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Talk Outline

* DigiSim: purpose and description

e Configuration

* An example: effects on hit energy distributions
e Usage instructions

e Current status
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DigiSim
* Goal: a program to parametrically simulate the signal propagation and

digitization processes for the ILC detector simulation
5~ an essential tool for comparing different detector technologies

* DigiSim role 1s to convert the simulated data (energy depositions and hit timings)
into the same format AND as close as possible to real data from readout
channels, while preserving all MC information from input data files

— As close as possible means that all known effects from digitization process should be
taken into account, if possible: cell ganging, inefficiencies, noise, crosstalks, hot and
dead channels, non-linearities, attenuation, etc.

* Same reco / analysis software can be used for MC and real data

* DigiSim produces RawHits and (Digi)CalorimeterHits from SimCalorimeterHits
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L.CIO event model

LCEvent —
> [L.CCollection
Y Geant4 V* DigiSim y ¥ for analysis
SimCalorimeterHit RawCalorimeterHit { | CalorimeterHit :
_cellID : long _channelID : long -  _cellID : long |
_energy : float _amplitude : int - _energy : float |
_mcpvec : MCPartContVec _timeStamp : int ‘ _time : float |
N V* _type : int |
| 7 - Cact®

! ) 1 LCRelation |- ;_ralet - LCObject o

MCParticleCont

Particle : MCParticle*

Energy : float
Time : float
PDG : int

* DigiSim: SimCalorimeterHits --> RawCalorimeterHits

* Reco: RawCalorimeterHits --> CalorimeterHits (analysis)

* Note that _cellID and _energy access is identical for
SimCalorimeterHit and CalorimeterHit

O
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SimCalorimeterHits or CalorimeterHits?

* Consider moving your reconstruction algorithms to use CalorimeterHits instead of
SimCalorimeterHits

e How to do this:

— All non-MC calls to SimCalorimeterHits (energy, position, time) can be transparently
replaced with equivalent calls to CalorimeterHit objects.
For MC-related values, use (same) cellid as a key to access SimCalorimeterHits.

— Detector name is used to select the correct DigiSim configuration file.

— Config files exist for all Snowmass detectors

* All RPC-based have identity configurations

* All scintillator-based: SDJan03, sidaug05_scint, cdcaug05* have non-identity configurations (see
later)

— Identity DigiSim config files are available for helping people to get started with DigiSim
output
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DigiSim event loop

DigiSimDriver
v O LCIO
Input LCIO t A utput event
e - Vel Digitizers P J
SimHitsLCCollection Ui CalorimeterHits

SimCalo.Hits ~— » TempCalHits <« » TempCalHits -~ »RawCalo.Hits

= A
| H
LCRelations

O
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DigiSim class diagrams

C++ framework

MARLIN |

=Processor

\\u_*/

Utility for optimal
data access (singleton)

Java framework

Driver

re.lcsim
. org.lcs

DigiSimProcessor

DigiSimDriver

CalHitMapMgr

/

/

CellSelector

\

N

| \ e e V Transient class
. Dlgltlzer used by modifiers
| AN .
abstract V TempCalHit

AbstractCalHitModifier 7

i

\ ‘ abstract
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A FunctionModifier
HotCell
GaussianNoise ExponentialNoise A CrossTalk
‘ GainDiscrimination R
SmearedGain SiPMSaturation AbsValueDiscrimination




Setting up a configuration file

AHHHH AR AR PR TR AR R TR R AR R R R R R #

# Exanple steering file for DigiSim

AHHHHHH AR PR AR H R AR R A R R R R #

.begin dobal  ------------- e
# specify one or nore input files (in one or nore |ines)
L O nputFiles inputfile

# the active processors that are called in the given order
Acti veProcessors Cal Hi t MapPr ocessor
ActiveProcessors EcalBarrel Digitizer
Acti veProcessors Ecal EndcapDigiti zer
ActiveProcessors Hcal Barrel Digitizer
Acti veProcessors Hcal EndcapDi giti zer
Acti veProcessors Qut put Processor

One digitizer per subdetector

# limt the nunber of processed records (run+evt):

MaxRecor dNunber 500

.end dobal -----------------“-“-- -
AHHHH R AR PR R AR TR R AR R R AR R R AR R R AR R R AR R R A i
.begin EcalBarrDigitizer

Processor Type Di gi Si nProcessor

| nput Col | ecti on Ecal BarrHi ts

Qut put Col | ecti on Ecal BarrRawHi t s

Raw2Si nlLi nksCol | ecti on Ecal Barr Raw2si m y C g .
Identity” factor 10° avoids

ModifierNames — EVBDI gildentity precision loss in the conversion

# nodi fi er Nane Type Paraneters (floats) )
EMBDI gi | dentity Snear edGai n 100000000 0 double -> int -> double
] Lo B L

7o :) 8
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An 1dentity transformation

100GeY muons - DigiSim for EMCal (dentity transformation)

20GeV pions - DigiSim for EMCal dentity transformation)

# entries [/ bin ® Input: simulated hits # entries / bin A& Input: s imulated hits
105 B Output: digitized hits 105_:_ & Ouwutpun: digitized hits
Input: simulated hits I Input: simulated hits
Entries : 357075 T Entries : 149238
Mean : -0.89606 T Mean : -0.72350
4 Rms : 0.26420 4 fh Rms : 0.50864
10 OutOfRange: 96 10 ¢ = OutOfRange : 350
Output: digitized hits T K Output: digitized hits
Entries : 357075 T A Entries : 149238
Mean : -0.89608 T ‘““.. Mean : -0.72353
3 Rms: 0.26422 3 ey Rms : 0.50869
10 QutOfRange : 95 10 e & _.,ﬁ: % OutOfRange : 345
T a“"“‘; - ‘*.h
2 e Fru| N
2 &
fkﬂf iy
102 3024 o y People can start
T W . . . .
i % using digitized hits
e & . .
1 . immediately!!
10! 101+ "
- 'Y
an [| m
AR [ 21
10° . 10% & hoa
Double -> int -> double *
round-off discrepancies I
10714 | | | | ; {1071 | | | | — |
-3 -2 -1 1] 1 2 3 -3 -2 -1 0 1 2 3
Log( Energy (MeV) ) Log{ Energy(Me\) )
é‘:: O

I
|
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Simple example: configuration for the tile HCal
e Scintillation: 100 eV/photon , or 10™ photons/MeV

Ex: a MIP at normal incidence on 0.5cm-thick scintillator deposits ~ 0.9MeV, or 9000 photons
==> use GainDiscrimination modifier with 10*’ photons/GeV and a threshold at 1 photon

#modi fi er Nanme type gai nNom gainSig thresh thrSig
HBI i ght Yi el d Gai nDi scrim nation 10000000 0 1 0

* Light crosstalk:
first neighbors: 1.5% t0 2% --> (2.0 +/- 0.5) %

HBcr osst al k Crosstal k 0. 020 0. 005

* Photon collection efficiency (QE~15%):

9000 scint.photons/MIP --> 15 PE/MIP detected (cosmics measurements at NICADD)
15/0.15 = 100 incident photons => Eff_;, = 100 inc. /9000 tot.scint. = 0.0111
Variance (Poisson): sigmaN2 =<N> — for <Np>=15, (sigmay /N) ~ 26%

Therefore: Eff, ;= 0.0111 £ 0.0029 => use GainDiscrimination with smearing

HBI i ght Col | Ef f Gai nDi scrim nation 0. 0111 0. 0020 1 0

7@
| I
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Simple example: numbers from the tile HCal

* Photosensor detection efficiency: QE ~ 15 %

HBPDQUEf fi c Gai nDi scrim nation 0. 15 0 1 0

e Noise simulation:

* Photosensor noise: exponential distribution (guess: mean 0.6)

* FElectronics noise: gaussian distribution (guess: mean 0, sigma 1.6, keep +/- tails)

# GaussNoi se paraneters: Sys be Ecut Ti meNom TSi g Mean Signa
# Note: sigma<O neans that threshold acts on absol ute val ue only

HBGaussNoi se Gaussi anNoi se 3 0 2.5 100 100 0.0 -0.58
# Exponenti al Noi se paraneters: sys be Ecut Ti meNom TSi g Mean
HBExpoNoi se Exponent i al Noi se 3 0 2.5 100 100 0.23

® Discrimination: % MIP cut ~ 4 PEs: threshold at 4 +/- 0.25 (on abs value)

# Discrimnation t hreshol d Si gnma

HBdi scri m AbsVal ueDi scri m nati on 4 0. 25

###HBdI scri m Gai nDi scri m nati on 1 0 4 0. 25
]

Ry

)
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Configuring processors and modifiers

AR HH TR AR R AR R AR R AR AR R AR AR R AR AR R AR R R AR i

# A subdetector digitizer. It instantiates one or nore calorinmeter hit
# "nodifiers", which together represent the full digitization process
.begin Hcal BarrDigitizer

Processor Type Di gi Si nProcessor

I nput Col  ection HcalBarrHits

Qut put Col | ecti on Hcal Barr RawHi t s

Raw2Si mLi nksCol | ecti on Hcal Bar r Raw2si m (AS many as needed)
Modi fi er Names HBl i ghtYi el d HBcrosstal k HBI i ght Col | Ef f HBPDQUEf fi c HBExpoNoi se HBGaussNoi se
HBdi scri m HBGai n

# Paraneters:

# nodi fi er Name Type gainNom gainSig thresh thrSig

HBI i ghtYield Gai nDi scrimnation 10000000 0 1 0

# Crosstal k nmean si gma

HBcr osst al k Crosstal k 0. 020 0. 005

# Snmeared gai n paraneters: gain gainSigma thresh thrSig

HBI | ght Col | Ef f Gai nDi scrimnation 0.0111 0. 0029 1 0

HBPDQUEf fi c Gai nDi scrim nation 0. 15 0 1 0

(... Truncated... see file cdcaug05 np.steer in Digi Simarea)

=] Lo B e i
Q@
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# pitries [ bin

4.5

4.0

3.2

3.07

2.37

2.0

a5

1.0

0.5

Crosstalk

100GeY muons - DigiSim for cdcaug05_np HCal

= HElightYield
= O HEcrosstalk

HElightYield
Entries: 785331
Mean : 3.8596

Rms: 0.51887
OutOfRange : 208

0.0-
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-1 0 1

HEcrosstalk
Entries: 2168869
Mean : 2.7645

Rmsﬂ 0.96725

OutrgfRange : 710

3 4 2

20GeY pions - Digi%im for cdcaug®5_np HCal

HElightYield
Entries : 506334
Mean : 3.6446

# yintries [ bin

1171 - - Rms : 0.70885
® HElightYield OutOfRange: 1
1.0T ® HEBcrosstalk 2
w HEcrosstalk
0.9 Entries : 1398040
" Mean : 2.5336
0.8 " Rms : 1.0959
= OutOfRange : 66
0.771T ®
[ ]
0.67T
E - -
0.571
. - B By .
041 . = [
e
0.3 . N &
™
=
0.2T ] ." »
[
9 €
0.1+ _." Ko
0.0 = i | ‘.u"hl-

o b 0 1 2 3 4 2 b



Photodetection

100 GeV muons - DigiSim for cdcaug05_np HCal 20 GeV pions - DigiSim for cdcaug0S_np HCal
:-:1[!5 # entries [/ bin S HEcrosstalk :-:1I]5 # entries [/ bin 8 HEcrosstalk
O HElightCollEFF HElightCollEFF
by & SiPMQuEFfic 1.1 SIPMQuEFfic
il 1.0T -
4.0 -
09T
30T =
0.8 o
3.0 0.7+ o o
2.5 @
. 0.6 o L r
2.0 05T
- B B By
157 P - .
0.3 7T o -
1.0
0.2+ - -
L
0.5 0.1 .I. .I.
o '
0.0 R — | : | —
-1 1] 1 2 3 4 o
Log{# PEs) Logi{# PEs )
7 ans 14
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Noise and discrimination

100 GeV muons - DigiSim for cdcaug05_np HCal 20 GeV pions - Digisim for cdcaug05_np HCal
# entries / bin & S5iPMQuEffic # entries / bin SiPMQuEffic
1l]?-- + HBExpoMoise 1I]ﬁ—— HBExpoMNoise
# HEBGaussMoise ® HEGaussMoise
i + HBdiscrim ® HBdiscrim
107+
10+
103+
102+
pE
\J 1 .
1I]1-- + 10
Mip peak ~ 15 PEs
1004 — : : - 10° : - : |
-1 0 1 2 3 -1 0 1 2 3
Log(# PEs) Log(# PEs)
oo 15
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HCal scintillator digitization (preliminary)

100 GeV muons - DigiSim for cdcaug0S_np HCal

F yHries | bin 4 Input simulated hits
* Qutput digitized hits
18T
1.7+ o . . ™ Input: simulated hits
1.6+ Scintillation: 10" y/ MeV Hrfes: | JEHED
£ ean : -,
i-z Photodetector QE: 15% Rms:  0.50275
134+ Eff_,;=0.0111 +/- 0.0020 Ouifiangs! T
12+ . Output digitized hits
: Expo + gauss noise * Entries: 864919
LiT . Mean: -0.11531
1.0+ /a MIP threshold Rms 0.35596
0.9+ "
0.8
0.7+
0.6 . -
] simulated
0.4 PR
st digitized
0.2
0.1
0.0 1
2.0 i35 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Log( Energy(MeV) )

7o
(
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HCal scintillator digitization (preliminary)

20 GeY pions - DigiSim for cdcaug95_np HCal

# entries | bin # Input: simulated hits
24,000 * + Qutput: digitized hits
22,000+ Scintillation: 10" v/ MeV -
Input: simulated hits
20,0001+ Photodetector QE: 15% Entries: 505278
_ + * Mean : -0.34908
18,000 Effcoll =0.0111 +/- 0.0020 ﬁ+++' Rms : 0.69615
. [ by OutOfR 11172
160004 EXpo + gauss noise S sl
: - T b Output: digitized hits
1a000L ¥4 MIP threshold ol ] Entries: 375960
g R g N Mean: -0.019987
12,000+ ¥ e i Rms : 0.43478
*K ¥ oyl e
10,0007 » %
#* -
8,000 T s L
* e
6,000 gk
#* I
4 *HK i
4,000 > "™
HH i ™
Z,I]I]l]-l;ﬁ*x* H‘I#‘Mﬁ
e e R - i i i Ry
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Log{ Energy(ve\) )
77— 0 17
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Digi1S1m usage 1nstructions

* Download/install/build java 1.5, Maven, org.Icsim
(see http://www.lcsim.org for details)

* Drivers needed: (all available from org.Icsim.digisim)
CalHitMapDriver, DigiSimDriver and CalorimeterHitsDriver,
plus LCIODriver (for standalone run, saving output file)
or  YourAnalysisDrivers (as an on-the-fly preprocessor)

* DigiSim configuration file stored on LCDetectors: digisim/digisim.steer
* Run it:

— From command line: after setting the CLASSPATH (see docs for details)
java org.lcsim.digisim.DigiSimMain <inputfile>
an output file ./digisim.slcio will be produced, to be used for analysis or reconstruction

— From inside JAS:

DigiSimExample is available from Examples -> org.lcsim examples

O

18
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Running Di1g1Sim inside JAS3

~

File

Edit Yiew Tuple

JAS3

Loop LCD LCIO Window Help

)

L] L]
= )
B From starting page, click
 Welcome = |
Welcome to JAS3! . on exan lples
{1453 v0.8.1 (build 1274 on March 16 2005) | 1 o 1
--> 0rg.Icsim examples
‘|Welcome to this release of JA53 —- an Al fant data analysis systermn. See the
release notes for recent ch Or a quick start with scripting and prograrmming see |= . . . .
the example: —_ > S E 1
> DigiSimExample.java
‘[Documentation is ¢ JAs3 A )
i Edit View Tuple Loop LCD LCIO Window Help
hittp:{ fcon flu i 28
We are very interes l/ B G
enhancernents usir ||
: AS3 examples i Jasa -=
http: fibugs, - . 5 ™
: The following exarmple sets are in: bl _Ed't Y Ew Tuple Loop LCD LCIO Window Help
wre al3o have a bul Python Examples AIDA ex
: Java Fxamples  AlD&@xamples writtd # BExamples x| /
Pnuts Fxamples & exarmples writt l i 1 ==
:| org.lesim Exampl ¥ Examples of using thy OI'g. csim exXamples
“IMost of these exarnples can also be run in
i|release notes at http: | jjava. freshep.org fjai |These examples are written/ using the Java language. After opening them you need to
B cormpile and load them, and then use feed data to them using the Run menu
| simpleGenerator java Smhple diagnostic event generator.
Simple. java Si/hlply prints the event header of each event analyzed. =
| linalysis101 java Iyﬁtro to analysis with AIDA.
| simpleFastMC. java Running the Fast MC
SimpleCutput.java  [Example of writing LCIO output
| letFinding java /lusing the Jet Finder
ClusterFindmg.java!Cluster Finding example L
X DigiSimExample javh [Digitization exarmpls
Jorg.lcsim Jvthon examples for advanced users
These exarmples are written in Jython. They have to be executed from within =
| | ME
, = O 1 9
. ) Al
' \
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Loading driver(s) and data

M JAS3
File Edit Yiew Tuple Loop LCD LCIO Window Help

Blg 8] 8|58

?_ﬁ Prograrms

7—0
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f #® EBxamples = |/ [#] DigiSimExamplejava * _ .
[# DigiSimExampl% import org. lcsim. digisim. CalHith apDriver; Ode Wlndow7
A 2 import orgicsiradigisim. DigisimDriver; . i
T impaort arg.lcsim. util. Driver; Complle 11 Fz) and
A4 r
- 5}1\-1\- .
& ™ A simple FastMC example 10ad lt (FE) 1
i
& public class [laisien outoncle Dirivg °
1 Eie P Then openjan LCIO file.
Al2e public Dig : :
il | ? Select plugin to open file h
' GG - Make sure [you select the
B Driwer h — 1 . 1 .
B (B FF Add g
i3 add(hitry | Ok || Cancel | Org. CSlm p uglll.
e, 15 e -
i A Instantiate Digisim
13 Driver digi = new DigisimDriver(;
15 ff Turn an diagnostic histograms Ll
20t dini setHistnararml eweli 1 =
o B e e Bl = | e e e e complle successful
!classpath:furgflcsimfpluginfwehfexamplesfDigiSimExample.java ] | FaME

20



File Edit Yiew

Looking at raw hits...

Tuple Loop LCD LCIO Window Help

B pions-10gev-perp-5LIC_v1r9p<_cdcaugDS_np.sicio

-

[« > 1]

e E Frograrms

|[ % Examples = | [#] DigiSimExamplejava * | LCSim Event * |

G.Lima — Snowmass ILCW '05 -

2005/08/14-27

?/f"

— O
mcadd

- [#] DigisimExample ‘|Run:0 Event O
I Databets N Event '« :[Collection: HealBarrRawHits size:267 flags: 28000000
o [ aida40080aida [ EcalBarrHits s CelllD Amplitude Timestamp
_ 52918747320549765 43559 —a0| -~
[ EcalBarrRaw2sim | | |~ S 5c057684468619 129328 HE
[ EcalBarrRawHits | || -720547249997738. . 42239 262
27303132870476174 55524 54
EcalEndcapRaw2s |
[ EcalEncicapRaw 1 | [-e5z014515675295 63300 77
[ EcalEndeapRawHil | 1 17735801160860075 —47417 53
[} ForwardEcalEndcd—] | -402483747540168. . 57165 —52
[ HealBarrHits | 19987330391605664 49677 -114
. | -678254006677909. . -42588 199
HoalBarrFawd sirm g
O : |-263089013011068. .. -51173 33
[ HealBarrRawHits| | | - 12950498922512232 48461 89
[ HealEndcapHits | 284764921659778 SE520 5
[ HealEndeapRaw2io| ;| 2B4B65 180744070 277069 5
&l m o] |} #6L635E4102695307 48640 94|
kEB/131.0 kB seqgm is = MonproiectiveCylinder -
HiDEBEsryrel: Totzsl # cells: 28851845 g
L Compiler = L Record Loop ><|
!Anah.fzed 1 records in 5812ms | 6.56,8.27M]2



...and raw -> sim links

-

[« > 1]

‘?_ﬁ Frograms

[#] ClusterFinding

B il

A pions-10gev-perp-SLIC_v1r9pd_cdcaug0S_np.sicio

LCSim Event * | [#] ClusterFindingjava * | [#] JetFindingjava * |
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_: £ Examples # @ DigiSimExample.java #
% D|g|§|mExampIE “|Run:0 Event 3
¥ ﬁ Da{:tSzpsdmg Ewent -~ | i|Collection: EcalBarrRawz sim size: 117 flags: 0000000
- ’ [ EcalBarrHits : et i Velgi
@ pions-10gev-pe - _ “|EcalBarrRawHits[0]  |EcalBarrHits[2 1] 1.0000|~
¢ @ aidad0080aida | || [ EcalBarrHitsNNCIUs! | SIE BarrRawHits[1]  |EcalBarrHits[17] 1.0000]—
- EcalBarrDigitizel - [ EcalBarrRawz sirm “|EcalBarrRawHits[2] EcalBarrHits[104] 1. 0000
. EcalEndcapDigit) - [ EcalBarrRawHits | =| -|EcalBarrRawHits[3] EcalBarrHits[103] 1.0000
- HcalBarrDigitize El EcalEndcapHits EcalBarrFawHits[4] EcalBarrHits[E] 10000
o HealEndcapDigil SEcalBarrRawHits[5] EcalBarrHitz[22] 10000
clustersets || - [ ForwardEcalEndcap “|EcalBarrRawHits[&] EcalBarrHits[5 6] 1.0000
clusters |j| HcalBarrHits — §§ EcalBarrFawHits[7] EcalBarrHits[11] 10000
ENErgy D HealBarrHitsHMCus EcalBarrRawHits[5] EcalBarrHits[10] 1.0000
njets El HealEndcapHits ; EcaIEarrRawH!tz[Q] EcaIBarrH!tS[QE] 10000
o _ s|EcalBarrRawHits[10]  |EcalBarrHits[20] 12000
[ LuminasityanitorH “|EcalBarrRawHits[11]  |EcalBarrHits[3] 10000
E‘| MiZParticle = §§ EcalBarrFawHits[12] EcalBarrHitz[2&] 10000
; | m | o (] i M [T ’|_ EcalBarrFawHits[12] EcalBarrHits[&&] 100001
11:456:12 BM ----------- compile successful
L Compiler = L Record Loop =
!Anal'fzed 1 records in 327ms ! 15120180
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DigiSim Status

* A digitization simulation package, DigiSim, has been developed at NICADD/NIU

Java version released is full featured. Same configuration file as C++ (Marlin steering file)

C++ version partly available. Same basic structure, missing are crosstalks and noise modeling, as
they depend on geometry-aware classes (CGA?)

Several generic modifiers are available (smeared linear transforms, crosstalk, noise,
discrimination, etc. (Note: crosstalk and noise modifiers are not available in C++ version)

LCRelations implemented to associate raw hits to one or more corresponding simulated hits

* DigiSim can be run in either a stand-alone mode to produce persistent Icio output, or as an

on-the-fly preprocessor to reconstruction/analysis.
In the former case, raw/digi hits and LCRelations are saved into the output LCIO files, in addition to
all the (untouched) MC information present at DigiSim input.

* A test version of a digitizer for a tile HCal barrel currently exists
It can be used as an example to implement other subdetectors, like endcaps, ECal, RPCs, GEMs,
tracker detectors. See example presented in this talk.

.".{':.::I D 23
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Dig1S1m status (cont.)

Other people are encouraged to add DigiSim configurators
for RPCs, GEMs, trackers, and to make sure their algorithms
can easily make the switch to use digitized data.

* Both C++ and Java versions are available through official CVS servers
C++: released in the Calice CVS repository
Java: released in the LCSim CVS repository. Download instructions from the confluence pages

* Documentation available from http://nicadd.niu.edu/digisim, including downloading
and building instructions

* Send any questions or comments to: lima at nicadd.niu.edu

7 @
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Thanks!

a0
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A common transformation

output

threshold

GainDiscrimination is a smeared
lin.transf. + threshold on energy

SmearedGain and SmearedTiming
are smeared linear transformations

Smeared on energy and time respectively
linear
transformation
i i i f i i | | E
mput
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