A digitization simulation package
for the International Linear Collider

Guilherme Lima
tfor the ILC group at NIU

NORTHERN ILLINOILS

'_#,,UNIVERS]TY

LC Simulations Workshop
DESY, December 10, 2004



Talk Outline

* Singletons!

* DigiSim: Purpose and requirements
e Package description

e Usage and configuration

* Developing new functionality

* Preliminary results

e Current status and summary

. . . =0 =
Guilherme Lima, DESY SimWS$, 2004-12-10 Cmcadd




A typical clustering code

LCCollection* col = event->getCollection(“EMcalCollection”);

SimCalorimeterHit *ihit, *jhit;

for( int i = 0; i < col->getNumberOfElements(); ++i ) { // loop over EM hits
ihit = (SimCalorimeterHit*)col->getElementAt(i);
int icelllID = ihit->getCellIDO();

// find a neighbor hit
int neighID = findANeighborHit(icelllID);

for( int j = 0; j < col->getNumberOfElements(); ++j ) { // a nested loop!
jhit = (SimCalorimeterHit*)col->getElementAt(j);
int jcellID = jhit.getCellIDO();

if( jcellID == neighID ) { // neighbor hit found
// ...do some processing here...
}
}
}



Better: use hit maps

LCCollection* col = event->getCollection(“EMcalCollection”);

CalHitMap hitmap; // Create a hit map
for( int 1 = 0; i<col->getNumberOfElements(); ++i ) {

ihit = (SimCalorimeterHit*)col->getElementAt(1i);

int cellID = ihit->getCellIDO();

hitmap[cellID] = ihit; // populate hit map
}

SimCalorimeterHit *ihit, *jhit;

CalHitMap::iterator iter, jter;

for( iter = hitmap.begin(); iter !'= hitmap.end(); ++iter) { // loop over hits
ihit = *iter;
int icelllID = ihit->getCellIDO();

int neighID = findANeighborHit(icellID); // find a neighbor
jter = find( hitmap.begin(); hitmap.end(), neighID );
if( jter!=hitmap.end() ) { // neighbor found
jhit = *jter;
// ...do some processing here...
}

}



Even better: use a singleton

// fetch the hit map filled by a singleton class
CalHitMapMgr* pHitMgr = CalHitMapMgr::getInstance();
CalHitMap& hitmap = pHitMgr->getCollHitMap(“EMcalCollection”);

for( int i = 0; i<col->getNumberOfElements(); ++i ) {
ihit = (SimCalorimeterHit*)col->getElementAt(1);
int cellID = ihit->getCellIDO();

// look for a neighbor

int neigbID = getANeighbor();

jhit = find( hitMap.begin(); hitMap.end(); neigbID );
//... do some processing here ...

Remember: people out there are copying your code into their
analysis/reconstruction code. Itis up to you to give them
good code to be copied!



Uh? What's a singleton?!

* Singleton: typedef map<int,SimCaloHit*> CalHitMap;

a class behavior to class CalHitMapMgr {

inforce that only a single  public: ;
// To be used i1nstead of constructor

instance of a given class static CalHitMapMgr* getInstance() {
will ever exist if( ! me ) me = new CalHitMapMgr();
' return _me;

* Example: optimize data :

access (hit maps keyed static void destroy() {if(_me) delete me;}
CalHitMap& getCollHitMap(string& name);
by cellID)

private:
e (Other hit collections can CalHitMapMgr(); // constructor

i : ~CalHitMapMgr(); // destructor
also be made available in e

a similar optimized wa private: .
P y static CalHitMapMgr* _me;

}



DigiSim
* (Goal: a program to simulate the digitization process

for the ILC detector stmulation

* 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.

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

* 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-uniformities, etc.
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Requirements and choices

* Basic requirements:

— Object oriented design to simplify maintenance and
implementation of new functionality

— Should be used within the CALICE test beam project,
as a testbed for the reconstruction framework

— All test beam code based on C++ and LCIO

* Gaede's Marlin (v0.6) chosen as the C++ framework
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[.CIO event model

LCEvent
I e et LCCollection

%

v v e ety
SimCalorimeterHit RawCalorimeter Hit 3 " CalorimeterHit
_cellID : int _channellD : int - _celllID : int
_energy : float - _amplitude : int - _energy : float
_mcpvec : MCPartContVec | __ | _timeStamp : int ‘ _time : float

_type : int
1 " LCRelation - _rawHit : LCObject*
* SRR W R —_ — - — = — —
V
MCParticleCont

Particle : MCParticle*
Energy : float

Time : float
PDG : int

* DigiSim: SimCalorimeterHits --> RawCalorimeterHits
* Reco: RawCalorimeterHits --> CalorimeterHits
e [LCRelations associating SimHits to RawHits have not yet

been implemented

0
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\\ Marlin

MARLIN |«

=

\ﬁamework
Processor |

Dig1Sim class diagrams

CalHitMapProcessor DigiSimProcessor Transient class
, i \ % = " \§ used by modifiers
1y 3¢ 5 TempCalHit
. CalHitMapMgr © CalHitModifier 7
SR AL | |
Utility for optimal FunctionModifier GainDiscrimination
data access (singleton)
A AR R AC R
AT Bar ' CalDigiCrossTalk |



SimHits[L.CCollection

DigiSim event loop

DigiSimProcessor

\

| RawHitsLCCollection

Moditiots

v

SimCalo.Hits — » TempCalHits

<«——» TempCalHits ——»RawCalo.Hits

e (Calorimeter hits are shown here, but the same structure could also be used for tracker hits

* TempCalHits are both input and output to each modifier

* All processing is controlled by a DigiSimProcessor (one per subdetector)

* Modifiers are configured at run time, via the Marlin steering file

* New modifiers can be easily created for new functionality (more info later)
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Steering file example

HHBHHH B RHH R HH R HH R HH R TR TR TR R R

# Exanple steering file for Digi Sim

HHBHHH B R P H R TR H R R R R H R HH RR TR

.begin Aobal ---------------- e
# specify one or nore input files (in one or nore |lines)
LG A nputFiles inputfile

# the active processors that are called in the given order
Acti veProcessors Cal H t MapProcessor

Acti veProcessors EMD gi Si nProcessor

Acti veProcessors HADD gi Si nProcessor

Acti veProcessors TCDi gi Si nProcessor

Act i veProcessors Qut put Processor

# limt the nunber of processed records (runtevt):

MaxRecor dNunber 500
AR O o S S N n T AR T B TN Al g T Tl TS el g TS B g SR S
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Configuring processors and modifiers

HHAHTH R R R S R T R HH R R A T R

# A DgiSimprocessor. It instantiates one or nore calorineter hit

# "nodifiers", which together represent the full digitization process
.begin EMDI gi SI MProCesSSOr - ----- oo oo oo oo oo
Processor Type Di gi Si nProcessor

| nput Col | ecti on EMal Col | ection

Qut put Col | ecti on EM awCol | ecti on (AS many as needed)

Modi fi er Nanes EMFi xedGai n EMThreshOnly EMDI gi | dent

# Paraneters:. type gai nNom gai nSig thresh thrSig
EMFi xedGai n Gai nDi scrim nati on 1000000 0 0 0
EMIhr eshOnl y Gai nDi scri m nati on 1k 0 30 0
EMzi nThr esh Gai nDi scrim nati on 1000000 50000 30 L5
# A function-based nodifier ElinNom ElinSig TlinNom TlinSig
EMDI gi | dent Snear edLi near 1 0 1 0
=1 4o B R i I

s 3 ; f.f""::' o
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Existing moditiers

E
gﬂL output

threshold

GainDiscrimination 1s a smeared
lin.transf. + threshold on energy

SmearedLinear 1s a func-based
smeared linear transformation

.Smeared on energy and/or timing
linear
transformation
E.
' input

—
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Creating new modifiers

CalHitModifier

setDebug(int) : void
newlnstance() : CalHitModifier* = 0

FunctionModifier

_par . floats

init(floats) : void

processHits(TempCalHits) : void
print() : void

transformEnergy(hit) : double = 0
transformTime(hit)

: double =0

1

init(floats) :void =0
processHits(TempCalHits) : void=0
print() :void =0

GainDiscrimination
_par . floats
newlnstance() : CalHitModifier*
init(floats) : void
processHits(TempCalHits) : void
print() : void

energyToADC(double)  : double
isBelowThreshold(double) : bool

SmearedLinear

newlnstance() : SmearedLinear*
fffffffffffff 3 transformEnergy(hit) : double
| transformTime(hit) : double

YourClassHere

Start by copying either
one of the existing classes,
then implement what is needed



10 GeV * on EM: gain + threshold

# entries [ bin

Comparing EM ADC counts - 10 GeV pions

% Fixed gain - No threshold

30,000 + Gauss gain - No threshold
29,000 = & Gauss gain - Fixed threshold
28.000- B \ 1 Gauss gain - Gauss threshold
AR ~ 1401{6 V 2 1 4() COuntS Fixed gain - No threshold
26,000 Entries : 184319
25,000 Mean : 257.36
Rms: 204.51
25h000 E3 OutOfRange : 17910
23,000 ¢ < 29 — 1 000000 Gauss gain - No threshold
22,000 galn — Entries : 184346
21,000 Mean : 257.31
1 | Rms : 204.77
20,000 thre Shold — 1 25 OutOfRange : 17883
19,0007 Gauss gain - Fixed threshold
18,000 Entries : 137580
17,000 Mean : 313.31
Rms ; 208.28
16,000 OutOfRange : 17883
15,000 . . Gauss gain - Gauss threshold
14,000 Entries : 137308
L0007 Fixed gain, no threshold (FGNT) e 7908
! Rms : 209.83
12,000 ; ° b -
4 e | OutOfRange; 17892 |
| e Gaussian gain, no threshold (GGNT
s 2
10,000 . . .
5,000} .. Gaussian gain, fixed threshold (GGFT)
8,000 :
7,000 L=
6,000 e
5,000+ s P
4,000—% ey S
3,000 | Egz‘“‘éh-._.m_.‘.. =
2,000 e o oA .
1,000 i oo ST B e i
0 o Y ad o~y - | | 1 | | | 1 | | | 1 | | 1 1 | | ]
0 5II] 1I:IIIJ 15IIJ 2IIJIJ 2I5l] 3IIIIl] 3I5l:l 4IIJIJ 45II] 5I:IIIJ 5I5IJ ﬁ[IIIJ 65Il] TIIJIJ ?I5I] SIZIIIJ 3I5l] 9lI]lJ 95I(] 1,I]IIJIJ
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10 GeV * on EM: gain + threshold

RawHistos - EM: Log ADC counts

# entries [ bin

@ Fixed gain - No threshold

37,000 B Gauss gain - No threshold
36,0007 == FGNT 4 Gauss gain - Fixed threshold
35,0007 » Gauss gain - Gauss threshold
GGNT
y sl —E—
33,000 Fixed gain - No threshold
32,000 Entries : 202016
31,000 GGFT Mean : 2.3703
30,000 Rms: 0.45241
29,000 OutOfRange : 213
28,000 1 b f Gauss gain - No threshold
27,0007 Sal I le Ot as e Ore Entries : 202020
26,000 o s Mean : 2.3696
25,000 . Rms: 0.45318
st now with log-x
23,000 g Gauss gain - Fixed threshold
22,0007 Entries : 155463
21,0001+ = Mean : 2.5142
20,000 - Rms : 0.37123
19,000 Gauss gain - Gauss threshold
18,000 Entries : 155200
17,000 Mean : 2.5093
16,000 g L Rms : 037726
15,000 e |
14,000
13,000 —E—
12,000 i
11,000 T =
10,000+ 1%
9,000 3
8,000 ==
7,000 g
6,000 |
5,000 -
4,000
3,000 ——
2,000 “‘“"‘z_ﬂ
1,000+ L
0 - [ I I I I I I I I e e
T T T T T T T T T T T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0
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10 GeV ~ on EM: time stamps

Comparing EM time stamps - 10 GeV pions - SDJan03

# entries [ bin & Fixed gain - No threshold
106__ B Gauss gain - No threshold
7 a4 Gauss gain - Fixed threshold
1 + Gauss gain - Gauss threshold
1 . . . Fixed gain - No threshold
S Entries : 198141
. No time smearing in
T Rms : 3.0819
T . OutOfRange : 4088
thlS exal I lple Gauss gain - No threshold
Entries : 198141
T Mean : 4.4997
4 Rms : 3.0819
10" ¢ OutOfRange : 4088
_.—I Gauss gain - Fixed threshold
T Entries : 152678
I Mean : 4.4515
1 ::l Rms : 2.8740
< OutOfRange : 2785
] Gauss gain - Gauss threshold
o Entries : 152448
Mean : 4.4466
1 Rms : 2.8554
1 QutOfRange : 2752
102—::—
4 -|J
101—::— 1+
100 +o—n—n—nl : : : : : : : : |
1] ] 10 15 20 25 30 35 40 45 50
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10 GeV * on HAD: gain + threshold

# entries / bin

Comparing HAD ADC counts - 10 GeV pions - sdjan03

Fixed gain - No threshold
Gauss gain - No threshold

10°
A Gauss gain - Fixed threshold
# Gauss gain - Gauss threshold
~1.7MeV = 1700 ADC counts
Fixed gain - No threshold
Entries : 419495
105__ Mean : 816.21
x Rms ; 1166.0
71 OutOfRange : 30776
T GGGT Gauss gain - No threshold
I Entries : 419487
1] Mean : 815.29
4 Rms : 1165.3
107 = QutOfRange : 30784
Gauss gain - Fixed threshold
-+ Entries : B6483
] Mean : 2816.4
iy Rms : 87247
OfRange : 30784
3 %%-W
107 = Gauss gain - Gau Id
=) Entries : 85643
] Mean : 27804
i 3 Rms : 924.31
1l OutOfRange : 30808
10%¢
“gain” = 1000000
i gain’ =
10!
1004 I 1 :* — | : : : : . : |
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
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10 GeV * on HAD: gain + threshold

# entries [ bin

Comparing HAD energies - 10 GeV pions - SDJan03

#* Fixed gain - No threshold

30,000 + Gauss gain — No threshold
29,000+ FGNT & Gauss gain - Fixed threshold
28,000+ [ Gauss gain - Gauss threshold
GGNT  mss
Fixed gain - No threshold
26,000 Entries : 445370
25,000 GGFT Mean : 2.3577
e Rms : 1.0073
23000 OutOfRange : 4901
23,000
2 Gauss gain - No threshold
22,000 Entries : 442395
21,000 e Mean : 2.3730
Rms : 0.99210
20,000 OutOfRange : 7876
14,0007 :;g:. Gauss gain - Fixed threshold
18,000 Entries : 117263
17,000 Mean : 3.5707
e Rms : 0.28421
15,|:||:||:|—— = OutOfRange : 4
2 Gauss gain - Gauss threshold
14,000 Entries : 116448
13,000 Mean : 3.5646
Rms : 0.29420
12,000 L OULOFR . 3
11,000
10,000
9,000 [
8,000
|-
7,000
6,000+ b
5,000 _
L
4,000 404
3,000 La
2,000 ==
1,000 i
0=l . = e T P T P Y o = : ' t I'm LB o e  w §
0.0 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0
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10 GeV * on HAD: time stamps

# entries / bin

106—__-

10

10

10

10

Comparing HAD time stamps - 10 GeV pions

Gauss gain
O Gauss gain -
O Gauss gain -

Fixed gain - No threshold

Mo threshold
Fixed threshold
Gauss threshold

Fixed gain - No threshold

Entries : 426171
Mean : 6.7637
Rms: 4.5271
OutOfRange : 24100
Gauss gain - No threshold
Entries : 426171
Mean : 6.7637
Rms: 4.5271
OutOfRange : 24100
Gauss gain - Fixed threshold
Entries : 115430
Mean : 6.3936
Rms: 3.4894
OutOfRange : 1837
Gauss gain - Gauss threshold
Entries : 114600
Mean : 6.4262
Rms: 3.5827
L OutOfRange ;- 1857 |

3 10 15
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Status

A first version of DigiSim (proof of concept) is implemented

— Two real modifiers implemented:
GainDiscrimination and function-based SmearedlLinear

— LCRelation: to be used (soon?), example code at hand (thanks to F.Gaede)

Output LCIO files contain EM and HAD RawCalorimeterHit collections,
while keeping simulation collections untouched.

Analysis code for plotting raw hits, plots confirm expected behavior.

Creation of new (simple) modifiers is quite easy, by just copying one of the
existing modifier classes and implementing the desired transformation.

Some complicated ones: crosstalk and cell ganging require neighborhood
information, from geometry-aware classes. NonProj code exists (java and
C++), but projective geometry only available in java.



Summary

* A first version of a digitization simulation program, DigiSim, has been
developed at NIU, aiming at full digitization of ILC detector simulations

* DigiSim is object-oriented, powerful, extensible, yet very simple
implementation using C++

* Digitization of tracking detectors can probably be implemented as easily
as the calorimeter hits

e CALICE test beam can use DigiSim as a testbed, for evaluation and
improvement suggestions. Please use it for your digitization studies.

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

* Documentation available at http://nicadd.niu.edu/digisim/DigiSim.html,
including download and building instructions

; . ; O ===
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Hier heute zu sein ist nett.
Ich hofft bald zuriickzukommen!

Danke!

Disclaimer: grammatical errors
are google's, not mine!



10 GeV ~ on EM: time stamps

Comparing EM time stamps - 10 GeV pions

# entries / bin # Fixed gain - Mo threshold
105__ Gauss gain - No threshold
S Gauss gain - Fixed threshold
T Gauss gain - Gauss threshold
T | Fixed gain - No threshold
105__ Entries : 202229
¥ Mean : 0.66681
I Rms: 0.31737
+ ~ 1 + 1 1 Gauss gain - No threshold
+ X 9 Og Sca e Entries : 202229
4 Mean : 0.66681
10 b . . ff Rms : 0.31737
I & - 1nn1ng e eCt Gauss gain - Fixed threshold
T Entries : 155463
1 oy Mean : 0.66175
| Rms : 0.30845
3L " .
107 o ! Gauss gain - Gauss threshold
e i Entries : 155200
+ = Mean : 0.66111
+ ' Ey Rms : 0,30663 |
107+ e Il
1l]1—__— e
E S 1 bef
1 ame p ot as betore,
o s
“ in | 1
187 now 1n 10g Scaic
107! : : : : : : : : : |
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Logimes)

s 3 ; f-.-("_'::' o
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10 GeV * on HAD: time stamps

# entries / bin

Comparing HAD time stamps - 10 GeV pions - SDJan03

A Fixed gain - Mo threshold

105__ # Gauss gain - No threshold
S ¥ Gauss gain - Fixed threshold
T 1- Gauss gain — Gauss threshold
T e Fixed gain - Mo threshold
105__ Entries : 450265
¥ Mean : 0.8B8796
I ke Rms: 0.45312
I e OutOfRange : 6
+ | Gauss gain - No threshold
4 g Entries : 450265
10" ¢ o Mean : 0.8B8796
I Rms: 0.45312
T sl QutOfRange : 6
Gauss gain - Fixed threshold
Entries : 117267
103+ Mean : 0.80961
Rms : 0.29871
T Gauss gain - Gauss threshold
T Entries : 116450
T Mean : 0.81102
2 Rms : 0.29984
LR OutOfRange : 1
101-::—
llln-::— |
107! sl s : : : : : : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Log@imes)
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