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Summary for the barrel geometry

* Have updated

* the whole barrel crystals/dead materials
* the simplified front end geometries and materials

 Have released with the PandaRoot 18dec

whole barrel with crystals
and dead materials

carbon alveoles

wrappings and front inserts



The backward endcap digitization

* The backward endcap code by Oliver Noll

 Signal generator: Generate digitized waveforms from hits
* Two-gain digitized waveform
* High gain/low gain ratio = 10.5
* New noise models from beam test
* Power spectrum noise (amplifier response)
* ADC and transmission noise (ADC/FE electronics)
* Feature extraction: Extract time/amplitude from the waveformes,
and recover pile-ups

* TMAX filter: FIR filtering, amplitude extraction, hit detection, time
extraction

 Work to do

 The code is independent from PandaRoot
* Part of the code is written in Python
* Need to integrate to the PandaRoot framework



Digitization process in PandaRoot

PndEmcPgint

Signal generator
Preamplifier

APFEL ASIC/ — E— ) * Create analog waveform
et PulseShape > * Add electronics noise and
N digitize the waveform
SADC M

.,

FPGA Feature extraction

* Hit detection
* Amplitude/time extraction

PndEmcDigi * Pile-up recovery

Need to support both event-based and time-based simulation



The event-based simulation

Digis in Event 1 Digis in Event 2

Event-based - ‘ - ‘ -
TClonesArray: o = -

l Writeout to TClonesArray for each event




The time-based simulation

* The digitization should support the time-based simulation

* Because
* Panda readout is trigger-less

e At 20 MHz interaction rate, pile-up occurs

* Need to handle
e Add up multiple hits in SADC

» Separate waveforms as part of feature extraction

Add up hits

U 4 Start Time Active Time

Uhe | L

o

Extract amplitudes/times
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The time-based simulation (Il)

Digis in Event 1 Digis in Event 2
active wmdow

Sort by time and fill into the buffer
-

Pile-up digis /\ Modify
in the same |:'>
detector
element /\
l Writeout to TClonesArray for a certain time interval
Time-based

TClonesArray: 9




The strategy

* There are two digitization algorithms in PandaRoot

_ The default package | The forward package

Scope All EMC Only FW Endcap
Multi-gain waveform No Yes
Time-based simulation / . :
Waveform activate window SppEer f b SUIPPelE ) DY
Scalability OK Easier

* Implement a standalone backward endcap digitization package
based on the forward package. Will study and test the
digitization algorithms with this workable package.

* Need to consider the integration with other EMC modules
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Signal generator



The hits to waveforms process

Different simulators for different EMC parts (e.g. different noise
model/digitization parameters). Need to implement a new
simulator for the backward endcap.

:PndEmcFWEndcapTimebasedWaveforms | | ‘PndEmcHit | :PndEmcAbsWaveformSimulator :PndEmcWaveformDataBuffer
] | I I
| | |
| | |
| | |
| | |

Exec() | |

| |

] ]

[1oop fHRArray->AtHI): L !
|

|

theHit

Interface for
different EMC ;

modules
************ ’| :PndEmcAbsWaveformData
T
|
| o FillNewData()
|

_____________________ }
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The main class

PndEmcBWEndcapTimebasedWaveforms

-fAPD_LOWHIGH : PndEmchMultiWaveformSimulator
-fDigiPar : PndEmcBWEndcapDigiPar*

Define a new main
class for the signal
generator

13



The digitization parameters

PndEmcBWEndcapTimebasedWaveforms

-fAPD_LOWHIGH : PndEmchMultiWaveformSimulator
-fDigiPar : PndEmcBWEndcapDigiPar*

Mother class for the
signal generator

PndEmcBWEndcapDigiPar

PndEmcBWEndcapDigiPar

New digi pars

+ GetTimeBeforeHit() : Double_t

+ GetTimeAfterHit() : Double_t

+ GetWfCutOffEnergy() : Double_t
+ GetSampleRate() : Double_t

+ GetNBits() : Int_t

+ GetPulseshapeTau() : Double_t

+ GetPulsesapeN() : Double_t

+ GetEnergyRangeHigh() : Double_t
+ GetEnergyRangelow() : Double_t
+ GetGHLGRatio() : Double_t

+ GetADCNoiseHigh() : Double_t

+ GetADCNoiselLow() : Double_t

+ GetFENoiseHigh() : Double_t

+ GetFENoiseLow() : Double_t

+ GetPssigmaHigh() : Double_t

+ GetPsSigmalow() : Double_t

+ GetGesSigmaHigh() : Double_t

+ GetGesSigmalow() : Double_t

+ GetFIRCoeffFile() : TString

+ GetTmaxTaps() : Double_t

All
parameters
for signal
generation
and feature
extraction
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The simulator

PndEmcBWEndcapTimebasedWaveforms

-fAPD_LOWHIGH : PndEmchMultiWaveformSimulator
- fDigiPar : PndEmcBWEndcapDigiPar*

<

PndEmcAbsWaveformSimulator

i

PndEmcFullStackedWaveformSimulator

1

Mother class for the
signal generator

PndE meMultiWaveformSimulator

PndEmcBWEndcapDigiPar

New digi pars

This is the interface

Input: PndEmcHit

Output: Digitized Waveform
Inner algorithms: Dependent on
EMC modules

We implement a simulator for the
backward endcap
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The pulse shape

PndEmcBWEndcapTimebasedWaveforms

-fAPD_LOWHIGH : PndEmchMultiWaveformSimulator
-fDigiPar : PndEmcBWEndcapDigiPar*

Mother class for the
signal generator

PndEmcAbsWaveformSimulator

i

PndEmcFullStackedWaveformSimulator

o 1

PndE meMultiWaveformSimulator

PndEmcAbsPulseshape

PndEmcBWPulseshape

New pulse shape

PndEmcBWEndcapDigiPar

New digi pars

3500 APFEL Pulse (SADC)
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The modifiers

20

I I I
— ADC
— ADC + FE
15 — ADC + FE + APFEL + BIAS_LG ||
1
—_ ‘I
PndEmcAbsWaveformSimulator g w i
<5 3 |
.. 3
2
£
W
PndEmcFullStackedWaveformSimulator UT’%" ) .
| A i
R o i
f_“}. e i i i i ;
o 5 10 15 20 25 30 35 40
PndEmcBWEndcapTimebasedWaveforms Frequency [MHz]
-fAPD_LOWHIGH : PndEmchMultiWaveformSimulator Ko PndE meMultiWaveformSimulator
-fDigiPar : PndEmcBWEndcapDigiPar* K——
PndEmcAbsWaveformModifier
signal generator 0
PndEmcBWEndcapDigiPar PndE mcBWEndcapPulseAmplifier PndEmcBWEndcapMoiseAdder PndE mcBWEndcapDigitizer

New digi pars

New noise/digitization on waveforms

* Power spectrum noise

e ADC and transmission noise

w/ FFT analysis, smearing in frequency domain

Randomly smearing in time domain
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Class diagram for sighal generator

PndEmcBWEndcapTimebasedWaveforms

-fAPD_LOWHIGH : PndEmchMultiWaveformSimulator
-fDigiPar : PndEmcBWEndcapDigiPar*

<

Interface

Mother class for the
signal generator

Newly added for BW

PndEmcAbsWaveformSimulater |~ - - - - - - —T - T —- - - -~ - PndEmcAbsPulseshape
PndEmcFullStackedWaveformSimulator T
PndEmcBWPulseshape N I h
PndE meMultiWaveformSimulator
PndEmcAbsWaveformModifier
N
PndEmcBWEndcapDigiPar PndE mcBWEndcapPulseAmplifier PndEmcBWEndcapMoiseAdder PndE mcBWEndcapDigitizer

New digi pars

New noise/digitization on waveforms
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Feature extraction



The waveforms to digis process

Different analyzers for different EMC parts (e.g. different
feature extraction algorithms). Need to implement a new
simulator for the backward endcap.

:PndEmcWaveformToDigi | | :PndEmcWaveform | | :PndEmcPSAFPGASampleAnalyser | | ‘PndEmcAbsCrystalCalibrator
| [ | |
| | | |
| | | |
| | | |
! | | |
Exec() | | |
| | |
T T T
loop J ’ .
fWaveformArray->At(iWaveform} | ! I f f d ff
! | |
— | nterface for erent
< T | EM duls
| | C modules
|
alt : | !
|
thePSA /|_’_[ |
R E B |
' ! |
I ! |
Pmcess(theWavefDnﬂ) __ ! |
i |
Ll
,,,,,,,,,,,,,,,, ok ] |
< | :
t T |
ﬂ) GetHit(i, fdigiEnery, fTimeShift) L |
|
e __f tigEnergy, fTimeshit t|_| |
|
|
|
| Calibrate(fdigiEnergy, detlD) - !
|
[ fdigiE
S D _:_______'_Q'JLELQX ________________________ u
I
| |
D—pt) PndEmcDigi(trackld,detld, fdigiEnergy, fdigiTime, hitindex); |
[fdigiEnErQy > | [T |77 r-——>~F~FF~F~F~"""""7""""7""7"77 77— T :PndEmcDigi
fEnergyDigi Threshold] | :
! [
|
| |
[ |
! !



The main class

PndEmcBWEndcapDigi

- fHighLowPSA : PndEmcMultiPSA™
- DigiPar : PndEmcBWEndcapDigiPar*

Define a new main
class for the feature
extraction

PndEmcBWEndcapDigiPar

Digi pars (the same to
the signal generator)
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The PSA

PndEmcBWE ndcapDigi

PndEmcAbsPSA

+ Process(const PndEmcWaveform™) @ Int_t
+ GetHit(Int_t i, Double_t& energy, Double_t& time)

|

PndEmcMultiP SA

- fHighLowPSA : PndEmcMultiPSA* <

- DigiPar : PndEmcBWEndcapDigiPar* P —

Mother class for the
feature extraction

Newly added for BW

- fCombinator : PndEmePSACombinator®
- fPSA : vector<PndEmcAbsPSA™>

PndEmcBWEndcapDigiPar

Digi pars (the same to
the signal generator)

The PSA (pulse shape analyser)
is the interface to analysis
waveforms.

Input: PndEmcWaveform
Output: Hits with
energy/time information of
the input waveform

Inner algorithms: Depend on
EMC modules

We implement a new PSA to
handle the multi-gain
waveform
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The TMAX PSA

PndEmcBWEndcapDigi

- fHighLowPSA : PndEmcMultiPSA™
- DigiPar : PndEmcBWEndcapDigiPar*

< - fCombinator : PndEmePSACombinator®

Mother class for the
feature extraction

Newly added for BW

PndEmcAbsPSA

+ Process(const PndEmcWaveform™) @ Int_t
+ GetHit(Int_t i, Double_t& energy, Double_t& time)

PndEmcMultiPSA

- fPSA : vector<PndEmcAbsP SA*=>

The TMAX PSA contains
all the feature extraction
algorithms

Have one TMAX PSA for
each gain (so will have 2
for the BW)

A new PSA class to handle
multi-gain waveforms

PndEmcBWEndcapDigiPar

Digi pars (the same to
the signal generator)

0 PndEmcAbsPSA

f

PndEmcPSATmaxAnalyser
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FIR filtering

PndEmcPSATmaxAnalyser

- fEnergyList : vector<Double t=
- fTimeList : vector<Double_t=

+ Process(const PndEmcWaveform®™) : Int_t
+ GetHit(Int_t, Double t&, Double t&)

|- fir(Int_t*, Int_t) : Double_t*

- hit_det{int t Int £, Int t): Double t

20 Taps, 80.0 MS/s
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= w
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w
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Transfer function suppressed HF noise (low pass)

Z transformation of impulse response
N _
Zn:D h(ﬂ) -z "

B h(n) : Filter Koeffizienten

H(z) =

W z—=e

iwT

Each output value is weighted sum of most recent input values
out[n] = hpin[n] + hiin[n — 1] + ... + hyin[n — N]

e

AL b |
G u

" A
T,
W v
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Amplitude/Time path

PndEmcPSATmaxAnalyser

TMAX Companents (HG)

— FIR
—_— D
— D,

- fEnergyList : vector<Double_t=

- fTimeList : vector<Double_t=

|+ Processiconst PndEmcWaveform™) - Int t |

+ GetHit(Int_t, Double_t&, Double t&)
=fir(lnt_t*, Int_t): Double t
- hit_det{Int_t Int_t, Int T.]l Double_t

-2000

The TM_AX filter:

Deviation:  D[i| =T[i +r] — T[]

—5000

m’u[i] — _9(_D[1]) ’ D[l]

Falling edge

cancelling: D.[i]| = Dli| + D;,, 7]

EEEN BN BN NN BN NN BN BEEE BN BEEE BN IS BN B B B B S B B e .
ral
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Amplitude/Time path (Il)

PndEmcPSATmaxAnalyser

- fEnergyList : vector<Double_t=
- fTimeList : vector<Double_t=

|+ Processiconst PndEmcWaveform™) - Int t |
+ GetHit(Int_t, Double_t&, Double t&)

= fir(lnt_t*, Int_t) : Double _t*

- hit_det{int_t Int_t, Int_t): Double_t

The T, filter:

Extract amplitude/time 7
..l_at the Dsli] peak ik

=

Frayax[i]=0 : Dfi] =0

Fraaxli] = Fraax[i— 1]+ 2 . D] <0
Ds[f-]H{ Tmax[i) = Fryax[i — 1]+ = 4] <

D, integration
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Hit detection

2.0 ! ! ! I I

PndEmcPSATmaxAnalyser \ | — Weight Function

- - tut_peak

- fEnergyList : vector<Double t=
- fTimeList : vector<Double_t=

+ Process(const PndEmcWaveform®™) : Int_t
+ GetHit(Int_t, Double t&, Double t&)

- firfllnt t*, Int t): Double t*

- hit_det(Int_t Int_t, Int_t) : Double t

e A function to weight the hit
detection with the time under
threshold | g% Ttut  Tour < tutpeak

* The weight function is convoluted frut 7 {hitm; e @B ttear) Ly > tutpean
with the extraction function, and
a hit is detected when its value
passes a threshold (tutpeak, hityal) = (28,2)
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The combinator

PndEmcBWEndcapDigi

- fHighLowPSA : PndEmcMultiPSA™
- DigiPar : PndEmcBWEndcapDigiPar*

< - fCombinator : PndEmePSACombinator®

Mother class for the
feature extraction

Newly added for BW

PndEmcAbsPSA

+ Process(const PndEmcWaveform™) @ Int_t
+ GetHit(Int_t i, Double_t& energy, Double_t& time)

PndEmcMultiPSA

- fPSA : vector<PndEmcAbsP SA*=>

A new PSA class to handle
multi-gain waveforms

PndEmcBWEndcapDigiPar

Digi pars (the same to
the signal generator)

S

«Interface»
PndEmcPSACombinator

f

PndEmcPSAOverflowCombinator

+ Combine()

The combinator combines the
multi-output from the TMAX PSA
into a single output. Here we
always use the high-gain
waveform unless it is overflowed
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Class diagram of the BW package

Interface

PndEmcAbsPSA

+ Process(const PndEmcWaveform™) @ Int_t
+ GetHit(Int_t i, Double_t& energy, Double_t& time)

PndEmcMultiPSA

PndEmcBWEndcapDigi
- fHighLowPSA : PndEmcMultiPSA* <
- DigiPar : PndEmcBWEndcapDigiPar* <

Mother class for the
feature extraction

- fCombinator : PndEmePSACombinator®
- fPSA : vector<PndEmcAbsP SA*=>

The combinator combines the multi-
waveform input to a single output digi.
Now we always use the high-gain
waveform unless it is overflowed

«Interface»
PndEmcPSACombinator

f

PndEmcPSAOverflowCombinator

+ Combine()

A new PSA class to handle

multi-gain waveforms

Newly added for BW

PndEmcBWEndcapDigiPar

Digi pars (the same to
the signal generator)

0 PndEmcAbsPSA

f

PndEmcPSATmaxAnalyser

The TMAX filter
contains all the feature
extraction algorithms
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Summary and outlook

* Have developed a digitization package for the
backward endcap

* The new code is finished and compiled

* Will start the full test and give some test results in
the next collaboration meeting

* Need to integrate the code with other EMC
modules. Further discussion will be needed



Backups



PndEmcFullStackedWaveformSimulator

e determines length of
simulation window via

threshold

e if threshold ¢imuiation <

th r GSh O/ d feature extraction -

feature extraction will
see ‘complete” pulses

e remaining drawback:
rate of false-positive
hits drastically reduced

voltage

feature
extraction
threshold
waveform
simulation
threshold
- P
time time
before hit after hit
—
active time
time
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