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https://root.cern.ch/
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https://root.cern/root/html534/ClassIndex.html

Some basic linux commands

Linux command

What it does...

ls List contents of a directory
pwd Show present working directory
mkdir test Make a new directory called test
cd test Change to directory test

cp filel.txt file2.txt

Copy file1.txt to file2.txt

mv filel.txt file3.txt

Move file1.txt to file3.txt

cat file2.txt
less file2.txt
more file2.txt

Print the contents of a file to the screen

emacs -nw

Ve Console text editors (no extra window pops up)
pico

emacs

xXemacs

nedit GUI text editors (extra window pops up)

gedit
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T AZEHED

3+ 150.142 *  1.45502 *  4.66344 *  146.706 *  1.02172 *
4% 140.942 % -10.342 *  11.0689 *  148.325 *  0.854895 *
" 5% 150.185 *  17.0842 *  -12.1425 *  143.101 *  0.992042 *
{RESENIE 6 *  150.018 *  5.19219 *  7.78532 *  148.594 *  1.06437 *
7% 150.852 *  7.54787 *  -7.43332 *  144.445 *  0.972789 *
8 *  150.071 *  0.231547 * -0.021123 *  147.784 *  0.928199 *
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i i i - — Total fit
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ROOTEEWRI{TA?

¢ Save data (O)

¢ Access data (I)
¥ Mine data (SR A)

¢ Publish results ([H[EF)

¥ Run interactively or build your own
application (ZFfEXNSHNES)
g
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ROOT{ERRT\

¥ Command line interactive
¥ Scripts: w/i name and w/o name

¥ MakeClass()

¥ Compile user code
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ROOTH 3T R

¢ Data

% Histogram
8 Tree/Ntuples
% Graph(errors)

¢ Functions

¥ Canvas, Pad, File, Random
numbers, Fitter, Minuit, ...

11



Data-Histograms (1)

MBinned data — JREEMN—MEUERZ
B AR 2R E R 0] A E X R EEK
BExamples: TH1F (1 4, ¥ =58)

® root [ | THIF *h = new THIF("hist", “Name; B1ns,Entrles ’, 10,0, 10);
% “hist” is a (unique) name
% “Name;Bins;Entries” are title and the x and y labels
% 10: 1s number of bins
% 0,10, limits on the x axis. First bin is from 0, 1, ...

® Fill the histogram i ot v cps Tos
% root [ | h->Fill(3.5);
% root [ | h->Fill(5.5);

Name

8 Draw the Histogram
root [ | h->Draw();

12




Data-Histograms(2)

root [ | THIF h("h","h",80,-40,40) ;
root [ | TRandom r;
root [ | for (1=0;1<10000;i++) { h.Fill(r.Gaus(0,7));}
root [ | h.Draw()
e Rebinning
root [ | h.Rebin(2)
* Change ranges/canvas
— with the mouse, very easy!
— with the context menu
— command line
root [ | h.GetXaxis()-> SetRangeUser(2, 5)
* Log-view
— right-click in the white area at the side of the canvas
and select SetLogx (SetLogy)
— command line
root [ | gPad->SetLogy()
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Edit View Options Tools

bl
Smooth 30 40

Entries 15000
Mean 0.02277
Std Dev 7.004

TH1F:h
Add
Divide
DrawPanel

Fit

FitPanel

Multiply

Rebin
SetHighlight
SetMaximum
SetMinimum
SetStats
ShowBackground
ShowPeaks

SetName Bins

Help

900

800

700

TcCanvas::cl

DrawClonePad
SetGrayscale
SetCanvasSize
BuildLegend
Divide
UseCurrentStyle
Pop
Range
Saveds
SetBorderMode
SetBorderSize
SetCrosshair
v SetEditable
SefFixedAspectRatio
SetGridx
SetGridy
SetLogx
SetlLogy
SetLogz
SetName
SefTickx
SetTicky
DrawClass
DrawClone

v b b L a g

Entries
Mean
Std Dev

15000
0.02277
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Data-Histogram fit(3

M Interactive
— Right click on the histogram and
choose "fit panel”
— Select function and click fit
— Fit parameters
e are printed in command line
* in the canvas: options - fit
parameters
B Command line

root [ | h->Fit("gaus")
— Other predefined functions polN (N =
0..9), expo, landau

W Try to fit the histogram with different
functions.

% Fit Panel ]
\ cl
Data Set: - v
Eile Edit ¥View Options Tools JHIE: :]
Fit Function
h Type: [Prede-1D [+ [gaus [+]
— Operation |
600 +— ’ @& Nop ¢ Add ¢ NomAdd ¢ Conv
N gaus
— Selected:
500—
— gaus Set Parameters...
4001 General | Minimization
- —Fit Settings
| Method
300 __ [Chi-square Z] User-Defined ‘
- I Linear fit I Robust [ 0.95
- Fit Options
200 — " Integral [T Use range
— [ Best errors [T Improve fit results
- [T all weights = 1 [T &dd to list
100 - [T Empty hins, weights=1 [T Use Gradient
— Draw Options
O_I 11 1 1 | N | I | N I 11 I_ SAME
-40 -30 -20 -10 0 [ No drawing
[ Do not store/draw Advanced ‘
Xlanpo s | 40.00 2]
Update Fit Reset |  Close
THIF:h [LIB Miniit  [MIGRAD  [1tr:0 |Prm:DEF
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Data—HiStogram fit(4) - s too large. Integral error

h1
Entries 1300
Mean 2.196
Std Dev 1.682

bROOTDIR/11ib/11ibRIO
$ROOTDIR/1ib/1ibCling
ut: $ROOTDIR/1ib/1ibMathCore

Using 1.C ?

.'I| a

]
v e by b Ly baag

1 2 3 4 5

EDM=9.21995e-10 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
1 Constant 3.92357e+00 4.50038e-02 2.51752e-04 1.16715e-03
2 Slope -4.,84374e-01 1.69081e-02 9.45620e-05 3.57764e-03
FCN=50.0767 FROM MIGRAD STATUS=CONVERGED 117 CALLS 118 TOTAL
EDM=3.80564e-08 STRATEGY= 1 ERROR MATRIX UNCERTAINTY 1.8 per cent
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE
p@ 4.04778e+01 .61764e+00 -2.07071e-03 .13822e-05
pl 2.99642e+00 .49402e-02 2.86369e-05 .23451e-03
p2 2.79666e-01 .20363e-02 1.67157e-05 .37487e-03
p3 3.90804e+00 .67380e-02 9.40009%e-05 -4.76800e-03
p4 -4.,88215e-01 .75470e-02 -1.91494e-05 .11828e-03
ERR DEF= 0.5
number of signal events = 283.757 +/- 22.7457
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Tree

Data - TTree (1)

B TTree 2 HROOT AP EEH—MEIIEA, MAAGRLL ol PUF R A
BRA & — 1718 1E. F#1E
B A] LIRS B A A AR AR I8 A [7] B 28 5 2% AR BEA T2 R AN 55

XHE T P17 10

/ Variables are stored in TBranches .

Event #

Time Angle Energy — — -

— 37"

— 106.5ns — 0.308 — 1.7GeV — + —

n




1 Zinclude "TRandom.h"
2 #include "TFile.h"
Data - TTree (2) 3 #include "TTree.h"
4
void SimpleTree(const char * filename= "tree.root") {

double x, y, z, t;
data.Branch("x",&x, "x/D");
Useful commands 10 data.Branch("y",&y,"y/D");
11 data.Branch("z",&z,"z/D");
12 data.Branch("t",&t,"t/D");
tree->Show(0); E

: . 14 // fill it with random data
tree >Pr|nt()’ 15 for (int 1 = 0; 1<10000; ++i) {
tree->Scan(*”); 16

)
6
7 TTree data("tree","Example TTree");
8
9

x = gRandom->Uniform(-10,10);
_ TERT 17 y = gRandom->Gaus(90,5);
tree >DraW( X'y ) 18 z = gRandom->Exp(10);
19 t = gRandom->Landau(9,2);
20
21 data.Fil1(Q);

beside quick ones 22}
23 // write in a file

pL TFile f(filename, "RECREATE");
new TBrowser 25  data.Write();

26 f.Close();

27

TBrowser a 28 }




Data - TTree (3)

Efficient and powerful commands with a tree

tree->MakeClass(“tree”);
tree->MakeSelector(“testSelector”);

B4 ARG : root[] tree->MakeSelector( );

£ MySelector::SlaveBegin TEXhistograms

*ﬁﬂf 'ﬂ%E& . £ MySelector::process() iHEEhistograms
£ MySelector::Terminate [E histograms.

18



Functions

@ Function & ROOT 2R ERINEEY —

o HRNBFHAEEEERPN— AR (RH) , AHERE
EXFIAERRAT K2R

TR A XKL Breit-Wigner 223
MTI

o BW =

2
(m — me)? + —

MELZSE
TF1 * f1 = new TF1("f1","5*1.0/((x-5)*(x-5)+1.0*1.0/4)",0,10);

M*{E f1->SetNpx(1000);
f1->Draw();
K

TF1 * fp = new TF1("fp","[@]*[1]/((x-[0])*(x-[0])+[1]1*[1]/4)",0,10);
g**ﬂﬁ fp->SetNpx(1000);

fp->SetParameters(5,0.5);

fp->Draw("same");

fp->SetLineColor(kBlue);




Functions

"Value of f(x) at x = 1s fp—>Eval(E.) << std::endl;
"Derivative of f(x) at x 4 1is fp->Derivative(4.) << std::endl;

"Derivative of f(x) at x 6 is " fp->Derivative(6.) << std::endl;
"Integral of f(x) in [4, 5] 1is fp->Integral(4,6) << std::endl;
"Integral of f(x) in [0,10] 1is fp->Integral(0,10) << std::endl;

5*1.0/((x-5)*(x-5)+1.0*1.0/4)
50

40

root [0]
Processing plotBW.C...

30

Info 1n <TCanvas: :MakeDefCanvas>: created def
Value of f(x) at x =5 1s 40 20
Derivative of f(x) at x = 4 1s 4.42907
Derivative of f(x) at x = 6 1s -4.42907

Integral of f(x) in [4, 5] 1s 26.5164

Integral of f(x) in [0,10] 1s 30.4168

10
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S 0 MR L
giitiait. Rigtels (HS)

fZé@%{I‘]i%?LXAE’JHﬂI%, BAERTA?
M AZBFIRERESHEE, TE24it. HEREEE?
[A Data mining
B S5t hit (statistical estimation)@ A ITHETI—MZX, FiHEHITHS AR BEARNE
FRGITT RN D RRE. D HS BB FIHE,
OflF: MEEASHREITEMIFNRE. BE. SO, EMSE, LLMAWR
=%
B Fig€38 (hypothesis testing), XFFIHRIZIGLE: FENERHITRIEZ, REEREK
R RIEXMRIR
O=&EH
OHIpEN B IIEE
B B SR Pattern

M E2iEE AR RooFit & RooStats #9 tutorial
M TRH1BFIF

21


https://root.cern/doc/master/group__tutorial__roostats.html
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— P HEEIR) ROOT fit
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(200+1000)

100

TH1D * hl = new TH1D("h1","h1",50,0,10);

80

for (int 1 = 0; 1 < 200; ++1) {
hl->Fill(gRandom->Gaus(2,0.3));

=
L
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60 .
ks l
for (int 1 = 0; 1 < 1000; ++1) {
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AN TSI, X

= ENREEFRIYIE

[

// fit first a single gaussian in range [1,3]
TFitResultPtr rl = hl->Fit("gaus","S","",1,3); // first fit of gaussian 'E;{%%
TFitResultPtr r2 = hl->Fit("expo","S"); // first exponential

TF1 * f1 = new TF1("fitFunc","gaus(@)+expo(3)");

// get parameters and set in global TF1

// parameters of first gaussian

fl1->SetParameter(@,rl->Parameter(0));

fl1->SetParameter(l,rl->Parameter(l));

fl1->SetParameter(2,rl->Parameter(2));

// parameters of expotentail 2¢;[A_
fl1->SetParameter(3,r2->Parameter(0));

f1->SetParameter(4,r2->Parameter(l));

ROOT BEMMAEMEEASMEE,
BT LRSI A ER S T, FTERLES 1T

40—

r Bb:
23 T..‘m.H\...‘\..Hhh}‘){ﬂkp[’{;%yL If"hl*fui“wwﬂ-

0 1 2 3 4 5 9 10




CN=20.4791 FROM MIGRAD STATUS=CONVERGED 153 CALLS 154 TOTAL
EDM=3.63954e-09 STRATEGY= 1 ERROR MATRIX ACCURATE

EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE DERIVATIVE

p0 4.98546e+01 .40352e+00  1.64489e-02 5.20252e-06

pl 1.92384e+00 .36789%e-02  1.35136e-04 -5.31489%e-04

p2 3.22704e-01 .97793e-02  9.71043e-05 9.72725e-04

p3 4.59526e+00 .21273e-02  1.06341e-04 1.19264e-03

p4 -4.94114e-01 .74355e-02  3.85553e-05 1.63530e-04

DEF= 0.5

// fittingl}
hl->Draw("E1");
TFitResultPtr res = hl->Fit(f1,"SL")

7

// compute number of signal events
TMatrixDSym cov = res->GetCovarianceMatrix();
TMatrixDSym covPeak = cov.GetSub(0,2,0,2);

ISP LS S50 45 AR Z5E
TF1 * peakFunc = new TF1("peakFunc","gaus"); i*ﬁg{ﬁ“%& (bln Wldth)

peakFunc->SetParameter(@, fl->GetParameter(0));
peakFunc->SetParameter(l, fl->GetParameter(l));
peakFunc->SetParameter(2, fl->GetParameter(2));

// fitted gaussian function

number of signal events = 201.636 +/- 26.2222

double nsignal peakFunc->Integral(0,10) / hl->GetBinWidth(1l);
double err peakFunc->IntegralError(0,10,peakFunc->GetParameters(), covPeak.GetMatrixArray()) / hl->GetBinWidth(l);




Events /(0.2)

—> RooFit #l&. 118 significance BY%+

Gaussian Signal over Exponential Background

120
a =-0.5268 +0.018
! nbkg = 1022 + 36
1001y nsig = 78 + 18
80_— y
- + S:100
- o
40— "
20— 4 +
N + Prd
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P value/significance vs mass

Significance vs Mass
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ROOTE

* EEIEEERE, BESNELERRE
kRBETHR
W IR E)E R R TRINE, RTRERRE—ERM
ANEERET (EANSFE—RREEFSPlotStyle)
“EEELAREPAES EREESHRR—TAKRE
W TREE
w X585 %: legend, axis nameltitle, ...

W G
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ROOTERMETEINEE
TMVA, TMinuit(2), TEve,

* Multivariate Analysis (TMVA)

* ROOTHIN&aFIE, NAIFEHLE,
* BT EMEINERREENREEIEE
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https://root.cern/manual/tmva/
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