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What is digitization ?

MC Generators MDI codes

* MC Generators Interface MDI format readers
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Problems:

ADC E-t: E-t ADC Simulation
A - Saturations Physics list R
/ ~ non-linearities Thresholds
(sensor, elec) Steps
Statistics
/“ Noise
» » I1hresholds .
Ecell Ecell
y y
Sampling calorimeters
. Mapping Mapping
(in)Efficicency Signal sharing
’ X-talk y
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in-cell non-linear effects

— Geometric efficicency, losses
ALL
— Field / Efficiency maps
— Saturation
« Scint: Birk's law
« Gas
— SIPM: stat / inefficicencies
— Non-poissonian statistics

« Sj, IAr: Fano factor

Vincent.Boudry@in2p3.fr

Electronics non-linearities

— Energy
* LE: (Electronics) Noises, Threshold effects
* HE: Saturation

— Time

* Time-slew
(method dependant : ToA, CFD, Shaping)

* Precision
Inter-cell
— X-talk
* SDHCAL = multiplicity
Pile-ups
— Multiple hits
* Time precision
CALICE Digitizations, FCC week, 25/01/2023
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Data vs Simulation (Silicon example)

Data

—
IMPROVE

Deposited energies = converted
charges taken from pixels

» Scale = Coulomb

Common ground

— Mip calibrated pixels
p ° E/mip = (Q-ped)/

Pedestal
- MPV
—  Onae (= ped. width)

— S/N = MPV/One . * Common cut: {
« Trigger threshold — fmp = max(Thr; n X
— . i
— Effective Threshold Onose)/MIP

—
- DEGRADE

Simulation

— Deposited Energies in “sensitive

volumes”

* Scale = absolute in MeV
— Ped=0

500um MPV

N

» Charge fluctuations:

—  Physical

—  Electronics: (noise, X-talks)
» Mishaps \

— Dead cells

— Misalignments q\
» Sources:

X minimal safety margin...
* Fluctuations = digitisatio

- Erec VS EDigi
= Egm/MIP ® Onoe / MIP

T~ 5 >+ Xetalks (%)
>

» dead-cells
P —

—

— Beam params / Cosmics

Vincent.Boudry@in2p3.fr

- MPV
* No effective cut
— (orreally low!)
* Energy fluctuation
— Physical
— Electronics NONE:
»  No Noise

» no X-talk

* Mishaps: those modelled

— Nodead cells
— Alignment

| 9" Sources
___p> — Matchthedata

CALICE Digitizations, FCC week, 25/01/2023

5/28



mailto:Vincent.Boudry@in2p3.fr

Digitization: E,t space

Raw simulation = info. resembling detector output, including readout effects

Hits .| Conversion | Shaging | Gaussian Conversion . Time
I toMIP ping smearing | to ADC " smearing

® Hits: starting point from raw simulation.

® Map energy deposited to MIP scale.

® Simulate pulse shaping in the readout electronics + saturation effects.
® Add smearing: noise term in detector cells/readout.

® Conversion to ADC, time smearing (tbd)

® (Masking at any point.)

Vincent.Boudry@in2p3 fr CALICE Digitizations, FCC week, 25/01/2023" Jimenez, CALICE meeting, 13/10/22 6/28
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AHCAL Digi

Light yield determined from data

kg value of MPV value of pure Fast shaping 15ns  3X3 cm?to 6x6cm?
0.151mm/MeV landau: 481 keVIMIP g sjow shaping 50 ns  for the Tokyo layer

Done during Gain from data : Average value

analysis ~16 ADC/pixels of 0.3 pixels
Vincent.Boudry@in2p3.fr CALICE DigitizatMe&rodaxtivnand AHEAL D zatia | Olin Pinto, 30/06/2020 7/28
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Scint. Digi - ScECAL & AHCAL

Cell grouping
kg value of MPV value of pure Fast shaping 15 ns
0.151mm/MeV landau: 481 keV/MIP & slow shaping 50 ns for the Tokyo layer,

Done during Gain from data : Average value N =2668
analysis ~16 ADC/pixels of 0.3 pixels B(Nef pixelss P) eff pixels
Vincent.Boudry@in2p3.fr CALICE DigitizatMegradatiomand AHEA) Oigitiatian | Olin Pinto, 30/06/2020
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Deposited energy in Gev § conversion to MIP e A N

o A
Simulations of energy depositions in scintillators have to account for quenching effects giving rise to EZ
non-linear light yield per unit length (dL/dx) at high ionization densities (dE/dx) ideal
» Birks’ law describes this effect with: dL  reality
_ —P (with quenching)
dr 1+ @ d ° g
0 Energy
- The AHCAL simulations use the Geant4 implementation of Birks’ law with a Birks coefficient of e s s .
kB= 0.151 mm/MeV https:i/agenda.linearcollider.orglevent/4776/contributions/19855/attachments/16078/26247/CALICE Birks.pdf Dlgl In G4
MC Production and AHCAL Digitization | Olin Pinto, 30/06/2020 Alexander Tadday - CALICE Meeting 23.09.2010 J~ Birk's law
- (Light tracking)
Depends on
- Scintillator type

- Simulation step size

Vincent.Boudry@in2p3.fr CALICE Digitizations, FCC week, 25/01/2023 9/28
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Experimental Setup (MPIK Heidelberg)

Light yield [a.u.]

* PMT measures light yield

Germanium
e Germanium detector measures Energy detector 1500

of Compton scattered photon Ege
\E.- =662keV — Eg.

N

(=

(=3

=]
IIII|IIII|IIIIIIIIIIIIII|IIII|IIII|IIII

— Linear fit

—— Birks Model

0.02 0.04 0.06 0.08 0.1 0.12

0 0.14 0.16
e Coincidence trigger PMT and Ge-detector PMT Sk
* Measured energy range of electrons = e 4B (E;) N
Scintillator i ion: |ILY ~
~ 30 - 140 keV AT O 2 s EZE)”
e Thanks to Christoph Aberle and Stefan e Small step-size: | ]
Wagner for the ability to use the setup i LAREN (B Lt
| D BB oo 5 g, 3
> w o-- n ->@--->0--->0@---3>@--->0--->@---> £ =0 :
¢ Detailed setup description in [1] moveable rail ——— —— .
{ Long step size:
dE(El)
Alexander Tadday - CALICE Meeting 23.09.2010 | e TR RR——— veeo LY

Vincent.Boudry@in2p3.1r CALICE Digitizations, FCC week, 25/01/2023
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AHCAL Scint.

Data generation

Particle type (e.g. proton) B 3 3
kB =0.0151 cm/MeV chi squared distribution ‘ ........ /1 -
2 29807 . g |
GEANT4
default &, p, Pcut

GEANT4 “artificial” H

data set -
small step TS (o, p) Different possibilities to combine results: ... cuirent kB

large production cut Pcut . ] - Common kB, S for all particles 0.007943cm/MeV
™ = - Particle specific kB, but common S

Alexander Tadday - CALICE Meeting 23.09.2010
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AHCAL Scintillator’'s

Fast shaping 15ns  3x3 cm?to 6x6cm?
& slow shaping 50 ns  for the Tokyo layer

kg value of MPV value of pure
0.151mm/MeV landau: 481 keV/MI

Deposited energy tn GeV § conversion to MIP
MIP2GeV is extracted from simulation by projected 40 GeV muons perpendicular on the AHCAL
tile
« The MIP distribution is fitted with Landau and the position is centered around unity
« The MPV value used as the MIP2GeV factor. The value is 481keV/MIP

MC Production and AHCAL Digitization | Olin Pinto, 30/06/2020
Vincent.Boudry@in2p3.fr CALICE Digitizations, FCC week, 25/01/2023 12/28
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Shaping of the SKIROC2

Signal path in each channel:

— 1 pre-Amp =
* integrator with ti ~ 0.4-32 us ! .\ - B =
. p ) i . i ) i ‘m i ) I )’4 1 or 1M Ri=dk CL &
Fast Shaper \ o 1 _ L
» CR-RC*2 with tiand T4~ 30-120 ns 1 S o N .
— Slow Shapers [ e T s
e CR-RCI~2 with Tiand Tg= 180 ns : - : lnmh-ﬂ
I T Fast Shaper : :
; ?i‘ii——‘mst:zsz.hm LA3 7Y o i nmj
i ‘ N T
/ T E = — (]
180 ns |
. \M14(24§.2n5, 1.234% amﬂ!:!
_: Out_ss_G1 for 2000 MIP =
] 100 ZEIJO E(IIIO 4(1)0 oo e

time (ns)
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Scint : Signal shaping

Simulating Spiroc2E timestamping and Equivalent to a «Heaviside shaping»
energy measurement

15 or 50 ns

— The energy sum of the sub-hits in a cell are
integrated over a sliding time window of 50ns

— The 15ns (fast shaper) is introduced to know if the
energy deposited in the cell go over threshold

s
co
|I II TT

) -

— Then the energy is integrated over 50 ns (slow

shaper) F
— MIPThr of 0.5 in the ASIC has currently been 12f-
ignored in this step. Such a cut should be present "oF -
after all smearing °E
o Ll
0,F
i | | I !

f PR T v S | NN T 0 O P A 00
60 80 100 120 140

2
N
(=]
B
o
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Ecell / MIPs - Ecell / photon (pixel)
— Using Light Yield values from data
— Cell wise

Saturation function:
— Smeared with a binomial distribution

Asat[pixels]; = N ¢ rpivers * (1 — exp(
' |

Saturated amp-
litude of the hit

Amplitude of the
hit not saturated

— A"*[pixels],

))

ef fpixels

Number of effective pixels,
which in our case is 2668 pixels

to model the statistical process of photon detection
* The number of fired pixels p is random from B(Ne# pixels, p), e

which has input parameters:

— the number of effective pixels of the SiPMs(Neffpixels)

and the probability p that a pixel is fired
Additional gaussian smearing:

— 0.3 pixels (average value).

— estimated from the width of the pedestal

(zero™ peak in LED measurements)

Vincent.Boudry@in2p3.fr CALICE Digitizations, FCC week, 25/01/2023

600

500

400

300

200

100

1
z_ADC_chip256_chn25_61023mV/
ries

32256
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Silicon ECAL

Prototype:

— 15 layers of 18x18 cm?

— Silicon sensors:

« PIN Diodes of
320 um, 500 pm, 650 pm

e Cells of 5.5%5.5 mm?

5500 pm

320, 500 or 650 ym

4
— >

Simulation

— Gaps between wafers
— No-gaps between cells

« Charge collections ~ 100%

— To be evaluated with dedicated simulation
(GarField++, ... ) and data

r—
[ XX ) |X| ROOT's GL viewer
c

Vincent.Boudry@in2p3.fr CALICE Digitizations, FCC week, Z5/0T1/202:3 ” 16/28
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Silicon ECAL Digi

Hite ,| Conversion Shabin ,| Gaussian ,| Conversion 5 Time
to MIP ping smearing to ADC smearing

Y

Conversion to MIP scale (electrons @ 3 GeV)

Energy_GeV_layer 5

e Hits: starting point from raw simulation. ™ F

I Mean 0.0001372
i | 8td Dev 9.7616-05
4000 ‘ 1/ ndf 36.81/1

® Map energy deposited to MIP scale. |

Prob

Mean  9.339-05 1 3.288e-07
Sigma_1.6250-05 + 3,854e-07

1.301e-09
4534 +

30007— |
r | Energy_GeV_layer_1
Lo 320 um r [ Energy GoV_layer 1
o ! T
- L M Std Dev 0.0001133
| gt
1000 - il
|
1500 |
N R IR e cr o S SV AP DRI PPN P NN Y F 650 um
0 00001 00002 00003 00004 00005 0.0006 0.0007 0.0008 0.0009 0.001 ik |
Energy_GeV_layer 2 o
Energy_GeV_layer_2 r
Entries 128
E A Mean 0001975 it et o st Gos otk 07 O gas o
3000~ [ Std Dev 00001067
C " 21 ndf 2688/2
sl 1 Prob 1.456¢-06
n + . .
Eod S A o Conversion per layer (different layers
00— | Sigma 210905 +5.318e-07 s ,
E || Si thickness)
15007~ ! 500 pum
1000—
50—
Vincent.Boudry@in2p3.fr CALICE Digitizations, O TR 1o To T TH T T o
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Pulse shaping

n* order CR-RC filter
Sub-Hits (in a given cell)

— Linear response to step function
0 x-1<0 %\
s(tA)= A [ x-t |\ x-t i i
Aol o i
* Ignores exp. tall ] EAm / - ,'f/ i \\
. . [T~ I \
» Ignores saturation effects (=~2000 mips) A \\ ! / !
] qﬁﬁ%/ﬁ; ﬁ\ﬁ / 1] \ﬁ
/ N\ w A
Uy NN N
n/ \/ |- 1 ] l/f ] | ] | \\ ]
& >, - 1 o I
1 1 : /1 “gg\;\_;_t;?%&g_m: i lTr,: e
Example of pulse :qhape output of CR-(CR)* filter with tlz nt=20 ns

from 4 inputs, at 0, 20, 30 and 80 ns, with relative amplitudes of 1,2,1

and 5.
18/28
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Implementation for each channel

Shaping by histograms: Multiple hits
— bin ~ time resolution — Time slew effect
« 1nsnsforFS — Peaking time
« 5nsforSS
Crossing time for thr=1.0 ) )
Peaking time 8
182

60/\
F

A
16 f] fﬁﬁ \

00 50 100 150 200 250 300 350 400 450 500 00 ‘:' '50 L '160‘ —l '15|0' : 200' L ’25|0' — I3(I)0I L '35|0

0.8

l
|
|IIII lllllllllllll]lllll

0.6

N
©o

0.4

TTTTITTTTJTITTT

0.2
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SIW-ECAL digitizer by shaping

Input hit histo

SiW-ECAL digitizer by shaping o T e

— Shaping processor properly implements
noise and a realistic time binning

Example: Threshold 0.5 MIP, delay 180 ns
— Shapers with noise MIP/12 and MIP/20

0.8

o
)

S)
'S

°“1!|1!I‘!

0.2
) o | | | | &AL T et AL ok 061 ol BILRSA)
Efficiency vs. theshold value 20 40 60 80 100 120 140 160 180 200
Noise width
—— 0066
10 -~ 0.083
—— 0125

SUb-hits Digitized
: Thresholds scan E-t | E-t in cells
gos fOr # Onoise ol (COI — Iayers) N i’ ..‘
& i 5 e ,
o4 1 s : o (k'&:&k L

00 05 10 15 20 25 30
Threshold [Mip]
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Conclusions

Summary Big, Cursed & politically sensitive work
— Digitization links MC to exp. Data — The more advanced, the less performant
— Very sensor Specific — Simplistic / Incomplete digitization yields
. Silicon < Scint <« Gas RPC better results... until compared with data !
« Amplitude, Time * Why invest?
» Geometry
— Electronics :

* Standard:Gain, — Technology comparisons review
* Next/On-going precision timing committee task must be done with
— Precision of description prototypes & Sim+Digi.

« Gaps, ineff. maps
— Only possible with (lot of) dedicated BT data

Vincent.Boudry@in2p3.fr CALICE Digitizations, FCC week, 25/01/2023 21/28
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Signal collection in Silicon

See presentation on W. Riegler’s Programs:

presentation — Garfield / Garfield ++

* Finite Element Electrostatic calculations
ESIPAP'2021 paper

— Magboltz and Heed

* Heed ionisation :
https://arxiv.org/abs/physics/9912042

— AlIPix2 (Strasbourg’s VTX people)

* On-going PhD of Elio SACCHETTI (IPHC):

— Framework with
GEANT4
+ Charge propagation
+ Spice simulation of ASIC

First task:
— Get the E field (ie.e doping profile)

Vincent.Boudry@in2p3.fr CALICE Digitizations, FCC week, 25/01/2023 22/28
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https://indico.cern.ch/event/973041/contributions/4097209/attachments/2177243/3691449/ESIPAP2021.pdf
https://arxiv.org/abs/physics/9912042

Extras
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+0V

+HV

Simulation output

steps list inside RPC gas gaps
deposited energy from these steps
occurrence time of each step

entrance and exit point positions of each

Readout pads
Mylar layer (50p) (lcm,x 1cm)

PCB interconnect

PCB (1.2mm)+ASICs(1.7 mm) Readout ASIC
o (Hardroc2, 1.6mm)

Cathode glass (1.1mm)
Ceramic ball spacer (1.2mm) + resistive coating
Anode glass (0.7mm)
+ resistive coating

Mylar (175p)

Glass fiber frame (=1.2mm)

Glass resistive plate chambers
@ Glass electrodes separated by 1.2 mm
gas gap
o Glass resistivity ~ 1012 Qm

@ Gas mixture : 93% TFE, 5% CO;,
2% SFe¢

@ High voltage : 6.9 kVV — avalanche
mode

@ Transverse segmentation : 1 cm?
@ Thresholds : 0.114, 5.0, 15.0 pC

step
SDHCAL Digi, A. Steen, may 2016
https://agenda.linearcollider.org/event/7072/contributions/35082/attachments/28589/43096/sdhcal-digit.pdf
CALICE Digitizations, FCC week, 25/01/2023 24/28
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SDHCAL

Digitizer method

Charge avalanche o
——.—> s?mulation = Charge splitting | Apply threshold

Step filtering

Charge avalanche simulation

@ Charge randomly chosen in Polya distribution :

1 (1 + 6)5+1q6e[_%(1+5)]

Pla) = 6+ \ g

@ Length charge correction :

Qind(dds )N if dds e 1
. QCorrected — &ap £ap
@ Step occurrence time < 1000 ns Qind otherwise

@ Step length > 1 um

@ Efficiency map = F
. . 2 0.351
@ Charge screening (deyr tuned with -
electromagnetic showers) 0.3
) B
0.25F
0.2
015
0.1
0.05
10 12
ASIC IDx ‘

0 5 10 15 20 25 30
Q. C)

SDHCAL Digi, A. Steen, may 2016
R LSS fp et 707 contrbutons 3 s, e ek “Bfb1 /2023 05/28
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SDHCAL Digi : Amplification

reproduce efficiency related to threshold 2 and

Step filtering — Cha;?': :I\:t:ilg.'r:che »| Apply threshold ' Threhsolds
\ @ Threhsolds 2 and 3 tuned with muon data to

Charge spreading

(0 —2)%+(rg—»)?

b [di s—n o2
f ! f ! E . aje J dxdy
_ aj cj j=0

R;
N

@ Charge in pad i incremented by R; Qcorrected

20 25 30
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SDHCAL Digi : Tuning

Digitizer parametrisation : threshold scan Efficiency Multiplicity

CALICE SDHCAL CALICE SDHCAL
o 1.05 e T 2.6 T T T T T T T
Threshold scan method : 3% MY 20p AR I A
Qo qE =g 2.4 .
@ ~ 20 dedicated muon runs ;é’ Bae e 3, o g = ]
. o wo.sse ™ * et et S I~ I & ]
@ Threshold variation in few chambers Polya parameter | Digitizer input value F : it s ] 221 * —
. . 3 7,58 pC 08t E F 1
@ Efficiency reconstructed with tracks from other layers E ] F . :
o 1.12 0.85F . ] 2r . . ]
@ Fit the curve to extract g and § parameters F ] F 3 - ]
0.8 — J
q F % ] ]
_ A 075F ©=0.96 *0.03 (data) E F ]
elg)=en—ic P(q')dq F £=0.96 +0.02 (FTFP_BERT_HP) ] L -
0 0.7 3 i ]
o E 1 14/~ [=1.76 £0.17 (data) 1
. CALICE SDHCAL . CALICE SDHCAL 0'65;_ B [ [=1.76 +0.02 (FTFP_BERT_HP) ]
o 1 T T ‘ o1 e T ‘ E E r ]
3 ] 3 06 b b 4 B U Y FUTEY IR P NUUTY FTTRL FPTTUEOOTY P
5 1l & ] P 5 10 15 20 25 30 35 40 45 50 250 15 20 25 50 35 40 45 50
] ] © i Layer Layer
Wog - g .
1 1 CALICE SDHCAL CALICE SDHCAL
] ] I e e e s e e YL e e e s M S
B ] = Foe= u V= £ 4
i 9 pa ] s b G e o) 1 Toosl ©=0024:0012(data) E
- 1 ' ] Q g5l ©=0.28 0,01 (FTFP_BERT_HP) 1 & F 1
] ] & 1 ©oo7 #=0.024 +0.002 (FTFP_BERT HP) =
+ Data (SPS H6) B + Simulation (FTFP_BERT_HP) B g [e 1 :;(:3 Fe o* B
04— G =4.316 +0.008 pC — 0.4+ §=4.314 £ 0.004 pC — w 04 * e, . i UJO-OG:— E
[ 3=0.567 +0.008 ) [ 3=0.565 +0.005 } 3 - - M. E 3]
L ©=0.949 +0.001 ] L © =0.969 £ 0.001 ] 03E . . ST 1 A . E
0.2 £, =0.951 + 0.000 _ 0.2 £o=0.972 +0.001 | K 004i s ' 3
r g r 1 0.2F . -« 0.03
L J L J F . ] e
! swpmd 4 1 oyyase) \ 5yl v gl F . % . .
1 1 C ] 025 ¢
10 1 Thréshold [pC] 10 1 Threshold [pc] 01~ -] F
r ] 0.01
Fovve bbb b Lo Lo b Lo ot vt o sl el by o B
% %

15 20 25 30 35 40 4E 50 15 20 25 30 35 40 4E 50

Lengthy dedicated BT p runs with thr. scan =% )
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SDHCAL Digi: results

| d trization & Step | h Electromagnetic showers
@ Digitizer parameter tuned with EM showers (d.;)
o CALICE SDHCAL . CALICE SDHCAL @ EM shower selection :
= 3.57\\ ‘\\\l‘\l \\\‘l\\\‘\\\\‘\\\\‘\l\\i P 3.57\| \‘\\\\‘\\\\ TTTTTTTTT HH“H“HH"‘H“HL .
© C ++‘ ] © C ++’ ] Ntracks =0& Pstarr<5 & Nfayers < 30
s T 1 o r E . b oo
= 3F N 1 £ 3 #;% = @ Selection efficiency > 98 %
= ¢ . 1 = A, 1 ! L
250 *~ J 25 - @ Relative deviation < 3%
£ ' ] [ ] 4
r e T, ] & ]
2- e e B 2- .
E w [ - E =20 Gov _(CALICE SDHCAL E=s0Gev  _ CALICESDHCAL
g . g - P Vianananananasazeasasnaess son s PN Lons toans by Lo Lot ni sy
15 ] LS ] £ 01 g 01 % :
[ Detai(SPSHE) ] £ Deta(GPSHE) § 2 [ FTrP_BERT_HP 2 [ Frep_BERT HP
Ly 7 Uy B Soog- o 4 goosf o -
C Simulation (FTFP_BERT HP) ] C Simulation (FTFP_BERT HP) ] 2 o g s o
05F - 0.5F - E | E t
r ] r ] S 0.06 - ©0.06~ —
§a g Jes 5 L 5 2
gl o o o s o o ) ) gl Lo oo o ) s i ) w | ® f
b 01 02 03 04 05 06 07 08 09 1 b 01 02 03 04 05 06 07 08 09 1 B il 7 Boodl E
cos 0 cos 6 o | o |
K H HH
002 — 0.02]
d~6 : : ,
?0 200 250 300 350 0 950 300 350 400 450 500 550 600 650

N Ny
d ~ 1%o Comparison with Had. Shower complex:
— Clustering, Shower profiles, Beam contamination ...
d~6 v ; — Physics list
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