.19E-01 +4.22 -4.16 2.72E-02 +4.22 -4.16 4.11E-03 +3.94 -3.89


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

Hbb NLO QCD

MG5_aMC>generate h>bob~qQCD] .
The current model sm does not allow to generate loop corrections of type ['QCD'].
MG5 aMC now loads 'loop sm'.
import model loop sm
INFO: Restrict model loop sm with file models/loop sm/restrict default.dat .
INFO: Run "set stdout level DEBUG" before import for more information.
INFO: Change particles name to pass to MG5 convention

Kept definitions of multiparticles 1- / j / vl / W+ / p / vl~ unchanged

Defined multiparticle all = g gh gh~d u s ¢ d~ u~ s~ c~ a ve vm vt e- mu- ve~ vn~ vt~ e+
mu+ b t b~ t~ z w+ h w- ta- ta+

INFO: Generating FKS-subtracted matrix elements for born process: h > b b~ [ all = QCD ]
(1 /1)

INFO: Generating virtual matrix elements using MadLoop:

INFO: Generating virtual matrix element with MadLoop for process: h > b b~ QED<=1 [ all =
QCD ] (1 / 1)

INFO: Generated 1 subprocesses with 2 real emission diagrams, 1 born diagrams and 1 virtu

al diagrams

MG5 aMC>output hbbnld |

Final results and run summary:
Process h > b b~ [QCD]
(Partial) decay width: 3.473e-03 +- 3.6e-05 GeV

Scale variation (computed from histogram information):
Dynamical scale choice -1 (envelope of 9 values):
3.473e-03 pb +5.0% -06.2%




Hbb NLO QCD + Yukawa corrections?

0.000000 # mu- : 0.0
0.000000 # vm :
0.000000 # vt :
0.000000 # g :

0.000000 # a :

80.419002 # w+ :
exp_ 2)/(Gf*sqrt_ 2)))

e R R R e e
## INFORMATION FOR SMINPUTS
e e
Block sminputs

1 1.325070e+02 # aEWM1

2 1.166390e-05 # Gf

3 1.180000e-01 # aS

e s s s e R
## INFORMATION FOR YUKAWA
e s s s e e
Block yukawa

5 4.2500000e+00 # ymb

6 1.730000e+02 # ymt

15 1.777000e+00 # ymtau

S s s s
## INFORMATION FOR DECAY
G Rk RS s e R e e e

math.sqrt(MZ__exp 2/2. t >bb: 57.7% (huge QCD

Higgs decay branching
ratio at my=125 GeV

background)

»WW: 21.5% (easy
identification in di-lepton
mode, complex background)

»11: 6.3% (complex final states
with t leptonic and/or hadronic
decays)

»77%:2.6% (“gold-plated”,
clean signature of 4-lepton,
high S/B, excellent mass peak)

»vy: 0.23% (excellent mass
resolution, high sensitivity)

43,1 62%

Final results and run summary:

Branching ratios
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Higgs boson production rate:
1 out of 10'2 collision events

Process h > b b~ [QCD]
(Partial) decay width: 2.818e-03 +- 2.9e-05 GeV

B

11

H->2photon, 2 gluon WZEZHEE 4 HMadGraphf33]?




1 1983 EIR %

I Ken Thompson, Dennis M. Ritchie

. i for their development of generic operating
l I systems theory and specifically for the

i Implementation of the UNIX operating

* |In 80’s, disk operating system) was the
dominated OS for PC

was better, but expensive

was much better, but much, much more expensive.
Only for minicomputer for commercial applications

 People was looking for a UNIX based system, which is
cheaper and can run on PC

« Both DOS, MAC and UNIX were proprietary, i.e., the source
code of their kernel is protected

« No modification is possible without paying high license fe%s



https://en.wikipedia.org/wiki/Disk_operating_system

GNU Linux GNUJ “GNU is Not Unix”fj 9455 . l/ B0\
2 j. '\} ‘_\\'{\

~

kﬁ#fr
— Established in 1984 by Richard Stallman, who believes that software should be -
free from restrictions against copying or modification in order to make better

and efficient computer programs
_ GNUEF/AZ:4T]iF (GNU General Public License » GPL) - B “RZFRAC
(EFrCopyleft) i -

19914FLinus TorvaldsZm’E i 7 HUNIXHR A HILinux#/E R4 N AZ IFAEGPLA K R
KA. LinuxZ JFEM LT Zifs, WEBFRZSE5 T H K58 19924ELinux
HHANGNUKAEEE S, e HHNEERARIEREA . ZEERRETHEIRN
“GNU/Linux” By fai#FLinux.

13



Linux Shell EARI{HZ3R %

/bin User Binaries
/sbin System Binaries
letc Configuration Files
P
/dev Device Files
/proc Process Information
W —
Jvar Variable Files
/tmp Temporary Files
=
Jusr User Programs
L
/home Home Directories
/boot Boot Loader Files
—
Nib System Libraries
/opt Optional add-on Apps
F
/mnt Mount Directory
—
/media Removable Devices
Isrv

e d f’ba g P Q . |'x [Sawfish window m..] |q perry@nugget! -~

ash, Tcsh, Zsh

perry@nuggetl -~

File Edit Seftings Help

cp : copy one file to another
rm remove a file
man ask forthe manual (or help) of a command

e.g. man cd ask for the manual of the command cd
cat to show the content of a text file

e.g. cat abc.txt show the content of abc.txt
whoami : to show the username of the current user

Directory is denoted by a / (slash) character
Executable program by a
Hidden file preceded by a = (dot)




UbuntuSR— S R AR EFREGN U/ LinuxdfE a®
=5, UZI:untu BEHETFDebian GNU/Linux, #Fx86.

amd64 (EPx64) FppciEta, MSMWHSIFEAI ©

(Canonical Ltd) ¥T1ERY J

Ubuntuh iid— sk

S 5 EAHH Arguably the most user-friendly version of Linux.

s sy HTRmED) Huge repository of (free) software available - by far the
vaeyak 2oenez most of any Linux distro

16.04LTS Xenial Xerus 2016/04/21

15.10 Wily Werewolf 201510/23

15.04 Wivid Varvet 201504122 U b t 1 6 04 LTS = h

1410 Utopic Unicorn 201410023 U n U S I S e re

14.04LTS Trusty Tahr 2014/04/18

13.10 Saucy Salamander 20131017

13.04 Raring Ringtail 2013/04/25

12.10 Quantal Quetzal 20121018 Discover Ubuntu’s sixth long-term

12.04 LTS Pretise Pangolin 2012/04/26 support release.

1o Cneiric Ocelot 20117103 Get Ubuntu 16.04 LTS

11.04 ¢ Unityph HEH\ S mirE ) Natty Narwhal 2011/04/28 O b

10.10 Maverick Meerkat 2010/10M10

10.04 LTS Lucid Lynx 2010/04/29

9.10 Karmic Koala 2009/10/29

9.04 Jaunty Jackalope 2009/04/23

8.10 Intrepid Ibex 2008/10/30 _-I'l_i 1 d XR?QE _-I' E

B.04LTS Hardy Heron 2008/04/24 = WI NAOWS iy E =0 U a

7.10 Gutsy Gibbon 2007/10/18 %ﬁ: A:t IAI’I:t\j_* ?E E Ej]
7.04 Feisty Fawn 2007/04/19 i%ﬁi%ﬁtﬁ

6.10 Edgy Eft 2006/10/26

sudo apt-get install build-essential
510 Breezy Badger 2005/10M13 g CC’ g + + oo

.04 Hoary Hedgehog 2005/04/08

e — sudo apt-get install gfortran S


http://baike.baidu.com/item/%E6%A1%8C%E9%9D%A2
http://baike.baidu.com/item/Debian
http://baike.baidu.com/item/Linux
http://baike.baidu.com/item/ppc/150

Object-oriented language genealogy

Simula 67
[1970] ___ T N i
[Smaltak 72 | c
Clu
[ awk | Modula-2
————— Smalltalk 80 -~ --— -3 - - m - TS m e s e e e e e N m e e
"\\\ C++ Ada
Objective C Bor] [ Oberon |
e S A
N
JavaScript Rub php | Ada 95
20, 4 0~ ___4rHr
2010

19794, Bjarne StroustrupZl| T BellsLie=, FIRMNEBCHRRATEMIC (C with
classes) BITHE, 1983FILESMIET AR ICH+,

16



C++|‘ﬂAg| A“ b et ttRatsup@otts:

Systems programming

Object-oriented programming (classes & inheritance) g op b ,
Programming-in-the-large (namespaces, exceptions) ;3 + :
Generic programming (templates) | "'\‘?"‘"“

J THIRDP

Reuse (large class & template libraries) L
BI&R‘JI

STROUSTRUP

The Creatol

Most C programs are also C++ programs.

gcc hello.c —o hello

“Hello World” in C++

Include standard io
declarations Use the standard namespace Include standard

A preprocessor directive / iostream classes

r— - ] . .

#include <stdio.h> A C++ comment ;ﬁ:gﬁlg:rziz?;:msjd’ /

N .
int main(void) _// 1{Wy ﬁrst C(;II-+ program!
{ |{n main(void)
intf("hello, world\n");
Write to //!rge%r—n 0 \ |_ycout << "hello world!" << endl;
standard } ’ v\ coutisan — | return O
output char array | instance of }
Indicate correct termination ostream 17

operator overloading

(two different argument types!)




JOHN BACKUS 1977 R ¥

United States — 1977

CITATION
For profound, influential, and lasting contributions to the design of
practical high-level programming systems, notably through his work on
FORTRAN, and for seminal publication of formal procedures for the
specification of programming languages.

* One of the oldest computer languages
— created by John Backus and released in 1957
— designed for scientific and engineering computations

« Version history

FORTRAN 1957

FORTRAN II

FORTRAN IV

FORTRAN 66 (released as ANSI standard in 1966)
FORTRAN 77 (ANSI standard in 1977)

FORTRAN 90 (ANSI standard in 1990)

FORTRAN 95 (ANSI standard version)

FORTRAN 2003 (ANSI standard version) °



« FORTRAN was created to solve scientific and engineering problems
* Introduced integer and floating point variables
* Introduced array data types for math computations
* Introduced subroutines and subfunctions
* There is a free compiler in Unix-Linux systems
— {77,977 -9g95, gfortran

e FORTRAN is a complied language (like C) so the source
code (what you write) must be converted into machine
code before it can be executed (e.g. Make command)

FORTRAN Link with
FORTRAN » . ——a—* . .
Program /‘.,.n’f Comp"el' f,-’ lel'al'leS a

/

/
)
/

Executable

Source Code Objecf Code Code

L Make Changes Test & Debug Execute

in Source Code Program Program

19




Fortran Z513

e Skeleton of a program... partial list of declarations ]

100

200

PROGRAM MATN

REAL KGLO,FORC,KEL

COMMON /STIF/KGLO(100,100)/LOAD/FORC(100)/DEF/D(100)
...read in data and initialize problem...

DO 100 IELEM=1,NELEMS Calculate stiffness matrix
. . .assemble global Stifw(}(EL for a single element 1
CALL. KELEM(IELEM,6 KEL) ] I

CALL ASMBK (IELEM,KEL)
CONTINUE Add KEL to global stiffness
DO 200 ILOAD=1,NLOADS matrix, KGLO
...assemble load wvector...

CALL LODVEC (ILOAD,LOAD
CONTINUE ( ’ ) /Construct FORC from
CALL CONSTR (KDOFS) individual loads defined in

CALL SOLVE (NDOFS) LOAD array

...print out resul
END

Must constrain problem at specified
DOF’s (or no solution possible)

Compute solution for displacements ] 20




Python is an interpreted high-level
programming language for general-purpose
programming. Created by Guido van

Open source general-purpose language. Rossum and first released in 1991, Python

has a design philosophy that
Easy to interface with C++/C/Java/Fortran emphasizes code readability, notably
Interactive environment using significant whitespace. It provides
Interpreted and therefore slower than constructs that enable clear programming on
compiled languages both small and large scales
TP RS
def f| b(n) : PYPL PopularitY of Programming Language
e A =t
Whlle a < n. il Javascript
i b —— CIC++
print(a, end= - M ¢
a’ b = b! a+b ' — Perl
. — LA
print() .
fib(1000)

1%

2005 2010 2015

$ python3.4 1.py
01123581321 345589144 233 377 610 987

http://pypl.github.io/PYPL.html



https://en.wikipedia.org/wiki/Interpreted_language
https://en.wikipedia.org/wiki/High-level_programming_language
https://en.wikipedia.org/wiki/General-purpose_programming_language
https://en.wikipedia.org/wiki/Guido_van_Rossum
https://en.wikipedia.org/wiki/Code_readability
https://en.wikipedia.org/wiki/Significant_whitespace
http://pypl.github.io/PYPL.html

Python >>> import antigravity

>>> import this

o C++: * python:
—Fast —-Slower
—Compiled —Interpreted
— Statically typed —Dynamically typed:
«inti=0; *i=0
—Access to pointers —No pointers
—Whitespace irrelevant —Whitespace matters

sudo apt install python3-pip
(python2: sudo apt install python-

Pip)

pip3 install matplotlib
pip3 install numpy
pip3 install pandas
pip3 install scipy
pip3 install vpython

pip3 install --upgrade pip
pip3 install jupyter
jupyter notebook

Best case is to have your "human” handling with

python and your hardcore computer code in C++ .

Then call the C++ code from python.

This is what scipy, numpy do, etc.

22



Python-ecosystem

DASK




W 6 T 0 (CERN)FF R I A TR S M A B

F-FCint(C/C++ interpreter, C-int)& —/~C++ R3¢, f
GCC. VCEHmEFHRNE, ERMBEIITC++ALH

https://root.cern.ch/

O & e *

Download Documentation News Support About Development Contribute

Getting Started Reference Guide
ROOT

ROOT is ...

A modular scientific software frameworle It provides all the functionalities needed to deal

cppFunctionCode
void T 1

with big data processing, statistical analysis, visualisation and storage. It is mainly written in
C#+ but integrated with other languages such as Python and R.
gy it in your browser! (Beta) ROOT. gInterpreter.Declarel cppFunctionCode)

ROOT. ()

or Read More ...
Previous Pause Mext

Under the Spotlight Other News
16-12-2015 Try the new ROOTbooks on Binder (beta) 16-04-2016 The status of reflection in C++

Try the new ROOTbooks on Binder (Beta) ! Use ROOT Interactively in notebooks and explore 05-01-2016 Wanted: A tool to ‘warn™ user of inefficient ( 24

tn the pxamnles. ronetruct in data maodel



CERN Root: Histogram

Bin,

Events,

Mean, RMS

#include "TH1.h"
#include "TF1.h"

void demoauto() {
TF1 *f1 = new TF1("f1","gaus",0,30);
f1->SetParameters(1,10,3);

TH1F *h = new TH1F("h","Automatic binning demo",100,0,20);

for (Int_t i=0;i<1000000;i++) {
h->Fill(f1->GetRandom());

}
h->Draw();

[ Automatic binning demo |

[

30000
250005—
zoooof—
15000?—
100005—

5000/

oL

Mean
RMS

Entries 1000000

10.01
2.991

e b b b b b e iy L
4 6 8 10 12 14 16 18 20

25



| bt |

CERN Root: PpEHNELTEP

void random()
{
//[TRandom3, is based on the "Mersenne Twister
generator"”, and is the recommended one, since
it has good random proprieties (period of about
10**6000 ) and it is fast
/[ create random number generator
gRandom = new TRandom3(0);
gRandom2 = new TRandom3(1);
int Nn=20000;
int ftot=0;
for (inti=0;1<n; ++i) {
double x=gRandom->Uniform(-1,1);
double y=gRandom2->Uniform(-1,1);
double r=sqgrt(x*x+y*y);
if(r<1.0) {ftot++;}
}

cout<<4*float(ftot)/float(n)<<endl;

dh

|/
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« CVS (concurrent versions system)
* SVN (subversion)

e Qit

GitHub is a code hosting platform for version control and
collaboration. It lets you and others work together on projects

from anywhere.

push

pull/fetch
pull/fetch

27
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Sign Up a Github Account

GitHUb Explore Features Enterprise Pricing Sign in

s

I
Where software is built S
Poasspumos

Powerful collaboration, code review, and code management for
opéen source and private projects. Public projects are always free.

You will receive an activation email to confirm your email address

28



Set Up Git

https://help.github.com/articles/set-up-git/

1. Download and install the latest version of Git.

In terminal:

1. $ git config --global user.name "YOUR NAME”

2. $ git config --global user.email "YOUR EMAIL ADDRESS"

Authenticating with GitHub from Git

« Connecting over HTTPS (recommended)

If you clone with HTTPS, you can

cache your GitHub password in Git using a credential helper.
https://help.github.com/articles/caching-your-github-password-ingit/
« Connecting over SSH

If you clone with SSH, you must generate SSH keys on each

computer you use to push or pull from GitHub.
29



CERN RootBE LS =4 5%

1. From the original implementation in FORTRAN by Fred James as part of
CLHEP. The initialisation is carried out using a Multiplicative Congruential
generator using formula constants of L'Ecuyer as described in "F.James,
Comp. Phys. Comm. 60 (1990) 329-344".
https://root.cern.ch/doc/master/TRandom1_8cxx_source.html

2. Random number generator class based on the maximally quidistributed
combined Tausworthe generator by L'Ecuyer. The period of the generator
Is 2**88 (about 10**26) and it uses only 3 words for the state.
https://root.cern.ch/doc/master/classTRandom2.html

3. TRandom3, is based on the "Mersenne Twister generator"”, and is the
recommended one, since it has good random proprieties (period of about
10**6000 ) and it is fast

http://root.cern.ch/root/html/TRandom3.html

gRandom = new TRandom1/2/3(0);

30
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Plot[(xA{n/2-1}+Exp[-x/2]/2A{n/2}/Gamma[n/2]) /. {n =+ 1}, {x, 0, 10}]

0.30 f

Plot[(xA{n/2-1}+Exp[-x/2]/2A{n/2}/Gamma[n/2]) /. {n =+ 10}, {x, 0, 30}]
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x qliphy@gliphy: ~/Desktop/MG5_aMC/MG5_aMC v2 4 2 qliphy@qliphy: ~/Desktop/2021Spring/Summer/Tutorial/1/N..
:~/Desktop/MG5_aMC/MG5_aMC_v2_4_23$ cd
:~$ cd Desktop/2021Spring/Summer/Tutorial/
View Options Tools 'qllphy@qllphy : */‘/DES}
‘l_ t 1 2 3 code Fle Edit View Options Iools

qliphy@qliphy:~/Des
0.14 Entries 1 i o] _
e a7 | B )
RMS 2.971 eemm mcgauss.c mcil Sl  Sampling try.py

qliphy@qliphy:~/Desl 1s

i.c...

:~/Desl

mcgauss.c mci
qliphy@qliphy:~/Des
qliphy@qliphy:~/Des
{random.c rChi2.c r
|qliphy@qliphy :~/Des| s 0 120 i rNbin.c
qliphy@qliphy:~/Des
random.c rChi2.c rNbin.c
qliphy@qliphy:~/Desktop/2021Spring/Summer/Tutorial/1/NbinChi2$ root -1 rChi2.c
root [0]
Processing rChi2.c...
Ntry=1000
Info in <6Canvas::MakeDefCanvas>: created default TCanvas with name cl
root [1]

Sampling try.py

(=]




o IEE B E /K TEEN0.9950350.95. v 1 [ ML 544 70 A0 H4F
v, kIBUEAE RN, BWRARKK. —BOERATkE, ZEFEST

X 18] & T g BB LA 3t He R & i

Degrees of freedom (df)
1
2

o= T U = T ) B -8

10
P value (Probability)

0.004 | 0.02 | 0.06

0.10
0.35
0.71
1.14
1.63
217
2.73
3.32
3.94
0.95

0.21
0.58
1.06
1.61
2.20
283
3.49
417
487
0.90

0.45
1.01
1.69
2.34
3.07
3.82
459
5.38
6.15
0.80

0.15
0.71
1.42
2.20
3.00
3.83
467
2.93
6.39
7127
0.70

root [@] TMath::Prob(10.82,1

(Double t)1.00409489093039703e-03

root [1] TMath::Prob(10.83,1)

(Double t)9.98686379180259171e-04
root [2] TMath::Prob(3.84,1)
(Double t)5.00435212487051889%¢e-02

x? value!™!
046 | 1.0/ 1.64
139 241 | 322
237 366 464
336 | 488 599
435606 729
535 723 G556
6.35| 6838 | 9.380
734952 | 11.03
634 1066 1224
934 1178 | 1344
050 030 020

2.71
4.60
6.25
7.76
924
10.64
12.02
13.36
14.68
15.99
0.10

3.64
5.99
7.82
9.49
11.07
12.59
14.07
15.51
16.92
18.31
0.05

the probability of observing a test statistic at least as extreme in a chi-squared distributiori

6.64

9.21

11.34
13.26
15.09
16.81
16.46
20.09
21.67
23.21
0.01

10.83
13.82
16.27
16.47
20.92
22.46
24 32
26.12
27.88
29.59
0.001
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The central limit theorem

The sum of many random variables will tend to a Gaussian distribution!
This is at the basis of MUCH of the statistics practice we do

Here we take x; from a
Uniform distribution and plot z when

N becomes large

_ Zindf 1 259e+004 / 196
WA A Mbbi e 6000 Con: 0
2500 # i H r t Constant 6160 £ 10.0
Mﬁ W iwﬁ” #ﬂ N# #{wh *W%qwﬁh Wﬁﬂ* ﬁlﬁ*ﬂl}## ik = § mw*"ﬂ Mean 1.494 + 0.001
5000 _ Sigma 0.4743 £ 0.0004
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500 1000
P R TN TS FVUT FUTEE TR FUTRE TV BTV T O;irr"f. L
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:.z,rndf E.zrnanw 25000 - ,\ ;robn " 381;;:
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The central limit theorem

: void randomO()
{ TCanvas *c1= new TCanvas('cl1", "demo",
| 10,10,700,700);
gRandom = new TRandom3(0);
int n=200000;
int n2=500;
double ftot;
TF1 *f1 = new
TF1("f1","gaus",0.6*n2,1.5*n2);
TH1F *h = new
TH1F("h","demo",100,0.6*n2,1.5*n2);
for (inti=0;1i<n; ++i){
ftot=0.0;
for (intj =0; ) <n2; ++j) {
double x=gRandom->Exp(1);
ftot+=x; }
h->Fill(ftot);
}
h->Fit("gaus");
TF1 *fit = h->GetFunction("gaus");
Double t chi2 = fit->GetChisquare();
cout<<chi2<<endl;
h->Draw();
cl->SaveAs("Exp_500.png");
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int n;

n= .

double crude mc, x, sum sigma, fx, variance;
gRandom = new TRandom2(0);

TH1F *h = new THIF(

for(int j=1; j<Ntry; j++) {
crude mc = sum_sigma= ;
Varlance = ; . ] Edr;t;iss 3?22
for (int 1 =1; 1 <= n; i++){ _ RMS _ 0.002052
x=gRandom->Uniform(0,1);

fx=4/(1.+x*X);

crude mc += fx;
sum_sigma += fx*fx;

}

crude mc = crude mc/((double) n );
sum_sigma = sum sigma/((double) n );
variance=sum sigma-crude mc*crude mc; .
variance=variance/double(n); |
cout<<sqgrt(variance)<<endl;

h->Fill(crude mc,1.8/double(Ntry));

32 325 3.3 3835 34

TF1 *fit = h->GetFunction( i
Double t k2 = fit->GetChisquare();
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#include <iostream>
#include <cstdlib>
#include <ctime>
#include <cmath>
using namespace std;
double func(double x);
int main()
{ srand(unsigned(time(0))); // seed the randomizer
inti, n;
double crude_mc, x, sum_sigma, fx, variance,
cin >>n;
crude_mc = sum_sigma=0. ;
// a crude Monte-Carlo method
for (i=1;i<=n;i++){
x=rand()/(double)RAND_MAX;
fx=func(x);
crude_mc += fx;
sum_sigma += fx*fx; }
crude_mc = crude_mc/((double) n);
sum_sigma = sum_sigma/((double) n);
variance=sum_sigma-crude_mc*crude_mc;
variance=sqrt(variance)/double(n); }

dOUble funC(dOUble xi\ggg in the number of Monte-Carlo samples
{ variance= 0.0129141 Integral = 0.782019
dOUble Value, Exact= 0.786939
value = exp(-x/2.0);
return value;
} /I end of function to evaluate

/Il int_0"L exp(-x/2) dx =2(1-exp(-0.5))

/I importance sampling: g(x)=1-x/2.0

#include <iostream>

#include <cstdlib>

#include <ctime>

#include <cmath>

using namespace std;

double func(double x);

int main()

{ srand(unsigned(time(0))); // seed the randomizer
inti, n;
double crude_mc, tx, X, sum_sigma, fx, variance;
cin >>n;
crude_mc = sum_sigma=0. ;
for (i=1;i<=n;i++){
tx=3.0/4.0*rand()/(double)RAND _MAX;
1/0=<tx<=3/4;
X:2.*(1'Sqrt(1-0'tX));Read in the number of Monte-Carlo samples
fX:3'O/4'O*funC(X); lsg?iance= 0.00178519 Integral = 0.788191
CrUde_mC += fX, Exact= 0.786939
sum_sigma += fx*fx; }
crude_mc = crude_mc/((double) n);
sum_sigma = sum_sigma/((double) n);
variance=sum_sigma-crude_mc*crude_mc;
variance=sqrt(variance)/double(n);}

double func(double x)

{ double value;
value = exp(-x/2.0)/(1.-x/2.0);
return value;

} // end of function to evaluate



Journal of Computational Physics

-— : “Volume 27, Issue 2, May 1973, Pages 192-203
ELSEVIER

A new algorithm for adaptive multidimensional integration ¢
& Peter Lepage
Abstract

A new general purpose algorithm for multidimensional integration is described. It is an
iterative and adaptive Monte Carlo scheme. The new algorithm is compared with several
others currently in use, and shown to be considerably more efficient than all of these for a
number of sample integrals of high dimension {n =z 4).

The basic techmque for importance sampling in VEGAS 1s to construct, adaptively,
a multidimensional weight function g that 1s separable,

pox gz oy, z,...) = g(z)gy(y)g=(z) ...

Such a function avoids the K explosion in two ways: (1) It can be stored in the computer
as d separate one-dimensional functions, each defined by K tabulated values, say — so that
K x dreplaces K. (ii) It can be sampled as a probability density by consecutively sampling
the d one-dimensional functions to obtain coordinate vector components (x.y, z....).

The optimal separable weight function can be shown to be

gz(x) x [fdyfdz...fi[l’y’z"“) v

gy(y)g=(z) ...

GSL - GNU Scientific Library &N :
<& GNU Operating System

Introduction Sponsored by the Free Software Foundation

The GNU Scientific Library (GSL) is a numerical library for C and C++ programmers. It is free software under the GNU General Public License.

The library provides a wide range of mathematical routines such as random number generators, special functions and least-squares fitting. There
are over 1000 functions in total with an extensive test suite.
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https://pypi.org/project/vegas/
VEGAS SR vegas 3.3.4

Project description pip install vegas @

This package provides tools evaluating multidimensional

integrals numerically using an enhanced version of
the adaptive Monte Carlo vegas algorithm (G. P. Lepage, J. Comput. Phys. 27(1978) 192).

1 1 1 1
2
C[ ff:::u/ rf:,r:lf r,r':rgf day o100 Ea(a—0.5)"
o4 —1 S 0 0

where constant ' is chosen so that the exact integral is 1. The lollowing code shows how this can be done:

import wvegas
import math

def f(x):
dxz = 0
for d in range(4):
dx2 += (x[d] — 0.5) ===+ 2

return math.exp{—d=z2 = 100.) + 1013.2118364296088
integ vegas. Integrator ([[-1, 11, [0, 11, [0, 11, [0, 111)
result = integ(f, nitn=10, newval=1000)

print (result.summary (})
print (" result %5 Q .27 % (result, result.gQ)) 45


https://pypi.org/project/vegas/

using nitn=10 iterations of the vegas algorithm, each of which uses no more than neval=1000 evaluations of
the integrand. Each iteration produces an independent estimate of the integral. The final estimate is the weighted
average of the results from all 10 iterations, and is returned by integ(f ...). The call result.summary ()
returns a summary ol results from each iteration.

This code produces the lollowing output:

itn integral wgt average chi2/dof Q
1 2.4(1.9) 2.4(1.9) 0.0da 1.00
2 1.19(32) 1.23(32) 0.42 0.52
3 0.910(90) 0.934(87) 0.68 0.51
8 1.041(70) 0.999(55) 0.76 0.52
=) 1.090(43) 1.055(34) 1.00 0.41
6 0.9284(34) 1.020(24) 1.24 0.29
7 1.036(27) 1.027(18) 1.07 0.38
g8 0.987(22) 1.011(14) 1.20 0.30
g 0.995(18) 1.005(11) 1.11 0.35
10 0.993(17) 1.0015(91) 1.02 0.42

result = 1.0015(91) Q= 0.42

result.mean — weighted average of all estimates of the integral;

result . sdev — standard deviation of the weighted average;
result.chi2 — x? of the weighted average;

result .dof — number of degrees of freedom;

result . — @ or p-value of the weighted average’s %
result.itn_results — list of the integral estimates from each iteration.

In this example the final Q is 0.42, indicating that the y? for this average is not particularly unlikely and 46
thus the error estimate is most likely reliable.



MC integration at Colliders

-

1 - da N\
I:/O dz cos 5% f(qQ—M2+z'MF)2 /dwC
V=Vy=0
\ e M r2 Ij
4 N \
—= ) fl=
=1
1 N
)] - 1 2%;
L I'=Iy=x \/W Can be minimized! 7




Phase Space at Colliders
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MadEvent

Three very different pole structures contributing
to the same matrix element.
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MadEvent

Multi-channel based on single diagrams™

Trick in MadEvent: Split the complexity

| M |2
/’Mtot’22/22| ‘2
> | M|

M =3 /

| M;|?

25 |1 M;12

|Mt0t |2

~ 1

a Key Idea

— Any single diagram is “easy” to integrate (pole structures/
suitable integration variables known from the propagators)

— Divide integration into pieces, based on diagrams

\_ - All other peaks taken care of by denominator sum

~

P




MadEvent
M, |? M;|?
[ 1Miaf? = /2| '|Mtot|2 Zle ‘ 3 Mo

/"

Pl ga wpwm

Pl

s=725.73 £ 2.07 (pb)
[Graph|Cross-Section ||Error[Events (K) Unwgt |Luminosity
G22 3776 1.67| 142.285| 7941.0 21
G3 239 1.16 220.04/10856.0 45.5
Gl 109.110.378 70.88| 3793.0 34.8
WpwiIn
s= 20.714 £ 0.332 (pb)
Graph|Cross-Section ||Error|Events (K UnwgﬂLuminositx
Gl1.2 20.7110.332 7.01f 373.0 18

~

- In practice not all
diagram are included

- We do not include
diagram with 4 point
Interaction
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MadEvent

Pure Interference

> | M;|? > | M;|? 2
[ Miot|* = Z [ Miot|” = | Mot
/ o Zj M |2 ; Ej | M |2 :

(Status )

Single diagram enhancement method does not hold for pure
interference

- No alternative implemented in MG5aMC

- Integration should be consider as suspicious by default

. J

Advice

- do SM + EFT interference
52




MadEvent

Truth_TwoLeptons/truth_wbos_mww
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