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Software Tools 1n the World

Description Detector L anguage | O-Format Region
Simdet Fast Monte Carlo TeslaTDR Fortran Stdhep/LCIO EU
SGV Fast Monte Carlo flexible C++ None(LCIO) EU
Lelaps Fast Monte Carlo SiD, flexible C++ SI10, LCIO UsS
QuickSim Fast Monte Carlo GLD Fortran ROOT Asia
Brahms-Sim Full sim. - Geant3 TeslaTDR C++ ASCII, LCIO EU
Mokka Full sim. — Geant4 TeslaTDR, LDC C++ LCIO EU
SLIC Full sim. — Geant4 SiD C++ LCIO US
ILC-ROOT Full sim. — Geant4 4th C++ ROOT US+EU
I Jupiter Full sim. — Geant4 GLD C++ ROOT, LCIO Asia
Brahms-Reco Reconstruction framework TeslaTDR Fortran LCIO EU
Mariin Reconstruction Analysis framework Flexible,LDC C++ LCIO EU
Org-lcsim Reconstruction packages SiD(flexible) Java LCIO (0N
Satellites Reconstruction packages GLD C++ ROOT Asia
LCCD Conditiions data toolkit LDC, SiD, .. C++ MySQL, LCIO EU
GEAR Geometry Description Flexible C++ XML EU
LCIO Persistency/Datamodel All C++,Java, - EU,US,As
Fortran i
JAS3/WIRED Analysis tool/Event display LDC, SiD ... Java XML,LCIO,stdhep, heprep, [ US, EU

ROOT/LCIO

Analysis framework




Event
Generator

e Pythia
e CAIN
e StdHep

2/4/2007

Our Software Tools

Detector Event Physics Beamtest
Simulator Reconstruc Analysis Analysis
e QuickSim e Digitize o Jot
e FullSim e Finder finder

o Fitter
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Our Software Tools

WA T2 7/ A L4

Event Detector Physics Beamtes
Generator Simulator Analysis Analysis

e Pythia e QuickSim o Jet
e CAIN e FullSim finder
e StdHep

Based on a common framework : JSF and ROOT
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JS-

* Framework : JSF = ROOT based application
- All functions are based on C++, compiled through

CINT.

- Provides common framework for event generations,
detector simulations, analysis and beam test data
analysis.

- Unified framework for interactive and batch jobs

- Data are stored as root objects; root trees, ntuple, etc..
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QuickSm Analysis Exampl e
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Jupiter/Satellites Concepts

Toolsfor smulation Tools

Geant4 based
Simulator

M C truth generator

For real data
- Satellites
A, |npué|/C|)utput - URANUS
"\ module set
. Unified Reconstruction
and |

Monte-Calro Exact hitsTo
I ntermediate Simulated output

ANalysis Utility

-
Library Extension
SR JSF/ROOT based
Framewor k

Event Rec@nstruction

JSF: analysisflow controller based on ROOT. Thereleaseincludes
event generators, Quick Simulator, and smple event display.

2/4/2007
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Jupiter Feature

* Based on Geant4.8.0pl

(As of February 07)

e Modular structure
— easy installation of
sub-directories.
» Geometries

- GLD-baseline geometry
has been implemented.

- Parameters (size, material
etc.) can be modified by
input ASCII file.

— Parameters are saved as
root object for use in
Satellites later.

A

| Jupiter

| Al ~

|'_‘-|

a"_\|

ol A1 Al ~
| g4mac|| config ] bin ||sou
L]

L T
rceg | lib |[images| | tmp]| |lnflude|:
]

—

Administrator ,—

i

b
Space linclude][ src |

- - - - -
kern | bl || it || vix || ede || cal |
| ! ! !

Users Space

Easy Update!

Replace your cde

dirctory, then

update will finish

immediately ! New CDC
1
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GLD Geometry in Jupiter

As of February 07




GLD Geometry in Jupiter
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GLD Geometry in Jupiter

Muon Detector
Solen01d

||
BCAL

Il




Jupiter Feature (Cont’d)

* Input :
- StdHep file (ASCII), HepEvt, CAIN, or any generators implemented
in JSF.
- Binary StdHep file interface was implemented.
* Output :
- Exact Hits of each detector components (Smearing in Satellites).
- Break points in tracking volume.
- Pre- and Post- Hits at before/after Calorimeter.
— Used to record true track information which enter

CAL/BCAL/FCAL.
- Interface to LCIO format 1s Pre-hits ' CAL
prepared in JSF framework. Post-hits %, * Tpc
e Run Mode : Break point
_ A StandaIOIle Geant4 appllcathIl R
- JSF application to output a ROOT file. e’ P c




Satellites

2/4/2007 9th ACFA Meeting@IHEP 16



Satellites Directory Structure

Satellites

bin

include |

o |
T ——
C

S

teqt\

macro

2/4/2007

1 | — Vo . )
' i fi Run Jupiter in JSF
10 sfi4 kern

= hﬁ to createa ROOT
/i_u[)m file
/TCiCﬁ Read LCIO data
examples
mctruth ;|__ cal AxxxExactHit class
 |LVIX = J4xxxHit class
' cdc
m Output LCIO data

N
| eda

N
metis
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Metis Package

Metis 1s a collection of reconstruction tools for Jupiter data.

Each module is relatively independent, thus easy to implement
different reconstruction algorithm.

Packages under development include

- Hit digitizer : Mostly simple smearing of exact hits

- Kalman filer : for TPC, VTX and IT.

- Both cheat and realistic Particle Flow Algorithm

- Jet clustering

Novice users will be able to do physics analysis by using
information of PFO classes.

2/4/2007 9th ACFA Meeting@IHEP 18



Metis Directory Structure

| metis | (JSF’'s) Modulesfor MC data analysis
S : .
tpc L hitmaker | make smeared TPC hitsfrom exact hit
— I
trackmaker maketracksfrom TPC
S — . I
hybt hybtmaker make hybrid tracks ( TPC+IT+VTX)
cal hitmaker | make smeared/merged CAL hitsfrom exact hit
— I )
dugermaker || makecluster from CAL hits Cheated
—~ I > or
pfo pfomaker | [ make Particle Flow Objects| | Realistic PFA
S
S e : :
| t jetmaker \ make jet Objects
2/4/2007 9th ACFA Meeting@IHEP 19
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Performance
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Tvpical Event Display

7 1
Side View End View
.‘“W\"‘ L
3 \ S
N
.':1_2_,1_' NS
‘\
" \ £
v
¢ 'a:“ ;
Event 47 File : ../data/zh2nnh350_bs-jun06_ix1_2m-500-1.root Event 47 File : ../data/th2nnh350_bs-jun06_1x1_2m-500-1.root

2/4/2007

- ZH — vvh : Two jets from Higgs can be seen.

9th ACFA Meeting@IHEP 21




Momentum Resolution

- Exact hit points created by single u arefitted by Kalman filter package |

TPCHT
Lo e TROHTHVTX

PP S I S 1 5 I S 1 S S S O
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Calorimeter Performance

- Energy resolution obtained by injecting single gamma/K L. |

cosTheta<0.8 cut

_50.1 6} x* 1 ndf 8.47416 _E 72 | ndf 18.7116
5 E ECAL po 0.1557 + 0.003016 % 0.4 po 0.4566 + 0.0116
E.DA 4 Pl 0.006875 + 0.001009 " p1 0.06948 + 0.002754
€ T 0.35
.12 — =
o o 0.3
c c
w 0.1 w
0.25
0.08 0.2}
; : 45.7 % NE®6.9 %
0.06 -
- 0.15F
0.04 15.6 % NE®0.7 % 01E
0.02 o 0.05|
:III|III|III|III|III|III|III|III|III|III :|||||||||||||||||||||||||||||||||||||||
00 20 40 60 80 100 120 140 160 180 200 00 20 40 60 80 100 120 140 160 180 200
Beam Energy (GeV) Beam Energy (GeV)

Performances have to be verified/confirmed by beam tests in coming years.
2/412007 9th ACFA Meeting@IHEP 23




Particle Flow Algorithm

» Critical part to complete detector design.
- Large R & medium granularity vs. small R & fine granularity

- Large R & medium B vs. small R & high B

 Algorithm developed in GLD:
consists of several steps

- Gamma Finding
- Cluster-Track Matching
- Neutral Hadron Finding

2/4/2007 oth ACFA NER
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Jet Energy Resolution (Z-pole)
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- Almost no angular dependence : ~30%/NE for |cos8/<0.9.
- cf. 60 %/ VE w/o the PFA (sum up the calorimeter energy)




Jet Energy Resolution (Z-pole)

N ssseesdee———
‘ -Z — uds @ 91.2GeV, tile calorimeter, Icm x 1cm tile size \

hist1
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Mean 8826
RMS 5.025
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o] Next Step : ~+
200f+ - Detector Configuration Optimization. T
150F - Other energy points and physics channels. ,ﬁ ......
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- Almost no angular dependence : ~30%/NE for |cos8/<0.9.
- cf. 60 %/ VE w/o the PFA (sum up the calorimeter energy)




Detector Optimization

* Detector optimization using | | _ o
PFA L  [z-pole (uds)
ey gao_ S M
_ Calorimeter granularity §70M g
(transverse/longitudinal) 60 ——
- Calorimeter radius oo
- Cal. absorber material a0
- TPC endplate thickness 301~ S
-etc ... 200
. . 15._5HH..']’EIIIIB.ESHIIjIHH4.i5IIIISiIIII5.5
Details will be reported at B-Field (Tesla)
simulation/reconstruction Ex) PFA performance for Z->qq events
session on Feb. 5. w/ different B-field.
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-
Full Smulation Physics Sudy

* Benchmark processes recommended by the Benchmark Panel.

0. Single et ;ti, at, 70, K+, ]\’E, Y, u, 8, ¢, b;0<|cosf| < 1,0 < p< 500 GeV

l.ete — ff, f=e, c bat /s=1.0TeV;
2. ete” — Zh, — (T~ X, my = 120 GeV at /s=0.35 TeV;

3. ete — Zh, h— c&, 77—, WW*, my, = 120 GeV at /s=0.35 TeV;

4. ete™ — Zhh, my = 120 GeV at /s=0.5 TeV; h1
Entries 1373
. = : : Mean 107.1
5. ete” — érép at Point 1 at \/s=0.5 TeV; F | ~ |pws 153
D)L N ¥ —— — T — e
6. ete” — 7171, at Point 3 at /s=0.5 TeV; o | | : : |
50
7. ete™ — xTx1 /x3x3 at Point 5 at \/5=0.5 TeV;
401
e Full simulation physics study o

with the PFA.
- Signal : Zh — vvh
- Background : ZZ only -

| |
- 551b-! % 9 100 110 120 130 140 150 160
Higgs Mass (GeV)
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Software Tools for Other Regions
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N a h
LCIO )
° ) (/ CLHEP; gsl,..
_/ ( GEAR ) (_Lccp
[ MySQL | S—
QL
_ _ Reconstruction
L Simulation +Analysis J

Mokka

. geant4 full simulation

. MySQL geometry

. LCIO output

. GEAR geometry output
LCIO

. event data model

. persistency

. intl. standard for ILC data
Gear

. geometry API
Marlin

. based on LCIO

. application framework

. C++
LCCD

. conditions data

Frank Gaede




VIMIN " CERN August 2006 test beam

New model for the simulation of the CERN
test beam setup of August 2006

P ?

|oa

e.g. Radius/Field

el and Mol are 1000m1000 ALl dSstances are in mm

R - i

]

i3 —i

Ek
_III
—|:|
—|:|

Frpc = 1380 mm Frpe = 1580 mm Frpe = 1690 mm erc = 1890 mm
—— ’__.-I{'..- e T T

Mokka simulations for ILC:
full LDC detector
. scalable geometry drivers
. -> detector optimization
. 500 k evts fully simulated

: e.g. 100 GeV uds Jets in Barrel £ 7 — uds (lcosbl<0.7
: SpeCIaI geometry models ) * Performance vs. radius/B %u.-ﬁ:— * ._>IMG1-E|_'JH$.L=4T_)
. MDl/background studies (Tesla TDR detector) g [ R oo e
- g * Argues for large high field i ¢
* teStbea_m S|mulat|ons * With a reasonable cost model Eal_,;_ T 4
. calice DESY/CERN setups for ECAL+HCAL and Solenoid ¢
: could identify “optimal” 0.3
. pixel telescope (EUDET) ‘ :
. aISO SI D mOdel parameters "'ﬁum |4I|m lslun lﬁllllh I'?Illl’l mluu w'nn zu'mr 2|'1m zz:m 2300
- TPC Radius
ECFA-ILC Valencia 911/2006 Mark Thomson 24

Frank Gaede



'Track-Based PFlow' in Marlin / Software Chain

flag
Calorimeter
hits

Photon finding

Y

A

1

4

Tracking : ) ]
(Track Cheater, - ?ﬁgﬁgﬂﬂﬁég‘: MIP stub finding assign to track
LEP Tracking)

"

point and end
irection of MIP stub
luste

Clustering

loop over all tracks

Particle ID -

—/

assign clusters
different modules

available (Trackwise

Clustering, NN Clustering)

subfract set of
assigned Clustering »  Particle ID Z:> reconstructed
Calorimeter hits / particles

Marlin serves as a modular plattform for the
distributed development of PFA code:
. MarlinReco (DESY/MPI)
. modular suite of reco algorithms
. tracking, clustering, cheater,...
. Vvix tracking
. PandoraPFA (M.Thomson)
. PFA processor
. ZVTOP (LCFI)
. vertexing toolkit

»

»

* Separate Marlin processors for Vertex finding and Flavour Tagging
* Vertex information + tracking used for flavour tag variables

l

ZVTOP

B uds-jets:

ZVRES | ZVKIN e.g. vertex mass
‘ 700 3
wo ==t
| 500 c-jets

f_
L

Construct flavour /

tag variables

I ANN Flavour Tag |

* Finally, apply Neural Network flavour tag using essentially the
same method as earlier fortran code (R.Hawkings, LC-PHSM-2000-021)

Mark Thomson 12

001 2 3 4 5 6 7 8
Vertexmasse [GeV]

ECFA-ILC Valencia 9/11/2006

Full LDC Tracking

Only in 0.2% of cases code

fails to merge TPC and Si

track segments

Fake track rates is below

0.5%

Splitted track rate is 2%
Mainly loopers in TPC
Also tracks, experiencing scat-
tering in Si layers = sizable
change of track parameters at
the point of scattering (educa-
tive guess: these effects can
be eliminated taking into ac-
count effects of energy loss
and multiple scattering in the fit-
ting procedure)



ALCPG Simulation Mission Statement

Provide full simulation capabilities for Linear
Collider physics program:

o Physics simulations

o Detector designs

o Reconstruction and analysis

Need flexibility for:

o New detector gegmetrigsl’re NN IQgies

I ¥ W WY il W S W a1 1 I i 10 N1l L]

o Different reconstruction algorithms
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Detector Stimulations

~astMC for studies using 4-vector smearing —
ReconstructedParticles.

elaps for fast tracking and parameterized
calorimeter showers — hits in detectors, so can
study track finding and cal clustering.

slic is full-featured, GEANT4-based detector

B0 1 INVIWA Wil 1

All detector simulation and event reconstruction
packages use same geometry source.

o ASCII file provides runtime detector description.

o Can change detector without writing any code.

2/4/2007 9th ACFA Meeting@IHEP 34




Event Reconstruction (org.lcsim)

Java based reconstruction and analysis package
o Runs standalone or inside Java Analysis Studio (JAS)

o Fully LCIO compliant, ... works well with other
frameworks.
o Full Event Reconstruction

event overlay at hit level (arbitrary # & type of events)

hit digitization

calorimeter clustering

Individual Particle reconstruction (cluster-track association)

o Analysis Tools (including WIRED event display)

o Physics Tools (Vertex Finding, Jet Finding, Flavor
2/4/ 25[73 g g | n g ) 9th ACFA Meeting@IHEP 35



‘ Additional Information

» lcsim.org - http://www.lcsim.org
= |ILC Forum - http://forum.linearcollider.org

s Wiki - http://confluence.slac.stanford.edu/display/ilc/Home
= org.lcsim - hitp://www.lcsim.org/software/lcsim

= Software Index - hitp://www.lcsim.org/software

= Detectors - http://www.lcsim.org/detectors

= LCIO - http://Icio.desy.de
s SLIC - http://www.lcsim.org/software/slic
= LCDD - http://www.Icsim.org/software/lcdd
s JAS3 - hitp://jas.freehep.org/jas3
= AIDA - http://aida.freehep.org

=, WIRED - http://wired.freehep.org,

@I EP 36




Summary

* Main objectives to software tools within couple of
years are detector optimization and physics performance
study.

» GLD-baseline geometry has been implemented to full
simulator (Jupiter) and analysis tools including PFA have
been developed. — Now detector optimization and
physics performance study just have been started based
on the full simulation. Stay tuned.

 There are still a lot of things to do. Contributions are

highly welcomed.
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How to Get Our Tools

Our software tools are maintained in CVS server,
http://jlccvs.kek.jp .

— Description about how to download the latest version.
Link to various tools at
http://actahep.kek.jp/subg/sim/soft .
GLD Software at
http://1lcphys.kek.jp/soft .

Simulation/Reconstruction Parallel Session
— Feb. 5, Morning, room B326.
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