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ROOT 1)

https://root.cern.ch/
@) ‘ a rco:cejmch e

LROOT

Data Analysis Framework

Download Documentation MNews Support About Development Contribute

Getting Started Reference Guide
ROOT

ROOT is ... cppFunctionCode
void f() {
A modular scientific software framework. It provides all the functionalities needed to deal

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.Declare(cppFunctionCode)

ROOT. f()

or Read More ...
Previous Pause Next

Under the Spotlight Other News

16-12-2015 Try the new ROOTbooks on Binder (beta) 16-04-2016 The status of reflection in G+

Try the new ROOTbocks on Binder (Beta)#'! Use ROOT interactively in notebooks and explore 05-01-2016 Wanted: A tool to 'warn’ user of inefficient (
to the examoles. construct in data model

2016/7/13 siguang@pku.edu.cn



https://root.cern.ch/

£ ROOT V5

) | & root.cern.ch/downloading-root
B4T) Release 6.06/02 - 2016-03-03
Release 6.04/16 - 2016-03-17

Version 6

Release 6.06/04 - 2016-05-03 Release 6.04/08 - 2015-11-04

Release 6.04/16 - 2016-03-17 Release 6.04/06 - 2015-10-13

Release 6.06/02 - 2016-03-03 Release 6.04/04 - 2015-10-08

Release 6.04,/14 - 2016-02-03 Release 6.05/02 - 2015-09-14

Release 6.06/00 - 2015-12-09 Release 6.04/02 - 2015-07-14

Release 6.04/12 - 2015-12-04 Release 6.02/12 - 2015-06-24

ease 6.04/10 - 2015-11-18 Release 6.04/00 - 2015-06-02

Release 6.02/10 - 2015-05-20

Version 5

Release 5.34/36 - 2016-04-05 Release 5.34/34 - 2015-10-02

Release 5.34/32 - 2015-06-23
See a full list of the releases here.

2016/7/13 siguang@pku.edu.cn 5



ROOT V5

Source distribution

Platform Files Size

source root_v5.34.36.50urce.tar.gz 72M

Binary distributions

Platform Files Size
Cent05 Cern 7 gecd 8 root v5.34.36.Linux-centos/-x86_64-gccd.8.tar.gz 72M
Cent05 Cern 7 gecd.® root_v5.34.36.Linux-centos7-x86_64-gcc4.9.tar.gz 73M
Linux fedora20 gcc4.8 root v5.34.36.Linux-fedora2(-x86_64-gccd.B.targz 58M
Scientific Linux Cern 6 gccd-4 root_v5.34.36.Linux-slc6-x86_64-gccd.4.tar.gz 70M
Scientific Linux Cern 6 gccd./ root_v5.34.36.Linux-slcb-x86_64-gccd./.targz 71M
Scientific Linux Cern 6 gcc4.8 root_v5.34.36.Linux-slc6-x86_64-gccd.8 tar.gz 71M
Scientific Linux Cern 6 gccd.9 root_v5.34.36.Linux-slc6-xB6_64-gccd.O.tar.gz 73M
Scientific Linux Cern 6 gcc5.1 root_v5.34.36.Linux-slc6-x86_64-gcec5.1tar.gz 73M
Ubuntu 12 gcc4.t root_v5.34.36.Linux-ubuntul2-x86_64-gccd.b.targz 58M
Ubuntu 14 gcc4.8 root v5.34.36 Linux-ubuntul4-x86 64-gccd.8.tar.gz 62M
0sX 10.9 clang60 root_v5.34.36.macosx64-10.9-clang60.dmg 56M
0sX 10.9 clangb0 root v5.34.36.macosx64-10.9-clang60.tar.gz 56M

2016/7/13 siguang@pku.edu.cn 6



ProjectStatistics

http://root.cern.ch/drupal/content/project -statistics

ROOT - Project Cost

Include

Markup And Code -

Codebase
1,744 001 Lines

Avg. Salary
$ 22000 fyear

Effort (est.)
501 Person Years

Estimated Cost $27.578.195

hloh

2014 ¥ [ s
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ROOT Total Download Statistics per country

distributions per country

https://root.cern.ch/drupal/content/downloadstatistics 2016.4.2
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s Windowd/]

1) ®© VirtualBox
https://virtualbox.org/

~ »
2) b Linux root
ﬁ-{]racle ‘ul’mﬁ alBaoo
(820 | =sv  28(H)
Bl EHTEBEM.. Ctrl+D
&l SaEHEED.. Ctrl+1
[ SHEREREE).. Ctrl+E
1 = =M
& 2FEEP).. Cirl+G i Debi an1
7 BH Cirl+Q IB{EZSH: Debian (B4 bit)
# [ =%

MTEF]: 4096 ME

SHER. 2

Behlinfs:  $03E, iR 33
WENLE:  VT-x/AND-V, #REST,

25
e 17 MR
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https://virtualbox.org/

77
1 s

L L

L Debian b “ VirtualBox
VirtualBox4.3.1293733Win ( VirtualBox) a -~
V| 648 T
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VMVirtualBox_Debian_ ROOT_G4.rar

n A ) 4, [ VirtualBox4.3.1293733Win.exe ;
wotT - |7; ir - L F p

I DebianROOT534 604Geant4d 96 10kbva

o S | L Fr~. o L ¥ Windowb H "~ Y A )
T 7 LY 6 wsg root i testroot

[— i i -
E 34 ROOT6/04
P 96 Geant4.l10

3B U

http ://www.phy.pku.edu.cn/wangsg/ROOTSchool/VirtualB4x3.1293733Win.exe
http://www.phy.pku.edu.cn/-wangsg/ROOTSchool/VBoxGuestAdditions _4.3.12.iso
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/Debin32bit ROOT534 600_G496p(
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http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VMVirtualBox_Debian_ROOT_G4.rar
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VirtualBox-4.3.12-93733-Win.exe
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/VBoxGuestAdditions_4.3.12.iso
http://www.phy.pku.edu.cn/~wangsg/ROOTSchool/Debin32bit_ROOT534_600_G496p02.ova

/@ Configure ROOT *  fftw Pythia6l Pythia8

#!/bin/bash

export PYTHIA6=/home/wsg/work/pythia6/pythia6428

export PYTHIA8=/home/wsg/work/pythia8/8186 PYTHIAtw
export PYTHIA8B8DATA=/home/wsg/work/pythia8/818&®idoc ’
export PYTHONDIRssk

export PATH=$PYTHONDIR/bin:$PATH

export LD_LIBRARY_PATH=$PYTHONDIR/lib:$PYTHIAG6:$PYTHIAS8/lib:$LD_LIBRARY_PATH
export PYTHONPATH=$PYTHONDIR/lib:$PYTHONPATH

Jconfigure--prefix=/home/wsg/work/root/534--fail-on-missing--enablepythia8 --with-pythia&
incdir=$PYTHIA8/includewith-pythia&libdir=$PYTHIAS8/libenablepythia6--with-pythia6-
libdir=$PYTHIAE-enablefftw3 --with-fftw3-incdir=/usr/include --with-fftw3-libdir=/usr/lib --enable
python --with-pythonincdir=/usr/include/python2.7--with-python-libdir=/usr/lib --enabletmva--
enableqt --enableunuran--enableqtgsi --enableminuit2 --enableroofit --enablegdml --enable
reflex --enablecxx11--enablecocoa

make-j2

2016/7/13 siguang@pku.edu.cn 11



FFTW
1 Debian Ubuntu
n .
apt-get install libfftw3dev
Z A FFTW 7 ( n vy 4
emacsINSTALL
mkdir fftw B
/home/wsg/work/fftw
Jconfigure - -prefilerlomelwsg/workﬁtw
0 prefixf Haei ™ O ’
makegj2 2 Cup -~
makeinstall
2016/7/13 siguang@pku.edu.cn
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ra http ://mww.fftw.org/download.html

Downloading FFTW
RooFit i T .

Mailing list / Announcements root|r  FFTW

Subscribe to the fftw—announce mailing list on Google Groups to recelve an emall when FFTW is updated in the
future. Alternativelv, wou can use the web feed or mailing list on freecode. com.

Tou can contact the FFTW authors at £fiw@fftw. ors.

FFTW 3.3.3

Version 3.3.3 1s the latest stable release of FFTW, and full source code 1s found here:

* http: fftw-3.5.3. tar. =z (ftp: fftw-3.3.5. tar. zz) (wdSsum) (4. ONB)

o

2016/7/13 siguang@pku.edu.cn 13



7.

4 PYTHIAG.4.28 " Ne 7 °~

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

wget https://root.cern.ch/download/pythia6.tar.gz T
tar zxvfpythia6.tar.gz cat >setupPythiaROOT
rm -rf pythia6.tar.gz
wget http://www.hepforge.org/archive/pythia6/pythia6.4.28.f.9z | | #!/bin/sh

gzip-d pythia6.4.28.f.gz export PYTHIA6=$PWD/pythia6428

mv pythia6.4.28.f pythia6/pythia6428.f export PYTHIA8=$PWD/pythia8186

rm -rf pythia6/pythia6416.f export PYTHIAS8DATA=$PWD/pythia8k&titloc
mv pythia6 pythia6428

cd pythia6428 sourcesetupPythiaROOT
/makePythia6.linuxx8664

cd ..

wget http://home.thep.lu.se/~torbjorn/pythia8/pythia8186.tgz
tar zxvfpythia8186.tgz

rm -rf pythia8186.tgz

cd pythia8186

Jconfigure--enableshared--enable64bit

make-j2

cd ..

2016/7/13 siguang@pku.edu.cn 14



sudoapt-get update
sudoapt-get upgrade

¥ i - p’~ A ROOTH gcc4d.8
gcc
sudoapt-get update
sudoapt-get upgrade
sudocp/etd/apt/ sources.list /etc/apt/ sources.list WHEEZYwm
emacs/etd/apt/ sources.list ) /" wheezy: ¥ /" jessid:
sudoapt-get update
sudoapt-get install gce4.9 g++4.9
sudocp/etd/apt/ sources.list WHEEZa&tc/apt/ sources.list
sudoapt-get update

7

2016/7/13 siguang@pku.edu.cn
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ROOT ’

https://root.cern.ch/drupal/content/build-prerequisites | b

o
sudoapt-get installgit dpkgdevmake g+4gccbinutilslibx11-dev
libxpm-dev libxft-devlibxextdev

Optional packages:

sudoapt-get installgfortran libsstdevlibpcre3devxlibmesaglu-
devlibglewl.5devlibftgl-devIibmysqlclientdev libfftw3-dev
cfitsio-dev graphvizdevlibavahtcompatlibdnssddevlibldapz
dev pythondev libxml2dev libkrb5dev libgsledev libgt4dev

ROOT ° V't od”

2016/7/13 siguang@pku.edu.cn 16


https://root.cern.ch/drupal/content/build-prerequisites

ra apt-get D

apt-get M shell D H W 3~
APT oa
apt-cache search package D’
apt-cache show package 0 ~ "H ~ a a

sudoapt-get install package
sudoapt-get install packagereinstall
sudoapt-get-f install k
sudoapt-get remove package
sudoapt-get remove packagepurge— =~ ° b
sudoapt-get update

sudoapt-get upgrade ’

. Qv
sudoapt-get dist-upgraden :

apt-cache depends package a T s
apt-cacherdependspackage R

sudoapt-get builddep package 7

apt-get source packag#| . 0

sudoapt-get clean&& sudoapt-get autoclean

sudoapt-get check u
2016/7/13 siguang@pku.edu.cn 17




b root

1~  Ubuntw@d Debian b

apt-get install rootsystem

v
tutorialsa test W
[usr/share/doc/root/tuto

/usr/share/doc/root/test

2016/7/13

rials

siguang@pku.edu.cn
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Linu/ cmake )

%o
@ cmake
@l root A 4 [ root il

mkdir -p tmpRootCompile

cdtmpRootCompile

cmake../root-6.04.16-DCMAKE_INSTALL_ PREFIX=/home/wsg/work/root/604
-Dall=on -Dfailon-missing=0OFF

make-j2
make install root A 4
/home/wsg/work/root/604
-Dall=on
-Dfaiton-missing=OFF [ , ("
" https://root.cern.ch/installingroot-source

2016/7/13 siguang@pku.edu.cn 19



¢ Linu¥ cmake 2

#l/bin/bash

#pre install FFTW with a[gtet |nstgll libfftw3dev RoOt534] oythiag, I

#more: https://root.cern.ch/installingoot-source Root@]”~ Y pythiag.2

export PYTHIA6=/home/wsg/work/pythia6/pythia6428 pythiag* R' : A -
export PYTHIA8=/home/wsg/work/pythia8/8186 Jconfigure--enableshared--enable64bitcLINS T A E

export PYTHIA8B8DATA=/home/wsg/work/pythia8/818&®idoc

export PYTHONDIRssk

export PYTHONPATH=$PYTHONDIR/lib

export PATH=$PYTHONDIR/bin:$PATH

export LD _LIBRARY_PATH=3PYTHONDIR/lib:$PYTHIA6:$3PYTHIA8/lib:3PYTHONDIR/lib:$LD_LIBRARY

mkdir -p tmpRootCompile
cdtmpRootCompile

2016/7/13 siguang@pku.edu.cn 20



/{ cmake

cmake -DCMAKE_INSTALL PREFIX=/home/wsg/work/root/534

..[root
-DPYTHIAG6_LIBRARY=/home/wsg/work/pythia6/pythia6428/libPythicBpsahia6=0ON
-DPYTHIA8 DIR=/home/wsg/work/pythia8/8186

-DPYTHIA8 INCLUDE_DIR=/home/wsg/work/pythia8/8186/include

-DPYTHIA8 LIBRARY=/home/wsg/work/pythia8/8186/lib/libpythia®pgthia8=0n
-DPYTHON_EXECUTABILSbBIN

-DPYTHON_INCLUDE_DiR#Nclude/python2.7
-DPYTHON_INCLUDE_DIB2#nhclude/python2.7
-DPYTHON_LIBRARY=/ust/lib/python2.7/config/libpython2.7.so

-Dall=on-Droofit=on-Dfftw3=0on-Dpython=on-Droottest=on -Druby=on-Dtmva=on-
Dtestring=on-DxmkEon-Dx11=onDgt=on-Dmt=on-Dxrootd=on-Dtcmallocon -Dfait
on-missing=0FF

/home/wsg/work/root/534

makec)2 -Dall=on

make install -Dfaiton-missing=OFF [ , (I
* https://root.cern.ch/installingroot-source

2016/7/13 siguang@pku.edu.cn 2 1



t
echo $0
bash
wsg@debian-$ cd
wsg@debian-$emacs.bashrc&
pTwv ™

export PYTHONPATHs¥lib/python2.7 w 2,3 pyroof

export ROOTSYS=/homesgwork/root/534

export PATH=3ROOTSYS/bin:$PATH

export LD_LIBRARY_PATH=$ROOTSYS/lib:$LD_LIBRARY_PATH

-tcsh

wsg@debian-$ cd
wsg@debian-$emacstcshrc&

pTwv ™
setenvPYTHONPATHslib/python2.7 W ug pyroof
setenvROOTSYS /homesgwork/root/534
setenvPATH $ROOTSYS/bin:$PATH
setenvLD LIBRARY_PATH $ROOTSYS/lib:$LD LIBRARY_ PATH

root

2016/7/13 siguang@pku.edu.cn
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“ SROOTSYS/tutorial @

$ROOTSYS/tutorial4/ D v Y
$cd SROOTSY S/tutorialsdfit
$root rf208_convolution.C

landau (x) gauss convolution

0.4)

:"!;
< 700 ; ¥ A

f roota roofit p~ a fftw »

Events /
(a)]
(=]
=

500

400

300

200

100

DIIII|IIII|IIII|IIII|IIII|IIII|IIII|III

:
|JJII|IIII|IIII|IIII

-5 0 5 10 15 20 25 30
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wsg@debian-/work/root/534/tutorials/ roofit$ root
root [0] .L rf208_convolution.C++

Info in TUNIxSystemACLIE: creating shared library
/home/wsg/work/root/534/tutorials/roofit/./rf208 convolution_C.so

RooFitv3.60-- Developed byVouter Verkerkeand DavidKirkby

Copyright (C) 2062013 NIKHEF, University of California & Stanford
University

All rights reserved, please read http://roofit.sourceforge.net/license.txt

root [1] rf208_convolution()

2016/7/13 siguang@pku.edu.cn 24



b

NN NN NSNSy,
i

S/ 'ADDITION AND CONVOLUTIONM® RooFit tutorizal macro #2088

i

FF One-dimensional numeric convolution

// (reguire ROOT to be compiled with --enable-fftw3)

i

// pdf = landau(t) (x) gauss(t)

i

i

S a7/2008 - wWouter Verkerke

£

NN NN NSNSy,

#ifndef  CINT

#include "RooGlobalFunc.h”
#endif

#include "RooRealVar.h"
#include "RooDataSet.h”
#include "RooGaussian.h"
#include "RoolLandau.h"
#include "RooFFTConvPdf.h"
#include "RooPlot.h"
#include "TCanvas.h"
#include "TAxis.h"
#include "TH1.h"

using namespace RooFit ;

2016/7/13 siguang@pku.edu.cn
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rf208 convolution.C

vold rf208 convolution()

i

/4 Construct observable
RooRealVar t("t","t",-10,30)

// Construct landau(t,ml,sl) :

RooRealVar ml{"ml", "mean landau",5.,-208,20) ;
RooRealVar sL{"sl","sigma landau”,1,6.1,18) ;
RooLandau landau{"1lx","lx",t,ml,sl) ;

/f Construct gauss(t,mg,sqg)

RooRealVar mg{"mg","mg",8) ;

RooRealVar sg{"sg","sg",2,0.1,108) ;
RooGaussian gauss{"gauss","gauss”,t,mg,sqg) ;

/A Cons truct conwveolution pdf

[

// Set #bins to be used for FFT sampling to 10000
t.5etBins (18686060, "cache") ;

// Construct landau (x) gauss
RooFFTConvPdf Llxg{"Llxg","landau (X) gauss",t,landau,gauss)

2016/7/13 siguang@pku.edu.cn
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ff Sample, fit

J == e e e

// Sample 1000 events in x from gxlx
RooDataSet* data = lxg.generate(t,l0000) ;

// Fit gxlx to data
lxg.fitTol(*data) ;

// Plot data, landau pdf, landau (X) gauss pdf
RooPlot* frame = t.frame(Title("landau (x) gauss convolution")}) ;

data-=plotOn{frame) ;
lxg.plotOn{frame) ;

lLandau.plotOn{frame,Linestyle(kDashed)) ;

f// Draw frame on canvas

new TCanvas({"rf208 convolution","rf208 convolution",600,608) ;

gPad->SetLeftMargin(8.15)

2016/7/13

- frame-=>GetYaxis()-=SetTitleDffset(1.4)

siguang@pku.edu.cn

- frame-=Drawl)
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)

TRandom3

1

(p000

public:

virtual

static TClass®
virtual TClass®
TRandom3&
virtual Double t
virtual void
virtual void
virtual void
virtual void
virtual void
void

TRandom3 (Uint_t seed = 4357)
TRandom3 (const TRandoma3&)
~TRandom3 ()

Class ()

IsA () const

operator= (const TRandom3&)
Rndm (Int_ti=10)

RndmArray (Int_t n, Float_t* array)
RndmArray (Int_t n, Double t* array)
SetSeed (Uint_t seed = 0)
Showlembers (TMemberlnspector& insp, char”® parent)
Streamer (TBuffer& b)
StreamerNVirtual (TBuffer& b)

2016/7/13

siguang@pku.edu.cn

TRandom3 r;
r.SetSee);
Double_tval=r.Rndm();

Rndm():

Machine independent random
number generator. Produces
uniformly-distributed floating
points in ]0,1]

Method: MersenneTwistor

SetSee®)--- ~ or
SetSeeNum), Nun>0 l

29
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Yl

TRandom3

Distributions

Description

Double t Uniform(Double t x1,Double t x2)

Uniform random numbers between x1, x2

Double t Gaus (Double t mu, Double t sigma)

Gaussian random numbers.
Default values: mu=0, sigma=1

Double_t Exp(Dcouble_t tau)

Exponential random numbers with mean tau.

Double t Landau(Douhle t mean,Double t sigma)

Landau distributed random numbers.
Default values: mean=0, sigma=1

Double t BreitWigner (Double t mean,

Double t gamma)

Breit-Wigner distributed random numbers.
Default values mean=0, gamma=1

Int t Polisson(Double t mean)
Double t PoissonD(Double t mean)

Poisson random numbers

Int £t Binomial (Int t ntot,Double t prob)

Binomial Random numbers

Circle (Double t &x,Double t &y,Double t r)

Generate a random 2D point (x, v] in
a circle of radius r

Sphere (Double t &x,Double t &y,
Double t &z,Double t r)

Generate a random 3D point (x, v, z) in
a sphere of radius r

Rannor (Double_t &a,Double_t &b)

Generate a pair of Gaussian random
numbers with mu=0 and sigma=1

2016/7/13 siguang@pku.edu.cn
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1)
2)o0

2016/7/13

Qo

TRandom3 :r

¢l MC FKIYySH Xey O, KE > €
r.SetSee);

Double_tX=r.Rndm();

Double_tY=r.Rndm();

If(Y<f(X) B>Fill(X)

siguang@pku.edu.cn 31
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P

N, @&(x, E,s(E)) €E,) +
NZC{)[ BW( x E, Be(@)] GA, 0, ﬁ(Ez))}
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//Read the spectrum.....
TH1D *hSpec = B;

TH1D *hL = 0;

TH1D *hXray = 0;

TH1D *hR = 0;

Double t fMeanGl, fMeanG2, fMeanX;
TFile fin("spec.root");

hSpec = (TH1D *)fin.Get("h3Peaks");

hSpec->SetDirectory(8);

hL = (TH1D *)fin.Get("hL");
hL-=SetDirectory(0);

hR = (TH1D *)fin.Get("hR");
hR-=SetDirectory(8);

hXray = (TH1D #*)fin.Get("hXray");
hXray->SetDirectory(8);
fMeanGl = hL -> GetMean();
fMeanG2 = hR -> GetMean():
fMeanX = hXray -= GetMean();
fin.Close();

$root spec.root

[] new TBrowser

Browser |File Edit View Options TIools

ROOT Object Browser

Help

Files

84 V7 & Draw Option: -
S——

z

2t
#(1061;1
®luci;
®t0Gz2;1
#1621
oA
[Jeaut
lhhkray;l
|da hLst
|4 bRt
| s h3Peaks;1
ez
Blrveayt
Beerts

B rmsigma;)

mmmmm

Double t xmin = hSpec->GetXaxis()->GetXmin();
Double t xmax = hSpec->GetXaxis()-=GetXmax();
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RooRealVar x("x","x",xmin,xmax); -

//%-ray peak

RooRealVar MeanX("Meanx","Mean of X-ray Peak",fMeanX, fMeanX-5, fMeanX+5) ;
RooRealVar Widthx({"wWidthx","Width of X-Ray Peak",1.);//we know the width
RooBreitWigner peakX0("peakXd","X-ray Peak Before Detected",x,MeanX,WidthX)

//Efficiency

RooRealVar a("a","lst coefficency of eff", 90.0,806,100);

RooRealVar b("b","2nd coefficency of eff", 5,1.0,8.0);

RooFormulaVar effFun("effFun","0.5% (TMath::Erf(i{x-a)/b)+1)",RooArgList(a,b,

//Resolution

RooRealVar mg("mg","mg",0) ;

RooRealVar cl{"cl","1st coefficency of sg",0.1,0,4);
RooRealVar c2("c2","2nd coefficency of sg",08.085,0,1.);

X))

RooFormulaVar sg{"sg",Form{"(cl+c2*{MeanX-%g))",xmin) ,RooArgList(cl,c2,MeanX)) ;

RooGaussian R{"R","resolution”,x,mg,sg) ;

// Multiply pdfix) with efficiency in x
RooEffProd peakx@eff("peakXfeff","peakXd with efficiency",peakXd,effFun) ;

// Construct peakXeff (x) R

// Set #bins to be used for FFT sampling to 10088

¥x.5etBins (10000, "cache") ;

RooFFTConvPdf peakX("peakX"," (peakX0*Eff) (X) gauss", x,peakX@eff,R) ;

2016/7/13 siguang@pku.edu.cn
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RooRealVar Meanl("Meanl","Mean of 1st gamma Peak",fMeanGl,fMeanGl-5,fMeanG1+45);

RooFormulaVar Sigmal({"S5igmal”,Form("(cl+c2*(Meanl-%q)}",xmin),RooArgList(cl,c2,Meanl)) ;
RooGaussian peakl("peakl","lst Peak)",x,Meanl,Sigmal);

[/

//2nd gamma peak

RooRealVar Mean2("Mean2","Mean of 2nd gamma Peak",fMeanG2,fMeanG2-5,fMeanG2+5) ;
RooFormulaVar Sigma2("Sigma2",Form("({cl+c2*(Mean2-%g))",xmin),RooArgList(cl,c2,Mean2)) ;
RooGaussian peak2("peak2","2nd Peak)",x,Mean2,Sigma2);

Double t fN1,fNX,fN2Z;

fN1 = hSpec-=GetEntries()*.33; fNX = fN1; fN2 = fNI;

RooRealVar NX{"NX","Count under 2nd Peak",fNX,0,3*fNX);

RooRealVar N2{"N2","Count under 3rd Peak",fN2,0,3*fN2);

//Using N1 and N2 have same branch ratio and are from same isotope: N1=Eff(x1)/Eff(x2)*N2

RooFormulaVar N1{"N1","(TMath::Erf({(Meanl-a)/b)+1)/(TMath::Erf((Mean2-a)/b)+1)*N2" RooArglList(a,b,Meanl,Mean2,N2));

RooAddPdf model("model”, "model”,RooArgList(peakl,peakX,peak2) ,RooArgList(N1,NX,N2)) ;
RooDataHist dh("dh","dh",x,Import(*hSpec)) ;

RooFitResult *frlt = model.fitTo(dh,Save());

37 vy CPU . (unbin o )
RooFitResultfrit = model fitTadh,Save, NUMC P (R));
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RooPlot* frame = x.frame() ;

dh.plotOn(frame) ;
model.plotOn(frame,VisualizeError(*frlt,1),FillColor(kOrange});
dh.plotOn(frame) ;

model.plotOn(frame, Components(peakl),LineStyle(kDashed),LineColor(kViolet));
model.plotOn(frame, Components{peakX),LineStyle(kDashed),LineColor(kRed));
model.plotOn(frame, Components(peak2),LineStyle(kDashed),LineColor(kBlue));
model.plotOn(frame,LineStyle(kSolid),LineColor(kBlack));

TCanvas *cPlot = new TCanvas("cPlot","");
frame-=SetMinimum(1);
frame->Draw();

Int t nParsToFit = (frlt->floatParsFinal()).getSize();

Double t chi2 red = frame-»chiSquare(nParsToFit);//reduced chi-squared = chi2/ndof
txt(0.16,0.9,Form{"#chi*{2}/ndof=%.2f",chi2 red));

txt(0.16,0.84, Form("N {X}=%.0f#pm%.0f (Input %.0)" NX.getval() ,NX.getError(),hXray-=GetEntries()), kRed);
txt(0.16,0.78, Form("N {#gamma2}=%.0f#pm%.0f(Input %.0f)" N2.getVal(),N2.getError(),hR->GetEntries()), kBlue);
txt(0.16,0.72,Form("N {#gammal}=%.0f(Input %.0f)" ,Nl.getVal(),hL->GetEntries()), kviolet);

frame->SetTitle(Form(";%s;%s" hSpec->GetXaxis()->GetTitle() hSpec->GetYaxis()->GetTitle()));
frit-=Print();

cPlot->Modified();

cPlot-=Update();

cPlot->cd();

cPlot-=SaveAs("cPlot.pdf");

* - X T Ne T T8 1 vol 38, No.2, 020502(2015)
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ROOT Now
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/@ TSpIine 0.46  0.994

0.48 0.985
0.51 0.993
void test(){ 053  0.993
A Y
gr- = rger vie r
gr->SetMarkerColor (kRed) ; 82;3_ 832?
gr->Draw ( ) ; : .
TSpline3 *sp = new TSpline3( ,gxr) ; 0.63 0.969
sp->Draw ( ) 0.65  0.96
for (Int t i=0; i<10; i++) { 0.68  0.954
Double t x = 0.4+i*(1.3-0.4)/10.; 0.7 0.958
printf( .x.sp->Eval (x)) ; 0.73 0.968
} testt 0.75  0.975
} . . 0.78  0.976
F 0.8 0.977
E 0.83  0.974
E 0.85  0.975
R 0.88  0.976
e 0.9 0.976
" 093  0.973
> 095 0.971
Olgzil = I{)l5I = Iﬂlﬁl = |0|?| - I0|8I - IOlgI - 'III = I1|‘lI = I1|2I = I1|3I 0.98 0.963
2016/713 ~ siguang@pku.edu.cn 1 0.94744

1.02 0.93



ROOT TSpectrum

test
h
o — Eriries 200000
— ” Mean 421
— RME 2735
oo
a5 [—
&o0
l--l.l.;_
- ottt ! |..__I|_j L |
awa [ ' s
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— L [l
— TSpectrum e
FTr] 1L
L e e
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test
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a5 [—
&0 [——
b0 [
— LA n
L e T ---....."'".‘;'_I"~I 1PN
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$SROOTSY S/tutorials/spectrum $ rpetaks.C
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ra TSpectrum W H T

constchar *Backgroun@float* spectrum,Int_t ssize Int_t numberlterations Int_t direction,
Int_t filterOrder, bool smoothing,Int_t smoothWindowbool compton)

Parameters: _Root File | _backs
Mean 202.3

spectrum pointer to the vector of source spectrum 1200 RMS 1336
ssizelength of the spectrum vector moj’é_ f

numberlterations maximal width of clipping window, C |
direction: direction of change of clipping window. Possible 800 ’ r
values:kBackIncreasingWindgwBackDecreasingWindow B "‘

filterOrder. order of clipping filter. Possible values: S I }

kBackOrder2, kBackOrder4, kBackOrder6, kBackOrder8 | | | H
\

400—
smoothing logical variable whether the smoothing operation "

vt | [

in the estimation of background will be included. Possible 200 e ot "
values:kFALSKTRUE e TSRS
smoothWindow width of smoothing window. Possible valués: 0 0 2N e 4% =
kBackSmoothing3, kBackSmoothing5, kBackSmoothing7,

kBackSmoothing9, kBackSmoothing11, kBackSmoothing13,
kBackSmoothing15.
comptort logical variable whether the estimation of Comptan
edge will be included. Possible valueBALSEKTRUE

http://root.cern.ch/root/htmI534/TSpectrum.htmIi#TSpectrum:Background
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// Example to illustrate the background estimator (class TSpectrum) including
// Compton edges. To execute this example, do:
// root = .x Background compton.C

void Background compton() {

ks

Int t 1;

Double t nbins = 512;

Double t xmin = 8;

Double t xmax = (Double t)nbins;

Float t * source = new float[nbins];

TH1F *h = new TH1F{"h","",nbilns,xmin,xmax);
TH1F *dl = new TH1F({"dl1","",nbins,xmin,xmax);

TFile *f = new TFile({"spectra\\TSpectrum.root");

h=(TH1F*) f-=Get("back3:1");

TCanvas *background = gROOT-=>GetListOfCanvases()->Find0Object("background");
1t (!background) background = new TCanvas("background”,

"Estimation of background with Compton edges under peaks",16,10,1000,700);
h-=Draw({"L"]);

TSpectrum *s = new TSpectrum();

for (1 = 8; 1 < nbins; i++) sourcel[i]l=h-=>GetBinContent(i + 1);
s-=Background(source,nbins, 10, kBackDecreasingWindow, kBackOrder&, kTRUE,

kBackSmoothing5S, kTRUE) :

for (1 = 08; 1 < nbins; i++) dl-=SetBinContent(i + 1,sourcel[i]);
dl-=SetLineColor(kRed]) :
dl->Draw("SAME L") ;
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TSpectrum W H W

constchar* SmoothMarkoyfloat* source,Int_t ssize Int_t averWindow

Parameters

source pointer to the array of source spectrum
ssize length of source array

averWindow width of averaging smoothing window

Noisy spectrum to be smoothed | n Smoothed spectrum for m=10 | h

Untrios 024 Entries 048
- Mean 556.5 i Meoan 645
1538 9 1
30 :
8
25 i
7
20 6
5!
. |

! m ‘it '! W nﬂdmdm&;ﬂw 0 i Y

|
400 400 500 600 700 800
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// Example to 1llustrate smoothing using Markov algorithm (class TSpectrum).
// To execute this example, do

J/ root = .x Smoothing.C

vold Smoothing() {

Int t 1;

Double t nbins = 1024;

Double t xmin = 8;

Double t xmax = (Double t)nbins:

Float t * source = new float[nbins];

TH1F *h = new TH1F("h","Smoothed spectrum for m=3",nbins,xmin,xmax);
TFile *f = new TFile("spectra\\TSpectrum.root"};

h=(TH1F*) f->Get("smoothl:1");

for (1 = 8; 1 < nbins; 1++) source[il]=h-=GetBinContent(1 + 1);
TCanvas *Smoothl = gROOT-=»GetListOfCanvases()-=FindObject("Smoothl");
1t (!Smoothl) Smoothl = new TCanvas("Smoothl","Smoothl",108,10,1000,700);
TSpectrum *s = new TSpectrum();

s->SmoothMarkov(source,1024,3); //3, 7, 1@

for (1 = 08: 1 < nbins; i4++4) h-=>SetBinContent(i + 1,source[i]):
h-=SetAxisRange(330,8808);

h-=Draw("L");
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tutorials/mlp/ mlpHiggs.C
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void mlpHiggs(Int t ntrain=100) {

// Example of a Multi Layer Perceptron

// For a LEP search for invisible Higgs boson, a neural network

// was used to separate the signal from the background passing

// some selection cuts. Here 1s a simplified version of this network,
// taking into account only WW events.

//Author: Christophe Delaere

1t (!'gROOT->GetClass("TMultiLayerPerceptron")) {
gSystem->Load("11ibMLP");
}

// Prepare inputs
// The 2 trees are merged into one, and a "type" branch,
// equal to 1 for the signal and © for the background is added.
const char *fname = "mlpHiggs.root",
TFile *input = 0;
it (!gSystem->AccessPathName(fname)) {
input = TFile::0pen(fname);
} else {
printf("accessing %s file from http://root.cern.ch/files\n", fname);
input = TFile::0pen(Form("http://root.cern.ch/files/%s", fname)),;
}
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1T (!input) return;

TTree *signal = (TTree *) input->Get("sig filtered");
TTree *background = (TTree *) input->Get("bg filtered");
TTree *simu = new TTree("MonteCarlo", "Filtered Monte Carlo Events");
Float t ptsumf, gelep, nch, msumf, minvis, acopl, acolin;
Int t type;

signal->SetBranchAddress("ptsumf", &ptsumf);
signal->SetBranchAddress("qelep", &qgelep);

signal ->SetBranchAddress("nch", &nch) ;
signal-}SetBranchAddress{'msumf“ &msumf) ;
signal->SetBranchAddress("minvis", &minvis);

signal ->SetBranchAddress("acopl", &acopl);
signal-}SetEranchAddress{”acnlln” &acolin);
background->SetBranchAddress("ptsumf", &ptsumf);
hackgruund-}SetBranchAddress{“qelep“, &gelep);
background->SetBranchAddress("nch", &nch) ;
hackgrnund-}SetBranchAddress{“msumf“ &msumft ) ;
background->SetBranchAddress("minvis", &minvis);
background->SetBranchAddress("acopl", &acopl);

2016/7/13 siguang@pku.edu.cn 52



background->SetBranchAddress("acolin", &acolin);
simu->Branch("ptsumf", &ptsumf, "ptsumf/F");
simu->Branch("gelep", &qelep, "qgelep/F");
simu->Branch("nch", &nch, "nch/F");
simu->Branch("msumf", &msumf, "msumf/F");
simu->Branch("minvis", &minvis, "minvis/F");
simu->Branch("acopl", &acopl, "acopl/F");
simu->Branch("acolin", &acolin, "acolin/F");
simu->Branch("type",  &type, "type/1"),;
type = 1,
Int t 1,
for (1 = 0; 1 < signal->GetEntries(); i++) {
signal->GetEntry(1i);
simu->Fill();
}
type = 0,
for (1 = 0; 1 < background->GetEntries(); 1++) {
background->GetEntry(1);
simu->Fill();

}
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// Bulld and train the NN ptsumf 1s used as a welght since we are primarly

// interested by high pt events.

// The datasets used here are the same as the default ones.

TMultiLayerPerceptron *mlp =

new TMultiLayerPerceptron("@msumf,@ptsumf,@acolin:5:3:type",

"ptsumf",simu, "Entry$%2", " (Entry$+1)%2"),

mlp->Train(ntrain, "text,graph,update=10");

//  mlp->Export("test","python"); Added for C++ output

mlp->Export("test","C++");

// Use TMLPAnalyzer to see what 1t looks for

TCanvas* mlpa canvas = new TCanvas("mlpa canvas","Network analysis");

mlpa canvas->Divide(2,2);

TMLPAnalyzer ana(mlp);

// Initialisation

ana.GatherInformations();

// output to the console

ana.CheckNetwork();

mlpa canvas->cd(1);

// shows how each variable influences the network

ana.DrawDInputs();
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// Use the NN to plot the results for each sample
// This will give approx. the same result as DrawNetwork.
// ALl entries are used, while DrawNetwork focuses on
// the test sample. Also the xaxlis range 1s manually set.
TH1F *bg = new TH1F("bgh", "NN output", 50, -.5, 1.5);
TH1F *sig = new TH1F("sigh", "NN output", 50, -.5, 1.5);
bg->SetDirectory(0);
sig->SetDirectory(0);
Double t params[3]; How to use the
for (1 = 0; 1 < background->GetEntries(); 1i++) {

background->GetEntry(i);

params[Q] = msumf;

params[1l] = ptsumf;

params[2] = acolin;

bg->Fill(mlp->Evaluate(0, params));

trainedmlp

}

for (1 = 0; 1 < signal->GetEntries(); i++) {
signal ->GetEntry(1);
params[0] = msumf;
pacame[1] = ptsumf;
params[2] = acolin;
sig->F1ill(mlp->Evaluate(0@,params));

}
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test.hand test.cxx will be created

#ifndef test h

#define test h

class test {

#include "test.h"

#include <cmath>

double test::Value(int index,double in®,double inl,double in2) {

ublic:

: test() {} inputd = (in0@ - 0.459987)/0.0509152;
~test() {} inputl = (inl - 0.188581)/0.0656804;
double Value(int index,double in0,double inl,doutfle ~ input2 = (in2 - 134.719)/16.5033;
double Value(int index, double* input); switch(index) {

private: case 0:
double input®; return neuron0x223b8ho();
double inputl; default:
double input2; return @.;
double neuron®x22280c0(); }
double neuron0x2228400(); }
double neuron0x2239390(); .
double input®x2239776(); double test::input0x223b8b0() {
double neuronx2239770(); double input = 1.45517;
double input0x2239aad(); input += synapse0x223bado();

Am T s s AR input += synapse@x223bb10();
XXXXX®P input += synapse0x223bb50();
double synapse0x223b7f0(); ) return 1nput;
double synapse0x223b830();
double synapse0x223b870();
double synapse0x223bado();
double synapse@x223bb10(); double test::synapse0x223bad0() {
\ double synapse0x223bb50(); return (neuron0x223aaab()*2.58206);
; }

#endif // test_h
2016/7/13
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[tutorials/ mlp/ mlpRegression.C
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Double t theUnknownFunction(Double t x, Double t y) {
return sin((1.7+x)*(x-0.3)-2.3*(y+0.7));
}

void mlpRegression() {

// create a tree with train and test data.

// we have two input parameters x and vy,

// and one output value f(x,y)

TNtuple* t=new TNtuple("tree","tree","x:y:f");

TRandom r;

for (Int t 1=0; 1<1000; 1i++) {
Float t x=r.Rndm();
Float t y=r.Rndm();
// f1ill 1t with x, y, and f(x,y) - usually this function
// 1s not known, and the value of f given an x and a y comes
// e.g. from measurements
t->Fill(x,y, theUnknownFunction(x,y));
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// create ANN

TMultiLayerPerceptron* mlp=new TMultilLayerPerceptron("x,y:10:8:f",t,

"Entry$s2", " (Entry$%2)==0");
mlp->Train(150, "graph update=10");

// analyze it

TMLPAnalyzer* mlpa=new TMLPAnalyzer(mlp);
mlpa->GatherInformations();
mlpa->CheckNetwork();
mlpa->DrawDInputs();

// draw statistics shows the quality of the ANN's approximation
TCanvas* cIO=new TCanvas("TruthDeviation", "TruthDeviation");
cI0->Divide(2,2);

cI0->cd(1);

// draw the difference between the ANN's output for (x,y) and
// the true value f(x,y), vs. T(x,y), as TProfiles
mlpa->DrawTruthDeviations();
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cI0->cd(2);

// draw the difference between the ANN's output for (x,y) and
// the true value f(x,y), vs. x, and vs. y, as TProfiles
mlpa->DrawTruthDeviationInsQut();

cI0->cd(3);
// draw a box plot of the ANN's output for (x,y) vs f(x,y)
mlpa->GetI0Tree()->Draw("Out.0Qut@-True.True®:True.Trued@>>hDelta","","goff");

TH2F* hDelta=(TH2F*)gDirectory->Get("hDelta"),
hDelta->SetTitle("Difference between ANN output and truth vs. truth"),
hDelta->Draw("BOX");

cI0->cd(4);

// draw difference of ANN's output for (x,y) vs f(x,y) assuming
// the ANN can extrapolate

Double t vx[225];

Double t vy[225];

Double t delta[225],
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Double t v[2];
for (Int t ix=0; ix<15; ix++) {
I/ v[0]=1ix/5.-1.;//out of the trainning range, commented out by siguang
v[0]=1x/15.;
for (Int t 1y=0; 1iy<15; iy++) {
// vl[l]=iy/5.-1.; //out of the trainning range
v[1]=1y/15.;
Int t 1dx=1x*15+1y;
vx[idx]=v[0O];
vy[idx]=v[1];
delta[idx]=mlp->Evaluate(0, v)-theUnknownFunction(v[0],v[1]);
}
}

TGraph2D* g2Extrapolate=new TGraph2D("ANN extrapolation",
"ANN extrapolation, ANN output - truth",
225, vx, vy, delta);
g2Extrapolate->Draw("TRI2");
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' PhaseSpace

$ROOTSY S/tutorials/physicBhaseSpace.C

h2
h2
1.8 -
- Entries 100000
— Mean x 1.428
17— Mean y 1.428
B RMS x 0.1383
- BMSy  0.1384
1.6—
15—
1.4[—
1.3
1.2[—
| | | | | | | | | | | | | | | |

| 1 | 1 | 1 1 | 1 | 1 | 1 1 | 1 1 1 1
1':||.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
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4. $ROOTSYS/tutorials/physicB/naseSpace.

void PhaseSpace() {

// example of use of TGenPhaseSpace
//Author: Valerio Filippini

it (!gROOT->GetClass("TGenPhaseSpace")) gSystem.Load("1libPhysics"]);

TLorentzVector target(06.8, 0
TLorentzVector beam(®.8, 8.0
TLorentzVector W = beam + target;

.6, B.0, 0.938);
, .B5, .B5);

S/ (Momentum, Energy units are Gew/C, GeV)
=4 ©.938, ©.139, 8.139} ;

Double t masses[3]

TGenPhaseSpace event;
3, masses);

event.S5etDecay (W,

g+ H-

p+p +p

TH2F *h2 = new TH2ZF{("h2","h2", 50,1.1,1.8, 50,1.1,1.8);

for (Int t n=0;n<100000;n++) {

Double t weight
TLorentzVector

TLorentzVector
TLorentzVector

TLorentzVector
TLorentzVector

h2->Fill(pPPip
i
h2-=>Drawl();
1

2016/7/13

= event.

*pProton

*pPip
*pPim

pPP1p
pPP1m

M2

Generate();

event.GetDecay(8);

event.GetDecay(1l);
event.GetDecay(2);

*pProton + *pPip;
*pProton + *pP1im;

 PPPIm.M2() ,weight);
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7 ' - . 54 _\
A /tutorials/ pythia$ root pythiaExample.C D

p J_e.pn*sut:trum for w*

o ptSpectra
e Entries 11092
$ T Hmy Mean 0.3841
N RMS 0.295
107 =
T
107 =
107° = l
1D_E __I 1 ] 1 | 1 1 ] 1 | 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 0.5 1 1.5 2 2.5 3
P
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//

// Using Pythia6 with ROOT

// To make an event sample (of size 100) do

//

// shell> root

// root [0] .L pythiaExample.C

// root [1] makeEventSample(1000)

//

// To start the tree view on the generated tree, do
//

// shell> root

// root [0] .L pythiaExample.C

// root [1] showEventSample()

//

//

// The following session:

// shell> root

// root [0] .x pythiaExample.C(500)

// will execute makeEventSample(500) and showEventSample()
//

// Alternatively, you can compile this to a program
// and then generate 1000 events with

//

// ./pythiaExample 1000
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// For the licensing terms see 3RO0TSYS/LICENSE.

Hf
#1fndef

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

CINT
"TApplication.h"
"TPythia6.h"
"TFile.h"
"TError.h"
"TTree.h"
"TClonesArray.h"
"TH1.h"

"TF1.h"
"TStyle.h"
"TLatex.h"
"TCanvas.h"
"Riostream.h"
<cstdlib=

using namespace std;

#endif

#define
#define
#define
#define
#define

2016/7/13

FILENAME "pythia.root"
TREENAME "tree”
BRANCHNAME "particles”
HISTNAME "ptSpectra”
PDGNUMEER 211
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// This function just load the needed libraries if we're executing from
J/ an interactive session.
volid loadLibraries()

#ifdef CINT
S/ Load the Event Generator abstraction Library, Pythia 6
J/ Llibrary, and the Pythia 6 interface library.
gSystem-=Load("1ibEG"];
B oSystem->Load("SROOTSYS/../pythia6/1ibPythia6"); //change to your setup
gSystem-=Load (" L1bEGPythias");
#endif
} libPythia6.so U

export PYTHIA6=/home/wsg/work/pythia6/pythia6428
P S A A O E RV G il export LD_LIBRARY_PATH=$ROOTSYS/lib/root:$PYTHIAG:$PYTHIA8/lib:$LD_LIBRA
int makeEventSample(Int t nEvents)

{

S/ Load needed libraries
loadLibraries():

S/ Create an instance of the Pythia event generator ...
TPythiab* pythia = new TPythiaGg;

S/ ... and ipitialise it to rum p+p at sqrti(288) GeV in CM5

pythia-=Initialize("cms", "p", "p", 200);

S/ Open an output file
TFile* file = TFile::0pen{FILENAME, "RECREATE");

if (1file || !'file->IsOpen()) {
Error{"makeEventSample”, "Couldn;t open file %s", FILENAME};
return 1;
1 _ )
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fﬁz // Make a tree in that file ...
TTree* tree = new TTree(TREENAME, "Pythia 6 tree");

/f ... and register a the cache of pythia on a branch (It's a

// TClonesArray of TMCParticle objects. )

TClonesArray* particles = (TClonesArray*)pythia->GetListOfParticles();
tree-=Branch (BRANCHNAME, &particles);

J/ Now we make some ewvents
for (Int £t 1 = 08; 1 < neEvents; i++) {
// Show how far we got every 108'th event.
1t (1% 166 == 0)
cout << "Event # " =< 1 << endl;

// Make one event.
pythia-=GenerateEvent();

// Maybe you want to have another branch with global event
// information. In that case, you should process that here.
// You can also filter out particles here 1f you want.

// WNow we're ready to fill the tree, and the event 1s over.
tree->Fill();:
1

/7 Show tree structure
tree-=Print();
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~LF

}

// Show tree structure
tree->Print();

// After the run 1s over, we may want to do some summary plots:

TH1D* hist = new TH1D(HISTNAME, "p {#perp} spectrum for #pi~{+}",
166, 8, 3);

hist-=SetXTitle("p {#perp}");

hist->SetYTitle("dN/dp_{#perp}");

char expression[64];

sprintf(expression,"sqrt(pow(%s. fPx,2)+pow(%s. fPy,2) )=>>%5",

BRANCHNAME, BRANCHNAME, HISTNAME) ;

char selection[64];

sprintf(selection, "%s. fKF==%d", BRANCHNAME, PDGNUMBER) ;

tree->Draw(expression,selection);

// Normalise to the number of events, and the bin sizes.
hist-=Sumw2();
hist-=5cale(3 / 180. / hist-=Integral());

hist-=Fit("expo”, "0QO0+", "", .25, 1.75);
TF1* func = hist->GetFunction("expo");
func-=SetParNames("A", "- 1 / T");

// and now we flush and close the file
file-=Write():
file-=Closel();

return 0;
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Aﬁ;;; Show the Pt spectra, and start the tree viewer.
~int showEventSample()

{

// Load needed libraries
loadLibraries();

// Open the file
TFile* file = TFile::0pen(FILENAME, "READ");

if (1file || !'file-=IsOpen()) {
Error{"showEventSample"”, "Couldn;t open file %s", FILENAME);
return 1;

T

// Get the tree

TTree* tree = (TTree*)file->Get (TREENAME) ;

1t (Ttree) {
Error{"showEventSample"”, "couldn't get TTree %s", TREENAME);
return 2;

}

/S Start the viewer.
tree->StartViewer():

// Get the histogram

TH1D* hist = (TH1D*)file-=>Get(HISTNAME) ;

if ('hist) {
Error("showEventSample"”, "couldn't get TH1D %s", HISTNAME);
return 4;

}
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// Draw the histogram in a canvas
gStyle-=SetOptStatil);

TCanvas*® canvas = new TCanvas{"canwvas",
canvas-=>SetLogy();

hist-=Draw("el");

TF1* func = hist-=GetFunction("expo");

char expression[64];

sprintfl{expression,"T #approx %5.1f", -1080 / func->GetParameter(l));

"canvas"):

TLatex* latex = new TLatex(1l.5, le-4, expression]);

latex-=S5etTextSize(.1):
latex-=>SetTextColor(4):
latex-=>Drawl);

return 0;

¥

vold pythiaExample(Int t n=1080) {
makeEventSample(n);
showEventSample();

¥
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#1fndef  CINT
int main{int argc, char*®*#* argv)

{
TApplication app("app", &argc, argv);
Int t n = 100;
if (argc = 1)
n = strtol{argv[1], NULL, 8);
int retvVal = 8:;
if (n = @)
retVal = makeEventSample(n);
else {
retVal = showEventSample();
app.Run();
eturn retval: g++-0 pythiaExampleythiaExample.Qoot-config--cflags--libs™ -IEGIEGPythia6
} o ' -L/home/wsg/work/pythia6/pythia6428IPythia6
#endif . pythiaExample.00

*Br 20 :particles.flLifetime : Float t flLifetime[particles ]
*Entries : 100 : Total Size= 44780 bytes File Size = 6464
*Baskets : 1 : Basket Size= 32000 bytes Compression= 4.84

o

Info in <TCanvas::MakelDefCanvas=: created default TCanvas with name cl
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/ tutorials/ pythia/pythia8.C

Ty, Ty, Ty T, T

Configure

following 3 lines

can not work in root534

pythiag&->Read5tring("SoftQCD:minBlias = on");

pythiag&->Read5tring("Soft0CD:singleDiffractive
pythiag&->Read5tring("SoftQCD:doubleDiffractive = on"j;
using next line!

Configure

siguang wang

pythia8->Read5tring("HardQCD:all = on"});

on");

dhlicn

clhl-q:;‘ |Gewic]

Pseudorapidity

pt

Eniries. 5056
Mean 0.1859
RME 01928

2016/7/13

.
i)
5, IGevic]
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// pythia8 basic example
//Author: Andreas Morsch
//
// to run, do
// root > .x pythia8.C
//
// Note that before executing this script,
// -the env variable PYTHIA8 must point to the pythia8100 (or newer) directory
// -the env variable PYTHIASDATA must be defined and it must point to $PYTHIA8/xmldoc
//
void pythia8(Int t nev = 100, Int t ndeb = 1)
{

char *p8dataenv = gSystem->Getenv("PYTHIASDATA");

if (!p8dataenv) {

char *p8env = gSystem->Getenv("PYTHIA8");

if (!p8env) {
Error("pythia8.C",
"Environment variable PYTHIA8 must contain path to pythia directory!");
return;
¥
TString p8d = p8env;
p8d += "/xmldoc";
gSystem->Setenv("PYTHIASDATA", p8d);
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char* path = gSystem->ExpandPathName ("$PYTHIASDATA");
if (gSystem->AccessPathName(path)) {

Error("pythiag.C",
"Environment variable PYTHIA8DATA must contain path to $PYTHIA8/xmldoc directory !");

return;

}

// Load libraries

#ifndef G_ WIN32 // Pythia8 is a static library on Windows
gSystem->Load("$PYTHIA8/lib/Llibpythiag8");

#endif
gSystem->Load (" LibEG") ;
gSystem->Load (" libEGPythiag");

// Histograms
TH1F* etaH = new TH1F("etaH", "Pseudorapidity", 120, -12., 12.);
TH1F* ptH = new THL1F("ptH", "pt", 50, 0., 10.);
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//
//

//
//
//
//
//

Array of particles

TClonesArray* particles = new TClonesArray("TParticle", 1000);
Create pythia8 object

TPythia8* pythia8 = new TPythiag();

Configure following 3 lines can not work in root534
pythia8->ReadString("SoftQCD:minBias = on");
pythia8->ReadString("SoftQCD:singleDiffractive
pythia8->ReadString("SoftQCD:doubleDiffractive

Configure using next line! siguang wang

pythia8->ReadString("HardQCD:all = on");
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A // Initialize

4

Wi
—
—

pythia8->Initialize(2212 /* p */, 2212 /* p */, 14000. /* TeV */);

// Event loop
for (Int t iev = 0; 1ev < nev; iev++) {
pythia8->GenerateEvent();
if (iev < ndeb) pythia8->EventListing();
pythia8->ImportParticles(particles, "All");
Int t np = particles->GetEntriesFast();
// Particle loop
for (Int t ip = @; 1ip < np; ip++) {
TParticle* part = (TParticle*) particles->At(ip);
Int t ist = part->GetStatusCode();
// Positive codes are final particles.
1T (ist <= @) continue;
Int t pdg = part->GetPdgCode();

Float t charge = TDatabasePDG: :Instance()->GetParticle(pdg)->Charge();
if (charge == 0.) continue;

Float t eta = part->Eta();

Float t pt = part-=Pt();

etaH->Fill(eta);
if (pt > 0.) ptH->Fill(pt, 1./(2. * pt));
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pythia8->PrintStatistics();

TCanvas* cl = new TCanvas("cl","Pythia8 test example",b800,800);
cl->Divide(1l, 2);

cl->cd(1);

etaH->Scale(5./Float t(nev));

etaH-=Draw() ;

etaH->SetXTitle("#eta");

etaH->SetYTitle("dN/d#eta");

cl->cd(2);

gPad->SetLogy();

ptH->Scale(5./Float t(nev));

ptH->Draw() ;

ptH->SetXTitle("p {t} [GeV/c]");
ptH->SetYTitle("dN/dp {t}~{2} [GeV/c]™{-2}");
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oo PYTHIA Event and Cross Section Statistics -------------mmmmmmm oo *

I Subprocess Code | Mumber of events | sigma +- delta I
| | Tried Selected  Accepted | (estimated) (mb) |
I I I I
e I
I I I I
| 9g ->94g 111 | 6329 670 670 | 2.1432+03 4.212e+01 |
| 9 g -= g gbar (uds) 112 39 1a 18 2.24Be+01 3.929e+00 |
| 9g ->q4g 113 ] 2417 288 288 | 9.224e+02 3.077e+01 |
| 9 glbar)' -= q qg(bar}' 114 | 358 30 30 | 1.02%9e+02 B.143e+00 |
| q gbar -= g g 115 | 1 e S 0.0002+00 0.000e+30 |
| q gbar -= g' gbar' (uds) 116 | a a O 0.000=+00 0.000e+00 |
| g g -=c char 121 30 2 2 4.4572+00 1.693e+00 |
| q gbar -= c cbar 122 | o a o | 0.000e+00 0.000e+80 |
| 9 g -= b bbar 123 | o ¢ o | 0.0002+00 0.000e+80 |
| 9 gbar -= b bbar 124 | a a Q| 0.000=+00 0.000e+00 |
I I I I
| sum | 9174 loee looe | 3.195e+03 5.297e+01 |
I I
Hommo-- End PYTHIA Event and Cross Section Statistics -----------------------mmmmmmm e - *
oo FYTHIA Error and Warning Messages Statistics --------mmmmmm oo t

times message
1 Warning in PhaseSpaceZtoZtauyz::trialKin: maximum for cross section violated

Foeooo - End PYTHIA Error and Warning Messages Statistics -----------------------omm e *
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SROOTSY S/tutorials/spectrum$ repectrumpainter.C
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vold gLlFun{}{
f// after this command all legos surfaces are automatically rendered with OpenGL.
gStyle-=>SetCanvasPreferGL(kTRUE) ;
TCanvas *c2 = new TCanvas("glc2","");
TF3 *fund = new TF3("fund”,"sin(x * x + y ¥ y + z *# z - 4)",
-2.5, 2.5, -2.5, 2.5, -2.5, 2.5);
fund-=5SetFillColor(kBlue);
fund-=Draw("gl");
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Root Shower Event Display

Eile Ewent Tools MNiew Help
PE| @ DR @ €90 ¢
U
Y ROOT Shower Monte Carlo
D Event Display
Start blew Event | | Main Event (Shower) | selected Track | Statistics | PDG Table

Show Selection |

4 Event

4% BO

3
+ ﬁtau+ E
-4 D010}

Zoom Forward | Zoom Backward

$ROOTSYS/teRbotShowed ./RootShower
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$ROOTSYS/tutorials/fittLinearRobust.C

#include "TRandom.h"

#include "TGraphErrors.h"

#include "TF1.h"

#include "TCanvas.h" o
#include "TLegend.h" /60

vold fitLinearRobust()

{

//This tutorial shows how the least trimmed sguares regression,

//included in the TLinearFitter class, can be used for fitting

//in cases when the data contains outliers.

/fHere the fitting is done via the TGraph::Fit function with option "rob":
//IT you want to use the linear fitter directly for computing

//the robust fitting coefficients, just use the TLinearFitter::EvalRobust
//function instead of TLinearFitter::Eval

J/Author: Anna Kreshuk

//First generate a dataset, where 20% of points are spoiled by large
/ferrors

Int t npoints = 250;

Int t fraction = Int t(0.8*npoints);

Double t *x = new Double t[npoints];
Double t *y = new Double t[npoints];
Double t *e = new Double t[npoints];
TRandom r;

Int t i;

for (i=08; i=<fraction; i++)}{

//the good part of the sample

¥x[i]=r.Uniform(-2, 2);

el[il=1;

ylil=1 + 2*x[1] + 3*x[i]*x[1] + 4*x[1i]*x[1]*x[1] + el[i]l*r.Gaus()};
1
for {i=fraction; i<npoints; i++){

//the bad part of the sample

x[il=r.Uniform(-1, 1};

e[il=1;

ylil = 1 + 2*x[1i] + 3I*x[1i]*x[1] + 4*x[1]*x[1i]*x[1i] + r.Landau(l®, 5);

}
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$ROOTSYS/tutorials/fittLinearRobust.C

TGraphErrors *grr = new TGraphErrors{npoints, x, y, 8, e);
grr-=5etMinimum(-30) ;

grr->SetMaximum(808) ;

TF1 *ffitl = new TF1("ffitl", "pol3", -5, 5);

TF1 *ffit2 = new TF1({"ffit2", "pol3", -5, 5);
ffitl-=SetLineColorikBlue)

ffit2-=SetLineColor(kRed);

TCanvas *myc = new TCanvas("myc", "Linear and robust linear fitting");
myc-=5etFillColor(42);

myc-=SetGrid();

grr-=Draw("ap");

f/first, let's try to see the results of ordinary least-sguares fit:
printf("0rdinary least sguares:\n");

grr-=Fit{ffitl);

//the fitted function doesn't really follow the pattern of the data
//and the coefficients are far from the real ones
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4 $ROOTSYS/tutorials/fitiLinearRobust.C

printf("Resistant Least trimmed squares fit:\n");
ffNow let's try the resistant regression
//The option "rob=0.75" means that we want to use robust fitting and
//we know that at least 75% of data 1s good points (at least 50% of points
//should be good to use this algorithm). If you don't specify any number
f/fand just use "rob" for the option, default wvalue of (npoints+nparameters+1)/2
f/will be taken

_grr-=Fit(ffit2, "+rob=0.75"};
7
TLegend *leg = new TLegend(®.6, 0.8, 0.89%9, 0.89);
leg->AddEntry(ffitl, "Ordinary least squares", "1");
leg->AddEntry(ffit2, "LTS regression”, "1");
leg-=>5etFillColori(42);
leg-=Draw();

delete [] x;
delete [] y;
delete [] e;

2016/7/13 siguang@pku.edu.cn 86



A

$ROOTSYS/tutorials/fittMultiGraph.C

250

200

150

100

50

2016/7/13

TMultiGraph of 3 TGraphErrors
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A $ROOTSY S/tutorials/fittMultiGraph.C

void fitMultiGraph()
{

UNT D
< &
NQ "
- -
- -
- -

I s9%

//fitting a parabola to a multigraph of 3 partly overlapping graphs
//with different errors
//Author: Anna Kreshuk

Int t n = 30;

Double t *x1 = new Double t[n];
Double t *x2 = new Double t[n];
Double t *x3 = new Double t[n]:;
Double t *yl = new Double t[n];
Double t *y2 = new Double t[n];
Double t *y3 = new Double t[n];
Double t *el = new Double t[n];
Double t *e2 = new Double t[n]:
Double t *e3 = new Double t[n];
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$ROOTSYS/tutorials/fMultiGraph.C @

//generate the data for the graphs
TRandom r;

Int €t 1:

for (1=0; i<n; i++) {

x1[1] = r.Uniform(©.1, 5);

x2[1] = r.Uniform(3, 8);

x3[1] = r.Uniform(9, 15);

yl[i] = 3 + 2*x1[i] + x1[i]1*x1[i] + r.Gaus();
y2[1i] = 3 + 2*x2[1] + x2[1]*x2[1] + r.Gaus()*10;
el[i] = 1;

e2[i] = 10;

e3[1] = 20;

y3[i] = 3 + 2*x3[1] + x3[1]1*x3[1i] + r.Gaus()*20;

}

//create the graphs and set their drawing options
TGraphErrors *grl = new TGraphErrors(n, x1, yl, 0, el);
TGraphErrors *gr2 = new TGraphErrors(n, x2, y2, 0, e2);
TGraphErrors *gr3 = new TGraphErrors(n, x3, y3, 0, e3);
grl->SetLineColor(kRed);

gr2->SetLineColor(kBlue);

gr2->SetMarkerStyle(24);

gr2->SetMarkerSize(0.3);

gr3->SetLineColor(kGreen) ;

gr3->SetMarkerStyle(24);

gr3->SetMarkerSize(0.3);
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$ROOTSYS/tutorials/itMultiGraph.C @

//add the graphs to the multigraph

TMultiGraph *mg=new TMultiGraph("mg",
"TMultiGraph of 3 TGraphErrors");

mg->Add(grl) ;

mg->Add(gr2) ;

mg->Add(gr3) ;
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$ROOTSYS/tutorials/fittMultiGraph.C

2016/7/13

TCanvas *myc = new TCanvas("myc",

"Fitting a MultiGraph of 3 TGraphErrors”);
myc->SetFillColor(42);
myc->SetGrid() ;

mg->Draw("ap"”) ;

"F" If fitting apolN, switch tominuit

J/Fit fitter
mg‘_hFitIHpG]—EH' HFH] :
//mg->Fit("pol2");

f/access to the fit function

TF1 *fpol = mg->GetFunction("pol2"™);
fpol->SetLineWidth(1);
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£ $ROOTSYS/tutoriatebfit/rf501_simultaneouspdf.&%

vold rf501 simultaneouspdf()

1
ffCreate model for physics sample
A e i e R

[/ Create observables
RooRealVar x("x","x",-8,8) ;

// Construct signal pdf

RooRealVar mean{"mean","mean",08,-8,8) ;
RooRealVar sigma("sigma","sigma",08.3,0.1,18) ;
RooGaussian gx("gx","gx",x,mean,sigma) ;

// Construct background pdf
RooRealVar af("a@","ad",-0.1,-1,1) ;
RooRealVar al{("al","al",0.08684,-1,1) ;

RooChebychev px("px","px",x,RooArgSet(ad,al)) ;
// Construct composite pdf

RooRealVar f("f","f",08.2,0.,1.) ;
RooAddPdf model({"model”,"model”,RooArgListigx,px),f) ;
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/A Create mode L for control sample

f

// Construct signal pdf.
// NOTE that sigma 1s shared with the signal sample model
RooRealVar mean ctl("mean ctl"”,"mean ctl",-3,-8,8) ;

RooGaussian gx ctl({"gx ctl”,"gx ctl",x,mean ctl,sigma) ;

// Construct the background pdf

RooRealVar a® ctl("a® ctl","ad® ctl",-0.1,-1,1) ;

RooRealVar al ctl("al ctl","al ctl",08.5,-0.1,1) ;

RooChebychev px ctl{"px ctl”,"px ctl”,x,RooArg5Set(ad ctl,al ctl)) ;

// Construct the composite model

RooRealVar f ctl{("f ctl","f ctl",08.5,0.,1.) ;
RooAddPdf model ctl("model ctl"”,"model ctl"”,RooArgListi(gx ctl,px ctl),f ctl) ;
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// Generate 1000 events in x and y from model
RooDataSet *data = model.generate(RooArgSet(x),100) ;
RooDataSet *data_ctl = model_ctl.generate(RooArgSet(x),2000) ;

// Define category to distinguish physics and control samples events

RooCategory sample('"sample"”, "sample") ;
sample.defineType("physics") ;
sample.defineType( control”) ;

// Construct combined dataset in (x,sample)

RooDataSet combData("combData",'combined data",x,Index(sample),Import("physics",*data),Import("control”
, *data_ctl)) ;
// Construct a simultaneous pdf in (x, samp1le)
// =eeeececccccscccccscccccccccscccsccccsccscsssssscccsssscsssssssssssssssssccsssssaas

// Construct a simultaneous pdf using category sample as index
RooSimultaneous simPdf("simPdf","simultaneous pdf"”,sample) ;

// Associate model with the physics state and model ctl with the control state
simPdf.addPdf (model, "physics") ;
simPdf.addPdf (model ctl,"control”) ;

S/ Per form a s imultaneous fit
A L L L L T

// Perform simultaneous fit of model to data and model_ctl to data_ctl
simPdf.fitTo(combData) ; ]
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// Make a frame for the physics sample
RooPlot* framel = x.frame(Bins(30),Title("Physics sample")) ;

// Plot all data tagged as physics sample
combData.plotOn(framel,Cut("sample==sample::physics")) ;

// Plot "physics" slice of simultaneous pdf.

// NBL You _must_ project the sample index category with data using ProjWData

// as a RooSimultaneous makes no prediction on the shape in the index category

// and can thus not be integrated

simPdf.plotOn(framel,Slice(sample, "physics"),ProjWData(sample,combData)) ;

simPdf.plotOn(framel,Slice(sample, "physics"),Components("px"),ProjWData(sample, combData),LineStyle(kDas
hed)) ;

// The same plot for the control sample slice

RooPlot* frame2 = x.frame(Bins(30),Title("Control sample")) ;

combData.plotOn(frame2, Cut("sample==sample: :control™)) ;

simPdf.plotOn(frame2,Slice(sample,“control”),ProjWData(sample,combData)) ;

simPdf.plotOn(frame2,Slice(sample,“control"),Components(“px ctl"),ProjWData(sample, combData),LineStyle(
kDashed)) ;

TCanvas* ¢ = new TCanvas("rf501_simultaneocuspdf"”,"rf403_simultaneouspdf",800,400) ;

c->Divide(2) ;

c->cd(1l) ; gPad->SetLeftMargin(0.15) ; framel->GetYaxis()->SetTitleOffset(1l.4) ; framel->Draw() ;
c->cd(2) ; gPad->SetLeftMargin(0.15) ; frame2->GetYaxis()->SetTitleOffset(1l.4) ; frame2->Draw() ;
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4 Highlight of norparametric shaDGShiStogfa

@ ClassRooHistPdf ¢ap.d.f described by a histogram

dataHist RooHistPdf (N=0) RooHistPdf (N=4)

ST T R TS P BETE PR T N
2 4 6 8 10 12 14 18 18 20
x

// Histogram based p.d.f with N -th orderinterpolation
RooHistPdf  ph(" ph",” ph",x,* dataHist,N );

@ Not so great at low statistics (especially problematic in >1
dim)

2016/7/13 siguang@pku.edu.cn o7/



RooHistPdf

Events / { 0.2)

2016/7/13

Low statistics histogram pdf

High stats histogram pdf with interpolation

1l
B

x

$ROOTSY S/tutoriatebfit/rf706_histpdf.C
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4 $ROOTSYS/tutoriatsbfit/rf706_histpdf.C

vold rf786 histpdf()

{
ff Create pdf for sampling
[ mmmm e e

RooRealVar x("x","x",08,20) :
RooPolynomial p("p","p",x,RooArgList(RooConst(0.081) ,RooConst(-8.01),RooConst(0.0004))) ;

ff Create low stats histogram
o mmm e e e e

// Sample 508 events from p
x.5etBins(20) ;
RooDataSet* datal = p.generate(x,560) ;

// Create a binned dataset with 20 bins and 5080 events
RooDataHist* histl = datal-=binnedClone() :

// Represent data in dh as pdf in x
RooHistPdf histpdfl{("histpdfl”,"histpdfl”,x,*histl,8) ;

// Plot unbinned data and histogram pdf overlaid

RooPlot* framel = x.frame(Title("Low statistics histogram pdf"),Bins(188)) ;
datal-=plotOn(framel) ;

histpdfl.plotOn(framel) ;
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//fCreate hi1igh s tats histogram
ff s

// Sample 1080008 events from p
x.s5etBins(10) ;
RooDataSet* data2 = p.generate(x,1088800) ;

/7 Create a binned dataset with 108 bins and 100K ewents
RooDataHist* hist? = dataz-=binnedClonel() ;

// Represent data in dh as pdf in x, apply 2nd order interpolation
RooHistPdf histpdf2("histpdf2","histpdf2",x,*hist2,2) ;

// Plot unbinned data and histogram pdf overlaid

RooPlot* frame2 = x.frame(Title("High stats histogram pdf with interpoclation"),Bins(100)) ;
data2->plotOn(frame2) ;

histpdf2.plotOn(framez) ;

TCanvas* ¢ = new TCanvas("rf706 histpdf","rf706 histpdf",808,400) ;

c-=Divide(2) ;

c->cd(1l) ; gPad-=SetLeftMargin(©.15) ; framel-=GetYaxis()-=SetTitleOffset(1.4) ; framel-=Draw() ;
c->cd(2) ; gPad->SetLeftMargin(®.15) ; frame2->GetYaxis()->SetTitleOffset(1.8) ; frame2-=Drawl() ;
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Muclear Instruments and Methods in Physics Research A 600 (2009) 445-452

Contents lists available at ScienceDirect >
Nuclear Instruments and Methods in —
Physics Research A -
journal homepage: www.elsevier.com/locate/nima | ____.
Method for unfolding multiplet regions of X- and y-ray spectra with a
detection efficiency constraint avoiding inflecting the peak shapes for
correction results ™
Si-guang Wane **, Ya-jun Mao?, Pei-jia Tang®
# School of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, PR China
® Department of Chemistry, China Institute of Atomic Energy, Beijing 102413, PR China
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/{ﬂ Highlight of norparametric shapesg kernel estimation

@ ClassRooKeysPdf ¢ A kernel estimation
p.d.f
@ Usesunbinneddata

@ Idea represent each event of your MC sample as a
Gaussian probabillity distribution

@ Add probability distributions from all events in

sam |e Gaussian Summed
p probability distributions probability distribution
Sample of events for each event for all events in sample

3

F
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ra Highlight of norparametric shapesg kernel estimation

@ Width of Gaussian kernels need not be the same for all events
@ Aslong as each event contributes 1/N to the integral

@ ldea:W! R LJI A techniquéhlidrmaticallycalculated
@ Choosevide Gaussian if local density of eventsas -->Preserves small
features in high statistics areas,

@ Choosenarrow Gaussian if local density of event$iighA minimize jitter in low
statistics areas

Adaptive Kernel
(width of all Gaussian depends
on local density of events)

-

Static Kernel
(with of all Gaussian identical)

]
LI

ka
(L]
[
|
Projection of k
i
[
|

Projection of Sum
ka
[
|
ka
[
|

1 - . | .
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x X
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Highlight of norparametric shapeg kernel estimation

I/l Adaptive kernel estimation p.d.f
RooKeysPdf k("k","k",x,*d,RooKeysPdf::MirrorBoth) ;

@ Example with comparison to histogram baged.f
@ Superior performance at low statistics
@/ Yy YANNRBNI AyLlzi RFEGF 2@SNJ o2 dzy
@ Works also in >1 dimensions (clé&ssoNDKeysPdf)

Data (N=500) RooHistPdf (data) RooKeysPdf (data)

S5 55 EETTTR
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Adaptive kernel estimabon pdl with and w/'o mirroring Mufaplive kernel essrmatian pdf with regulas increased bandwidth
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SROOTSYS/tutoriatebfit/rf707 kernelestimation.

vold rf707 kernelestimation()

i

JiCreate low stats 1 -0D dataset
A e e i

// Create a toy pdf for sampling
RooRealVar x{("x","x",08,20) ;
RooPolynomial p("p","p",x,RooArgList(RooConst(@.01) ,RooConst(-8.01),RooConst(0.0084))) ;

// Sample 580 events from p
RooDataSet* datal = p.generate(x,200) ;

ff Create 1 -0 kernel estimation pdf
e

// Create adaptive kernel estimation pdf. In this configuration the input data
// 1s mirrored over the boundaries to minimize edge effects in distributien

// that do not fall to zero towards the edges

RooKeysPdf kestl("kestl","kestl"”,x,*datal,RooKeysPdf::MirrorBoth) ;

// An adaptive kernel estimation pdf on the same data without mirroring option

// for comparison
RooKeysPdf kest2("kest2","kest2",x,*datal,RooKeysPdf::NoMirror) ;
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// Adaptive kernel estimation pdf with increased bandwidth scale factor
// (promotes smoothness over detail preservation)
RooKeysPdf kest3("kestl","kestl", x,*datal,RooKeysPdf::MirrorBoth,2) ;

/f Plot kernel estimation pdfs with and without mirroring over data

RooPlot* frame = x.frame(Title("Adaptive kernel estimation pdf with and w/o mirroring”),Bins(28)}) ;
datal-=plotOn(frame) ;

kestl.plotOn({frame) ;

kest2.plotOn(frame,LineStyle(kDashed),LineColor(kRed)) ;

// Plot kernel estimation pdfs with regular and increased bandwidth

RooPlot* framez = x.frame(Title("Adaptive kernel estimation pdf with regular, increased bandwidth")} ;
kestl.plotOn{frame2) ;

kest3.plotOn(frame2,LineColor{kMagenta)) ;

XXXX®
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$ROOTSYS/tutorials/tree/tree0.C

#include =TRandom.h>
#include <TTree.h>
#include =TCanvas.h>
#include =TStyle.h=

#include =Riostream.h>

//fclass Det : public TObject
class Det { // each detector gives an energy and time signal
public:

Double t e; //energy

Double t t; //time

// (ClassDef(Det,1)
1i

//ClassImp(Det)

//fclass Event { //TObject 1s not required by this example
class Event : public TObject {
public:

Det a; // say there are two detectors (a and b) i1n the experiment
Det b;
ClassDef(Event, 1)

1;

ClassImp(Event)
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s $ROOTSYS/tutorials/tree/tree0.C

vold treeB() {
J/ create a TTree
TTree *tree = new TTree("tree","treelibrated tree");
Event *e = new Event;

// create a branch with energy
tree-=Branch("event”, &e);

J/ fill some events with random numbers
Int t nevent=100008;
for (Int t iev=0;iev<nevent;iev++) {
if (iev%10080==0) cout<<"Processing event "=<iev<<"... K "<<endl;

Float t ea,eb;
gRandom->Rannor{ea,eb); // the two energies follow a gaus distribution
e->3.e=e3;
e-=b.e=eb;
e-=a.t=gRandom-=Rndm(); // random
e->b.t=e->a.t + gRandom->Gaus(@.,.1); // identical to a.t but a gaussian
// 'resolution’ was added with sigma .1

tree->Fill{(); // fill the tree with the current event
i

// start the viewer
// here you can investigate the structure of your Event class
tree->StartViewer():

//QROOT-=5etStyle("Plain"); // uncomment to set a different style
g5tyle->5SetPalette(l); // use precomputed color palette 1
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J/ now draw some tree wariables
TCanvas *cl = new TCanwvas();
cl-=Divide(2,2]);

cl-=cd(l);

tree-=Draw("a.e"); //energy of det a

tree->Draw("a.e","3%*(-.2<b.e && b.e<.2)","same"); // same but with condition on energy b;
cl-=cd(2);

tree-=Draw("b.e:a.e","","colz"); // one energy against the other
cl-=cdi3):

treg-=Drawl"b.t","","e"); f/ time of b with errorbars
tree->Draw("a.t","","same"); // overlay time of detector a

cl-=cdi4);

tree-=Draw("b.t:a.t"); // plot time b again time a

cout=<endl;

cout=="You can now examine the structure of your tree in the TreeViewer"==zendl;
cout=<endl;
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vold treelwl()

{

J/lcreate a Tree file treel.root

J/fcreate the file, the Tree and a few branches
TFile f("treel.root","recreate");

TTree t1("t1","a simple Tree with simple variables");
Float t px, py, pzZ;

Double t random;

Int t ev;

tl.Branch("px",&px, "px/F");

tl.Branch({"py" ,&py,"py/F");

tl.Branch("pz" ,&pz,"pz/F");
tl.Branch("random" ,&random, " random/D" ) ;
tl.Branchi"ev" &ev, "ev,/I");

J/T1ll the tree

for (Int Tt 1=0;1<10000;1i++) {
gRandom-=Rannor (px,py);
Pz = px*px + py*py;
random = gRandom-=Rndm{};
ev = 1;
t1.Fil1l(};

¥

//fsave the Tree header. The file will be automatically closed
//when going out of the function scope
tl.Write():

)
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vold treelr()

{
J/read the Tree generated by treelw and fill two histograms
J/note that we use "new" to create the TFile and TTree objects !
//because we want to keep these objects alive when we leave this function.
TFile *f = new TFile("treel.root");
TTree *t1 = (TTree*)f-=Get("t1");
Float t px, py., pz;
Double t random;
Int t ev;
tl-=SetBranchAddress("px", &px);
t1l-=>SetBranchAddress{"py", &py);
tl-=SetBranchAddress("pz",&pz);
t1-=5etBranchAddress("random"” ,&random) ;
tl-=5etBranchaddress("ev",&ev);
J/create two histograms
TH1F *hpx = new TH1F("hpx","px distribution”,10@,-3,3);
TH2F *hpxpy = new TH2ZF("hpxpy","py vs px",30,-3,3,30,-3,3);
f/read all entries and fill the histograms
Long64 t nentries = tl-=GetEntries();
for (Longbd t i=0;i<nentries;i++) {
tl-=GetEntry(i);
hpx-=Fill(px);
hpxpy-=Fillipx,py):
J/we do not close the file. We want to keep the generated histograms
J/we open a browser and the TreeViewer
if (gRODT-=IsBatch()) return;
new TBrowser();
tl-=StartViewer();
S/ in the browser, click on "ROOT Files", then on "treel.root".
i you can click on the histogram icons in the right panel to draw them.
S/ in the TreeViewer, follow the instructions in the Help button.
b
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s $ROOTSYS/tutorials/tree/tree2.C

const Int_t MAXMEC = 308;

class Gectrak : public TObject {

public:
Float t wvect[7];
Float t getot;
Float t gekin;
Float t wvoutl[7]; //!' not persistent
Int t nmec;
Int t *lmec; //[nmec]
Int t *namec; S/ nmec]
Int t nstep; //! not persistent
Int t pid;
Float t destep;
Float t destel; //! not persistent
Float t safety; //! not persistent
Float t sleng; //! not persistent
Float t step; //! not persistent
Float t snext; //! not persistent
Float t sfield; //! not persistent
Float t tofg; //! not persistent
Float t gekrat; //! not persistent
Float t upwght; //! not persistent

Getrak() {lmec=0; namec=0:}

ClassDef(Gctrak, 1)
¥i
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s $ROOTSYS/tutorials/tree/tree2.C

vold helixStep(Float t step, Float t *vect, Float t *vout)

{
J// extrapolate track in constant field
Float t field = 28; //magnetic field in kilogauss
enum Ewvect {kX,kY,kZ,kPX,kPY,kPZ,kPP};
vout [kPP] = vect[kPP];
Float t h4 = field*2.99792e-4;
Float t rhe = -hd4/vect[kPP];
Float t tet = rho*step;
Float t tsint = tet*tet/6;
Float t sintt = 1 - tsint;
Float t sint = tet*sintt;
Float t coslt = tet/2:
Float t f1 = step*sintt;
Float t f2 = step*coslt;
Float t 3 = step*tsint*vect[kPZ];
Float t f4 = -tet*coslt;
Float t 5 = sint;
Float t f6 = tet*coslt*vect[kPZ];
vout [kX] = vect[kX] + (fl*vect[kPX] - f2*vect[kPY]):
vout[kY] = vect[kY] + (fl*vect[kPY] + f2*vect[kPX]):
vout[kZ] = vect[kZ] + (fl*vect[kPZ] + f3);
vout[kPX] = vect[kPx] + (fd*vect[kPX] - f5*vect[kP¥]);
vout[kPY] = wvect[kPY] + (f4*vect[kPY] + f5*vect[kPX]);
vout[kPZ] = vect[kPZ] + (fd*vect[kPZ] + f6):
1
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vold tree2aw()

{

F/create a Tree file tree2.root

f/create the file, the Tree and a few branches with
//a subset of gctrak

TFile f{"tree2.root","recreate");

TTree t2("t2","a Tree with data from a fake Geant3");

Gctrak *gstep = new Geotrak;

t2.Branch{"track",&gstep,8000,1) Branct{branchname &object,bufsize

splitleve)

//Initialize particle parameters ST TITST PUINT
Float t px,py,pz,p,charge=0;

Float t vout[7];

Float t mass = 08.137;

Bool t newParticle = kTRUE;

gstep-=lmec new Int t[MAXMEC];
gstep-=namec new Int t[MAXMEC];

gstep-=step =0.1;
gstep-=destep = 0;
gstep-=nmec = B;
gstep-=pid = 0;
2016/7/13 siguang@pku.edu.cn
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s $ROOTSYS/tutorials/tree/tree2.C

//transport particles

for (Int t 1=0;1<10000;1++) {
//generate a new particle if necessary
if (newParticle) {

px = gRandom->Gaus(0,.02);
py = gRandom-=>Gaus(0,.02);
pz = gRandom-=>Gaus(0,.02);

p = THMath::Sqrtl{px*px+py*py+pz*pz];
charge = 1; if (gRandom-=Rndm() < 8.5) charge = -1;
gstep->pid += 1;

gstep-=>getot
gstep-=>gekin

TMath::5qrt{p*p + mass*mass);
gstep-=getot - mass;

gstep-=>vect[8] = 0;
gstep-=>vect[1l] = 0;
gstep-=vect[2] = 0;
gstep->vect[3] = px/p;
gstep->vect[4] = py/p;
gstep-=vect[5] = pz/p;
gstep->vect[6] = p*charge;

newParticle = kFALSE;
}
// T1ll the Tree with current step parameters
t2.F1ll(};

//transport particle in magnetic field
helixStep(gstep-=>step, gstep-=vect, vout); //make one step
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//apply energy loss

gstep.
gstep.
gstep.
gstep.
gstep.
gstep.
gstep.
gstep.
gstep.
gstep.

gstep.

destep =

gstep.step*gRandom—->Gaus (0.0002,0.00001) ;

gekin —= gstep.destep;

getot
vect|[6]
vect[0]
vect|[1l]
vect|[2]
vect[3]
vect[4]
vect|[5]
nmec

gstep.gekin + mass;
charge*TMath: : 8qrt (gstep.getot*gstep.getot — mass*mass);
vout|[0] ;

vout[l];

vout[2];

vout[3];

vout[4] ;

vout[5];

(Int_t) (5*gRandom—>Rndm()) ;

for (Int_t 1=0;l<gstep.mmec;l++) gstep.lmec[l] = 1;
if (gstep. gekln < 0.001) newbParticle = KTRUE
if (TMath::Abs(gstep.vect[2]) > 30) newParticle = k

}

//save the Tree header. The file will be automatically closed
//when going out of the function scope
t2 . Write();
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s $ROOTSYS/tutorials/tree/tree2.C

vold treeZar()

i
//read the Tree generated by tree2w and fill one histogram
//we are only interested by the destep branch.

//note that we use "new" to create the TFile and TTree objects !
//because we want to keep these objects alive when we leave
f/this function.

TFile *f = new TFile("tree2.root");

TTree *t2 = (TTree*)f-=Get("t2");

Gctrak *gstep = 0

t2->5etBranchAddress("track"”,&gstep);

TBranch *b destep = t2->GetBranch("destep");

//create one histogram
TH1F *hdestep = new TH1F("hdestep","destep in Mev",100,le-5,3e-5);

//read only the destep branch for all entries
Longb4 t nentries = t2->GetEntries();
for (LongBd4 t i=0;i<nentries;i++) {
b destep-=GetEntry(i);
hdestep-=Fill{gstep->destep);
¥
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//we do not close the file.
//We want to keep the generated histograms

f/wWe fill a 3-d scatter plot with the particle step coordinates

TCanvas *cl = new TCanvas{"cl","cl",6080,8080):
cl-»SetFillColor(42):
cl-=Divide(1,2);

cl-=»cd(1):
hdestep-=SetFillColor(45);
hdestep-=Fit("gaus");

cl-=cd(2);

gPad-=5etFillColor(37);
t2->SetMarkerColor(kRed) :
t2->Draw("vect[0] :vect[1l]:vect[2]");
1t (gROOT-=IsBatch()) return;

J// invoke the x3d viewer
gPad-=GetViewer3D("x3d");

}

vold tree2a() {
treezaw();
tree2ar();

}

2016/7/13 siguang@pku.edu.cn

121



ra Y ROOD 4

wsg@debian:/media/sf UbuntuShare/rootEdu/CmakeTest/cmakeRunCode/GuiRunCode$ 11

total 12

-rwxrwx--- 1 root vboxsft 1834 Aug 12 15:23
-rwxrwx--- 1 root vboxsf 96845 Jul B 18B:b1
drwxrwx--- 1 root vboxsf @ Jul 7 23:15
-rwxrwx--- 1 root vboxsft 411 Aug 12 15:25
drwxrwx--- 1 root vboxsf @ Jul 7 23:09

#include "Tools.hh"
#include <TCanvas.h> runTest.C
#include <TApplication.h>
#include <TRint.h>
int main{int argc, char *argv[]){
TApplication *theApp = new TRint("App", &argc, argv);

SetSgStyle();

printf("run...\n");

TH1D *h = newTH1D("h",8.1,-5,5);
h-=FillRandom("gaus",6100808);
TCanvas *cl = new TCanvas("cl","");
h-=Drawl ) :

txtM(0.2,0.94,h);
cl->5aveAs("test.eps");

theApp-=Run();
return 8;
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FINdROOT.cmake
http:// root.cern.ch/drupal/sites
/default/files/event.tgz

)

J

h Z

0 CMakelLists.txt
P

Include p (Tools.hh
Src .cc b~ Tools.ct
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B o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mmm————
# Setup the project

#

cmake_minimum_required(VERSION 2.6 FATAL_ERROR)

project({runTest)

e
# Find ROOT (Modified it as an option im future)

#set (CMAKE_MODULE PATH SENV{GAMODULES} ${CMAKE_MODULE_ PATH})

#set (CMAKE_MODULE PATH SENV{ROOTSYS}/cmake/modules/ S${CMAKE_MODULE PATH})
set (CMAKE_MODULE_PATH ${CMAKE_SOURCE_DIR} S{CMAKE MODULE_PATH})

find_package(ROOT)
if (ROOT_FOUND)
message (STATUS "ROOT found.")
else()
message (STATUS "ROOT not found")
endif()

include directories(${PROJECT SOURCE DIR}/include
${ROOT_INCLUDE_DIR} )

B o o m o e e e e e e e e e e e e e e e e e e e e e o -
# Locate sources and headers for this project
# NB: headers are included so they will show up in IDEs

#
file(GLOE sources S{PROJECT SOURCE DIR}/src/*.cc
)
file(GLOB headers ${PROJECT SOURCE DIR}/include/*.hh
)
B o o m o e e e e e e e e e e e e e e e e e e e o -
# Add the executable, and link it to the Geantd libraries
#

édd_executableﬂrunTe&t runTest.C %{sources} S{headers})
target link libraries({runTest S${ROOT_LIBRARIES} )
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void SetSgStyle(){
// Wo Canwvas Border
g5tyle-=5etCanvasBorderMode(8);
gStyle-=SetCanvasBordersize(8);
// White BG
g5tyle-=SetCanvasColor{18);
// Format for axes
gStyle-=SetLabelFont (22, "xyz");
gStyle-=5etlLabelSize(0.06,"xyz");
gStyle-=5etLabel0ffset(0.01, "xyz");
gStyle-=SetNdivisions (518, "xyz");
gStyle-=SetTitleFont(22, "xyz");
gStyle-=5etTitleColor{l, "xyz");
gStyle-=5etTitleSize(0.06, "xyz");
gstyle-=5etTitle0ffset(6.91);
gStyle-=SetTitleYOffset(1.1);
// Mo pad borders
gStyle-=SetPadBorderMode(8);
gStyle-=SetPadBordersize(8);
// White BG
g5tyle->SetPadColor(16);
// Margins for labels etc.
gstyle-=SetPadLeftMargin(8.15);
g5style-=SetPadBottomMargin(6.15);
gStyle-=5etPadRightMargin(0.05);
gStyle-=SetPadTopMargin(8.06);
// Mo error bars in x direction
gStyle-=SetErrorx(0);

// Format legend
gStyle-=5SetLegendBorderSize(0);
gStyle-=SetLegendFont(22);
gStyle->SetFillstyle(0);

2016/7/13
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TH1D * newTH1D(TString name,Double t binw, Double t LowBin, Double t Hig
hBin,Bool t MevTitle,Int t iMode){

Int t nbin = TMath::Nint{ (HighBin - LowBin)/binw J};

HighBin = binw*nbin + LowBin;

TH1D *h = new TH1D(name.Datal),"",nbin,LowBin,HighBin];
if(MevTitle) h->GetYaxis()->SetTitle(Form("Events / %.0fMeV",h->GetBin
width(1l)*1e00));
h-=SetMinimum(®.8);
h-=GetYaxis()-=5etTitle0ffset(1.1);
ifi{iMode==0 && iMode=14){
Int t iMarker[] = {20,21,24,25,28,29,30,27,3, 5,2, 26,22,23};
Int t icColer(]l] ={ 2, 4, 6, 9, 1,50,40,31,41,35,44,38,47,12};
h -=SetMarkerStyle(iMarker[iModel);
h -=SetMarkerColor{iColor[iMode]);
h -=SetLineColori{iColorl[iModel);
1

return h;

}
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|
>cmake../GuiRunCode ‘ Y CmakelLists.txt
>make ‘ ) runTest
> [runTest ‘

root[0].q .q ¥

File Edit Miew Options Toals Help
_ Mean=0.01
% 450 B File Edit View ¢
2 400 - [ 50%] Building
= C [100%] Building
= E Linking CXX exec
- 350 [180%] Built tar
=~ F wsg@debian:/medi
E 300 __ 0 0 0 R e
= = *
5 C
> 2500 * WEL
= - *
F * Version
200
E * You are wel
150 * htt
— +
1 00 :_ 0 0 0 R e
= ROOT 5.34/18 (vE
50
0 E| | | 11 11 | | | | | I - | | | | | | | 111 b LI 111 %ig;ﬁsoglrcﬂg{;
-S -4 -3 -2 -1 0 1 2 3 4 S Enclose multiple
run. ..
Info in <TCanvas
#cet(TEST SCRTPTS ) root [0] .off
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Codes under
$ROOTSYS/tutorials/graphics
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