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Introduction

Thistalk not meant to be an in-depth summary of all existing functionality.
o Not enough time.

o Been done many timesin the past.

Simply an update on some recent, added functionality.

|mprovements to “easy” detector ssmulations (i.e. via compact.xml).

o S wafers, TPC simulation with cuts by region

o lelapsfor fast MC hits generation.

o polyhedral Calorimeters

Reconstruction:

o trf toolkit (see tracking talk)

o Individual particle reconstruction template (see Jet Energy Resolution talk)
|cio tools split/merge/concatenate etc.

Event samples, both signal and backgrounds.



Goals

Enable full studies of ILC physics to optimize detector design and
eventual physics output

0 Userealistic detector geometries
o Full ssimulation (in combination with fast parameterized MCs)

o Full reconstruction
Simulate benchmark physics processes on different full detector designs.
Encourage development of realistic analysis algorithms
See how these algorithms work with full detector simulations

Facilitate contribution from physicists in different locations with
various amounts of time available (normally not much!)

o Software should be easy to install, learn, use

Goadl i1sto alow software to be installed from CD or web with no external
dependencies

Support viaweb based forums, tutorials, meetings.



Overview: “SiD/ALCPG” Framework




Improved Detector Simulations

Need to clarify exactly what is required for the CDR
and what 1s deferred to the TDR.

However, generally agreed that the detector design
should have some semblance to a detector which can
be built.

o e.g. no floating cylindrical calorimeters.

|s the ssmulation infrastructure capable of modeling
realistic detector geometries?

Y es! The full ssmulation package slic readsin
geometriesin lcdd, which isalow-level format that
targets Geant4 primitives.



Improved Detector Simulations

The full smulation package dlic reads in geometriesin Icdd,
which isalow-level format that targets Geant4 primitives.

o Detectors of arbitrarily complex shape and readout can be simulated
using only xml file asinput.

However, it would be extremely tedious to generate these
files.

Would also not provide a connection to the reconstruction, nor
to the event display.

Prefer (but not required) to define geometries using a
“compact” description.

Small Java program for converting from compact description
to avariety of other formats.

o GeomConverter.



‘ GeomConverter

= Small Java program for converting
from compact descriptionto a
variety of other formats
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Silicon Tracking Detectors

For the purposes of quickly scanning the parameter space of

number of tracking layers and their radial and z positioning,

etc. have been simulating the trackers as cylindrical shells or
planar disks.

Are now moving beyond thisto be able to realistically
simulate buildable subdetectors.

Have always been able to ssmulate arbitrarily complex shapes
In slic using lcdd, but thisisavery verbose format.

Introduced Geometry and Detector Element trees to handle
arbitrary hierarchies of detector elements.

Have now introduced tilings of planar detectors (simulating
silicon wafers) into the compact xml description.



Detailed Geometry in org.lcsim

Geometry tree
o hierarchy of PhysicalVolumes and
L ogicalVolumes

L ogicalVolume
0 shapes—parameters, islnside

0  materials- A, Z, density, radiation length,
interaction length, etc.

PhysicalVolume
o transformation - translation + rotation
DetectorElement tree —
o hierarchy of Detector Elementswith
uplinks
What Detector Element is point inside?
What position of a Detector Element?

What isthe global to local coordinate
transformation for the Detector Element?

Existing Detector, Subdetector become
Detector Elements

/4 Get child DetectorElements of the Detector.
IDetectorElementContainer detElems = detector.getChildreni) ;
/¢ Loop over the child DEs.
for | IDetectorElement de : detElems |
{
/¢ Print the name.
System. out.println| de.getHame () );
// Print the position.
if ( de.hasGeometryInfoi) |
{
Systen.out.printin| de.getGeometry().getPositioni) |-
}
/¢ Print the names of the children.
for | IDetectorElement child @ de.getChildreni) |
{
Systen.out.println{ " " 4+ child.getHame() |
}
}



‘ The Barrel Vertex Detector




‘ The Barrel Outer Tracker




TPC Simulations

Most simulations to-date have created single hit at
Intersection with pad row “cylinder”.

Not too bad an approximation for stiff tracks, but
causes problems for loopers.

Can improve simulations with a combination of range
cuts and maximum step size cuts.

These are configurable by region (themselves
configurable) in the compact description.

o Can define them differently for silicon and TPC.

o Can change them at runtime to study settings.
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Note uniform deposition of hits
along track length as a result of tuning
maximum step size in region.




Big Picture Decisions

Thereis still a need for people to investigate larger
ISssues, such as the number and layout of tracker and
vertex barrel and disk layers.

Thisis most easlly done with the smplified
geometries.

For example, changing from the 5-layer cylindrical
barrel geometry to an 8-layer geometry took less than
15 minutes.

Thework liesin the analysis and comparisons.

Tight connection between geometry/sim/reco also
advantageous in TB analyses.
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lelaps
~ast detector response package.

Handles decays in flight, multiple scattering and
energy loss in trackers.

Parameterizes particle showers in calorimeters.
ProducesIcio data at the hit level.
Uses runtime geometry (compact.xml — godl).

An excellent tool for designing tracking detectors!
http://lelaps.freehep.org/index.html
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Calorimeter Improved Simulations

Having settled on a concept with the requisite
performance, will have to design a detector which can

oe built.

Engineering will have to be done to come up with the
plans, but the existing ssmulation package can already
handle arbitrarily complex shapes.

Can then study effects of support material, dead
regions due to stay-clears, readout, power supplies,
etC.

However, hard work isin analyzing this, not
simulating It.
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Improved Calorimeter Simulations 11

= Have two types of polygonal barrel geometries
defined in the compact description:

= Overlapping staves: Wedge staves:

' A /

= Can define ~arbitrary layerings within these
envelopes to ssimulate sampling calorimeters.
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Detector Variants

Runtime XML format allows variations in detector
geometries to be easily set up and studied:

0 Stainless Steel vs. Tungsten HCal sampling material

RPC vs. GEM vs. Scintillator readout

|_ayering (radii, number, composition)

Readout segmentation (size, projective vs. nonprojective)

Tracking detector technologies & topologies
TPC, Silicon microstrip, SIT, SET
“Wedding Cake” Nested Tracker vs. Barrel + Cap

o Fleld strength
o Far forward MDI variants (0, 2, 14, 20 mr)

a
a
a
a
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FExample of Test Beam Analysis




slic
Number of internal optimizations and refactorings.
o Should not be noticed by end users.

Upgrades to recent version of Geant4 has essentially
eliminated problem of event aborts when particle
tracking became stuck.

dic from scratch:

cvs -d :pserver.anonymous@cyvs.freehep.org:/cvs/lcd co SimDist
cd SimDist

Jconfigure
make

Binaries also avallable for Windows, Mac, Linuxes
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How to run full reconstruction?

Event
Generator

FastMC

23



org.lcsim Reconstruction Packages

Contrib

package

orq.lesim.contrib.Calanal®

Author

2

org.lcsim.contrib.CarstenHensel® Carsten Hensel
org.lcsim.contrib.Cassell.recon.Cheat® Ron Cassell
orq.lcsim.contrib.EricBena EMClusterID  gric

a

ora.lesim.contrib.JanStrube.tracking® Jan Strube
org.lcsim.contrib.JanStrube. vixFitter® Jan Strube
ora.lesim.contrib.JanStrube.zvtop® Jan Strube
org.lcsim. contrib.KFFiter® Fred Blanc
org.lcsim.contrib.L eiXia® Lei Xia

ora.l trib.Nick: tracking.r Nick Sinev
a

ora.lesim.contrib.MickSinev.ztracking®

ora.lesim.

ntrib.onoprien.meTrackFinder®

org.lcsim.contrib.onoprien.tester

org.lcsim.contrib.SODTracker
org.lcsim.contrib.SiStripSim

org.lcsim.contrib.SteveMagill
org.lcsim.contrib.niu
org.lesim.contrib.proulx

org.lcsim.contrib.seedtracker

org.lcsim.contrib.subdetector.tracker.silicon

org.lcsim.contrib.tracking

org.lesim.contrib.uiowa

Mike Ronan-+Nick
Sinev?

D. Onoprienko
D. Oneprienke
Fred Blanc
Tim Nelson

Steve Magil

Vishnu and
Guilherme

2

Richard Partridge

Tim Nelson

Tim Nelson

Mat Charles

Conclusions
o Many people are working on reconstruction code
o Effort to persuade people to commit code to “contrib” area has been successful
o Butitisnot easy for new usersto understand how to use or contribute
Working to extend tutorials to also cover reconstruction packages
o Encourage developers to contribute documentation
o Start by updating: http://confluence.slac.stanford.edu/x/f3c
o Need more readlistic analysis examples (help from benchmarking and physics groups?)
o Extend PFA template ideato full reconstruction

State Docs/Talks
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>

>

?

complete A New Track

unit tests =
Interface’

Javadoc fntertace

incomplete

incomplete
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>

?

complate

functional, under
development

2
2

2

2

?

unstable

Description
2

HMatrix cluster analysis

Cheat Recon driver

HMatrices analysis of single particle

events

Alternate implementation of Track, FastMCTrack, Swimmer. Awaiting
incarporation inta main body of code

Wertex fitter, using the Kalman approach by Grab, Luchsinger. Add the
VbxFitterDriver from the sandbox to get an idea of the current status

ZVTop implementation, taking advantage of the new Track interface, alpha
quality

Kalman Filter Fitter

PFA analysis

SLD Weight matrix fitter

Track cheater?

Configurable cheater track finder and related utilities.
Track finder performance testing suite

silicon Outer Detector (SOD) Tracker

Silicon Strip Simulation (moving soan to org.lcsim.detector)
PFA Analysis example

NIU PFA code

2

Tracking algorithm based on forming track seeds from all 3-hit
combinations

Experimental geometry package (Developed further in Geomeonverter as
org.lcsim.detector by Jeremy)

Outer-tracker-only track finding

Template-style PFA implementation (NonTrivialPFA)

Production
Package
arg.lcsam. degisam

org.lesm. me. CCDSm

org.besim.mc.fast
org.lcsim.recon.cat

arg.lesim. recon chester

arrg s tnr_analys
g lesim.recon. cluster.cheat

argulesm.recon.custer.dumpfinder

el clirmm

arg.lesim.recan.custer fixedeone

org.lesam. recon.cluster.mapfinder

Ofg.lesim. recon.

org.lesem

e

org lesm, recon
org.lcsm.recon.emid, hmatrix
arg.lcem.recan.ganging
arg.lesim. racan. muan

arg.lesim. recon. particle

arg et ol chaat

org lesim. recon.pfa.identifier

arg.lesim.recon. pls.outma

org lesim, recon, pfa. structural

arg.lcsim, recan tracking.cheat
arg.desim.recan trackingfif

e letam, rmcon brackang bl

arg lesim, recan, vertexing, bisair

org.lesim recon verteving. 2vingd

arg.lesim.recan tracking

Guilberm
Nick Sinev
Many

©, Gnoprienko
E. von Toeme

Mike Ronan
Ren Caonll
Fen Cassell

Mat Charles

Marman Graf

Wolgang Mader, Mat
Charles

Mat Charles

Norman Graf

Mat Charles

torm Graf

Ron Cassell

€. Milstene

Ron Cassell

Mat Charlms
Mat Charles

Mat Charles
Mat Charles

Ron Cassell

o Grad

Nosman Graf,
L

a, 1McCarrmck,
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Caknmetry dygbzation smulatar

CCD digitization

Fast MC package, induding tracking, calorimatry

Calorimeter Assisted Track Finder

Recon cheater

[

nnce analyeie
Cluster cheater

finds danse clumae within custers

Cluster findar

M1 finding

Minamal spanning tree cluster finder

Mearest neighbout cluster fi

Specialred custerer for hadronic shawers
HMatrx package

Algws wirtual ganging of calatimeter hits
Munn finding

Parfact PTA

Chaating teals for BFA

Turn mare primaive objects (clusters, tracks, et<) into

feennmrumedParties

Modubes to produce standard plats for FFAS

Towa PFA smplemantation (when stabis) and associated toals

Track Cheater

TRF track fin

wertey f

Vertex finding/fitting, awaiing completion of a vertex fitter

Track cheater
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Reconstruction

Many of the core reconstruction algorithms (track finding,
fitting, calorimeter clustering, etc.) are in place.

Have defined interfaces for a number of tasks, with many
different plug-&-play implementations (e.g. calorimeter
clustering).

Standardized algorithm comparison tools.

Standard calorimeter calibration procedures.
Concentrating on implementing atemplate for individual
particle reconstruction:

o Decouplesinterdependencies of different tasks.

o Allows comparisons between different algorithms or implementations.

o Easily swap in MC “cheater” to study effects of particular analysis
task, independent of other tasks.
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LCIO Utlities

A number of LCIO file-handling tasks have been assembled
and are available as command-line options.
>|cio -h

usage: LcioCommandLineT ool

Commands:

compare

concat

validate

siodump

print

stdhep

split

random

count

merge

-h  Print Icio command-line tool usage.

-v  Set the verbosity.
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L.CIO split / concat

split smply splits input file into smaller parts
> |cio split

usage: split

-1 Theinput LCIO file.

-n  The number of eventsto split.

Similarly, concat concatenates many Icio filesinto
onesinglefile.

> |cio concat -h
usage: concat
-f  List of input files, 1 per line.
-1 Add aninput file.
-0 Set the name of the output file.
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LCIO stdhep & merge

stdhep converts MC filesin stdhep format into LCIO format.

merge combines events, merging M C particle and detector hit
lists, including time offsets:

> |cio merge -i filel.dlcio -i file2.slcio -0 merged.slcio
can also specify afile with alist of filesto merge:
> |cio merge -f mergefiles.txt -0 merged.slcio

The file mergefiles.txt should have the following format:
[file_name],[n_reads per event],[start_time],[delta time]
So this would pileup 5 backgrounds onto some events:
events.slcio,1,0,0
backgroundsl.dlcio,5,0,1
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“Signal” and Diagnostic Samples

Have generated canonical data samples and have
processed them through full detector ssmulations.

simple single particles. v, u, €, T, n, ...

composite single particles: n%p, K%z, v, Z, ...

Z Pole events. comparison to SLD/LEF

WW, ZZ, tt, qq, tau pairs, mu pairs, Zy, Zh:

Web accessible:
http://www.lcsim.org/datasets/ftp.html
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Backgrounds
Cain (to be done) & GuineaPig pairs and photons.
o Add crossing angle, converted to stdhep

Muons and other backgrounds from upstream
collimators & converted to stdhep.

vy— hadrons generated as part of the “2abt SM
sample.”

All events then capable of being processed through full
detector ssmulation.

Additive at the detector hit level, with time offseats,
using LCIO utilities.
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‘ Resources for getting started

= http://lcsim.org/ Web Site

o Tutorials

Q
Q

= Software installation

= Usingtools

= Simple Analysis Examples
= Developers Guide
Datasets

Documentation

= Confluence Wiki

Q

Q
Q
Q

More tutorias
M ore documentation
Freguently asked Questions

Y ou are encouraged to comment on,
add to, or correct existing
documentation

= https://jira.dac.stanford.edu/signup

ing datasets via

FIP

‘Wiki

¢ ILC Confluence Wiki - collaborative documentation site

- Feedback

+ LincarCollider org Forum - get ft

X, Home

+ Detectors - list of available compact format detector descriptions

from the experts

Welcome Tony Johnsen | H

Search

n | Leg Out &

PECdl Edit | Attachments (0) || Info

@) Browse Space [§ Add Page [ Add News

Added by Tonv Johnson, last edited by Jeremy McCormick on Apr 02, 2007 (view change)

Labels: {None) EDIT

ILC Wiki

w

This is the International Linear Collider® space on SLAC's Confluence Wiki®. Much of the content is related to Detector Simulation and the Reconstruction and
Analysis of simulated physics events. We welcome your comments and suggestians. You can add a comment by using the textbox at the bottom of each page.

Here is the Full Content Index for this space.

—y

@ Contributing to the ILC Wiki

If you are affiliated with the ILC and would like an account on this Wiki you can sian up hers®.

Links

News

This includes top-level Confluence pages and some important external sites.

Reconstruction and Analysis
® org.lesim Tutorials
* org.lcsim Wiki
* org.lcsim Freguently Asked Questions
* org.lesim homepaae®
® GesmConverter homepage®
* LCIO
* Marlin

Detector Simulation
* SLIC FAQ
® SLIC Wiki
* MOKKA
+ ILC Detector Simulation FAG

# 1LC Detector Simulation Picture Gallery

Title

Recently Updated

Date

Author P

=

|5 era.lesim Package overview

by Teny Johnson (16 hours aga)

[£] HEP Framework Links
[ Java Links

(33 Re: ora.lesim Package overview

by Jeremy McCormick (18 hours age)

19 hours ago)

by Jaramy McCorm

by Jeremy McCormick (20 hours age)

[£] How do I turn on histograms in Drivers (e.g. by Teny Johnson (03 Apr)

FastMC?

[ oralesim

|} How can I write out an LCIO file from

org.lcsim?

[£ Contributing to ILC Software Projects

by Teny Johnson (03 Apr)

by Tony Johnsen (03 Apr)

by Jeremy McCormick (02 Apr)




‘ Resources for getting started

= Discussion Forums
o http://forum.linearcollider.org/

SLIC, org.lcsm

o Not recommended

Spray E-mail to developers

0 Banging head against wall

0 Uningtall and reinstall software 3
times

o Recommended

Post questions on the forum
0 Youwill get faster answers
2 You will get more accurate answers

0 Otherswill benefit from seeing
answers to your questions

Discuss what you would like to do
0 get feedback on best practices

ﬁ Members ‘{ Search e. Help 4 control Panel 2 Logout [ tonyj ] 0 Home ¥ Admin Control Panel

Welcome tonyj, your last visit was on Tue, 10 April 2007 07:48
Show: Today's Messages :: Unread Messages =z Unanswered Messages :: Show Polls :: Message Navigator

Admi Group(s) Manager
|Messages|Topics message
=3 Software Tools - Developers and users discussion forum o
Mon, 24 July 2006
v Fast Simulations 4 4 By: milaroff &
LCIO 191 64 Fri, 16 March 2007
‘* Discussion of LCIO data format. By: gaede &>
m q Tue, 03 Aprl 2007
Discussion forum for developers of org.lcsim reconstruction and analysis package, plus related projects 84 21 .
By: bjasper o>
(GeomConverter etc).
Marlin et al - oo Thu, 29 March 2007
d Discussion, questions and feedback concerning Marlin, MarlinReco, Gear and related projects By: samson &
=2 Analysis and Reconstruction - Linear Collider Reconstruction and Analysis o
Analysis Tools o 5 Mon, 24 July 2006
‘* General discussion of analysis tools By: mitaroff o>
Reconstruction 56 21 Mon, 29 May 2006
V General reconstruction discussion By: fabio ©
Results 0 0 e
V Got some cool results to share. This is the place to post them.
Tracking & Vertexing Tue, 13 March 2007
. 51 15 e
' Forum for discussions related to tracking and vertexing. By: killenberg &>
Individual Partice Reconstruction 1 4 Thu, 13 October 2005
V aka "Energy Flow", "Particle Flow", E-Flow, P-Flow, PFA By: NormanGraf &
EUDET Telescope 1 4 Fri, 02 March 2007
' Discussions about EUDET pixel beam telescope - mainly analysis software and DAQ issues. By: antonio.bulgheroni &
=2 Simulation - Detector Response Simulation o
Ful Simulations a 3 Thu, 15 July 2004
‘* Discussion of tools and technigues not covered by any more specific forum. By: musat &
Mokka 160 66 Mon, 09 April 2007
¥ Forum for discussing Mokka By: hooberman &>
LCDG4 13 7 Thu, 07 July 2005
V Geant4 simulation program for the ALCPG. By: lima o>
Common Simulation Framewaork 3 3 Sat, 05 June 2004
‘* Open discussion on development of a common simulation framework or toolkit. By: lima &
slic 18 o  Wed, 14 February 2007
V Forum for discussing slic (Simulator for the Linear Collider) By: mienga ©
- m e S O e Saes T Oan ROV ORI eSS0 FVIClatr | EE Flar view 1T D W Topi 1

=

BCheater example

- By: bjasper on Thu, 29 March 2007 14:19)
2 Re: Cheater examplke

2 By tany] on Thu, 29 March 2007 15:16|
2 Re: Cheater example

2 By: bjasper on Sat, 31 March 2007 21:18

: Cheater example
» Re: O o
- By: 100y] on Mon, 02 Aprl 2007 17:32
i Cheater examplk
s Re: O
- By: tony] on Tue, 03 Aprl 2007 14:24
heater example

a Re: C !
o By: bjasper on Tus, 03 Aprl 2007 23:10
2 015

* y: tany) on Thu, 15 March 2007 11:55
» Re: org ks frequently asked questons

= By: zhashv on Thu, 22 March 2007 15:44
) Re: org besin frequently acked shons

By: tony) on Thu, 29 March 2007 07:39

g SanTrackerHt getlaver method

# Re: SmlrackerHt get

2 Be: SanTrackerHt getlayer mathed
2
a Re: SanTrackerHt getlayer rwthed

- Re: SenTrackerHit oetLaver me

By: stevens_lori on Thu, 15 February 2007 19:20
By: NormanGraf on Fri, 16 Febeuary 2007 06:53

By: g 5_lori om Mon, 10 February 2007 22:15|

By: Damétry Oneprienks on Tue, 20 February 2007 15:05|

By: Sevens_lon on Mon, 26 February 2007 21:07




ALCPG Simulation Summary

ALCPG Sim/Reco team supports an ambitious detector
simulation effort.

Goal isflexibility and interoperability, not technology or
concept limited.

Provides full data samplesfor ILC physics studies.

o Stdhep and LCIO files available on the web.

Provides a complete and flexible detector simulation package

capable of simulating arbitrarily complex detectors with
runtime detector description.

Reconstruction & analysis framework exists, core functionality
available, individual particle reconstruction template
developed, various analysis algorithms implemented.

Need to iterate and apply to various detector designs.
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‘ 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 - http://www.lcsim.org/software/lcsim

= Software Index - http://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.lcsim.org/software/lcdd
s JASS3 - http://jas.freehep.org/jas3

= AIDA - http://aida.freehep.org

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