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_fSear'ch for neutrino oscillation in OPERA

To identify T leptons, “see” their decay topology

t decay “kink” 7

2\2
N1:°C (Am=<) IVltarget
(for CNGS beam)

Tracking detector with u get mass must O(1 kton)

resolution for Am?=0(1073eV?)
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The OPERA Experiment
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' OPERA Collaboration

37 INSTITUTIONS, ~160 PHYSICISTS
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j’z OPERA is an hybrid experiment

standard electronic detectors

» online

» (scintillator bars, RPC, drift tubes)

» dimensions O(m), resolution O(cm or mm)
» quite small amount of data O(Gb/day)

a8

B LinuxDAQ

scanning in a second step
dimension O(cm), resolution O(micron)

huge amount of data O(30 Tb)
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f  The OpRelease framework

ROOT

ROOT VMC

Detector Reconstruction
response and
(digitization) analysis

Y 4
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other external
software

Event Physics
generation simulation

Adoyisodaua gp9 / Jabouow | wWo

B

) S
ROOT 2007 Alberto Marotta - INFN Napoli T e




/ ° °
I Configuration Management Tool

all OPERA and non-OPERA packages must be CMT configured

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

PC_LOCAL "$(KITS_DIR)/root"
set ROOTSYS "$(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"
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®
make_fragment rootcint -header=rootcint_header -trailer=rootcint_trailer
# LIBRARY
macro ROOT _libs "root-config --glibs™

requirement file from
CMTI/ROOT/v*/cmt

macro ROOT _linkopts "$(ROOT libs)"

requirement file to configure
a generic OpPackage
using both ROOT and ROOTVMC

ROOT 2007

\

# CMT interface to ROOTVMC

package ROOTVMC

# USED PACKAGES

use CERNLIB v* CMTI

# BASIC VARIABLES

set ROOTVMC_DIR "™
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"

# LIBRARY

macro ROOTVMC_linkopts "™
Linux "-L${ROOTVMC_DIR}/geant3/lib/tgt_linux -lgeant321\
-L${CERNLIB_DIR}/lib -IPythia6“

requirement file from
CMTI/ROOTVMC/v*/cmt

package OpPackage

use OperaPolicy v*

use ROOT v* CMTI
use ROOTVMC v* CMTI
use ...

branches doc
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/
IThe persistent data model is based on ROOT

ROOT TObject

\

All persistent classes

are derived from TObject
% Digits | ‘

TRef and TRefArray are used to: b Particles ﬁ
cross couple particles to vertices

Tracks

and to couple hits to particles, .
digits to hits and tracks to digits Vertices

==
ROOT 2007 Alberto Marotta - INFN Napoli g E=E

OPERA




Data access management

Persistent data model persistent object are stored in TLists which
OpRData are posted in TFolders of a TTree

A package to interface INA0) i~ ¢iile= | Atreemanager to read/write

ROOT persistent data and nags
STL trapnsient data OPIO data staying in ROOT

direct
Transient data model (STL) - OpData ROOT

— access
indirect I C++ access

OpPackage
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Jf Detector 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 LNGS

- the OPERA detector model is accessible at all level of the MC

* interfaced with ROOT-VMC

TGeoManager::Import(’’OpGeom.root’’, J’’OpGeom”’’);

OpGeom : Detector description (ROOT.TGeoManager)

Aiojisodas SAD
Jabeuew | ND
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Physics simulation

OpRData (TObject)

S N -

OplO

O o
é = | | ROOT VMC ¢

- ; * TGeant3

% Q ® used now

@ o |1 °TGeantd [*EEeLETIZ
- Q

oo || T

< ° || ° TFluka

* to be done

Fluka
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LT3
L3
|.._

OpDispIay

ROOT 2007

I

main display view
with keyboard shortcuts

scrolling menues:
* mouse driven

* or Alt+key a la Windows

In

display status and responses
(non editable area)
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f OpDisplay: menu area

Menu area: a TGMenuBar including several TGMenu'’s (easily customizable)

(OPERA display =1k

Geometry Event Verices Hits Digits Tracks View Help Ep-:it‘

Geometry : to draw/hide specific volumes

Event : to select and navigate in an OPERA event file T ERD T & ek DDD
(2 xwpics

Vertices : to draw/hide MC vertices ggw

Hits: to draw/hide selected MC hits

Digits: to draw/hide selected MC or real digits

Tracks: to draw/hide selectged MC or real tracks Fie name: | oper
Files of fype:  [ROOT files (*.roof) =l Cancel |

View: to zoom in/out, zoom with the mouse,

rotate, draw front/sidel/top view, save GIF/EPS...
Help : online text help
Exit : with confirmation

done
work in progress
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f OpDisplay: display area

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
| : zoom In,
O : zoom Out, YZ view XZ view

1000 .

*A : zoom area,

600
4
L]
°R : rotate HH ‘ ) M U ‘ ‘ HH
° | . I =210 ||| I
........ =400
;"""1000-800 -600 -400 -200 © 200 400 600 800 1000 ‘ﬁ%-&ﬂlﬂ —EOII -400 200 D- ZI}CI 400 BEID BD‘D 1000

-600

XY view I | | zJ:

-1000
10Q0 800 600 400 200 O© -200 -400 -60O -300-1000
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f OpDisplay: status area

Status area: a non editable text area TGTextView

Welcome to the OPERA event display.
Default OpGeom geometry loaded from OpGeom.root.
Use [Event] menu to open an event file.

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

ROOT 2007 Alberto Marotta - INFN Napoli




f Points in OpDisplay

* in OpDisplay, Points (hits and, in the next future digits) are clickable;
 Points are C++ objects derived from ROOT:TPolyMarker3D class;

* heach Point has a TRef member pointing to the corresponding C++ object;

Gwsmatry Ervaed Vedces ME Dl Tracks Vies o 2

Pl ot

OpDisplay Point

CumpFointinfo

I

SuperModule: 1, Plane: 5, Layer: 4, Tube: 53, Edep: 0.000010, Time: 0.000000
This is the SCINTILLATOR hit number: 3 ; ¥ = -64.015686, ¥ = -161.639790, 7 = -513.503174
SuperModule: -1, Wall: 20, Box: 2, Bar: 20, Edep: 0.002116
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Detector elements in OpDisplay

|

* OpDisplay is connected to OpGeom
e detector elements are clickable

TGeoVolume::MTEL

CheckOverlaps
Drramy
DrawCnly
LegoFlot

Frinty o=els
GrabFocus
Inspecthdaterial
Inspectshape
OiptimizeYoxels
RandomP oints

L4 CPERA display. - - - x
Geomeby Event Verices iy Dighs Tracks WView Help Exit

RandomBays
= Raytrace
= — SetasTopvolume
CheckOverlaps SetTransparency
OrmOnly v Setvisibility
LegePiot B
YisibleDaughtars
Invisiblesll
RandomPoints WEIght
s Sethlame
Soffransparsncy SefTitle
w SetVisibility
e0au
Tape A Delete
Ml DrawClass
Sothame
ol DrawClone
Delete
DrawClass Dump
OrirwClone
oump Inspect
Inspact
SuDraOgtion SetDrawOption
SefLineARrbutes
Sulfilatoutes SetLineatributes
Totation enisbled; use MouseButlon! 1o rolate view. EI
Fotation enabied: e MerseDuHaNt 10 otate vew: SetFillattributes

N

-
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4 Emulsion events reconstruction
|

From scanned grains to tracks & vertex

3D reconstruction ‘. FEDRA ]
of microtracks in ® oo a Framework for Emulsion Data
an emulsion % o Reconstruction and Analysis

> Set of C++ classes and routines combined
into a few shared libs
> Intensive use of ROOT tools and structures

basetrack linking
across plastic base

= libEmath, libEphys: some tools specific for
emulsion processing

= libVt++: vertex fit library with KF technique
(Hera-b)

= libEdb: raw emulsion data storage classes

= |libEIO: input output and control classes

= |libEdr: tracks and vertex core reconstruction
(pattern recognition)

= |ibEGA: images and grains analysis classes
= libEdd: emulsion Event Display
(derived from AliRoot)

track linking
through different
emulsion sheets

vertex / decay
reconstruction

. ] /7 |
e
\of ,/

e e
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f Emulsion raw data structure

Eile ¥iew Oplions

the data acquired by the automatic scanning = heacers =] e
System are stored in the root files 31l Folders | Contents of " /fscratchiop
Eile ¥iew Options Help % clusters eirea
I £ headers j | EEI é—' 3 clusters eFrame
In s tree 2 Stored the . &l Enlrdare 'Contents of "._#scratchio ﬁclusters.eﬁégment
full scanning run information: =Ll irwesmprs P chsters.esice
| ' segments | | Egl Py e %l 3% segments eElements P clusters evvolume
View header Folders | Contents of "...Hsc:ratn:hmpuzSEG'“E”"S-E'D %'ﬂ”mra'ex
) segments.ePuls clusters gy
M icrotrac kS [ . ] DDD;ENaJeri ukbilicins 2r o BeTobec Bozs 3 seoments e Side Fre clusters.e2
Cl t ROOT Files ¥ Boatt Peoze F segments e Sigma 3 clusters fBits
us ers [. : .] I:Ifscratch.ﬁ:nperaﬂulzﬂt 23-:73? a Felevels isegments Sigmary ﬁ clusters flniguelD
- EhClusters segments eTx
Frames [' L '] E"[—_:-IEWSI t ﬁ eMframes Bot ﬁ Sezmentﬁ Ty
lma es (O t } FHsters 3 eNiramesTop 3% segments e X0
g ( p ) g....Dsegments ﬁemaegmenta §y scaments VD
>[:|r 3 eTime 3 segrments e 20
R 3 eviewID 2% seoments fBits
ﬁ & e ﬁ segments flnique D
ﬁ e
el
Ry ez2
<

16 Ohiects. P e/
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4 Emulsion event reconstruction
n

All segments in the volume

| 13 i
< & £ 20k R
i‘}: = b e f T

" .. 7 L -
v o

Event reconstructed!

Pick

UnZoom |

tracks are reconstructed and
passing throught tracks are erased

)
ROOT 2007 Alberto Marotta - INFN Napoli



> 8 FEDRA display

(fram AliRant)
n \llvlll "l"‘vv'l

All elements in the display (vertices, = = ="
tracks, segments) are clickable. el e
The obtained menu shows the
associated methods

hal FEDRA Event Display: display-v. =
Eile Edit ¥iew Options Inspect Classes

Lumpveres
InspectVertex
SetasWorking
Deleteertex
Removekink

=l Sethlame
SetPoint

SethextPaint

Help |

Top View |
| Side View | o)
Front View I ._,,.-""""“

| Rotate |
|

Delete
DrawClass
DrrawClone
Dutmp

: Inspect
OpenGL | SetDrawOption
X3D © Settdarkeraftributes

NeighParms I
_. TrackParms |
;100\:'\_

" _OPERA- %
FEDRA

AllObjcts |
 Pick |

Zoom | %f\

Bt

4 *
: [
UnZoom |
" FEDRA Event Display display-v 789,550 ¥ =-85096, Z=750132 ‘. \‘-—-'/
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(from AliiRoot)

y FEDRA display
i |

The display can be used to reconstruct interactively the event

% Vertex Data Display - [
Vertex ID  Mult X ¥ z Dist Chi2 Prob
Dump Vertex shows orig 0 5 -1910.9  2116.6 11987.4  10.7 2.0 0.04846

informations about the vertex
and the connected tracks

Tracks parameters for Original vertex

'] in Haeq Mass =] Chi2/ndf Eroh ChiZ?Cantrib Impact

0 10 0.1398 1.00 : 1.0000 0.o00

8 24 0.1398 1. : 0.0110 0.093

i2 0.1396 = s 0._9996 0.897

0.1396 = £ 1_0ooo 0.515

Tracks can be added/removed
Vertex informations change in online

S
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“ FEDRA display

(from AliiRoot)

o |

[
| o b e ot o €2 iy Vories I Wit ¥ v P e oz

|| m o e cotem

ROOT 2007

b ROOT Object Inspecior R =
File Edit Miew Options [nspect Classes Help
backward | forward
EdbVertex EdbVertex vertex class for OPERA emulsion data
Mamber Mame Value Title
eVTn ->9d5470c vertex neighborhood tracks and segments
eVTn.fSorted false true if collection has been sorted
eVTn.fName ->9d54718 name of the collection
eVTn.fName.*fData
eVTn.fSize 4 number of elements in collection
eVTn.fUniquelD 0 object unique identifier
eVTn.fBits 0x03000000 bit field status word
eVTa ->9d54738 attached tracks
eVTa.fSorted false true if collection has been sorted
. eVTa.fName ->9d54744 name of the collection
Interactive access to the eVTa.fName. fData
. eVTa.fSize 5 number of elements in collection

eVTa.fUniquelD 0 object unigue identifier

ve rt| ces ’ tra c kS an d S eg men ts eVTa.fBits 0x03000000 bit field status word

H H H eX -1910.52 for generated verfexes - the real vertex position
Sto re d ! nfo rm atl onsis a | l owe d e¥Y 2117.35 for reconstructed ones - average of track connection
{3 ”» eZ 11971.9 paints, used as local coordianies origin (0,0.0)
b th e l nspe Ct m eth Od eFla 4 i - nentral (tracks starts attached only)
ID g 0

e
eQuality 0.0757435 Probability/(vaigmax** 2 +usigmay™**2)
eV ->9d547al pointer to Vilertex ohject
fUniquelD 0 object unique identifier
fBits 0x03000000 bit field siatus word

Alberto Marotta - INFN Napoli
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fQuesﬁons to the ROOT team

= TList posted in TFolders cannot be browsed
In a TBrowser: Is this foreseen?

= ROOT objects used in OPERA are:

TODbject TFolder TList
TRef TRefArray TTree
TView TGeoManager TGeant3TGeo.

Is there any specific warning from ROOT?

ROOT 2007 Alberto Marotta - INFN Napoli



Jf Conclusions

= OPERA uses ROOT in its framework OpRelease

= OpRData: persistent data model
= classes derived from TObject
= OpSim: physics simulation
= interfaced with ROOT and ROOT-VMC
at the moment only TGeant3 is used
tests with TGeant4 are starting
we are interested in TFluka too
= OpDisplay: event display
= developed (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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