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Frank Gaede
 DESY

LCWS 2007
DESY, June 3 2007

Simulation and
Reconstruction Software

-Summary-
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Simulation & Reconstruction  I

core tools- infrastructure

physics w./ full sim/reco

tracking full detector 
and tbeam
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Simulation & Reconstruction  II

Particle Flow

calorimeter sim & reco

vertex sim & reco
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Software tools/frameworks
Description Detector Language IO-Format users

Simdet fast Monte Carlo TeslaTDR Fortran LCIO LDC,SID
SGV fast Monte Carlo simple Geometry, flexible Fortran None/LCIO LDC,SiLC 

LiCToy fast Monte Carlo simple trk. Geometry C++ LCIO LDC,SiLC 
Lelaps fast Monte Carlo SiD, flexible C++ SIO, LCIO SID
Mokka full simulation – Geant4  LDC, flexible C++ ASCI, LCIO LDC
SLIC full simulation – Geant4 SiD, flexible C++ LCIO SID

Jupiter full simulation – Geant4 GLD C++ Root/LCIO GLD
ILCroot full sim. – Geant4/Flukka/g3 C++ Root

Marlin Flexible C++ LCIO LDC 

org.lcsim reconstruction framework SiD (flexible) Java LCIO SID
Jupiter-Satelites reconstruction and analysis GLD C++ Root GLD

ILCroot reconstruction and analysis C++ Root
LCCD Conditions Data Toolkit All C++  LCIO LDC,Calice,...
GEAR Geometry description Flexible C++ XML LDC,Calice,...

LCIO Persistency and datamodel All -

JAS3/WIRED Analysis Tool / Event Display All Java SID

root Analysis Tool / Event Display All C++ Root 

4th 4th

reconstruction and analysis 
application framework

4th 4th

Java, C++,
 Fortran

LDC,SID,
GLD,Calice,...

xml,stdhep,
heprep,LCIO,...

LDC,GLD,4th

LCIO: basis for 'horizontal' collaboration
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Software tools/frameworks
LCIO:
● runtime extensions
● and relations (1-1,1-n,m-n)
● plans:

● rewrite I/O
● faster and direct access
● split events across files
● store custom objects 

F.GaedeN.Graf

plan: develop common geometry 
package LCGO

● abstract interfaces 
● based on functionality in org.lcsim
● available for Java and C++
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ILC interoperable software chain

Generator

Geometry (LCGO)

AnalysisRecon-
structionSimulation

Java, C++, Fortran
Geant3, Geant4

Java, C++, Fortran Java, C++, Fortran

Persistency FrameworkLCIO

to be developed
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ILC interoperable software chain

Phythia

Geometry (LCGO)

e+e- ->ZHH
Analysis

org.lcsim
PFA

Mokka
LDC sim

Persistency FrameworkLCIO

to be developed
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ILC interoperable software chain

Phythia

Geometry (LCGO)

e+e- ->ZHH
Analysis

Marlin
PandoraPFA

SLIC
SID sim

Persistency FrameworkLCIO

to be developed
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ILC interoperable software chain

Phythia

Geometry (LCGO)

e+e- ->ZHH
Analysis

Marlin
PandoraPFA

Jupiter
GLD sim

Persistency FrameworkLCIO

to be developed
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ILC and the grid
Grid computing is the strategic technology for future 
HEP computing
significant computing resources will be available in 
the grid only
virtual organizations 'ilc' and 'calice' are in place and 
supported by a growing number of grid sites

calice is using the grid for massive data processing and 
storage
for the rest of ilc only a few power users
-> need a coherent approach to run ilc software on the grid

job submission scripts
data catalogs
software installations (libraries,....)

to make it a useful tool for everyone in the comunity

A.Gellrich
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4th concept tracking

TPC – tt_bar, 6 jets VXD – tt_bar, 6 jets

● full Kalman Filter based 
tracking for TPC, VXD, FTD
● based on ALICE tracking in 

ILCroot
● huge progress since 

Bangalore

C.Gatto
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LDC Tracking
Full LDC Tracking
● TPC: LEPTracking (wrapped f77)
● VXD, FTD, SIT:

●  silicon digitization & tracking
● LDCTracking:

● combine tracks
● find loopers
● refit

A.Raspereza (MPI)

● can now use real tracking code and PFA for detector optimization
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LCFIVertex S.Hillert, LCFI

new C++ implementation of ZVTOP 
vertex finder/fitter (ZVRES/ZVKIN)
● Neural Net flavor tagging
● vertex charge for b and c jets

● results agree nicely with previous f77 
version (based on SGV)
● currently investigating issues with NN 
input quantities from full sim/tracking
● close collaboration with LDCTracking 
group

soon vertexing and flavor tagging based on 
full simulation and real tracking available 

for physics studies
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Rave vertexing

interface to CMS vertex finding 
and fitting algorithms

● light interface to Marlin/LCIO
● interface (SWIG) to Java org.lcsim

● nice example for:
● using existing software
● cross concept collaboration

W.Waltenberger
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photon/pi0 finding algorithms

GLD: likelihood estimators

SID: h-matrix method

LDC: multiple clustering
with E dependend cut

GLD: track like clustering

different algorithms for photon 
and pi0 finding presented
● however in different frameworks
● interoperability would be 
preferable...

P.Krstonosic

D.Jeans
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existing PFA packages

SID PFA1 org.lcsim M.Charles
SID PFA2 org.lcsim L.Xia
SID PFA3 org.lcsim Graf/Magill
LDC Wolf Marlin A.Raspereza
LDC TrackBased Marlin O.Wendt
LDC PadoraPFA Marlin M.Thomson
GLD GLD-PFA Uranus T.Yoshioka

● a number of different PFAs exist in 
the different frameworks
● different order of various steps of 
particle identification and iterations
● different level of sophistication

posibility of
 crosschecking

results

O.Wendt

M.Thomson
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PFA performance

GLD-PFA

PandoraPFA

SID-PFA

PFA works !
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PFA for detector optimization

 PFA improves with:
● thicker Hcal
● larger Tracking radius
● higher Bfield

● can use PFA for cost 
conscious optimization

PandoraPFA

GLD-PFA

GLD-PFA

SID-PFA
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4th concept calorimetry

pi0

pi-
dual readout calorimeter
cherenkov&scintilator
● very high resolution for single
 hadrons and photons/electrons
●  jet energies from calorimeters
 only (no PFA)

A.Mazzacane
C.Gatto

E

E
=6%
E

[e-@ 40GeV]



   
   

   
Fr

an
k 

G
ae

de
 , 

LC
W

S
20

07
, D

E
S

Y
, M

ay
30

-J
un

e 
3,

 2
00

7

20

WW scattering with full sim-reco

 SW- tools:
● Mokka LDC00Sc
● MarlinReco/MarlinUtil
● TrackCheater
● PandoraPFA

WW ZZ

● full sim & reco
●Tesla fast simulation

 full simualtion and reconstruction tools start to have maturity
  to be used for validation of results from fast simulation
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physics with different PFAs

 SW- tools:
● Mokka 
● MarlinReco/MarlinUtil
● TrackCheater/LDCTracking
● PandoraPFA
● Wolf
● TrackBasedPFA

Michele Faucci Gianelli
ZHH analysis

Katarzyna Wichmann
Higgstrahlung analysis

m_Higgs, Z->mumu m_Higgs, Z->ee

● modular frameworks allow comparison of different (PF)Algorithms
● can use multiple algorithms for cross check of detector optimization
● so far Pandora is best
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testbeam SimReco software
tbeam core software tools
[Calice, TPC, PixelTelescope]:
● Mokka
● LCIO
● Marlin, MarlinReco, MarlinUtil
● Gear 
●LCCD

J.Hunt:
new TPC event
 display (LCIO)

F.Salvatore

● using the same software tools in both 
testbeam and full detector studies 
provides synergy effects for both worlds

T.Klimkovich
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LBL vertex software M.Battaglia

● combined framework for 
testbeam and full detector 
optimization
● provide wrapped versions 
of existing tools to the ILC 
community
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Conclusion & Outlook
enormous progress since LCWS 2006: 
established that PFA provides the required jet energy resolution
Vertexing and flavor tagging tools available
high performance full Tracking algorithms available
-> can use full reconstruction for 

         detector optimization  
         and physics studies

Outlook
● need to further refine and improve PFA algorithms

● low level tools for PID, pi0, photons,...
● increase horizontal collaboration between sw frameworks

● e.g. common geometry, improve LCIO,...
● new international Jet Energy Working Group:

● benchmark physics analysis
● apply across concepts

 USE THE TOOLS – THEY ARE THERE


