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Search for neutrino oscillation in OPERASearch for neutrino oscillation in OPERA

To identify To identify ττ leptons,  “see” their decay topologyleptons,  “see” their decay topology

τ
τ  decay “kink”

N (∆ 2)2 M
ντ

Nτ ∝ (∆m2)2 Mtarget
(for CNGS beam)

BR 17%μ− ντ  νμ BR = 17%
h- ντ   n(πο) BR = 50%
e- ντ   νe BR = 18%

+ ( ο) BR 14%

Tracking detector with μm 
resolution

Target mass must O(1 kton)
for ∆m2 =O(10-3 eV2)

π+ π- π- ντ  n(πο) BR = 14%

Lead -nuclear emulsion sandwich
E l i Cl d Ch b i b i f ECC

resolution for ∆m2 =O(10 3 eV2)
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Emulsion Cloud Chamber,  in brief ECC



The OPERA ExperimentThe OPERA Experimentpp

~ 10 m

about 200 000 
bricks…

Pb
τ

τ

… to find
the « kink »

of the tau

1 mm

τ
… photographic emulsions

scanned by microscopes…

of the tau
~ 10 cm
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OPERA is an hybrid experimentOPERA is an hybrid experimenty py p

t d d l t i d t tstandard electronic detectors
online 
(scintillator bars, RPC, drift tubes)
di i O( ) l ti O( )dimensions O(m), resolution O(cm or mm)
quite small amount of  data O(Gb/day)

Linux DAQ

emulsion active target
scanning in a second step

Linux analysis

scanning in a second step
dimension O(cm), resolution O(micron)
huge amount of  data O(30 Tb) 

8
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The OpRelease frameworkThe OpRelease frameworkpp

Persistent data model CM
T m

Persistent data model

I/O i t f
m
anagerT i t d t d l (STL)

I/O interface

ROOTr / CVS

Transient data model (STL)
ROOT VMC 

S repos

Physics 
simulation

Event
generation

Detector
response

(digitization)

Reconstruction
and

analysis

other external
software

itory

Detector description
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Configuration Management ToolConfiguration Management Toolg gg g

# CMT interface to ROOT # CMT i t f t ROOTVMC

all OPERA and nonall OPERA and non--OPERA packages must be CMT configuredOPERA packages must be CMT configured

# CMT interface to ROOT   
package ROOT
# BASIC VARIABLES
set ROOT_VERSION "5.10.00"
set ROOT_DIR ""\

PC_LOCAL "$(KITS_DIR)/root"

# CMT interface to ROOTVMC
package ROOTVMC
# USED PACKAGES
use CERNLIB v* CMTI
# BASIC VARIABLES
set ROOTVMC DIR ""\

requirement file from 
CMTI/ROOT/v*/cmt requirement file from 

CMTI/ROOTVMC/v*/cmt

set ROOTSYS "$(ROOT_DIR)" 
# DIRECTORIES (include, bin, lib)
include_dirs  $(ROOT_DIR)/include
path_remove PATH "/root/“
path_remove PATH "/ROOT/“
path append PATH "${ROOT DIR}/bin“

_
PC_LOCAL "$(KITS_DIR)/vmc"

set ROOTSYS "$(ROOT_DIR)" 
# DIRECTORIES (include, bin, lib)
include_dirs  $(ROOTVMC_DIR)
path_remove LD_LIBRARY_PATH "vmc“
path append LD LIBRARY PATH "$(ROOTVMC DIR)/lib/tgt linux"path_append PATH ${ROOT_DIR}/bin

path_remove LD_LIBRARY_PATH "/root/“
path_remove LD_LIBRARY_PATH "/ROOT/“
path_append LD_LIBRARY_PATH "${ROOT_DIR}/lib"
# CINT
macro  dict      "../dict/“
macro rootcint "rootcint“

path_append LD_LIBRARY_PATH $(ROOTVMC_DIR)/lib/tgt_linux
# LIBRARY
macro ROOTVMC_linkopts ""\

Linux "-L${ROOTVMC_DIR}/geant3/lib/tgt_linux -lgeant321\
-L${CERNLIB_DIR}/lib -lPythia6“

Omacro  rootcint  "rootcint“
make_fragment rootcint -header=rootcint_header -trailer=rootcint_trailer
# LIBRARY
macro ROOT_libs  "`root-config --glibs`“

macro ROOT_linkopts   "$(ROOT_libs)"

package OpPackage

use OperaPolicy v*
use ROOT         v* CMTI

ROOTVMC * CMTIuse ROOTVMC v* CMTI
use …

branches doc
requirement file to configure 

a generic OpPackage 
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The persistent data model is based on ROOTThe persistent data model is based on ROOTh p r t nt ata m a nh p r t nt ata m a n

ROOT TObjectOO Object

Di it

Tracks All persistent classes 
are derived from TObject

Hits

Digits

Particles

Hits

TRef  and TRefArray are used to:

Vertices

Particlesy
cross couple particles to vertices 
and to couple hits to particles, 
digits to hits and tracks to digits
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Data access managementData access managementgg
Persistent data model  persistent object are stored in  TLists which 

t d i TF ld f TTOpRData                                 are posted in TFolders of  a TTree

I/O interface A treemanager to read/write A package to interface 
ROOT persistent data and OpIO data staying in ROOTROOT persistent data and 
STL transient data

Transient data model (STL) - OpData
direct 
ROOT 
access

d C

OpPackage

indirect        C++ access
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Detector modelDetector model

•From an extensive use of the ROOT:TGeoManager package
• a choice between 3 different detector model is possible

• single brick, full detector, detector and LNGSg , ,
• the OPERA detector model is accessible at all level of  the MC
• interfaced with ROOT-VMC

C
M

T
 m

C
V

S
 reOpPackageOpPackage

TGeoManager* opgeom =    TGeoManager::Import(’’OpGeom.root’’,   ’’OpGeom’’);

m
a

n
a

g
e

r
e

p
o

sito
r

OpPackageOpPackage

r ry

OpGeom : Detector description  (ROOT:TGeoManager)
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Physics simulationPhysics simulationyy
OpRData (TObject) ROOTp ( j )

OpIO
ROOT

C
M

T
 

C
V

S
 

Geant3
ROOT VMC
• TGeant3

OpSim

m
a

n
a

g
re

p
o

sito
Geant4

• TGeant3
• used now

• TGeant4
• under test

OpNegnOpNegn
e

r 
o

ry

Fluka

under test

• TFluka
• to be done

τμe

OpGeom
(TGeoManager)

Fluka

ROOT 2007 Alberto Marotta - INFN Napoli 12

( g )



OpDisplayOpDisplayp p yp p y
OpRData

• a package derived on the basis of  ROOT GUI classes
p
OpIO

scrolling menues: 
• mouse driven 
• or Alt+key à la Windows

OpDisplay

• or Alt+key à la Windows

OpGeomOpGeom
(TGeoManager)

main display view
with keyboard shortcutswith keyboard shortcuts

display status and responses
(non editable area)
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OpDisplay: menu areaOpDisplay: menu area
Menu area: a TGMenuBar including several TGMenu’s (easily customizable)

p p yp p y

Geometry : to draw/hide specific volumesGeometry : to draw/hide specific volumes 

Event : to select and navigate in an OPERA event file

V ti t d /hid MC tiVertices : to draw/hide MC vertices
Hits: to draw/hide selected MC hits
Digits: to draw/hide selected MC or real digits
Tracks: to draw/hide selectged MC or real tracksTracks: to draw/hide selectged MC or real tracks 

View: to zoom in/out, zoom with the mouse, 
rotate, draw front/side/top view, save GIF/EPS…

H l li t t h lHelp : online text help 
Exit : with confirmation

done

ROOT 2007 Alberto Marotta - INFN Napoli 14

done 
work in progress



OpDisplay: display areaOpDisplay: display areap p y p yp p y p y
Display area: a modified TView in order to disable all ROOT defaults

User has to send a command:
via the menu area 
or using keyboard shortcuts 
•I : zoom In,   
•O : zoom Out, 
•A : zoom area, 
•R : rotate 

XZ viewYZ view

•…..…

zoomXY view
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OpDisplay: status areaOpDisplay: status area
Status area: a non editable text area  TGTextView

p p yp p y

Used to:
to inform user of  what the display is doing/ has done
to show information when clicking on a hit digitto show information when clicking on a hit, digit..

ROOT 2007 Alberto Marotta - INFN Napoli 16



Points in OpDisplay Points in OpDisplay p p yp p y
• in OpDisplay,  Points (hits and, in the next future digits) are clickable;
• Points are C++ objects derived from ROOT:TPolyMarker3D class;• Points are C++ objects derived from ROOT:TPolyMarker3D class;
• heach Point has a TRef  member pointing to the corresponding C++ object;
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Detector elements in OpDisplayDetector elements in OpDisplayp p yp p y

• OpDisplay is connected to OpGeomOpDisplay is connected to OpGeom
• detector elements are clickable
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Emulsion events reconstructionEmulsion events reconstruction
From scanned grains to tracks & vertex

3D reconstruction FEDRA3D reconstruction 
of microtracks in 

an emulsion

FEDRA
a Framework for Emulsion Data 
Reconstruction and Analysis

basetrack linking 
across plastic base

Set of  C++ classes and routines combined 
into a few shared libs

Intensive use of  ROOT tools and structures

track linking 
through different 

libEmath, libEphys: some tools specific for 
emulsion processing
libVt++: vertex fit library with KF technique 
(Hera b)g ff

emulsion sheets
(Hera-b)
libEdb: raw emulsion data storage classes
libEIO: input output and control classes
libEdr: tracks and vertex core reconstruction 
( tt iti )

vertex / decay 
reconstruction

(pattern recognition)
libEGA: images and grains analysis classes
libEdd: emulsion Event Display 
(derived from AliRoot) 
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Emulsion raw data structureEmulsion raw data structure
the data acquired by the automatic scanning

In one tree is stored the 

system are stored in the root files

View header

full scanning run information:

Microtracks […]
Clusters […]
Frames […]Frames […]
Images (opt)
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Emulsion event reconstructionEmulsion event reconstruction
All segments in the  volume

Event reconstructed!

tracks are reconstructed and 
i th ht t k d
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passing throught tracks are erased



FEDRA display FEDRA display 
(from AliRoot)(from AliRoot)(from AliRoot)(from AliRoot)

All elements in the display (vertices, 
tracks, segments) are clickable.tracks, segments) are clickable. 
The obtained menu shows the 
associated methods
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FEDRA display FEDRA display 
(f AliR t)(f AliR t)(from AliRoot)(from AliRoot)

The display can be used to reconstruct interactively the eventThe display can be used to reconstruct interactively the event

Dump Vertex shows 
informations  about the  vertex 
and the connected tracks

Tracks can be added/removed
V t i f ti h i li
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Vertex informations change in online



FEDRA display FEDRA display 
(f AliR t)(f AliR t)(from AliRoot)(from AliRoot)

I t ti t thInteractive access to the 
vertices, tracks and segments 
stored informations is allowed 
by the “Inspect” methodby the Inspect  method
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Questions to the ROOT teamQuestions to the ROOT teamQQ

TList posted in TFolders cannot be browsed 
i TB i hi f ?in a TBrowser: is this foreseen?
ROOT objects used in OPERA are:j
TObject TFolder TList
TRef TRefArray TTreeTRef TRefArray TTree
TView TGeoManager TGeant3TGeo.    
Is there any specific warning from ROOT?
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ConclusionsConclusions
OPERA uses ROOT in its framework OpRelease

OpRData: persistent data model 
classes derived from TObject 

OpSim: physics simulationOpSim: physics simulation
interfaced with ROOT and ROOT-VMC 

at the moment only TGeant3 is used 
tests with TGeant4 are startingtests with TGeant4 are starting 
we are interested in TFluka too 

OpDisplay: event display
d l d ( d d d l t) ith i t i fdeveloped (and under development) with an intensive uses of 
the ROOT GUI classes

FEDRA and its display: emulsion events reconstruction
set of C++ classes and routines combined into a few shared libs
intensive use of ROOT tools and structures
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