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* Digitization process update

* Code structure update plan



Digitization process in PandaRoot
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* Creating analog waveforms

* Adding noises and digitizing (UPDATE)
* Be able to produce Pile-up waveforms

Feature Extraction (FE)

* Hit detection

* Amplitude/time extraction (UPDATE)
* Pile-up recovery
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Biased APD, APFEL preamplifier for low/high gain
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Time extraction
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FIR: 20-coefficient filtering

Derivative (D)

- D[] =T + r] - TI[i]

Second derivative (D’)
- D[i] = D[i + r] - D[i]

TMAX

—— time: zero transit of D

— time: zero transit of D’ (NEW)

- TMAX[i] = Z(D[i]) - ©[-D[i]] * D[i]
- where O(x) =

- 0(x<0)

- 1 (otherwise)

—— amplitude: TMAX peak

v' Extracted times are closer to the peak time of the raw waveforms 6



Current BWEC digitization framework

Signal
Generator Task

Feature
Extraction Task

EmcHit

v Call Simulator
PndEmcBWEndcapTimebasedWaveforms = | e= == == m o >
- fAPD_LOWHIGH : PndEmcMultiwaveformSimulator < PndEmcMultiWaveformSimulator
- DigiPar : PndEmcBWEndcapDigiPar* —
- -
- - -
- ate
EmcWaveform < cre
L Call PSA
PndEmcBWEndcapDigi @000 |k e e e e
- fHighLowPSA : PndEmcMultiPSA* < PndEmcMultiPSA
- DigiPar : PndEmcBWEndcapDigiPar” p—
- -
- -
- -
- = - (
EmcDigi “ C

- Two tasks for signal generator and feature extraction respectively
- Simulator for creating waveforms from hits
- Pulse Shape Analyser (PSA) for creating digis from waveforms




The new “ExecutorTask” framework

PndPersistencyTask

A

[,-—Extends
|

template<class ParSet, class DataStruct>
PndProcessExecutorTask

+ fProcesses: vector<PndProcess<ParSet, DataStruct="
+ fParameterSet: ParSet”

+ fParameterSetName: TSiring

+ fData: DataStruct™

template<class ParSet, class DataStruct=
PndProcess

' + Process(): virtual void =0

+ AddProcess(PndProcess<ParSet, DataStruct="): void

+ SetParContainers(): void

+ SetupProcesses() void

+ SetupDataArrays) virtual void = 0

+ PrePracessing(): virtual void = 0

+ CallProcesses(): void

+ PostProcessing(): virtual void =0

+ ConvertToVector(TClonesArray™, vector<T"="): void

+ ConvertToTClonesArray(vector<T"*=", TClonesArray™): void

calls, + SetData(DataStruct”): virtual void = 0
callss__wi * SetupParameters(ParSet) virtual void = 0

2\

From Ben Salisbury
See his talk for details

— -_----_.._-_-,_----{}

A new OO design

Tasks that do similar jobs are
encapsulated into a single
“PndProcessExecutorTask”
(e.g. there should be a single
EmcDigiTask)

The encapsulated tasks now
become several “PndProcess”s



Code refactor (signal generator as an example)

New code
| = == = —
PndPersistencyTask |
! !
| i |
I ..
template<class ParSet, class DataStruct>
| PndProcessExecutorTask : Dlgl taSk
I «bind» I
[ <DataStruct -> EmcDigiData=
Cu rrent COd e | template<class ParSet> I
[ = = = = e e o e = = = = -1 EmcBWEndcapDigitizationTask I>—
PndPersistencyTask I - fProcesses: vector<PndProcess*> I
l I | |- fParameterSet: ParSet*
I I Ak fData: EmcDigiData* !
I I + CallProcessing(): void |
I | + SetParContainers(): void
| PndEmcBWEndcapTimebasedWaveforms | _— e e e . L o oo oo I
1 fHitArray: TClonesArray* I
- DigiPar : PndEmcBWEndcapDigiPar*
| |- fAPD_LOWHIGH : PndE meMultiWaveformSimulator | | j——="=-=-=-=-===-==== =
1+ Init(): virtual InitStatus I template<class ParSet, class DataStruct> I
+ Exec(Option_t* opt): virtual void | PndProcess I
b= L :
<ParSet -> EmcBWEnNdcapDig irar,
DataStruct -> EmcDigiData>

EmcBWEndcapHitToWaveformProcess

- MCHits: vector<EmcHit™>*
- DigiPar: PndBWEndcapDigiPar*
- fSimulator: PndEmcMultiWaveformSimulator

|
|
|
+ SetData(EmcDigiData*): virtual void l
|
|

A PndProcess

v Create a new task for digitization
v" Previous digitization task is refactorized as a PndProcess

+ SetupParameters(EmcBWEndcapDigiPar*> virtual void
+ Process(): virtual void




Code structure for BWEC digitization

Simulator

I
— o e
| [ PrdEmcAbswaveformSimulator |- ———===-—---—--——-————— = 3 PndEmcAbsPulseshape | I
PndPersistencyTask <=
[ PndEmcFullStackedWaveformSimulator | | T r—. | I
——{ PrdEmcMuliwaveformSimulator___| |
templaiesdass ParSel, class DataSiruct> . [ PrdEmcAbsWaveformbodfier | I
+ fProcesses: vector<PndProcess<ParSet, DataStuct™ Ko>——————————5 Iemplale<dasspl:1::1rPSel,c\m DataStruct> N
+ fParameterSet: ParSet® -n rocess I
+ fData: DataStruct” + Process{): virtual void = 0 I
+ SetParContainers(): void + SetData(DataStruct*): virtual void = 0
+ CallProcessing(). void + SetupParameters(ParSet") virtual void = 0 I I
iy
PndEmcBWEndcapPulseAmpliier | [ PndEmcBWEndcapNoiseAdder | | PndEmcBWEndcapDigitizer | I
0
abinds

<ParSet -> EmcBWEndeapDigiPar,

abind» DataStruct -> EmeDigiData>

<DataStruct -> EmcDigiData>

: 4 | m
R
Signal GeneratorProcess
BWEC Digi Tas e PSA
EmcBWEndcapHitToWaveformProcess
- MCHits: vector<EmcHit">* I P = e mm mm omm Em oEm Em e Em mm mm Em e e Em e e Em o Em Em e g
o= = = = == == I—IDigiPar: PndBWEndcapDigiPar*
template<class ParSet> - fSimulator: PndEmeMultiWaveformSimulator [ FRT—T—y dnterfacen
I = EchW?dca;)ﬂghzahunTask g: + SetDala[EmcDigiData"). virtual void I I = T e e B ] PndEmcPSACombinator I
- fProcesses: vector< rocess*> + SetupParameters(EmcBWEndcapDigiPar*> virtual void rocess(const P aveform”) - Int_t
- ParameterSet. ParSet” + Prossosy vt vo | capDIgPar vitial vol 1 + GetHit(Int_t i, Double._t& energy, Double. 14 time) + Combine()
| |-t EmcDigData” | e | I
+ CallProcessing(): void
+ SetParContainers(): void 1 — e m e e e I I
A —— — — EmcBWEndcapWaveformToDigiProcess PndEmcPSAOverflowCombinator |
- MCWaveforms: vector<EmcWaveform®>* - ' !
- DigiPar: PndBWEndcapDigiPar* I I _ i F‘ndErnr:MuIIlPS;j\ I
- fPSA: PndEmcMultiPSA - fCombinator - PndEn'lcPSAGon“blnator' <> o
+ SetData(EmcDigiData"): virtual void - fPSA - vector<PndEmcAbsPSA"> 5 PndEmeAbsPSA |
+ SetupParameters(EmcBWEndcapDigiPar*> virtual void I ! ! I
+ Process(): virtual void
Feature Extraction | S T ,

Process
10



Digitization for different EMC modules

v In the new framework, for EMC, simulation are separated for EMC modules.
Therefore, like BWEC, we should have several more “DigiTasks”

v For each task, it handles the data objects from its own sub-detector
v The simplified diagram are shown below (The “class names” and “structures” are
also simplified for demonstration)

I |
I |
I |
DigiTask1 I DigiTask2 l DigiTask3
O O ' O O ' O O
I |
l I
SGProcess1 FEProcess1 I SGProcess2 FEProcess2 I SGProcess3 FEProcess3 b
o0 | o0 | o0 |
I | |
l I I
Simulator1 PSA1 l Simulator2 PSA2 l Simulator3 PSA3 l
l I I
I | |
BWEC | Barrel | FWEC |

11



Class for common functionality among modules

One or more

PndEmcAbsWaveformSimulator

PndEmcAbsPSA

v To avoid code duplication, common

algorithms between modules are
implemented in one or more base class
| v This idea can also be applied to other
tasks (e.g. clustering task)

CommonSimulator CommonPSA
common I o
L aN
classes ————————————————
DigiTask1 DigiTask2
SGProcess1 FEProcess1 SGProcess2 FEProcess2
Simulator1 PSA1 Simulator2 PSA2

DigiTask3
0 ¢
SGProcess3 FEProcess3
0 Q
Simulator3 PSA3

12



* Summary
* Done some minor updates for the BWEC EMC digitization
* Noise normalization

* Time extraction
* Proposed an updated digitization framework based on the “ExecutorTask” framework

* Plan
* Keep optimizing the bwec digitization algorithm. For now, FFT is slow. Try to find a

better noise modeling method.
* Will implement the two-APD version digitization algorithm (can reduce noise rate).

* Will check in the code with the old framework. Plan to migrate to the new framework in
collaboration with Ben from Bonn University.



Backups



Pulse shape

T

T r— By LA 5 j\r
flo) = —A.c— . ("‘ ") (2.1)

Whereby 7 is describing the decay behavior. N has an impact on the rising and decay

ratio. 0 shifts the pulse in time. A is proportional to the pulse hight H:
A=H-
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APFEL ASIC pulse digitized
by the SADC

Two gains: HG/LG = 10.5
Full pulse width: ~1700 ns
Rising time: ~300 ns
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BWEC Digitization task

EmcBWEndcapDigitizationTask

- fProcesses: vector<PndProcess*> <>
- fParameterSet: FairParGenericSet* <

- fData: PndProcessData*

+ CallProcessing(): void
+ SetParContainers(): void
+ SetupDataArrays(): virtual void

An implementation for the BWEC EMC

Signal generation process

EmcBWEndcapHitToWaveformProcess

- fMCHits: TClonesArray*
- fDigiPar: PndBWEndcapDigiPar*
- fSimulator: PndEmcMultiWaveformSimulator

+ SetData(PndProcessData*): virtual void
+ SetupParameters(FairParGenericSet*> virtual void
+ Process(): virtual void

Feature extraction Process

EmcBWEndcapWaveformToDigiProcess

- fMCWaveforms: TClonesArray*®
- fDigiPar: PndBWEndcapDigiPar*
- fPSA: PndEmcMultiPSA

+ SetData(PndProcessData*): virtual void
+ SetupParameters(FairParGenericSet*> virtual void
+ Process(): virtual void

EmcProcessData

- fMCTracks: TClonesArray*

- fMCPoints: TClonesArray*

- fMCHits: TClonesArray*

- tIMCWaveforms: TClonesArray*
- fDigis: TClonesArray*

- fClusters: TClonesArray*

- fSubClusters: TClonesArray*

- fRecoHits: TClonesArray*

EMC data

16



Refactor of the feature extraction code

Current code

PndPersistencyTask

i

PndEmcBWEndcapDigi

fWaveformArray: TClonesArray*
fDigiPar : PndEmcBWEndcapDigiPar*

+ Init(): virtual InitStatus
Exec(Option_t* opt): virtual void

v" The previous Task are modified as a Process

v Data and parameters are handled by the
ExecutorTask, then passed to the Process

v PSA remains as a private class member

v Content of Exec() moves to Process()

New code

PndPersistencyTask

T

PndProcessExecutorTask

T

EmcBWEndcapDigitizationTask

- fProcesses: vector<PndProcess*>

- tParameterSet: FairPariGenerc
- fData: PndProcessData*

+ CallProcessing(): void
+ SetParContainers(): void
+ SetupDataArrays(): virtual void

PndProcess

|

EchWEndcagHitToWaveformProcess
- MCWaveforms: TClonesArray*

- : ItiPSA

+ SetData(PndProcessData*): virtual void

+ Process(): virtual void
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