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Talk Outline

* DigiSim: purpose and description
* Configuration
* An example: effects on hit energy distributions

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

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

* DigiSim role is 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

O
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oo |\LC{O event model

LCCollection
“\ Geant4 V* DigiSim V * for analysis

777777 T
SimCalorimeterHit RawCalorimeterHit i | CalorimeterHit |
_cellID : long _channellD : long < | _cellID : long |

_energy : float _amplitude : int . _energy : float
_mcpvec : MCPartContVec timeStamp : int . _time : float |
1 \ v 7 | _type :int |
v LCRelation __rawHit : LCObject® |

MCParticleCont

* DigiSim: SimCalorimeterHits --> RawCalorimeterHits
Particle : MCParticle*

* Reco: RawCalorimeterHits --> CalorimeterHits (analysis)
Energy : float

, * Note that _cellID and _energy access 1s identical for
Time : float

PDG : int SimCalorimeterHit and CalorimeterHit
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SimCalorimeterHits or CalorimeterHits?

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

* 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 methods, use (same) cellid as a key to access SimCalorimeterHits.

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

— Configuration files exist for most 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
Input LCIO event L Output LCIO event
Py . Y Digitizers P dJ
SimHitsL.CCollection \/ CalorimeterHits

SimCalo.Hits =~ ™ TempCalHits *» TempCalHits | » RawCalo.Hits

= A
H
LCRelations
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D1g181m class diagrams

C++ framework
-
. |MARLIN | — . \
%Proc;ssor 7
Utility for optimal DigiSimProcessor

data access (singleton)

Java framework

Driver

_ | org.lcsim

DigiSimDriver

CalHitMapMgr

A

/

CellSelector

\

BN

\ ... V Transient class
77777777777777777777777777777777 Dlgltlzer used by modifiers
| A\ )
abstract V TempCalHit

AbstractCalHitModifier | 7

A

\ ‘ abstract
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RandomNoise o rac_ — SmearedTiming DeadCell
A FunctionModifier
HotCell
GaussianNoise ExponentialNoise A CrossTalk
‘ GainDiscrimination —
SmearedGain SiPMSaturation AbsValueDiscrimination




100GeVY muons - DigiSim for EMCal (dentity transformation)

An 1dentity transformation

20GeV pions - DigiSim for EMCal (dentity transformation)

# entries [/ bin ® Input: simulated hits # entries / bin A Input: simulated hits
105 B Ourput: digitized hits 105_:_ # Ourpur: digitized hins
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
1o OutOfRange: 96 10 ¢ £ OutOfRange: 350
Output: digitized hits I Output: digitized hits
Entries : 357075 T o Entries : 149238
Mean : -0.89608 T Mean : -0.72353
3 Rms: 0.26422 3 ey Rms: 0.50869
10 OutOfRange: 95 1075 pind " OutOfRange : 345
=+ )
T _-an. = Y
+ | L
1 &
2 2 f&# hi
10 107% ‘*._. People can start
¥ ! ing digitized hit
] usin 12111Z€ 1S
1 N g dig
' immediately!!
1l]1 1I]1——
= d“
I -
T '
+ [ '3
0 1]
10 . 107 = oA
Double -> int -> double :
round-off discrepancies I
10714 | | : | ' {1071 | : | | 4 |
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Log( Energy (MeV) ) Log( Energy(Me\) )
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Setting up D1g1Sim modifiers

* Modifiers' role 1s to tweak hit energy/timing

* Important: It helps to interpret the “energy” field according to the
process to be modeled:

Energy (GeV) --> (light yield) --> # produced photons --> (photon
collection) --> # photons collected --> (Quantum effic) -->
# photoelectrons --> (Gain) --> uAmp --> (signal integration) --> charge
collected --> (Digitization) --> ADC counts

* DigiSim modifiers are just factors (or more generally, functions)
which represent each step along the digitization process

O
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A common transformation

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 | . B
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Setting up a Dig1Sim 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 One dlgltlzer per subdetector
Acti veProcessors Hcal EndcapDi giti zer

Acti veProcessors Qut put Processor

# 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 nLi nksCol | ecti on Ecal Barr Raw2si m

“Identity” factor 10° avoids
Modi f i er Names EMBDI gi I dentity

# nodi fier Name Type Parameters (fl oats) precision loss in the conversion
EMBDI gi | dentii t Snmear edGai n 100000000 0 .
Tend on oo YT T double -> int -> double

O
I.'.-‘ 1 1
G.Lima - ILCSimWS'06 @ Boulder - 2006/01/09-11 i:““::“ld



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
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Simple example: configuration for the tile HCal
* 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

#nodi f i er Nane type gai nNom gainSig thresh thrSig
HBI i ghtYiel d Gai nDi scrimnation 10000000 0 1 0

* Light crosstalk:

first neighbors: 1.5% to 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 <Npz> =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. 0029 1 0

7O
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45T

100GeY muons - DigiSim for cdcaug05_np HCal

# pintries [ bin

S HElightYield

4.0+ O HEcrosstalk

307

3.0T

25T

2.0

1.51

1.0

0.5

0.0-

G.Lima -

HElightYield
Entries: 785331
Mean : 3.8596

Rms: 0.51887
OutOfRange : 208

-1 0 1
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HEcrosstalk
Entries: 2168869
Mean : 2.7645

Rmsﬂ 0.96725

OutrgfRange : 710

3 4 2

[Light cross-talk

20GeY pions - DigiSim for cdcaug®5_np HCal

ries / bin HElightYield
ﬂﬁﬁ Entries : 506334
Mean : 3.6446
11T Rms : 0.70885
® HElightYield OutOfRange: 1
1.0 ® HBcrosstalk m
= HEcrosstalk
0.9 Entries : 1398040
u Mean : 2.5336
0.8 i Rms : 1.0959
- OutOfRange : 66
0.7 71 m
]
0.67T
[ ] - f
0.571
B = [ ] .. L
0471 - =l -
e
0.371 u L) ‘._
o -
4 = -
0.2 . ‘. 3
L
0.1+ iy i

i
==t .
0.0 _'-...‘F..!. mfl.. I



Photodetection

100 GeV muons - DigiSim for cdcaug0>_np HCal 20 GeV pions - DigiSim for cdcaug05_np HCal
:-:1l]5 # entries |/ bin S HEcrosstalk :-cll]S # entries [/ bin B HEcrosstalk
O HElightCollEFf HElightCollEFF
4.5 ® SiPMQuEFfic 1.1+ SIPMQuEFfic
£ 1.0T u
4.0 -
09T
35T u
0.8 -
3.0 0.7+ i =
2.5 3
. 0.6 i . -
2.0 05T
- B L
1.57 0.4 - e .
0.3 7T = -
1.0
0.2+ - -
'
0.5 0.1 'I' .I.
1 b
0.0 0.0 smaspasse=? | | i | —
-1 1] 1 2 3 4 o
Logi{# PEs) Logi{# PEs )
O
|f|'/ 15
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Simple example: parameters from the tile HCal
* Photosensor detection efficiency: QE ~ 15 %
HBPDQUEf fi c Gai nDi scrim nation 0. 15 0 1 0
* 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 TSig Mean Signa
# Note: sigma<O neans that threshold acts on absol ute value 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: Y MIP cut ~ 4 PEs: threshold at 4 +/- 0.25 (on abs value)

# Discrimnation t hreshol d Si gna

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

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

]
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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—— HEBExpoNoise
# HBGaussMoise ® HEGaussMoise
i + HBdiscrim ® HBdiscrim

™ \/
1l]1-- +
Mip peak ~ 15 PEs

1094 — | | - 10° | — | |

-1 0 1 2 3 -1 0 1 2 3

Log(# PEs) Log(# PEs)
79
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HCal scintillator digitization (preliminary)

100 GeV muons - DigiSim for cdcaug0S_np HCal

F yries | bin 4 Input simulated hits
* Output digitized hits

18T

1.7+ i Input: simulated hits

16+  Scintillation: 10* y/ MeV Entries: 783086

1.5+ Mean : -0.13432

14+  Photodetector QE: 15% Rms:  0.50275
. OutOfRange : 1497

1.3 —

12+ Effcoll - 001 11 +/' 00020 Output: digitized hits
. ) * Entries: 864919

L1T Expo + gauss noise Mean: -0.11531

L0 Rms : 0.35596

0.0+ IA MIP threShOId ™

0.8 &

0.7

0.6 . e *

0.5 simulated -

0.4+ . e,

0.3 digitized -

0.2 ' '

0.1

0.0 - I . B B ettt I
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Log( Energy(MeV))
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HCal scintillator digitization (preliminary)

20 GeY pions - DigiSim for cdcaug2>_np HCal

# entries / bin

# Input: simulated hits

24,000 % + Qutput: digitized hits
22,0001 Scintillation: 10" y/ MeV *
Input: simulated hits
20,000 Photodetector QE: 15% Entries: 505278
+ * Mean : -0.34908
18,000 Eff , =0.0111 +/- 0.0020 N Rms : 0.69615
N 4 OutOfRange ;: 1172
1600077 Expo + gauss noise o by, " Output: digitized hits
4 #* Entries : 375960
14,0007 1, MIP threshold *;x*xxﬂ&* v Mean: -0.019987
12,000+ " * L Rms : 0.43478
* L .
10,000 > 2
Wy *
B.000 T '
™ **
6,000 T ¥ e
e "
4,000 2 **
20007 jeue* ¥*Haﬁﬁm
l]||||||||||=||||||||||I|||||.I. I I I I Hi***#ﬂ*mm
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

G.Lima - ILCSimWS'06 @ Boulder - 2006/01/09-11

Log( Energy (Me\) )

7 @

Cmcadd

19



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.
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Dig1S1m status (cont.)

Other people are encouraged to add Di1giSim 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

O
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http://www-zeuthen.desy.de/lc-cgi-bin/cvsweb.cgi/calice_sim/digitization/digisim/?cvsroot=calice
http://confluence.slac.stanford.edu/display/ilc/cvs
http://www.lcsim.org/
mailto:lima@nicadd.niu.edu

