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对撞机蒙特卡洛模拟：介绍
2021对撞机唯像学暑期学校

李强 北京大学物理学院技术物理系

qliphy0@pku.edu.cn
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希望各位同学安装、学习如下程序：

CERN Root5/6

Python, C++, Fortran

LHAPDF5/6

MadGraph (ExRootAnalysis, lhereader)

Pythia8, HEPMC2

FastJet

Delphes

MCFM or VBFNLO or MATRIX

背景及介绍

在高能对撞机物理的理论和实验领域，蒙特卡洛方法得到了很大
的应用和发展。课程注重理论与实践相结合，力图使学生获得扎
实的物理和编程训练。开阔眼界，应对前沿需求。

https://pypi.org/project/lhereader
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课程大纲

1. 开场白：
• H->bb
• CERN Root及数据分析（Fortran、Python）
• 随机数和MC积分

2. MadGraph简介：
• 对撞机物理简述
• 矩阵元及自动计算 e+e- > mu+ mu-
• LHE分析 pp->ww->lvqq
• pp->Z                       LO、NLO、MLM 、CMS测量及Rivet

3. Parton Shower 
• 理论介绍
• Event Display, 动画
• 数据分析： Status、copy、H decay、ZG vs Zjets

4. Others
• CEPC ISR，UFO/BSM，Delphes，Reweighting，EFT， Interference，

Loop-Induced

5. MC in CMS



4

部分参考材料

Generator
home.thep.lu.se/~torbjorn/talks/van1ho.pdf
Introduction to Event Generators (dur.ac.uk)

Parton Shower
http://home.thep.lu.se/~torbjorn/Pythia.html
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

Jets
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

Underlying Events, LHC Xsec
www.phys.ufl.edu/~rfield/cdf/UVa_RickField_3-2-16.pdf

ICHEP 2016 Chicago (3-2016年8月10日): 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.php?q=node/29
https://indico.cern.ch/event/669309/timetable/?view=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
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C++ version of MG,   Analysis package…
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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

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

How to deal with decay 

with MadGraph?

Does the result looks ok?

CrossSections < LHCPhysics < TWiki (cern.ch)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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CrossSections < LHCPhysics < TWiki (cern.ch)

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
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Hbb NLO QCD
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Hbb NLO QCD + Yukawa corrections？

思考： H->2photon, 2 gluon 的衰变宽度怎么用MadGraph得到？



• In 80’s, Microsoft’s DOS (disk operating system) was the 
dominated OS for PC

• Apple MAC was better, but expensive

• UNIX 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 fees

Linux之前

1983 图灵奖：
Ken Thompson， Dennis M. Ritchie

for their development of generic operating 

systems theory and specifically for the 

implementation of the UNIX operating 

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


GNU Linux

– 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 

– GNU通用公共许可证（GNU General Public License，GPL）。即“反版权”
（或称Copyleft）概念。

GNU是“GNU is Not Unix”的递归缩写。

1991年Linus Torvalds编写出了与UNIX兼容的Linux操作系统内核并在GPL条款下
发布。Linux之后在网上广泛流传，许多程序员参与了开发与修改。1992年Linux
与其他GNU软件结合，完全自由的操作系统正式诞生。该操作系统往往被称为
“GNU/Linux”或简称Linux。
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Linux Shell以及文件系统
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Ubuntu

Arguably the most user-friendly version of Linux.
Huge repository of (free) software available - by far the 
most of any Linux distro

Ubuntu是一个以桌面应用为主的开源GNU/Linux操作
系统，Ubuntu 是基于Debian GNU/Linux，支持x86、
amd64（即x64）和ppc架构，由全球化的专业开发团队
（Canonical Ltd）打造的

可与Windows双系统安装;可硬盘，U盘，
光盘安装; 安装过程很自动
安装编译环境
sudo apt-get install build-essential

gcc, g++,….
sudo apt-get install gfortran 15

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


C++简介

Object-oriented language genealogy

1979年， Bjarne Stroustrup到了Bell实验室，开始从事将C改良为带类的C（C with 
classes）的工作。1983年该语言被正式命名为C++。
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C++简介 A “better C” that supports:

Systems programming

Object-oriented programming (classes & inheritance)

Programming-in-the-large (namespaces, exceptions)

Generic programming (templates)

Reuse (large class & template libraries)

Most C programs are also C++ programs.

gcc hello.c –o hello
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Fortran

• 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) 

1977图灵奖
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Fortran

• 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

– f77, g77    - g95, gfortran
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Fortran 结构
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Python

• Open source general-purpose language. 

• Object Oriented, Modular

• Easy to interface with C++/C/Java/Fortran 

• Interactive environment

• Interpreted and therefore slower than 

compiled languages

Python is an interpreted high-level 

programming language for general-purpose 

programming. Created by Guido van 

Rossum and first released in 1991, Python 

has a design philosophy that 

emphasizes code readability, notably 

using significant whitespace. It provides 

constructs that enable clear programming on 

both small and large scales

斐波那契数列
def fib(n):

a, b = 0, 1

while a < n:

print(a, end=' ')

a, b = b, a+b

print()

fib(1000)

$ python3.4 1.py

0 1 1 2 3 5 8 13 21 34 55 89 144 233 377 610 987

end=' '不换行是python3版本的用法，python2版本无法编译

http://pypl.github.io/PYPL.html
21

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

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.

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

22



Python-ecosystem
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CERN Root 欧洲核子中心(CERN)开发的大型科学数据处理软件

基于Cint(C/C++ interpreter, C-int)是一个C++解释器, 和
GCC、VC等编译器不同,它是解释执行C++代码的
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#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();

}

CERN Root:  Histogram

Bin，Events，Mean,  RMS
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CERN Root：随机数计算Pi

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 n=20000; 

int ftot=0;

for (int i = 0; i < n; ++i) {

double x=gRandom->Uniform(-1,1);

double y=gRandom2->Uniform(-1,1);

double r=sqrt(x*x+y*y);  

if(r<1.0) {ftot++;}

}

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

}
26



版本控制

• CVS (concurrent versions system)

• SVN (subversion)

• git

GitHub is a code hosting platform for version control and 

collaboration. It lets you and others work together on projects 

from anywhere.

27



版本控制
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版本控制

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 Root随机数产生器

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

https://root.cern.ch/doc/master/TRandom1_8cxx_source.html
https://root.cern.ch/doc/master/classTRandom2.html
http://root.cern.ch/root/html/TRandom3.html


随机性的统计检验
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随机性的统计检验
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随机性的统计检验

the probability of observing a test statistic at least as extreme in a chi-squared distribution
35



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 xi from a

Uniform distribution and plot z when 

N becomes large

The central limit theorem Test central limit 

theorem
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The central limit theorem

void random0()

{ TCanvas *c1= new TCanvas("c1", "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 (int i = 0; i < n; ++i) {

ftot=0.0;

for (int j = 0; j < 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();

c1->SaveAs("Exp_500.png");

}

n2=1

n2=10

n2=500
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MC积分：平均值法
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中心极限定理
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重要抽样法
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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

int i, 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 x)

{

double value;

value = exp(-x/2.0);

return value;

} // end of function to evaluate

//  int_0^1 exp(-x/2) dx =2(1-exp(-0.5))

//  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

int i, 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;

//0=<tx<=3/4;

x=2.*(1-sqrt(1.0-tx));

fx=3.0/4.0*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 x)

{ double value;

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

return value;

} // end of function to evaluate



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


46



MC integration at Colliders
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Phase Space at Colliders
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MadEvent
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MadEvent
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MadEvent
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MadEvent
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MadEvent
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