ToF Digitization in ePIC
simulation

4

Brookhaven

National Laboratory

v

PHEE, U.S. DEPARTMENT OF

3 e
P ’
T &)
-, e
% &
‘)l O ‘—_.{_\ A

Souvik Paul, Jiangyong Jia (SBU)

: : ; | . | " /th Nevember 2023
Prithwish Tribedy (BNL)



Objectives

Digitization

Time of
Flight

Energy
deposited

(From GEANT) (From GEANT) Lo

| |
|
| |
)

<
Charge --
(MIP) Lt

\ Y

s P

-‘
s
s

.
--“-
s

4
4
4

&
v

<

Analog signal «------------

(Trial signal shape parameterized by
rise time & width from AC-LGAD test
beam, ASIC charge injection studies)
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Digitization: Energy Deposition & Time of Flight

GEANT run specifications:
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* Single particle generation (u-) using npsim in -
DD4AHEP —— TOFbarrel_edep

 # Events = 250k

* 0 GeV < Particle Gun Momentum < 30 GeV

* 0° < Particle Gun Azimuthal Angle < 180°
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Digitization: Analog Signal, Voltage Threshold & ADC

* Energy deposited (Edep from GEANT) is multiplied MIP charge per

unit energy (~19/0.0001 fC/GeV) to give the area of the analog
signal, which equals the total input charge.

* The trise(~450 ps) and the standard deviation(~294 ps) of a real
AC-LGAD signal (obtained from ASIC charge injection studies),
and the area (calculated from Egep) are used to parameterize a
Landau-like analog signal.

Should be set at
the mean of noise
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3 <n <256 Nmax (for 8-bit ADC)

 The number of voltage thresholds crossed by the analog signal
(1 < n < 256) is converted to a 8-bit ADC code.
* Will be updated according to latest EICROC results.
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Data-driven Simulation
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Parameterization of the
Analog Signal shape using
a Landau distribution.
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~ PCB Board = G1 (ASIC + Sensor)

| Output = Pre-Amp
Mode = Charge Injection
- Pixel P11
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Q(fC) = -0.3875*Q(DAC) + 24.911
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BNL EICROC test beam data
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Digitization: Energy Deposition & ADC
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Digitization: Analog Signal & TDC

* Almost all hits occur in the 1st half-cycle of
the clock(f = 40MHz). When the analog
signal crosses Vin_2 (Time of Arrival), the
START signal flips from 0 to 1. When the
clock flips from the 1st to the 2nd half-cycle,
the STOP signal flips from 0 to 1.

* Consecutive delay cells propagate the
START signal (140 ps delay) and the STOP
signal (120 ps delay) in parallel until the
START signal crosses the STOP signal
(Mathematically, [START-STOP| < 20 ps).

Quantization time of/

ePIC ToF detector

* The number of times the signals move (1 < n < 1024) is converted to a 10-bit TDC code.
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Digitization: Time of Flight & TDC
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Charge Sharing

Strip N Trial Clustering
+ A hit in Strip H has a Gaussian-like distribution of Strip H (Usig Genterof Weight techniase)
Oy = Gy — 0.8 Entries 1300000

charge vs distance.

* Strip H induces charge to the centers of Strip N,
NN, NNN, ... (depending on the number of pixels

in the sensor) in a Gaussian mannet.

 The Gaussian peaks at the center of Strip H, and

has a standard deviation in X and Y, that can be
tuned (Property of AC-LGAD) and optimized.

 The maximum distance to which Pixel H can
induce charge can also be limited.

 Ahitin a pixel sensor also has a Gaussian-like
distribution of charge vs distance, but is
symmetric in X and Y, for the same standard
deviation in X and Y.

Asymmetric

Mean x 0.06267
Mean y 0.1575
Std Dev x 1.189

StdDnvy 0.7663
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Each AC-LGAD strip sensor has 8X4 = 32 channels

Barrel ToF — Strip Sensor

Endcap ToF —> Pixel Sensor



Data-driven Simulation

https://doi.org/10.1016/j.nima.2022.167541
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Charge Sharing: Geometric effects

Case-1

ePIC
simulation

ePIC
simulation

Ox = Cy = 0.8

@ rueHits
O Reconstructed Hits

Nearest neighbours

* The position of the hit pixel and the number of charge-sharing neighbours has an effect on the
reconstruction accuracy of the hits.

* Reconstruction accuracy decreases as the pixel hit position changes from central to corner.

* Central pixel has 8 nearest neighbours, edge pixel has 5 nearest neighbours and corner pixel has 3
nearest neighbours.

* Reconstruction accuracy for Case-2 is greater than that for Case-1.
11



Charge Sharing: Geometric effects contd.
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Charge Sharing: Reconstruction Technique Comparison  ¢ourtesy of Tommy Tsang
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 EICROCO test beam
data for lowest charge
injected into an ASIC is
a candidate to model
noise.

Pulse [mV]

Separation of signals
and noise by in-time
and out-of-time will be
achieved for a more
precise reconstruction.
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- PCB Board = G1 (ASIC + Sensor)

Output = Pre-Amp

~ Mode = Charge Injection
Input charge 64 [DAC unit]

i From EICROCO test beam data
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Summary & Future Work

TR Charge Sharing
Digitization Future Plan:
= J T Distribute in neighbouring |
e N _»  channels based on a 1. Delay correction.
- Gaussmnb(trlalc)j within 2. Spatial resolution studies
! ) sensor boundaries .
v ,x" ‘,/' (Trial clustering using_the center of (Comparlson of standard
Charge - weight technique) deviation of Xirue-Xreco and Xirue-
MIP |
( : ) Xdigi With oin/{/12).
v a Detector Noise 3. Effect of different charges on
\ 4 :
Analog signal «--------eeann- To do with input from charge-sharing.

(Trial signal shape parameterized by ASIC testing data 4. Incorporating realistic noise.

rise time & width from AC-LGAD test .

beam, ASIC charge injection studies) 5. Implementation of local work on
E Ext. parameters digitization in ePIC simulation
1 €§=========-=------
v Reference clock (T=25 ns) framework.

ADC (8 bit), TDC (10 bit) Delay cells

(Using a 40 MHz clock) Thresholds (Fixed gap)
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BACKUP
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