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ROOT: Executive Summary

... provides a set of OO frameworks with all the
functionality needed to handle and analyse large
amounts of data in a very efficient way....
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ROOTE /i

REFRESITERAVEAA | ENEREROOTHEK :

N MIEER | IEHT, BT, KIEFHE
ROOTEERC+HESERR (C++ 11%trE )

m REPythongBiE C+ @@
ROOTEIA :

P& #T ;. histograms, graphs, trees

[/O: =3T3V CHF RO F %

it B (RooFit/RooStats)

Math: Z w223 (ZaErf, Bessel)

Multivariate Analysis (TMVA)

3 = HTTP severing, JavaScript=r#1k, event display
PROOF : parallel analysis facility
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https://root.cern.ch/gallery
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Event Filtering P
00

Offline Processing Event

S Selection,
Stripping, statistical
Further treatment ...
Reconstruction processing
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Raw Reco Images

Formats

Root-like format Root file x




ZHEROOT

FIROOTE I M E I MRAZIFE € H 3%
Chttp://root.cern.ch/drupal/content/downloading-root)

N ERARY
https://root.cern.ch/downloading-root

RIS Ze3E: GEARERE, TH 22 TRE TR E—ESE0)

tar xvfz *.tar.gz, BEME RS FEfEroot H &,

> cd root

> ./configure [--prefix=/home/zhanglm/root (Z%H%)]

> make

(EHAT ZIRMRHRA R 2 R0, 2 — R i 2 E, RElinux R4 80
B, BHAZE, RESBEIBR. D

A -
source bin/thisroot.sh (2i# .csh)

(AN IE AT LUINEAR B S M B . bashresi.cshre, Hahn#Eo
root

(i A root)




ExXROOTH R

- —

miZ T Jroot

MR &+ root[0] .q

g help 3IS
root[0].

root[1].1s
root|2]. !ls

4N

b

| Try '.help', '.demo', '.license', '.credits', '.qujr'/i'.qi'ir

H 1 -

els EFRROOTHATERIEHY
FrR1E2

ells Ea<Lnuxx®x&X¥ar8H
FHIRRAE L

¥ : ROOTzR3+, ROOT
FeSTHBLA €Tk,
RIS HBLA ¢ 1Tk

zhangim@hepfarm:~ — root.exe « foot — §5x24

root [0] .q
~[[A[HEPLMs-MacBook-Pro] :~> root

| Welcome to ROOT 6.05/03

| Built for macosx64

| From heads/master@v6-06-00-rc1-20-9879010c,
'.credits)

| Try '.help', '.demo', '.license',

ROOT

Data Analysis Framework

root [0] .q
[HEPLMs-MacBook-Pro] :~> root

| Welcome to ROOT 6.05/03

(c) 1995-2014, The ROOT Team |

| Built for macosx64

Version 6.05/03

| From heads/master@v6-06-00-rc1-20-9879010c, Mar 19 2016, 20:14:16 |

| Try '.help', '.demo', '.license',

'.credits’',

'.quit'/'.q" |

root [0]
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AT A AT IR I

% root -?
Usage: root [-1] [-b] [-n] [-q] [dir] [[file:]data.root]
[filel.C ... fileN.C]

Options:

-b : run in batch mode without graphics

-n : do not execute logon and logoff macros as specified in .rootrc

-q : exit after processing command line macro files

-1 : do not show splash screen

-X : exit on exception

dir : if dir is a valid directory cd to it before executing
-? : print usage
-h : print usage
--help : print usage
-config : print ./configure options

-memstat : run with memory usage monitoring

11



F— AT I R

HIT—1CHIAE : EFEE1T (-b) . BIHFRA—IYX

%, =175BLROOT (-q)

For example if you would like to run a script myMacro.C in the background, redirect the output into a file
myMacro.log , and exit after the script execution, use the following syntax:

root -b -q myMacro.C > myMacro.log

If you need to pass a parameter to the script use:
root -b -g 'myMacro.C(3)' > myMacro.log

Be mindful of the quotes, i.e. if you need to pass a string as a parameter, the syntax is:
root -b -gq 'myMacro.C("text")' > myMacro.log

You can build a shared library with ACLIC and then use this shared library on the command line for a quicker
execution (i.e. the compiled speed rather than the interpreted speed). See also “Cling the C++ Interpreter”.

root -b -q myMacro.so > myMacro.log

12



Tutorial § 3

Z£SROOTSY S/tutorials B & T, HEAEAENN)TEHBEITF,
LN &mE5 X 1T HFITRE, i A—TFTE,
RIN T
>cd SHOME
>cp -r SROOTSY S/tutorials . CERERFILZA""S5FIET)
>cd tutorials
RIS KA S AREY B T/ KT, =
#ITROOTHP A, Hodo

E | N(BY) = 413227
= | B* mass = 5.28015 + 0.00019
E | B* width = 0.00284 + 0.00017

Events / ( 0.001)
-]
=]

>root -1 demos.C

Roofit/~f5] |

INEIGIR -
IRIBREE"xxxx" Mtuotorial sHU|FH S LR

grep -sirn "xxxx" $ROOTSYS/tutorials
ELancFEH 128 FEi% : grep -sirn "random" $ROOTSYS/tutorials
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m ROOT{#FHC++1E7%

— K C++ A LE#AROOTHEEIELT
m R E E X

INt - Int_t

float = Float t

double - Double_ t
m ROOTHIZEASATH =k

WTFile, TH1F, TTree, ...

n A DL EEAAROOTH R HiziTmacro X4 ( B 3h A A
cint4 B #%), AT LAfEMakefiler & B 4741 X 2 4 H
g++ZwiEe B nl T BT
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ROOT2%-

TObject

T

4R B

TNamed

2020/9/30

TAttLine

TAttFill

TAttMarker

TArray

TArrayD

TProfile

/
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ROOT%: ) —RHIME

ROOTHH A% B4 € N IFHI3

Lb

=W}

~

SENE

S a] fitfg A

TH1 % E@éﬂgﬁ
| | |
TH1C TH1S THLI TH1F TH1D
TH2 \_/
TProfile
TH2C TH2S TH2I TH2F TH2D
TProfile2D
TH3C TH3S TH3I TH3F TH3D
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ROOTH — L E E K2R

HEH 2L

FAlZs:.  TObject

HezkE: TF1, TF2, TF3...

X 2. TGraph, TGraphErrors, TGraph2D,...

i ﬁ: TFile

|| fi: TCanvas, TPad, ...

f6 #HL %: TRandom,TRandom1,TRandom?2,TRandom3
B, MEE: TTree, TChain (JEH EED

HIRZEREE, ®2RK, 2RTE, 2HgHk, W
gRandom, gROOT, gStyle, gPad, gEnv, gFile...

17



TGraph

a simple graph

" KT o
m Tab &%k
constructors

root [2] TGraph f(

| N N S N Y Y S S S v |
0 0.2 0.4 0.6 0.8 1

1 111 111 111 111 1
1.2 1.4 1.6 1.8 2

X

title
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b b

Measurement XYZ and Expectation

EEXASCII 4

Create a graph (TGraph)

Set its title to “My graph”, its X axis title to “myX” and Y axis title to “myY”
Fill it with three points: (1,0), (2,3), (3,4)

Set a red full square marker

Draw a orange line between points

TGraphErrors graph expected("./macro2 input expected.txt","%lg Slg %1g");

graph expected.SetTitle("Measurement XYZ and Expectation;lenght¢ [cm];Arb.Units");
graph expected.SetFillColor(kYellow);

graph expected.DrawClone("E3AL"); // E3 draws the band

Lab. Lesson 2
70
—— Expected Points

Arb.Units

O L Y SO

TGraphErrors graph("./macro2 input.txt","%lg %lg %1g");
graph.SetMarkerStyle(kCircle);

graph.SetFillColor(0);

graph.DrawClone("PESame") ;

TLegend leg(.1,.7,.3,.9,"Lab. Lesson 2");
leg.SetFillColor(0);
leg.AddEntry(&graph expected, "Expected Points");
leg.AddEntry(&graph, "Measured Points");
leg.DrawClone("Same");

19



REMEL

Create a graph (TGraph)

Set its title to “My graph”, its X axis title to “myX” and Y axis title to “myY”
Fill it with three points: (1,0), (2,3), (3,4)

Set a red full square marker

Draw a orange line between points

TGraph g

.SetTitle("My graph;myX;myY")
.SetPoint(0,1,0)
.SetPoint(1,2,3)
.SetPoint (2, 3,4)
.SetMarkerStyle(kFullSquare)
.SetMarkerColor(kRed)
.SetLineColor(kOrange) :
.Draw("APL") *

My graph

g
g
g
g
g
g
g
g

n
II|II\\ll\\Illll\‘IIH[HI\‘HII‘\IIIMH

myX
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Color
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Marker

QEHAVO | AO XKV ¢4

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

TxXOX - - 9000000009

1 6 7 8 9 10 11 12 13 14 15

kDot=1, kPlus, kStar, kCircle=4, kMultiply=5, Also available
kFullDotSmall=6, kFullDotMedium=7, kFullDotLarge=8,
kFullCircle=20, kFullSquare=21, kFullTriangleUp=22, _
kFullTriangleDown=23, kOpenCircle=24, kOpenSquare=25, fnendhynarnes()
kOpenTriangleUp=26, kOpenDiamond=27, kOpenCross=28,

kFullStar=29, kOpenStar=30, kOpenTriangleDown=32,

kFullDiamond=33, kFullCross=34

through more
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e [E] o AR A

m ROOT EAHA (C++, S23eak iz 38 )
m 2 SEFROOTLA RIS
B ROOTEY &K AN~

RAFBCHIES, RVZEIT

B FEF R+
SR IR, B FE, B, X5

TMATH, | \TEL,  TF2, | TH3; \TEile,| THLL,

THIF, THID, TH2F, gRandom
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ROOT X FENLEL

56 #L #: TRandom, TRandoml, TRandom2, TRandom3
Jel 3 109 10171 1026 106000
M (ns/call) 34 242 37 45

EESCPUFRIFEE/X

gRandom 2 %5 7] 4 Fi L™ & 1 1 Fa £l

Zr A TERATRandom 35T £ .
https://root.cern.ch/doc/v618/TRandom_8h.html
(At FTRandom? [FATRandom1/2/3%k4%#& HTRandom)

TRandom3 *rnd = new TRandom3(); «—— Default seed=4357

TRandom3 *rnd = new TRandom3(0); «———— SeedifiEglobal
time, JXiEA[E

24


https://root.cern.ch/doc/v618/TRandom_8h.html

ROOT—PHEHLEL

gRandom->Binomial(ntot, p): —Insfh
gRandom->BreiWigner(mean, gamma) Breit-Wignerso%a
gRandom->Exp(tau) SEyeakinl
gRandom->Gaus(mean,sigma) S vayist
gRandom->Integer(imax) [0,imax-1]pBEEEEL
gRandom->Landau(mean,sigma) Landausfo
gRandom->Poisson(mean) BirD 0 (R(Eint)
gRandom->PoissonD(mean) HIAS R (IREldouble)
gRandom->Rndm() (0,1 1398959 %

gRandom->Uniform(x1,x2) (x1,x21¥95 5%

25



ROOTH it E T &

A= HR —E B 5 BE
TH1F *hist name = new TH1F(“hist name”,”hist title”,
num bins,x low,x high);
=446 =8 B
TH2F *hist name = new TH2F (“hist name”,”hist title”,
num bins x,xXx low,x high,num bins y,y low,y high);
A= 446 =28 E
TH3F *hist name = new TH3F(“hist name”,”hist title”,
num bins x,x low,x high,num bins y,y low,y high,
num bins z,z low,z high);
3 ALt EH

hist name->Fill (x);
hist name->Fill (x,y) ;
Hist name->Fill(x,y,z);

2 H

root[0O]hist name->Draw() ;

26



ROOTHIA B ErE, FEPLE

void histw() {

gROOT->Reset () ;

const Int t NEntry = 10000 ;

TFile *file = new TFile("Landau.root","RECREATE") ;
4 TH1F *hl = new TH1F("hl","A simple histo",100,0,1);
for (int 1i=0;i<NEntry;i++) { A

hl->Fill ( gRandom->Landau(0.2,0.1)]|);

}
hl->GetXaxis () ->SetTitle(”X Title, #pqgrt{#Delta {2}}");

hl->GetXaxis () ->CenterTitle() ;
hl->GetYaxis () ->SetTitle (”Y Title, Entries/0.01");
TCanvas *cl = new TCanvas(”cl”,””);
hl->Draw() ;

file->Write() ;

cl->SaveAs ("Landau.pdf") ;

} t 1. XHHEER, BA
2. ERREFE
3. HE
4. EEEA 57




THROOT A+

. 3T S AEYroot3R T, %R M A K &Y Landau.root:
ARINIRTIT:
> root —1 Landau.root

2. ROOTER#ET ;
> 100t

root [0] TFile f1(“Landau.root”);
root [1] .1Is
root [2] h1->Draw();

PR
T LA A L
AN ey I ST e

3. A TBrowser
> 100t

root [0] TBrowser b
FIRATREYE AT ......

4. BARAELTLAFACHKELIAIT



H— A, BE—AEIE

//

// open a root file and get a histogram

//
void histr () {

A TFile *file = new TFile("Landau.root",6 "READ") ;
TH1F *hl = (TH1F*) file->Get("hl");
hl->Draw() ; A

1. XTI
3. H]

MEBIFHT, XEar ] FErootHRAFF T2

RN, FEHTIR.




RO OT Ej %ﬁ% EI %ﬁ iﬁ?ﬁﬁi_name .Draw () ;

H TEF— 2 5 E dh 24 B
TFl *fun name = new TFl ("fun name", "expression",
X low,x high);

root[0]TF1l *fl = new TF1("f1l","x*sin(x)",-5,5);

DRI TE =R H
TF2 *fun name = new TF2("fun name", "expression",
X low,x hlgh y low,y high);

root[0]TF2 *f2 = new TF2("£f2","x*sin(x)+y*cos(y)",
-5,5,-10,10) ;

DRI TE=E R H
TF3 *fun name = new TF3("fun name", "expression",
X low,x hlgh y low,y high,z low,z high);

root[0]TF3 *£f3 = new TF3("£f3","x*sin(x)+y*cos (y)
+z*exp(z)",-5,5,-10,10,-20,20) ;

30



BRI E N (L)
ROOTH R XS RIBYFTKSFT 4

AFNACH+E S FKIASC
TF1* £f1 = new TF1("£f1","sin(x)/x",0,10) ;

QA TMathae X ey &2

TF1l *fl = new TF1("£f1","TMath: :DiLog(x)",0,10);

AFABEAXCH+ESEFIEK
Double t myFun (double x) {
return x+sqrt(x);

}
TF1l* f1 = new TF1("£f1","myFun(x)",0,10);

WAL EREEBANE S, 1BAEIIEIANSET,
FNTIETE R E’%Rx/\ﬁﬁéﬁn Z-E 8 F
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> ) 3 > o IR\ h) _I"A
B FEREHIE X TA(2)
ROOTH . X &R %0 S a9 5 FJ
AROOTE &FHAEXT LIt B AeY & S R
gaus : 3NS5
f (x) =pO*exp (-0.5* ((x-pl) /p2) *2))
expo : 2 NS
f (x) =exp (pO0+pl*x)
polN:N+1/MS#
f (x)=pO+pl*x+p2*x"2+. ..
HN=0,1,2,..., FHNBEEEHpPold,poll,pol2...
landau:312#
PRIE A6, WHRBITRIER

IXLETRE W A T iR (ER |, Eban
histogram->Fit("gaus"); //MNERHEH#HITEHUIS
TF1 *fl=new TF1("f1","gaus",-5,5);

32



BF R B E X T730(3)
ROOT = £ 5 XA & 5 20 b 2 55 5 3K
AFXACTH+HE, 5233850

TF1l* £f1 = new TF1("£f1","[0]*sin([1]*x)/x",0,10) ;

fl->SetParameters(2.,1.5) ;

AFACH+ 2% R AKX UAZROOTH A X & 2k
TF1l* f1 = new TF1("f1","gaus(0)+[3]*x",0,3);

AF A EZXVCH+HESEFK K
Double t myFun(Double t *x, Double t *par) ({
Double t f=par[0]*exp(-x[0]/par[l]);
return £f£;

} j;i%%l%kﬁ

TF1l* f1 = new TF1("£f1",myFun,0,10,2);
fl->SetParameter (0,100) ;
fl->SetParameter (1, 2) ;

33



ROOTIA S 47~ Bl: MacroXXft s

// Macro myfunc.C
Double_t myfunction(Double_t *x, Double_t xpar)

{
Float_t xx =x[0];
Double_t f = TMath::Abs(par[0]xsin(par[1]*xxx)/xx);
return f;

} [

\{101d myfunc () — BEPITHRHGT, ES5XHERERZ
TF1 *%fl = new TF1( ,myfunction,0,10,2);
fl->SetParameters(2,1);
f1->SetParNames ( ) );
fl->Draw();

}

void myfit()

{

TH1F xhl=new TH1F( , ; ,0,10);

hl1->Fill1Random( ) );

TF1 xfl = (TF1 %x)gRO0T->GetFunction );

fl->SetParameters( y1);

hl->F1t( ); Root > .L myfunc.C
} Root > myfunc();

Root > myfit(); 34
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BHYR

m ROOTFMEH2E, HIE

m http://root.cern.ch

m http://root.cern.ch/root/Reference.html
m http://root.cern.ch/root/Tutorials.html
m http://root.cern.ch/root/HowTo.html

= $ROOTSYS/tutorialsH )%™l -1

m http://hep.tsinghua.edu.cn/training/inde
X.htm!l (— =B #FE)
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