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Random generators e

TRandom

basic Random number generator class (periodicity = 10**8).

The following basic Random generators are provided:

-Exp(tau)

-Integer(imax) for (i=0;i<N;i++) {
-Gaus(mean,sigma)

-Rndm()

-Uniform(x1) -Uniform(x1,x2)
-Landau(mpv,sigma)
-Poisson(mean)
-Binomial(ntot,prob)

x = gRandom->Gaus(0,1);
h2->Fill(x) }

Karavoun Tuxaiwyv apiOuwyv ye Baon pia ouvaprnon 1-d, 2-d i 3-d
TF1 *f1 = new TF1("f1","abs(sin(x)/x)*sqrt(x)",0,10);
double r = f1->GetRandom();

void Rannor(Float t &a, Float t &b) Return 2 numbers distributed following
a gaussian with mean=0 and sigma=1

void SetSeed(Uint_t seed) Set the random generator seed if seed is
zero, the seed is set to the current machine clock



http://root.cern.ch/root/html404/ListOfTypes.html#void
http://root.cern.ch/root/html404/ListOfTypes.html#void
http://root.cern.ch/root/html404/src/TRandom.cxx.html#TRandom:Rannor
http://root.cern.ch/root/html404/ListOfTypes.html#Float_t
http://root.cern.ch/root/html404/ListOfTypes.html#Float_t
http://root.cern.ch/root/html404/src/TRandom.cxx.html#TRandom:SetSeed
http://root.cern.ch/root/html404/ListOfTypes.html#UInt_t
http://root.cern.ch/root/html404/TF1.html
http://root.cern.ch/root/html404/TF1.html
http://root.cern.ch/root/html404/ListOfTypes.html#double
http://root.cern.ch/root/html404/TRandom.html
http://root.cern.ch/root/html404/TRandom.html#TRandom:Exp
http://root.cern.ch/root/html404/TRandom.html#TRandom:Integer
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http://root.cern.ch/root/html404/TRandom.html#TRandom:Gaus
http://root.cern.ch/root/html404/TRandom.html#TRandom:Rndm
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Anuioupyeiote pia karavour 100.000 yeyovoTtwy TTOU
OKOAOUBOUV TNV TTapATTAvVW KATAVOUT).



ROOT %

Aounon (ovveyela) e ¥

Karavour TnG aliyouBiakn¢ ywviag ¢ Tou PIoviou aTnv okEdaan
ee—uMd €ival opoiopopen (Uniform)

AnpioupyeioTte pia katavour) 100.000 yeyovoTwy TTOU
akoAouBouv TNV TTapaTTavw KATAVOUN

AwoTe o€ IoTOYpaAPMa 2D TIC KATAVOUES TWV YWVIWY ¢ Kal cosO
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Random generators —_— 3

A>KHZH
(dnuioupyeioTe hprofile.c)

*Anpioupyeiote 40.000 cwpartidla yia Ta OTToia I0XUEI PX, PY KATAVOUEG
Gaus Kal pt=px*px+py*py.

>2xéon px-py, px-pz (TH2F kai TProfile)
hprof = new TProfile("hprof","Profile of pz versus px",100,-4,4,0,20);


http://root.cern.ch/root/html508///TProfile.html
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ROOT I/ O system

Apyxeia ROOT

‘Eva apyxeio ROOT eival 6TTwg TO0 0UOTNHA APXEIWV TOU
Unix (directories, levels ...)

Kd0e katdAoyog cuoXeTieTal PE MIO AiOTAO KAEIDIWYV
(KEYS) 1ToUu XapakTnpeifouv T AVTIKEIMEVA TTOU
dlaTnpouvTal OTN MVAMN MEXP! VA KAEIOEI TO apXEio.

hsimple.root hsimple.root

Xpnoiyotroiwvrac Browser TFile f1(*hsimple.root™)
fl_Map()

new TBrowser fl1.1sQ

T.GetListOfKeys()->Print()



ROOT Files (TFile) iy

AFile.root

 Ortav avoiyel éva apxeio ROOT
YIVETAI O TPEXWV KATAAOYOG.

* loToypdauyparta Kail dEvTpa cwlovTal
OQUTOMATO OTO OPXEIO.

 Otav KAgivEl TO APXEIO TA AVTIKEIMEVA
ICTOYPAMMOTA KOl OEVTPA TTOU OXETICOVTOI ME TO
apxeio ofnvovrai.

« KabBe avTtikeipevo tTou TTpoEp)eTal atrd TObject
pTTOpEl Vo ypagei o€ apxeio ROOT. lMNpétrel va 000¢i
«PNTA» EVTOAN.

m.X. C1->Write();



Apyeta ROOT (oour))

ROOT File description
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= : E__ Data E__ iect E__ E__ ............
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! | o S T
fBEGIN e fEMD
File Header Logical Record Header (TKEY)

‘root’: Root File ldentifier

tVersion: File version identifier
TBEGIN: Pointer to first data record
TEHD: Pointer to first free word at EOF
T3eekFree: Pointer to FREE data record
THhytesFree: Humber of hytes in FREE
THfree: Humber of free data records

THhytesHame: Humber of bytes in nameftitle
TUnits: Humhber of bytes for pointers
fCompress: Compression level

THhytes: Length of compressed obhject
Wersion: kKey version identifier

TOhjLen: Length of uncompressed ohject
fDatime: Date/Time when wHtten to store
TKeylen: Humhber of hytes for the key
fCycle : Cycle numhber

TSeekKey: Pointer to ohject on file
f3eekPiir: Pointer to directory on file
fClassHame: class name of the object
THame: name of the object

fTitle: title of the object




Aoyeta ROOT
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File Header Information

Byte Value Name Description

1->4 "root” Root file identifier

5->8 fVersion File format version

9 ->12 TBEGIN Pointer to first data record

13 -> 16 TEND Pointer to first free word at the EOF
17 -> 20 TSeekFree Pointer to FREE data record

21 -> 24 TNbytesFree Number of bytes in FREE data record
25 -> 28 nfree Number of free data records

29 -> 32 TNbytesName Number of bytes in TNamed at creation time
33->33 fUnits Number of bytes for file pointers

34 -> 37 fCompress Zip compression level




Apyeia ROOT ROOT:

Record Information (TKEY)

Byte Value Name Description

1->4 Nbytes Length of compressed object (in bytes)
5->6 Version TKey version identifier

7->10 ObjLen Length of uncompressed object

11 ->14 Datime Date and time when object was written to file
15 -> 16 KeyLen Length of the key structure (in bytes)

17 -> 18 Cycle Cycle of key

19 -> 22 SeekKey Pointer to record itself (consistency check)
23 -> 26 SeekPdir Pointer to directory header

27 Iname Number of bytes in the class name

28->... ClassName Object Class Name

> Iname Number of bytes in the object name

> Name IName bytes with the name of the object
> ITitle Number of bytes in the object title

>, Title Title of the object

----- > DATA Data bytes associated to the object 10




Aoysia ROOT =y ;g

Eyypa®n evog avTIKEIMEVOU OE apXEio
TODbject::Write()

EkTeAoUvTal OI TTAPAKATW O100IKATIEG :

 Anuioupyia evdég TKey avTiKEINEVOU OTOV TPEXOVTA KATAAOYO
 To avTikeipevo TKey dnuioupyei éva TBuffer

 To TBuffer yepiel péow TNG ouvapTnong Streamer()

« Anpioupyeite évag deuTepog buffer yia Tnv cupTtrieon
 EAéyxetal n Aiota TFree yia Ta eAeuBepa block oTo apyeio

* O buffer ypageral oto apyeio

11



Aoysia ROOT =y ;g

Avayvwon avTIKEIHEVOU ATTO APXEio TN HVAUN
TKey::Read()

ExkTeAoUvTal oI TTAPAKATW O100IKATIES :

« Avalnreital TO AvTIKEINEVO PE BAon TO KAEIDI OTOV TPEXOVTA
KOaTAAoOyo

« Anuioupyeite évag buffer(s) yia To avrtikeipevo

« Me Bdaon 1o 6vopa TG Class TOU AVTIKEINEVOU (TTEPIEXETAI OTO
TKey) kaAeital n TClass::New()

« KaAgital n cuvaprtnon Streamer()

12



2OUTTLEDT]

OAa Ta dedopéva CUNTTIECOVTAI TTPIV THV EYYPOPN OE apXEio.
XpnoigoTtroigital o aAyopibuog gzip (9 levels)

To emriTredo cupuTtrieong givai 1
TFile::SetCompressionLevel()

level=0 onpuaivel xwpig cuuTtrieon).

ROOT &5
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Event

Event format in HEP =

10 bytes Header

100 bytes Trigger Info

1 Kbytes Muon Detector

10 Kbytes Calorimeters

100 Kbytes Forward Detector

Emituxnc yia

2EIPIOKA apXEia
MeyaAo apiOuo dedopévwy

MR atrodoTikO

Orav 10 evolagpépov
€o0TIAdETOI OE EVA MIKPO
UTTOOUVOAO OedONEVWIV

| 0€ UTTOOUVOAO TWV
IOIOTATWYV TOU YEYOVOTOG

14
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Ntuples - Trees o J
AUo KUpIEG TACEIG
TTree
MTropei va atroOnkevoel oTrolodNTTOTE Soun OEQONEVWIV
OtroladNTTOTE HOP P OEOOUEVWV

Media propouv va opadotroinfouv i va atrobnKeuTouv
XWPIoTA

TNtuple
AtrAoUoTepn poppn Aévtpou
Mtropei va BewpnOei £évag Trivakag apiOpwyv 2D

EmiTpétrel TNV e@apuoyn cuts o€ Jia )| TTEPICOCOTEPEG
METABANTEG YIa TV ep@avion (plotting) piag GAAnG.

15
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Ntuples - Trees e ¥

Eival KataAAnAgg yia Tnv atroOnkeuon / ere¢epyaocia
0edouévwy pe popen “IeyovoTtwy”

(Enaya)\apﬁavépgvn Eop_r'] 0edopEVWV)

Event 1

float vis_energy;
int ntracks, nclusters;
float px[max_tracks], pyvl...

Event 2

float vis_energy;
int ntracks, nclusters;
float px[max_tracks], pyvl...

210 profile.c rpooBéoTte ntuple 61'r.o;1 ;(dea YEYOVOG Oa TTePIEXEI TIG PX, PY, PZ.

ntuple = new TNtuple(“ntuple”, “Demo ntuple”, “px:py:pz”);

f = new TFile(“hprof.root”, “RECREATE”);

f ->Write(); 16



Acgvrpa ROOT (trees) = /@

‘Eva Aévtpo (Tree) atroteAcitai
atré KAadoug (Branch)

Kal évag KAGdog TreprypageTai
a1ré Ta @UAAa (leaves) Tou !!!

AlFile.root )
— /N

A+

ROOT

Tree Data

Collection

Structure

ol Trees

fBranches = TOBArray of TBranch

Tree
fScanField S
exiventioon —Branch-0—Branch 1—Branch 21— Branch 3}---
.
TMaxVirtualSize* 2
TEntries S . N
-
g Sfleaves = TObjArray of TLeaf
fDimension ,5 jArray
¢ . ‘
fSelectedRows ’ _—’, Leaf 0 —’ Leaf 1 —’ Leaf 2 ————————
i 4 /
i . & -
¢ ‘ i - - The -
4 - K TLen: number of fixed elements | ﬂype COdes
fBasketsize g flenType: number of Iiytes of data type C : a characker string
fEventOffsetLen H :;"“’f"l';'““"w;“’ '-fe:f“t:‘“‘“”:‘: o 0 : an 6 bit siyned integer
N ALl RS LI S LA L5 B AU : an 8 bit insigned integer
THaxBaskets A — L t
N TlsMoinder: True if pointer : a 16 I¥t signed short inteqer
TEntres J TIzRange: True if leaf has a range

fAddress of Leafl

THame: Branchnamg

Tz Unsigned: True if unzigned
g *fLeafCouni: poinis to Leaf connter

: & 32 bit signed inleger
: & 32 hit unsigned integer

THame - Leal name

: a 32 hit floaling poind

fTitle: leaflist h

i 1Tille - Leaf iype {zee Type codes)

b
s
5 : a 16 hit nnsigned short interjer
1
i
r
i}

£ & 64 hit fAloading poind
TA230K & class name TR

fBaskettvent

—>

First event of each basket
Array of fidaxBaskets Integers

fBaskets = FObjArray of IBasked

e PRI Basket 0

T_letes: Size of compreszed Daskel
10hjLen: Bize of uncompressed Daskel
1Datime: DatefMime when wrilten 1o siore
TReylen: Mumber of bytez for the key
TCycle : Cycle number

T5eekkey: Pointer 1o Daskel on file
T3eeklir: Moinler to directory on file
1ClazsHame: TDaskel®

THame: Branch name

TTille: Tree name

ZipBuifer

THevBuf: Humber of evenls in Basket 0
TLasi: poinler to last used byte in Daskel § ¢

—»

— |Basket 1|——)» |Basket 2| --------

fEventOffset

ftael of cvents in fBuTer
Arvay of FEventOffaciLen ntegera
fif vasiablc lenglh abimclue)

Basket buffer
Array of fBasketSize chars

Bazket compresacd buffer

{if compreasion)
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IToxpadstypma

cernstaff.dat apyxeio Keipévou Pe TTAnNPOPOpPIES
cernstaff.C

cernbuild.C

18



The Tree Viewer

¥ Tree¥Yiewer

Eile Edit Bun Qplions

Commarnd I | Oiption I |

| Current folder

|Current tree : myTree

| TreeList

| - | T

Xo—empty- EC» —empty -
T —empty- EC» —empty -
2 —empty - ﬁxmajn
D% —empty - ﬁ %3l

ﬁ Sean box ﬁ HEe

E<» —empty -

E<» —empty -

E<» —empty -

E<» —empty -

E<» —empty -

E<» —empty -

E< » —empty -

E<» —empty -

0%

E’@, IListI— OList

First entry 0 Last entry ;99!

root[] myTree->StartViewer()
Contents:

XYZ

Cut

Scan

Expressions
Variables (leaves)
Draw option
Recording commands
Histogram

Range Selector
IList/OList

tree1.c

19
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Drawing Two Histograms =y |

T | - Double click o€ pia
~ers Default | Hist HETGB)\nTr]
efau isto
10 Cpti 3 : ~ 1
forde 2D OIS Y s only « EmA£gTE Superimpose
st £ Lptians Contouronly [ .
Beset options v Superimpose OptIOn
7 Cylindrical .
%7 pom * Double click ot uia
. SeUTEPN METARANTF
& - PsRap/Phi pr] “ r] rl
B2~ | ego HLR
E{} - LEQD HSH Ed't Wi Opti I t Cl !
E¢»=#  Lego Color Cor] — =
E¢ 3 —¢l Sun'ace HLF: Nent = 10000
ECx -8 Surface HSR
Ecy -2l Surface Col
Ei»—el aUf+Cont
E<y el QOUraLG

0%

20



=election

xmain <= 0

= Add a Weight: xmain <0
My
;ancell M

S cl M=l 3
File Edit ¥iew Options I|nspect Classes Help
xs1 htemp
. Ment = 10000
Command | | Option |SAME 400 o o
I AMS = 0.501

| Current folder | Current tree : myTree 350

. |:|TreeLi3t X: —empty— 3 wmain 300
3R oy Tree Y -empty— 3 wst .
) Z: —empty - ﬁxsE

; ol by Cut

: ﬁ' Scan boy 150

200

. - Pyl | L .
e et
- . . A [ s
I hily Lut 100 i | i i i
- - - bt A 8
1 [ s
1 B o sttt
—r] B [ttt etes ittt
- - - L bl L s
EMm B o S S S S S S
B R ittty
- A::::o Pttt o

I
%
::::o

i ::::

aiels
25585
2505

K
ST T
A ey,

-2.5 -2 -1.5 -1 -0.5 0 05 1 1.5

- E ¥ —empty -

21



2D Lego Plots

ans

"Gpiion | Lego * Draw xmain vs. xs1
| Current tree : myTree o Rotating the Iego pIOt

s ] e ws

p—empty— 3 a2

ROOT &%

X
¥
£
. —empty -
ﬁ acan bos >l M=l 3

File Edit Miew Options Inspect Classes Help

FHM!I.' Cut xmain; xs1
E<» —empty -

Ei» —empty—




Creating a variable

1. New EXxpression

Y —empty- sl
=2 —empty - -ﬁHSE

09&;. —empty -

E<» —emipty -

E<» —empty -
E<» —empty -
E¢» —empty -
E<» —empty -

E¢ > —empty -

¥ —empty— 3% <main

E =prezzion editor
E=pression

|:-cs1 “winain

&lias

|~M5.'Expressi|:|n

Qancell

anel

ROOT &%

2. Set the name and expression
3. Double click to draw it

X cl =1 E3
File Edit Miew Options |nspect Classes Help
I ¥s1"\main_| hizmp
Nent=10000
1400 — Mean =0.4971
L RMS = 1462
1200
1000 [~
800 [
600 [~
400
200 -
ll'- [ T 1
-6 -4 6 i
MyExpression

23



More Features

Record:

1) Command is recorded in history file (SHOME/root_hist)
2) s printed on the command line

Scan:

1) Drag and drop variables to scan box
2) Redirect output to a file

Saving and recovering a Session:
1) Save the current cuts, expressions into treeviewer.C
2) Read session back

24
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Saving the Canvas

.
@ e vew oo | © [ € SAVE Options:

MWew Canvas

Open... — Postscri pt

Save A5

Save A% canyas.ps f
Save As canvas.eps - gl
Save As canvas.qif

Save A5 canvas.C —_— ROOT flle

Save As canvas.root

= — Macro

Close Canvas

S « Save as a ROOT file:

— Open the saved ROOT file (c1.root) and

draw the canvas
root[2] > cl.Draw();

25
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ROOT &%
Read Tree -y

{ /lread the Tree in hprof.root and fill two histograms
/lread the file and get the tree
TFile *f = new TFile("*hprof.root");
TTree *t1 = (TTree*)f->Get(“ntuple");
Float_t px, py;
pxBranch = t1->GetBranch("px");
pxBranch->SetAddress(&px);
/[create two histograms
TH1F *hpx = new TH1F("hpx","px distribution",100,-3,3);
TH2F *hpxpy = new TH2F("hpxpy","py vs px",30,-3,3,30,-3,3);

//read all entries and fill the histograms
Int_t nentries = (Int_t) t1->GetEntries();

for (Int_t i=0;i<nentries;i++) { pxBranch->GetEntry(i);
pyBranch->GetEntry(i);
hpx->Fill(px);  hpxpy->Fill(px,py); }

// Draw the histograms

TCanvas c; c->Divide(2,1); c->cd(1);

hpx->Draw(); c->cd(2); hpxpy->Draw("lego");

} 26



Read Tree (2)

TFile *f = new TFile(“hprof.root");
ntuple->MakeClass(“ana”)

Anuioupyei Ta apxeia ana.C kal ana.h

21N uEBodOo ana::Loop() MUTTOPOUNE VA TTPOCOECOUNE TOV KWOIKA UOG
[a va TpECeEl

.L ana.C
ana m // dnuioupyei To object m
m.Loop() // TpExel n pEBodog Loop()

ROOT %

27



ROOT Trees (T'Tree) BQOTJ ,g

AFile.root

AtroOnkeuon peyaAou apibuou
OeOOUEVWIV.

lepapyia KAAdwYV Kal @UAAwYV (branches
and leaves).

AlaBacpa ETTIAEYHEVWYV KAAOWYV .

28



Aruovgytor 6evoou

Bnuara:
1. Anuioupyia evog TFile
2. Anpioupyia evocg TTree
3. [MpooBnkn TBranch oto TTree
4. [Egioua Tou OEVOPOU tree
5. Eyypaopn oe apxeio (Write the file)

29
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Step 1: Create a TFile Object

TFile constructor
— file name (i.e. " AFile.root ")
— option: NEW, CREATE, RECREATE,
UPDATE, or READ
— file title
— compression level 0-9, defaults to 1.

AFile.root

TFile *hfile = new
TFile('AFile.root","RECREATE","Example™);

30
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Step 2: Create a TTree Object

TTree Constructor: AFile.root

— Tree Name (e.g. "myTree")

— Tree Title
— Maximum total size of buffers
TTree *tree = new TTree(""myTree'","A ROOT tree');

kept in memory when reading a
TTree (defaults to 64 MB)

31



ROOT &%

Step 3: Adding a Branch

AlFile.root \)
—~ /N
[

t

NEFRT

* Branch name
» Class name |
» Address of the pointer to the Object
» Buffer size (default = 32,000)

« Split level (default = 99)

Event *event = new Event();
myTree->Branch("'EventBranch", " Event", &event);

32
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Splitting a Branch

Setting the split level (default = 99)

AlFile.root

AFile.root \)
—~ /)

£

.l. p‘f:'

A+ ~d

Splitlevel =0 Split level =99

Example:
tree->Branch("'EvBr","Event",&ev,64000,0);

33
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Branches with a List of Variables

Alile.root
« Branch name . >|
 Address: the address of the first item : '
of a structure.
» Leaflist: all variable names and

types
* Order the variables according to
their size

Example
TBranch *b = tree->Branch ("'Ev_Branch",&event,

"ntrack/1:nseg:nvtex:flag/i1:temp/F'");

34
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Adding Branches witha
TClonesArray

* Branch name

* Address of a pointer to a
TClonesArray

o Buffer size
« Split level

Example:
tree->Branch( "Track B",&Track,64000);

35



List and Folder Branches

ROOT &%

* Branch(TList *list, buffer, split)

— Creates one branch for each list element

- T0O
- TC
— Wil

» Branch("folder-name", buffer, split)

nject
onesArray

add a split level parameter

— Creates one branch per folder

36




Step 4: Fill the Tree \RQOTJ%

 Assign values to the event -
object

« Call the Fill method for the

tree
myTree->Fill()

» Create a for loop R T 5

37



Step 5: Write the File @OTJ ,;

The TFile::Write()

— Writes Histograms and Trees
— Write is needed to write file header

Alile.root
hfile->Write(); | z—p ROOT

38



Reading a TTree

How to Read a Tree

Reading Simple variables

Example: reading Selected Branches
Example: reading an Object Branch
Trees and Friends

39
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Looking at the Tree

* TTree::Print() Shows the branches
TFile T("AF1le.root™)

myTree->Print(); > print.txt
 TTree::Scan("leaf":"leaf":....)

myTree->Scan(""fNseg:fNtrack'); > scan.txt
myTree->Scan(""fEventHdr.fDate:fNtrack');

40
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How To Read TTree ROOT:

% ROOT Object Browser

Eile ¥iew Options

’a” =] B [ |z=|m __
$ROOTSY S/tutorials/tree1.C S ii iw
Reading a simple tree D%m il

mmmmmmm

1. Open the TFile ) o
TFile f(''treel.root'") k== Z

2. Get the TTree
TTree * tl =

(TTree*)T.FindObject('tl"")

41



How to Read A TTree ++ ROOT,:“’

3. Create a variable to hold the data
Float t px, py, pzZ;

4. Associate a branch with a variable:
SetBranchAddress(''name', address)

tl->SetBranchAddress(''px", &px)
tl->SetBranchAddress(''py', &py)
tl->SetBranchAddress(*'pz", &pz)

42




GetEntry

5. Read one Entry in the TTree

tl->GeteEntry(0) // first entry
root [20] px

(Float_t)(-1.10227906703948970e+00)
root [21] py
(Float_t)(-1.79938960075378420e+00)
root [22] pz
(Float_1)4.45282220840454100e+00

43
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ROOT &%

Looking at the Tree — |

EKT6¢ TOU OEVOpPOU £XOUNE Kal OUO ICTOYPAMHATO

lIcreate two histograms

TH1F *hpx = new TH1F("hpx","px distribution™,100,-3,3);
TH2F *hpxpy = new TH2F("hpxpy","py vs px“,30,-3,3,30,-3,3);

BAéTovTag otov TBrowser
Avoiyoupue ¢ava To treel.root

44



Demo: Reading Branches

e Demo:readTree1.C
— Read selected branches
— Fill two histograms

45
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Reading an Object Branch

Print the first entry with less
than 587 tracks

Find the entry using the
fNtrack sub-branch

Once found, read the entire
entry

ROOT &5

J{g;.

% ROOT Object Browser M=] E3

File  Niew OQplions Help
£ event_branch j | EEI:_E' aa é_l
| &1l Falders | Contents of *._freed root/event_branch
(root 3 TObject 3 fClosestDistance
[ AMomelghirspanacek/R00T_30. ﬁ FEwtHdr % Flag
[;I ROUT Files 3 H B Matrix[4][4]
- Qtree#mut ﬁ fhleasures10] ﬁ Thaeq
= QM 3 fMtrack I thvertex
E_a 't pranch ﬁ fTernperature ﬁ fTracks
s TOkject
i fType[20
-~ [ fEvtHdr e Myoe 0]
‘- I:lﬂ'ran:ks
1| | i
|13 Dhiects. | y

$ROOTSYS/tutorials/tree4.C
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