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Overview

Analysis Vs Observable Precision Comments

Physics Performance Benchmarking i
Detector Performance Benchmarking | ) AR
Algorithm Performance Benchmarking i | |

Full Simulation and Reconstruction v

More than 50 million events produced B . | B eow Came |
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Software Tools

SIACSMSiHen]| (A

7 LCIO - persistency/data model |
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= = | | — *oultep = Jupiter Satellites ey
Gear - geometry description N

LCCD - conditions data

ROOT cbjects : Cvent Tree & Configuration

ILD members brought with them two fully developed software frameworks:
1) the JSF Framework used to develop the GLD concept
2) the Mokka — Marlin Framework used to develop LDC
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Software Tools

Whizard

MC Particles

Mokka Jupiter

[Mc Particles)|+(sim Hits]

Marlin Satellites

“DstMaker”

REC ~2 Mb/evf -Tracks
[MC Parficles]*[sim H"s]'_[mfs ]:

DST ~20 kb/evt

(2 B
MC Particles
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Software Tools

Whizard

MC Particles

Mokka

Jupiter

[MC Parficles]‘-[Sim Hifs]

Marlin

Satellites

REC 2 Mb/evf

i et o it S e

"DstMaker”| DST ~20 kb/evt

LCIO was a real

success story
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Input to Detector Optimisation

Model Name GLD | GLD' GLDILDC|LDCAGLD| LDC' | LDC
Simulator Jupiter Mokka
B field (T) 3.0 15 1.0 3.0 3.5 1.0)

The maturity of the T e A B ey a—
detector descriptions Detector|Layers | 3 doublets 5
within both these Barrel i<l — 'n}.;.i-.li.:...l.,, = - _’lnl“ —
frameworks allowed for SIT  [Radii || 90. 160, 230, 300 161.1, 270.1

studies to investigate the | "0 e T T b T

parameter space, €.9. B .. . w20 o0 | ome | was | o |
and R, needed for I'PC pad rows | 256 | 217 | 196 | 260 | 227 | 190 |

. . ECAL  Ryun 2100 | 1850 1600 2020 1825 | 1610
Detector Optimisation. e e STTRWTTITYT
lhlll‘l l..l\l'!)-- a0 _‘)I.(.‘J.h‘I + .H_'ll.l l\'l
I'otal Xg 28.1 229
ECAL endeap z,,, || 28040 2230) 2100 2700 230 2651)
HCAL [ Lavers 16 12 a7 I8
barrel |R,,., 3617 | 3260 2857 3554 3350 | 3114
Ar (ECAL+HCAL)| 6.79 | 6.29 067 6.86
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Input to Detector Optimisation

x|
* ILD Concept for the ILC

Home

............

* Emmanuel College
eeee * Accommodation
Sul;-detectqlr‘te'chn;)logies I + Registration

LLLLL * Registration Form
? Agenda
? List of registrants

S ? Getting to Cambridge

In preparation for the LOI

eeee

such studies were presented

i in detail at the ILD workshop
in Cambridge, September
2008

eeeeee
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Input to Detector Optimisation
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ILD Software Reference Model

Model Name | ILD |
Simulator Mokka
B field (T) I a5
Beampipe Roun | 14.5
Vertex | Geomet l"\" ladders
Detector|Lavers | 3 doublets
Roin 16.0
Barrel |Lavers | 2 eylinders
4190 SIT  [Radii || 165. 309 |
. drift  Rpar || 1739 |
] region Zmar 2247.5
HCAL TPC pad rows “ 224
ECAL |Ryun | 18474
igi::_ barrel |Lavers 2049
Total Xq 23.6
ECAL endcap znp || 2450
P HCAL |Lavers || 48
e barrel R, N 2330
., mol [T "~ . M (ECAL+HCAL)| 686
0 2348 2622 3922 4072 6622
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Software Choices

Given the limited
amount of time
and the number of
events required
the Mokka — Marlin
chain was used for
the central
simulation and
reconstruction of
the LOI physics
benchmark
samples

Whizard

MC Particles

Mokka

Jupiter

[MC Parficles]‘-[Sim Hifs]

Marlin

Satellites

REC 2 Mb/evf

o vt om () 22, (v

"DstMaker”| DST ~20 kb/evt

(2 B
MC Particles
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Software Choices

. For the "ILD Software Reference
Whizard Model” only sub-detector models
for which full reconstruction

performance had been

established were used.

Given the limited
amount of time
and the number of

events required . _
the Mokka — Marlin [MC Particles) «sim Hits)

chain was used for

Mokka Jupiter

the central Marlin Satellites

simulation and REC ~2 Mb/evt
reconStrUCtion Of [MC Parficles]<—[$im Hits]*[Hifs]: m
the LOI physics
benchmark = -

samples DstMaker™ DST ~20 kb/evt

S e
MC Particles
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Input Data — Generators

ILD used the Standard Model background sample which was generated by
SLAC and provided to all concepts.

This included all 2 — 2, 4, 6 and some 8 processes in the e+e-, ey, yy channels
generated via WHIZARD/OMEGA employing full matrix elements.

PYTHIA was used for final state QED and QCD parton showering, fragmentation,
and decay.

Backgrounds arising from interactions between virtual and beamstrahlung
photons were included via Guinea-Pig.

Event samples were weighted to reflect the expected ILC baseline beam
polarization configuration of Pe- =80% and Pe+=30%. 50 fb-1 was generated at
500 GeV and weighted by a factor of 10, and a somewhat smaller sample was
generated and appropriately weighted for a collision energy of 250 GeV
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Input Data — Generators

ILD used the Standard Model background sample which was generated by
SLAC and provided to all concepts.

This included all 2 — 2, 4, 6 and some 8 processes in the e+e-, ey, yy channels
generated via WHIZARD/OMEGA employing full matrix elements.

PYTHIA was used for final state QED and QCD parton showering, fragmentation,
and decay.

Backgrounds arising from interactions between virtual and beamstrahlung
photons were included via Guinea-Pig.

Event samples were weighted to reflect the expected ILC baseline beam
polarization configuration of Pe- =80% and Pe+=30%. 50 fb-1 was generated at
500 GeV and weighted by a factor of 10, and a somewhat smaller sample was
generated and appropriately weighted for a collision energy of 250 GeV

many thanks to the guys @ SLAC
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GEANT4 Simulation

Mokka v06-07-patchO1

Geant4 — version 9.1 patch 01
LCPhysics physics list
Geometry updated for IDAG Background Studies

- job configuration

a

main::MOKKA
H| "-» S
‘ilbar ’. CGA <

- N Ltﬂmr.nlclu
generated [, ‘T
4-yectors Geant
C++ Drivers |-
. MySQL, Geometry

Steve Aplin ILD LOI Benchmark Simulation and Reconstruction 30 September 2009




Mokka

A lot of effort made to include as much engineering detail as possible

Heal_laver_support_lengrh
—_—

—
/ \ B stainless steel
\? u— '7 B alunnnmiuin
\".‘ '// scintillator
\\ // (polystyrene)
.\ /,

Ecal_Slab_H_fiber_thickness Ecal_Alveolus_Air_ Gap /2
Ecal_guard_ring_size ~__—Ecal_Slab_shielding . towe{s \
~ &~ ~__— Ecal_Slab_copper_thickness L . ./ Y N_FIBERS_ALVOULUS

| Ecal_Slab_PCB_thickness _——— XEcal_fiber_thickness

———Ecal_Slab_glue_gap

- Ecal_Si_thickness
~__Ecal_Slab_ground_thickness

.
= Ecal_fiber_thickness

T~
—
2 wafers in Z per slab l \

‘ N_FIBERS_W_STRUCTURE
X Ecal_fiber_thickness

/‘]‘Ik(l\

f

Ecal lateral face thickness

Ecal_Slab_shielding (implemented as fiber) Ecal barrel ndmber of towers
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Digitisation — Trackers

Or—/pm ' o:/pm ' Or—o/pm | o2 Jpm
VTX 28 | 28 | FID 58 | 58
SIT/SET 70 | 500 | ETD 70 | 70
TPC o, = 50° +900? sin? & + ((25%/22) x (4/B)*sin#) z um*
of = 407 + 8% x z um?
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Digitisation — Calorimeters

Takes SimCalorimeterHits converts to CalorimeterHits

Converts simulated energy deposits in active layers into physical
energy taking into account sampling fractions.

Conversion factors calibrated using single particles scans.

Different regions may use different conversion factors.
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Reconstruction Software

ILD Standard |y
Full Reconstruction:

*CaloDigi L RS~
*TrackDigi 21/ m { .-}

*PandoraPFA TR

.*JetFinders( 2-8 Je’rs)
°LCFIVeffex

e

Steve Aplin ILD LOI Benchmark Simulation and Reconstruction 30 September 2009



Tracking

Structure of Tracking Package

Digitization package: :
‘& |* Simple VIX/FTD/SIT/TPC TrackerHits [S Matenal DB bullder
S digitizers (Gaussian smearing) « Track cheaters
&/ | Technology specific, detailed |+ Tracking in TPC
& digitizers (i.e. VIXDigitizer) * Tracking in Si detectors [
&S ¢ Linkage of TPC & Si tracks
:}G 'y * Track fitting routines

MardinUtil package:
HelixClass,
GroupTracks,
TrackExtended,
TrackerHitExtended

' Reconstructed tracks
: L.CIO Track collections
CLHEP, {02, d, z, ,1an), ¢},
GNU Scientific Library cov. makrix
[Algebraic packages,
rndm generators|

- ey - - - r - 1 —rr v . .
Q 1P e -t (&) 1
; g
k3] 'S 0.98 —
w o
08 | 0.96} ]
06F i 0.94 F oot Gev 1
| - B+ o dan ‘ _ * 1PC + S detectors -4
- o 1 0921 PG orly ]
04k - : ]
1 1 | L 1 0.9 1 1 1 L
1 05 0 05 1 15 2 0 02 04 06 08 1
log, p(GeV) cosh
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Tracking

Structure of Tracking Package

Digitization package: Tracking package:
o | Simple VIX/FTD/SIT/TPC  |rrockertiits |+ Material DB builder Y
S g| digitizers (Gaussian smearing) « Track cheaters " Tl
&/ | Technology specific, detailed [~ |+ Tracking in TPC SRS 1 A
& digitizers (i.e. VTXDigitizer) * Tracking in Si detectors =Y VAW, W
iy oS LW

MardinUtil package:
HelixClass,
GroupTracks,
TrackExtended,
TrackerHitExtended

' Reconstructed tracks
: L.CIO Track collections
CLHEP, {0, d, z tand, ¢ L
GNU Scientific Library cov. makrix
[Algebraic packages,
rndm generators|

= MM | T T T T o 1 S | T T T
Q 1IF e g -t (&) L 4
5 5 M
k3] '50.98 Ea
W 0.8 D
' 0.96 |
0.6F i 0.94 F po1 GeV 1
| - P - B Bian ‘ _ * 1PC + S detectors -4
- T : 0.92f TPC oy ]
0.4p- - [ 1
1 1 | L 1 0.9 1 1 1 L
1 05 0 05 1 15 2 0 02 04 06 08 1
logmp(GeV) cost
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Flavour Tagging

LCFIVertex flavour tagging uses Artificial Neural Networks to
discriminate between jets of different quark flavour.

The ANN'’s were trained using samples consisting of 150k
events Z — qq at the Z pole equally distributed among the three
decay modes g=b,c and light quarks

Test samples of 10k events Z — qq at \s = 91 GeV and s=v500
were then used to evaluate the ILD flavour tagging performance

- 1 T ——1 T s = 1""L'_'_l_]_. T !
£ Foaa comaN | £ fo——— it ]
= ~ . "o \ ] 3 S
5 \D
\ | v )
06 \ 06 \
0D4f 1 0.4F \
| a) Z— qq =91 GeV | b) Z— qq \s=500 GeV \
[ —VTX-DL ) A
027 - UTX-SL 1 0.2] VTX-DL 1
VTX-DL with background i
0 " 1 1 1 1 d 0 PU ST RS . | 1 |
0 02 04 06 08 1 0 02 04 06 0. 1
Efficienc Efficienc
Y y
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Particle Flow

The PandoraPFA package is currently the
most sophisticated and highly performing
particle flow algorithm available.

One of the key outcomes of which has
been its demonstration of the performance

IR A LA

If track momentum and cluster energy Inconsistent : RECLUSTER

Lal.
of PFAats = V1TeV A8 Gav
soGev 8 2 12 GeV
‘2 PandoraPFA v03-00
-
1) o 45 GeV Jets \ 10 GeV Track \
© 1 Z — uds o 100GeVdets | N rstinsersssanssess s s s s S
w v 180 GeV Jets [
e " 250 GeV Jets :
.
o
EU'E R . e Jet Energy Taw TS TS rmsgn/ /&5 /Gel op. K,
" ) - + 15 Ge\ 33GeV  2.4GeV 25.0 % (3.71 +0.05) %
E = D . 100 Ge 58 GeV 1.1GeV 29.5% (2,95 £ 0.04) %
0.2 180 Gel 11.2GeV 7.0 GeV 10.1% (2,09 + 0.04) %
200 Ge\ 16.9GeV 11.1GeV 50.1% (317 £ 0.05)%
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Production — Grid

International Linear Collider Database

Over 50 Million events fully simulated and o) 86 ¢ o8
International Linear Collider Database ]
reconstructed

Generator Files Simulated Files Reconstructed Files
More links:

o Instructions and download of the Grid scripts

Producing > TB of Data " XVl b

Gear geometry files for the latest detector models and the steering files adopted in the recent

reconstructions. These .xml files can, anyway. always be found in the tar archives associated to
each simulated .slcio file and each reconstructed slcio file (see below "Contents”).

e Make a request

. .
Ove r 3 5 O k G rl d J O bS To request some simulation or reconstruction still missing in the database.

Contents: (more details in the web interfaces for the three different tables)

o Generator Files.

International Linear Collider Reconstructions Database

PrOd UCtion done at « ‘ » & A |+ O nhup:/jwww-flc.desy.de/simulation/databasereco/ ¢ Qi
Only a handful of sites International Linear Collider Reconstructions Database )

DESY, Lyon, LAL A Search Database Browse Database XMI. Files Make a reaunest :

Files matching your query. N

CM Energy Detector Electron  Positron }?"l d

Run ID Tag Process  Gev] Model - polarisation Polarisation ..

Data sets published

to users (aISO |n 01-06_ppr004 bbbb w17573 500 ILD 00 LCP ep+1.0 em-1.0 Slac SM (l}:jglla;c_S)<1_lLD_()()_pp 1004 DODD 5000 ILD_00 -1.0 10 35
: ’

Comb|ned DST S) 01-06_ppr004 bbbb w17574 500 ILD 00 LCP ep-10 em+10 Slac SM (‘}g“g:dt SM_ILD_00_ppr004 PPBP 500.0 ILD_00 10 -10 35

via DB as it became

N Ol ; 2 P e S M- Slac SV
.I bI 01-06 ppr004 ccbb w17529 500 ILD 00 LCP ep+1.0 em-1.0 Slac SM 06_Slac_SM_ILD_00_ppr004

ccbb 500.0 ILD_00 -1.0 1.0 35

ABg a1 aocoo oo oo oo oo o v o _ene RecOl- 2y o I ‘o -
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Production — Grid

International Linear Collider Database
< ‘ b B A+ O hup:/ /www-flc.desy.de/simulation/database/ ¢ (Qre

International Linear Collider Reconstructions Database

der Database

=

< | B A+ O hup:/jwww-flc.desy.de/simulation/databasereco/ ¢ | (Qr

constructed Files :

International Linear Collider Reconstructions Database

Search Database Browse Database XML Files Make a request

ing files adopted in the recent
id in the tar archives associated to
below "Contents").

Process bbbb
Tag Rec01-06_Slac_SM_ILD_00_ppr004
Center of Mass Energy  500.0 GeV ¢ database.
Cross Section 34.11b ibles)
Contact Person Steve Aplin
Email Address steven.aplin@desy.de
Date of Production 2009-01-01 Qr (
Event Generator Whizard
Input Simulation M06-07-p01 ppr004 bbbb w17573 500 ILD 00 LCP ep+!1.0 em-1.0 Slac SM ase w
Simulation Mokka06-07-p01 ‘
Physics List LCPhys \ v
Ilcsoft Version v01-06 N
Detector Model ILD_00 B
B Field 35T cctor Electron  Positron Field
e del  polarisation Polarisation L
Number of files in this [T]
Run -
Polaqsagon clcc}ron -1 ) 00 -10 10 35
Polarisation positron |
Jump to the files
—_— 100 1.0 -10 35
. . } Ifn:/grid/ile/me-2008_2/reconstructed/ILD_00/CMS_500_ppr004/RECO01-06_ppr004_bbbb_w17573_500_ILD_00_LCP_ep+1.0_em-
Archive location (grid) )
1.0_Slac_SM_0001 .tar.gz )_00 -1.0 1.0 35
Ifn:/grid/ilc/me-2008_2/reconstructed/ILD_00/CMS_500_ppr004/RECO01-
Full slcio file location 06_ppr004_bbbb_w17573_500_ILD_00_LCP_ep+1.0_em-1.0_Slac_SM_0001.000slcio Ifn:/grid/ilc/mc- N 4
orid 2008_2/reconstructed/ILD_00/CMS_500_ppr004/REC01-06_ppr004_bbbb_w17573_500_ILD_00_LCP_ep+1.0_em- Vooo so PP e 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - )< >
C D » y
7 ;
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Production — Grid

International Linear Collider Database

Production suite grown organically from from 31| 72 P I — | T
prOtOtyping . International Linear Collider Database ]

Generator Files Simulated Files Reconstructed Files
More links:

Based on bash scripting and mysq| T

. Gear geometry files for the latest detector models and the steering files adopted in the recent
b OO k kee I n reconstructions. These .xml files can, anyway, always be found in the tar archives associated to
each simulated .slcio file and each reconstructed slcio file (see below "Contents”).

e Make a request

To request some simulation or reconstruction still missing in the database.

J u St i n ti m e d eve I O p m e nt Contents: (more details in the web interfaces for the three different tables)

o Generator Files.
International Linear Collider Reconstructions Database

« ‘ > & A+ O nhup:/ /www-flc.desy.de/simulation/databasereco/ ¢l (Qr

Hard Igssc?ns learnt International Linear Collider Reconstructions Database i
are being invested XML. Files :

Search Database Browse Datahase Make a reauest

. t d t. Files matching your query. N
p Run ID Tag Process CM Energy Detector Electron  Positron ?i eld
Syste m e CES3 [GeV] Model polarisation Polarisation [TL]
17573 D a . . oy RecOl- )
01-06 ppr004 bbbb w17573 500 ILD 00 LCP ep+1.0 em-1.0 Slac SM 06_Slac_SM_ILD_00_ppr004 bbbb 500.0 ILD_00 -1.0 1.0 35
17 D a . Slae Q Rec01-
01-06 ppr004 bbbb w17574 500 ILD 00 LCP ep-1.0 em+1.0 Slac SM 06_Slac_SM_ILD_00_ppr004 bbbb 500.0 ILD_00 1.0 -1.0 35
. - . RecO1-
N e ; G o oI ac / oCl -
01-06 ppr004 ccbb w17529 500 ILD 00 LCP ep+1.0 em-1.0 Slac SM 06_Slac_SM_ILD_00_ppr004 cchb 500.0 ILD_00 -1.0 1.0 35
o ABg a1 aocoo oo oo oo oo o woes_eae  RecOl- 2y cana nn oo 1o ra ag
C P-<-+>
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Summary

Strategic decisions concerning software, taken long before the LOI process
appeared on the horizon, have allowed a very considerable amount of work to be
done in a short time under a fair amount of pressure.

Creating modular frameworks to work in, coupled with the provision of common
software tools such as LCIO, allowed groups, as well as single authors, to
contribute effectively to a complete, detailed and realistic software chain.

Centralised production of Monte Carlo data still remains necessary to effectively
utilise the computing resources offered by the GRID. Whilst solutions are at hand
which may alleviate this, it remains a man power intensive procedure.

Some form of testing and validation suite would have been invaluable.

“The ILD efforts on simulating the physics benchmark processes have been impressive.”
IDAG Report on the Validation of Letters of Intent for ILC detectors
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