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Basic requirements

Goal: develop a program to simulate the digitization
system, to be used for the test beam. Resulting modules
may be used as a basis for the digitization of the full
detector simulations.

All test beam code 1s based on C++.
Use LCIO for persistency, and Marlin as the framework.

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



Digitizer role

Detector simulation (Geant4) produces 1deal energy depositions 1n
detector cells

Real detector produces real hits, with ADC counts and time stamps
in readout channels

Basic role of digitizer 1s convert the energy depositions and timings
into electronics readout, so that simulation output can be as close as
possible to the detector output. Same reco / analysis code can be
used for both.

As close as possible means that all known data acquisition effects
should be taken 1nto account, if possible (inefficiencies, noise,
crosstalks, non-uniformities, etc.)
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_celllD : int

_energy : float
_mcpvec : MCPartContVec
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RawCalorimeterHit
_channellD : int
_amplitude : int
_timeStamp : int
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MCParticleCont
Particle : MCParticle*
Energy : float

Time : float
PDG : int

* CalorimeterHits to be built by reconstruction

| CalorimeterHit
~_cellID : int
. _energy : tloat
| _time : float
_type : 1nt
| _rawHit : LCObject*

program, from RawCalorimeterHits
* [_CRelation links not yet implemented



CalDig1 class diagrams
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Steering file example (1/3)

HHHHHH R R R R R
# Exanple steering file for Marlin
HH A T A R A

.begin Qobal ----------------cc-aaaaiiiao
# specify one ore nore input files (in one ore nore |ines)
L AnputFiles inputfile

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

ActiveProcessors EMCal D gi Processor

Acti veProcessors HADCal D gi Processor

Act i veProcessors Qut put Processor

# limt the nunmber of processed records (runtevt):
MaxRecor dNunber 500
e Chohal-s s S NN STl TR TS Tl Tl T St T e



Steering file example (cont.)

HHHH R R AT R AR R R R R R R R R A R R R R R R R R R

# Cal digitizer processor. Instantiates one or nore calorineter hit

# "nodifiers", which together represent the full digitization process.
.begin EMCal Di gi ProCesSS0Or - ------- oo mmmm oo oo oo oo
Processor Type Cal Di gi Processor

| nput Col | ecti on EMal Col | ecti on
CQut put Col | ecti on EM awCol | ecti on
Cal ori neter Type EM

(As many as needed)
Modi fi er Names EMFi xedGai n EMThreshOnl y

# Paraneters are: gainNom gainSigma thresh threshSi gma

EMFi xedGai n 1000000 0 0 0
EMThr eshOnl y 1 0 30 0
EMSI ngl ePass 1000000 0 30 0
EMZaussi anGai n 1000000 50000 0 0
EMZai nThr esh 1000000 50000 30 1.5

=] T B e I



10 GeV 1 on EM: gain + threshold

Comparing EM energies - 10 GeV pions

# entries / bin A EMcalCollection - hCelledep
10000 # BawHistos - EM: Log ADC counts

pllection - hCelledep
490949
-3.6275
0.44879
20

Log ADC counts
i 48622

240069
0.39587
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Log( Elive (GeVy ) -or- Log{ ADC counts)



10 GeV 1 on EM: time stamps

# entries / bin

Comparing EM time stamps - 10 GeV pions

¥ EMcalCollection - htcontr

105 + RawHistos - EM: Log time stamps
EMcalCollection - htcontr
4 Entries : 30021
10 Mean : 0.71572
Rms: 0.29464
RawHistos - EM: Log time stamps
103 Entries : 48622
Mean : 0.65728
Rms : 0.28925
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10 GeV  on HAD: gain + threshold

# entries / hin
8,000

7,500
7,000
6,200
6,000
5,500
5,000
4,500
4,000
3,500
3,000

Comparing HAD energies - 10 GeV pions

@® HADcalCollection - hCelledep
B RawHistos - HAD: Log ADC counts

Log{ Elive (GeVy) -or- Log{ADC counts)

HADcalCollection - hCelledep
Entries : 114762
Mean : -3.6397
Rms : 0.99433
OutOfRange ; 1293

RawHistos - HAD: Log ADC counts
Entries : 65614
Mean ; 3.0815
Rms : 0.55902
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10 GeV w on HAD: time stamps

Comparing HAD time stamps - 10 GeV pions

# entries |/ bin = HADcalCollection - hicontr

105__ [0 RawHistos - HAD: Log time stamps

+ = HADcalCollection - htcontr
4 T EL, Entries : 116079

10 ¢ Mean : 0.91653
T Rms: 043249
T Ee OutOfRange : 1

1ﬂ3____ RawHistos - HAD: Log time stamps
¥ Entries : 65613
I Mean : 0.85290
T Rms : 0.38232
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Status

A first version (proof of concept) is implemented

— First real tool implemented: gain + threshold. No “saturation” effect for now.

— LCRelation: to be implemented (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 raw hits, plots confirm expected behavior.

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

Crosstalk requires cell-neighborhood. NonProj code exists (java and C++),
but projective geometry is available only in java.



Some open questions

* Requirements on ordering of modifiers execution (like crosstalks before
hot channels)

* Varnables the modifiers can depend on?

- Now available: celllD, energy deposition and timing

— Not available: space points (x,y,z) and cell neighborhood
Need a geometry-aware class to provide missing information



