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LCIO overview

LCIO is a software package that provides an event data
model and a persistency format for Linear Collider physics
studies

development started in 2002 as a DESY/SLAC project

main goals then - and still today:

provide a common language (EDM) for the LC community

enable sharing and common development of software tools and
frameworks

foster collaboration and avoid duplication of effort

has become the standard for all LC physics studies since

used for Monte Carlo simulation and test beams by CLIC,
ILD, SiD, Calice, LCTPC, EUTelescope (also Atlas)...
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LCIO Software design I

LCIO provides C++, Java and
Fortran (C, cfortran.h) API

Python bindings (ROOT dictionary)

two independent
implementations: C++ and Java

C++ (or Java) only builds possible

Java currently not used Cot

implementatio |mplementat|o

common file format SIO:

*_slcio files (SIO)

simple binary I/0 based on records
using zlib for compression

pointers inside one record
implemented through integerIDs and
lookup tables

ships with LCIO




LCIO software design II
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<zinterface=> =<zinterface>>
EWVEMT::LCEvent R NTETECE s 10 LCReader
+~LCEvent() 1 - 10 LCWYriter +~LCReader)
+getRunumber( - int apstract : +open(._) © int
+getEventNumber() : int +~LCWriter() +readhlextRunHeader() | EVENT::LCRunHeader*
+getDetectoramer) © const st stringé event S, +opani.} - int +readilextEvent) - EVENT:LCEvent*
+getTimeStamp() © long +writeRunHeader(...) : int +readilextBvent(.. ) - EVENT :LCEvent*
~+getCollectionMames() : const String"ec™ - HwriteBvant( ) - int +closel) : int
+getCollection(...} - LCCollection™ I/() +eloseq) :int +register CEventListener(...) : vaid

+addCallectionf, ) © int

iE —+removeLCEventListeneri..) . void

+removeCollection(..} - int o +ragister CRunListenar] 3 : void

N Readl ng +removel CRunListener( )  void
+readStream() @ int

IMPL:: LCEventimpl
# _runMumber : int
# eventMumber : int
# timeStamp : long long I

# detectorMame @ std::string

#_map : mutable LCCollectionMap S10:SI0Wnter
#_colNames : mutable EYENT:: Stringvec # evtRecord : S10_record™
-_access:int I # _hdrRecord : SI0_record”

# runRecord : SI0_record”
+LEEEEHIITFIC:O # stream : SIO_stream* 510:510Reader
+ wantlmp — = =

. A -_evtHandler : SI0EventHandler® # evtRecord : SI0_record
:ggigsgxﬁfiigo \.n‘tm C()ﬂCthL -_hdrHandler : SIOEventHandler™ # _hdrRecord : S10_record™
+getDetectDrNam90" const std::stri -_caolvector : stdivector<S10CollectionHandler™= # runRecord : S10_record™
+getT\meStam - lon ’ Clqggcg -isFirstEvent : bool # dummyRecord : SIO_record”
+getCo\|e:t|an§arﬁesog- const EVENT Ao -evtP : EVENT::LCEvent™ # stream | S10_stream™
4 sy 8 +SI0Writer() -_defaultEvt : I0IMPL:: LCEventlOlmpl*

+getCollection(...) . EVENT:.LCCollection . 9 TP IOIMPLLCEventiOlmpl=

4+ riter| —
:?edr:(o::e”ggﬂ:;({ég( I;t' int +open(._)  int -_runP : IMPL:LCRunHeaderlmpl™
+setRunMumber ]:V.Dld +writeRunHeader(..) : int -_runlisteners : std::set<I0::LCRunListener*>

e o writeEvent(. ) int -_evtlisteners : std:set=|0:LCEventListenar >
+setEventMumber...) : void | e SiOResde
+setDetectorMarme(...) : void +closel int -+ eader|
+setTimeStampl(...) : void /%etUpHandlers( 3 ¢ woid +~ZI0Reader()
#setAccesshode( ) void +openi...) : int
SI0::SI0EventHandler < | +readMextRunHeader() - EVENT::LCRunHeader™

+readMextEvent() : EVENT: LCEvent™
+readMextEventi..) : EVENT: LCEvent*
+close() @ int
~+registerLCEventListener(. ) : woid
+remove LCEventListener(...} : void
~+registerLCRunListener. ) : woid
+remove CRunListener(..) : void
+readStream) : int

#=etUpHandlers() : void

#readRecord() © int

-_evtP o IOIMPL:: LCEventlOlmpl™™

I -_evt : const EVENT:: LCEvent®
. .
Wr I 1' l n +SI0EventHandleri,. )
| | +3I0EventHandler(...)
S
| I

persistency

#IIOEventHandler)
+~SI0EventHandler])
+xfer...) : unsigned int
+version() : unsigned int
+setEvent(...] : void

event data model is strictly decoupled from persistency package
- currently SIO, but can be changed

mplementatio

friend S10:: SI0EventHandler ‘

user code only sees pure abstract interface (Reading) or LCIO
implementation classes (Writing)




The Event Data Model

- LCIO defines a hierarchical event
Monte Carlo

MCParticle

SimTrackerHit

objects pointing back fo their s

data model, with higher level P

|I|

SimCalorimeterHit

1 LCRelation
constituents

- only indirect (LCRelations) link to MC-
Truth information

+ direct RecoParticle-MCParticle
+ direct Track-MCParticle

- event data classes originally -
targeted at the Linear Collider but
should be generic enough for any
collider experiment
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- additional relations possible:

LCRelation i——") cRelation

TrackerRawD a
TrackerData

TrackerPulse

4

RawCalorimeterHit

CalorimeterHit
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LCIO event

store

LCIO data is organized in events

one record per event

the data are stored in named
collections in the LCEvent

multiple collections of same type
possible

subset collections: pointers only

underlying events (pile-up) possible
by merging several events info one

also used for LC studies (gg->hadron
background)

LCEvent

* Event number
* Collections

}CColle(:tion

* Type
* Name
* Elements

LCObject

LCGenericObject




LCIO EDM example:

MCParticle

virtual double

virtual const float *

virtual const int *

virtual const MCParticleVec &

virtual const MCParticleVec &

virtual int

virtual MCParticle *

virtual int

virtual int

virtual int
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getEnergy () const =0

Returns the energy of the particle {at the vertex) in
[GeV] computed from the particle's momentum and
mass - only float used in files.

getSpin () const =0

Returns the spin (helicity) vector of the particle.
getColorFlow () const =0

Returns the color flow as defined by the generator.

getParents () const =0
Returns the parents of this particle.

getDaughters () const =0
Returns the daughters of this particle.

getNumberOfParents () const =0
Returns the number of parents of this particle - 0 if
mother.

getParent (int i) const =0
Returns the i-th parent of this particle.

getPDG () const =0
Returns the PDG code of the particle.

getGeneratorStatus () const =0

Returns the status for particles as defined by the
generator, typically

0 empty line

1 undecayed particle, stable in the generator

2 particle decayed in the generator

3 documentation line.

getSimulatorStatus () const =0
Returns the status for particles from the simulation,
eq.

virtual bool

virtual bool

virtual bool

virtual bool

virtual bool

virtual const double *

virtual float

virtual const double *

virtual const double *

virtual double

vertexisNotEndpointOfParent () const =0
True if the particle was created as a resuit of a
continuous process where the parent particle
continues, i.e.

isDecayedinTracker () const =0

True if the particle decayed or interacted in a
tracking region.

isDecayedInCalorimeter () const =0

True if the particle decayed or interacted
(non-continuous interaction, particle terminated) in
non-tracking region.

hasLeftDetector () const =0

True if the particle left the world volume
undecayed.

isStopped () const =0
True if the particle lost all kinetic energy inside the
world volume and did not decay.

getVertex () const =0

Returns the production vertex of the particle in
mm].

getTime () const =0

The creation time of the particle in [ns] wrt.

getEndpoint () const =0
Returns the endpoint of the particle in {mm] if the
endpoint has been set explicetly.

getMomentum () const =0
Returns the particle's 3-momentum at the
production vertex in [GeV]

® only float used in files.

getMass () const =0

virtual bool isCreatedInSimulation () const =0 Returns the mass of the particle in [GeV] - only
True if the particle has been created by the float used in files.
simulation program (rather than the generator). virtual float getCharge () const =0
virtual bool isBackscatter () const =0 Returns the particle’s charge.
True if the particle was created by the simulator as virtual int getNumberOfDaughters () const =0
a result of an interaction or decay in non-tracking Returns the number of daughters of this particle.
region, e.g. virtual MCParticle * getDaughter (int i) const =0
Returns the i-th daughter of this particle.
More at: http://Icio.desy.de/v02-04-03/doc/doxygen_api/html/index.html




LCIO - Generic User Information

LCIO data model defines everything
needed for LC physics studies, but

users want additional information in files
for specific studies

can't create new classes within LCIO for
all requests and purposes

need generic user class:
LCGenericObject
almost arbitrary data objects

typically access provided through user
subclass - but not needed:

has description string for reading the
data without need to have access to
data dictionary (library)

used extensively for conditions data
in LCCD (Calice, LCTPC,...)
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LCGenericObject

+ getDataDescription()
+ getDoubleval()

+ getFloatval()

+ getIntVal()

+ getMDouble()

+ getMFloat()

+ getMNInt()

+ getTypeName()

+ id()

+ isFixedSize()

+ ~LCGenericObject()

CalibrationConstant

+ CalibrationConstant()
+ CalibrationConstant()
+ getCellID{)

+ getGain()

+ getOffset()

+ print{)

+ ~CalibrationConstant()
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LCIO runtime extensions (C++)

LCIO provides runtime extensions to objects allowing fo
attach arbitrry user objects to LCObjects

fast and easy creation of links (relations) between various
LCObject subtypes, eg. TrackerHits and Track

features
extension of the object with arbitrary (even non-LCObject)
classes

extension of single objects or vectors, lists of objects

optionally ownership is taken for extension objects (memory
management)

bidirectional relations between LCObjects

one to one
one to many to be used in reconstruction
many to many and analysis algorithms

- no persistency
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Building LCIO

LCIO has no external dependencies

optionally depend on ROOT to create a dictionary
uses CMake as build tool

Download and build LCIO (C++)

svn co svn://svn.freehep.org/Icio/trunk Icio
cd Icio ; mkdir build ; cd build ;

cmake -D BUILD ROOTDICT=0n ..
make install

run example programs, e.g.:

export PATH=$LCIO/bin:$PATH
simjob ; anajob simjob.slcio ; dumpevent simjob.slcio 1

11



LCIO and ROOT

the ROOT dictionary for LCIO provides:

direct usage of LCIO classes in ROOT macros, e.g.

open LCIO files in ROOT and fill histograms
possibility fo write LCIO events or parts thereof to ROOT
see: $LCIO/examples/cpp/rootDict

export PYTHONPATH=3ROOTSYS/1ib:SPYTHONPATH
export PYTHOMPATH=3{LCIO}/src/python:3{LCI0} ‘examples/python:3{PYTHONPATH}

Python bindings for LCIO: |go soor imort mo

from pyLCIO import IOIMPL
import sys

Cf'@(l'l'@ ROOT hiS"'S From LCIO hen = THIDC 'hen', 'MC particle energy', 100, 0., 10. )
more elobora.re examples. reader = IOIMPL.LCFactory.getInstance().createlLCReader()

reader.open( sys.argv[1] J

$LCIO/€XClmPl€/PY1'hOn for evt in reader:

mcol = evt.getCellection"MCParticle™)
for mcp in mcol:

possibility fo provide D O 5
a ROOT 1/0 layer for LCIO |renowo

userInput = raw_input( 'Press any key to continue' J
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LCIO Applications

Marlin application framework used by ILD, CLIC, (SiD) uses
LCIO as transient event data model

=> using LCIO provides access to full suite of reconstruction
code used in the LC community

full C++ track reconstruction with a TPC as central tracker - all silicon
tracking under development (CLICdp)

PandoraPFA particle flow algorithm
flavor tagging, vertex finding, MCTruth matching,....

DD4hep/DDG4 simulation will use LCIO as EDM

either exclusively or through direct binding to an internal EDM
new simulation application currently developed for ILD/CLIC

LC test beams also use LCIO

conditions data base LCCD w/ LCIO
raw data classes

13



LCIO evolution

LCIO has been used quite successfully by the LC community
for more than a decade and the EDM has evolved during this
time to meet all requirements of the physics groups

to meet future demands (e.g. with a real ILC) we plan to
improve the 1/0 layer:

task in AIDA-2 proposal: create a fast I/0 layer (based on ROOT) using
array of structs, keeping EDM interface essentially unmodified

work planned as collaboration between DESY and CERN-SFT
goal is to evolve LCIO w/o heavily breaking existing code base

possibility to move fowards using HepMC under discussion

would offer the possibility for generators to create LCIO files directly
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keep improving LCIO based on community requests

14



Summary & Outlook

LCIO is the EDM and persistency solution for all LC activities
from detector design studies, analyses to test beams

a large code base for reconstruction and analysis exists
based on LCIO, a lot of which could be ported/adapted to
FCC studies

next big evolution planned for LCIO will be a high
performant I/0

using LCIO for FCC detector concept studies could work to
the mutual benefit of both communities

FCC could effectively start right away with simulation studies (DD4hep)
LC and FCC could join manpower to improve LCIO as we go ahead
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LCIO Online documentation

& Overview (LCIO API Decumentation, Version v01-03) - Mozilla Firefox

/o3

Fle Edt Yiew Go Bookmarks Tooks Help

@-

LCIO API
Version v01-03

All Classes

Packages

hep Jcio.data
hen Icic.event Ind
< >

All Classes
AnalysisJob
CalonmeterHit
Cluster
DataMotAvailableE
EventException

- & ) [ hpafiio desy cuor-uepdoctepinder e

@LCI0 - Users manual v01-03 - Mozilla Firefox

M=%

Fle Edit VWiew Go Bookmarks Tools  Help

\& Mozilla Firefox

<,|:"

> |

LCIO

Version v01-03

LCIO - a persistency framework: for linear collider simulation stuckies

See:
Description

<":|,

Fle Edit ‘Wew Go

_) simulation/geant4

Bookmarks  Tools  Help

- @ @ %0 hitpifflcio, desy def+01-03doc/

_J LI

¥ G

) Linux 5 DESY IT Group | | LED Englishjiaerman ...

Building the library

E + Linux (and bash):

Packages

hep Icio.data

The package hep lcio. data has been
removed - interfaces are now all defined in

hep Ieto event.

Documentation for LCIO v01-03

export LCIO=/leio/w01-03
export PATH={LCIO/tools:§LCIOfbin: §PATH

export JDK HOME=/usr/lib/j2sdk

ewin - DOS shell:

+ Users manual { also avalable as pdf and ps) Read before you get st
+ Java APT documentation

+ O+ APT documentation

+ (trintable version of the C4H4 APT reference Intorefinan o

get PATH=c:/cygwin/bin; $PATH:

et LCIO=ci/leio/devel/v01-03
et JDK_HONE=c r/jzsdkl. 4. 101

set PATH=3LCIO%/tools;$LCIO%/bin;3PATHY

- @ @ H%0 hitpsficio.desy. defv01-03 fdoc/manual_himlimanual.html v Gl

A few vanables have to be set depending on your development enwironment, e.g.

<-- modify as appropriate
<-- modify as appropriaste

<—- modify as appropriate

<—- modify as appropriate
<-- modify as appropriate

ICalorimeterHit hep Icio.event Erimary wser mterface for LCIO
ICluster hep Icio.example Simple usage examples
ILCCollection
ILCEvent hep Icio.exceptions Ezceptions thrown by LCIO
ILCFaclo hep Icio implementation event
ILCFloatVec
ILCIntYec hep Icio.implementation i Default IO implementation
ILCParw hep Icio implementation.sio | 31O specific LCIO implementatior
ILCRelation
ILCRunHeader hep Icio.do Interfaces for IO library.
ILCStrec heplci
Lol VEL hep Icio.test
IMCParticle
IParticlelD | [hep.lcio.util Thtilties for use with LCIO,

< > <

FRLCIORE-1.PS - GSview

Fle Edt Optics Viw Orertaton Medic Hel

EERRIECODEKREIEE

nttp://Icio.desy.de

:RecanstructedParticlelmpl class Reference - Mozilla Firefox

B[= %

View Go Bookmarks Tools  Help

- & ) |15 g dosy vtz napocidoeyae ] |[GL

lage Mamespace List Class Hierarchs
Members Compound Members Eelated Pages

Compound List  File List MNamespace

ppropriate

e
B
oo

‘Public Manber Functiors

STy ) ont

Puatien e st

@ virual s ge:IPh () ot

<
|[Fie: Loore~1 P

.7 IMPL:Clustermyl Class Reference

o it e e e f st

R
s cont i | geiPriion () ot

& sl cout EVEIT:FlVec & etTesitionlemor ( et
o e st

——

41750 _Page: "4849" 25 of 1€

Protectsd Meh s Fanctions
o i et Type it t0)

Protacted Attibutes

ot 2>y

T

<fif>

<!-- end of named parameters —->

<data type="int" name="nTrack"/>

- <repeat count="nTrack">
<data type="int" name="type">Type of Track, e.g TPC, VI, SIT</data>
<data type="float" name="d0">Impact Parameter in r-phi<idata>
<data type="float" name="phi">Phi of track in r-phi=/data>
<data type="float" name="omega">curvamre signed with charge</data=
<data type="float" name="z0">Impact Parameter in r-z=/data>
<data type="float" name="tanLamb da">tangent of dip angle n r-z</data>
<data type="float[ 15]" name="covhatriz"> Covariance matriz=/data>
<data type="float[3]' name="referenceF oint">Reference point (z,y,2) </data>
<data type="float" name="chi2">chi**2 of fit=/data>
<data type="mt" name="ndf">ndf of ft=/data>
<data type="float" name="dEdz">dEdx=/data>
<data type="float" name="dEdzError"=Error of dEdz</data>
<data type="float" name="radusOflnnermostHit" >rading of innermost hit used in track
<data type="mt" name="nHitlumbers'/=
- <repeat comnt="nHitNumbers">
- <data type="mnt" name="subdetectorHitNumbers">
mimber of hits in particular subdetectors. TODO need way to define mapping in
<[data>

<frepeat>

<data type="mt" name="nTracks">
- <repeat comt="nTracks">
<data type="pnir" name="Track ">tracks that have been combined to this track</d
<frepeat>
- <if condition="(lagd(1<<31)) |=0">

Class Reference

Tmplementation of ReconstructedParticle. More. .
#include <ReconstructedParticleImpl.h>
Inherttance diagram for IMPL: ReconstructedParticleTmpl:

EVENT:LCObject

EVENT:RecanstructedParticle IMPL:AccessChecked

t f
[

‘ IMPL:ReconstructedParticlelnpl ‘

|10IMPL:ReconstructedParticlelOlmpl
List of all members

Public Member Functions

ReconstruetedParticleImpl ()
Defouif constructor, imfializes values fo 0.

virtual ~ReconstructedParticlelmnl ) 4

MPL::ReconstructedParticlelmpl
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LCIO runtime extensions

/7 a simple int extension extensions and relations
struct Index : LCIntExtension<Index> {} ; identified ’rhrough a

// a many to many relationship between MCParticles tagging class T

struct ParentDaughter : LCNToMRelation<ParentDaughter MCParticle,MCParticle= {} ;
i

MCParticle* mcp = dynamic_cast<MCParticle*=( mcpcol->getElementAt(i) ) ;
P

mcp->ext<Index={) = iD; 2/ set an int

const MCParticleVeck daughters = mcp->getDaughters() ;

for(unsigned j=0 ; j< daughters.size() y J++ 4 for extensions use
/{ ---- set biderctional relation exi'<T>()
add_relation<ParentDaughter=( mcp, daughters[i] ) ; for relations use
} rel<T::to>() and
/= e e e mmmmmmmmmmmmmmmmmmmmmmm e rel<T::from>()
cout =< =< mcp-»ext<Indexs> << endl ;
ParentDaughter: :to::rel_type daulist = mcp->rel<ParentDaughter::to=() ;

for( ParentDaughter::to::const_iterator idau = daulist->begin();
idau != daulist->end(); ++idau){
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cout << (*idau)-»ext<Index=() << :

}

cout << endl ;



SIO persistency

. °simple C++ persistency tool * missing so far:

S developed at SLAC + splitting of events over files
Ci - provides some OO-features like * direct access

2 pointer chasing “ user streamer code

S : - could be i T

£ - user needs fo write streamer oﬂl’d € r:plgrfnen edd .
g code (done in LCIO) rather edslly, It neede
Q

g /{“‘w} SIO Record \

& e oo f"’"‘{ Options worg  oop e | remed] myie ko] RECName

w

S —

Ll: ( RecordIDO | RecordID1 ;::ﬁtf:;

Q N, S4er - Parent RecNoa” .

©

Q

O

(V)

V4

c

S

(NN

'new' : proposal

_ -
“BlockType#BlockKey




