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TOF in the ePIC detector
• TOF is a main PID detector covering low-pT region 
– Barrel-TOF (BTOF): -1.42<η<1.42 
– Forward-TOF (FTOF): 1.74 < η < 3.83 

• AC-LGAD technology of strip and pixel ~30 ps timing resolution is used 
for BTOF and FTOF, respectively 
– Strip size: 0.05 x 1 cm2  
– Pixel size: 0.05 x 0.05 cm2 

• Thanks to charge sharing in the readout metal the hit positioning 
resolution achieves 30 μm instead of using 500μm readout metal 

• It can help for tracking and rejecting background since it provides 
precise hit point and timing information
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• BTOF is composed of stave like structure to make a cylindric 
• Radius is 60 - 63 cm from the beam pipe covering -117<z<171 cm 
• Total material budget in acceptance is 0.01 X/X0  

• FTOF is composed of modules to make a disk 
• Radius is 8 - 67 cm from the beam pipe covering 1.74 < η < 3.83 
• Total material budget in acceptance is 0.025 X/X0 

Detector Layout

2
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Momentum resolution of Craterlake
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Momentum resolution of Craterlake

3

• High momentum particle momentum resolution is 
improved by BTOF 

• Low momentum performance is improved at the forward 
rapidity 
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Angular resolution of Craterlake 
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From Nicolas Schmidt (ORNL)’s presentation

• BTOF hit doesn’t have an impact on φ angle resolution, but 
FTOF has(?)  

• No impact from BTOF and FTOF in θ angle 
• A systematic study is necessary 

Angular resolution
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Ongoing Work: Angular Resolutions for PID

15
December 14th, 2023

Reference (truth)  Hit Detector HitProjected Track Point

Projected Track Segment Reconstructed Track

H2
H1

Goal: Determine spatial resolutions needed to meet PID requirements

1) Use projected position point vectors of projected track point (H1) 

and nearest DIRC hit (H2) to obtain angles: 

• Projected Point (x,y,z) hits à +!"#$ 	, .!"#$
•  DIRC Point (x,y,z) hits à +%&"' 	, .%&"'

From ACTS

2) Use covariance matrix from ACTS CKF algorithm

https://indico.bnl.gov/event/20826/contributions/81816/attachments/50429/86253/2023_10_TOF_Craterlake.pdf
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Charge sharing in the DD4hep simulation

5

 Objectives

2

Energy 
deposited 
(From GEANT)

Charge 
(MIP)

Analog signal 
(Trial signal shape parameterized by 
rise time & width from AC-LGAD test 
beam, ASIC charge injection studies)

ADC (8 bit), TDC (10 bit) 
(Using a 40 MHz clock)

Digitization

Distribute in neighbouring 
channels based on a 
Gaussian (trial) within 

sensor boundaries

Charge Sharing

Detector Noise

Reference clock (T=25 ns)

Thresholds (Fixed gap)

Model candidate from 
ASIC testing data

Ext. parameters

Delay cells

Time of 
Flight 

(From GEANT)

From Souvik Paul’s presentation

https://indico.bnl.gov/event/21062/contributions/82920/attachments/50828/87014/Digitization_Souvik_Nov_2023.pdf


Mimic the analog signal in the DD4hep simulation

6

From Souvik Paul’s presentation

• Deposit energy in the active material is obtained from GEANT 
– The input charge is calculated from the energy 

• Realistic signal shape in the test beam is used 
• The relationship between maximum voltage and input charge is extracted from real data

 Digitization: Energy Deposition & Time of Flight
GEANT run specifications:
• Single particle generation (µ-) using npsim in 

DD4HEP

• # Events = 250k

• 0 GeV ≤ Particle Gun Momentum ≤ 30 GeV

• 0º ≤ Particle Gun Azimuthal Angle ≤ 180º

Every sample of energy deposited is 
converted to charge for digitization. 

Corresponding time sample (Time of Flight) 
is used as input for TDC calculation.

3
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 Data-driven Simulation

5

arXiv:2211.09698v2

BNL_EICROC test beam data

Parameterization of the 
Analog Signal shape using 
a Landau distribution.

Relation between input charge 
and maximum voltage.

6
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Charge distribution in sensor

7

Nuclear Inst. and Methods in Physics Research, 
A 1045 (2023) 167541

• Charge distribution in sensor is extracted from data 
• Collected charge is calculated by each segment which is corresponding to readout metal

https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900222X00211/1-s2.0-S0168900222008336/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240109T180021Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYT5QRCVY5/20240109/us-east-1/s3/aws4_request&X-Amz-Signature=7f7dae2cac0f1062b405b4365cccfc2a45e31328daa9c7bb62305e434a4d9584&hash=1a353a31d0f7af41a50de169e4857b65184f01a2b1871bbfab33603cf9ad9079&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900222008336&tid=spdf-58a3b078-a8c2-4127-843d-16c1db24b6aa&sid=ff895e69651d174a3d8ace3-3dd7418e06ebgxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0f1d5f5657065f5b5b01&rr=842e944b5db11153&cc=us
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900222X00211/1-s2.0-S0168900222008336/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240109T180021Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYT5QRCVY5/20240109/us-east-1/s3/aws4_request&X-Amz-Signature=7f7dae2cac0f1062b405b4365cccfc2a45e31328daa9c7bb62305e434a4d9584&hash=1a353a31d0f7af41a50de169e4857b65184f01a2b1871bbfab33603cf9ad9079&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900222008336&tid=spdf-58a3b078-a8c2-4127-843d-16c1db24b6aa&sid=ff895e69651d174a3d8ace3-3dd7418e06ebgxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0f1d5f5657065f5b5b01&rr=842e944b5db11153&cc=us


Charge distribution in sensor
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 Charge Sharing

• A hit in Strip H has a Gaussian-like distribution of 
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 manner. 


• 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.

• A hit in 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.

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

Strip H

Strip N

Strip NN

Asymmetric 
Gaussian

Contour Lines

σx = σy = 0.8

4 cm

3.2 cm

Trial Clustering

(Using Center of Weight technique)
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Barrel ToF Strip Sensor

Endcap ToF Pixel Sensor

Nuclear Inst. and Methods in Physics Research, 
A 1045 (2023) 167541

• Charge distribution in sensor is extracted from data 
• Collected charge is calculated by each segment which is corresponding to readout metal

From Souvik Paul’s presentation
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https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900222X00211/1-s2.0-S0168900222008336/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240109T180021Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYT5QRCVY5/20240109/us-east-1/s3/aws4_request&X-Amz-Signature=7f7dae2cac0f1062b405b4365cccfc2a45e31328daa9c7bb62305e434a4d9584&hash=1a353a31d0f7af41a50de169e4857b65184f01a2b1871bbfab33603cf9ad9079&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900222008336&tid=spdf-58a3b078-a8c2-4127-843d-16c1db24b6aa&sid=ff895e69651d174a3d8ace3-3dd7418e06ebgxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0f1d5f5657065f5b5b01&rr=842e944b5db11153&cc=us
https://indico.bnl.gov/event/21062/contributions/82920/attachments/50828/87014/Digitization_Souvik_Nov_2023.pdf


Geometrical effects

8

 Charge Sharing: Geometric effects

• 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.
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Summary
• High momentum tracking at mid-rapidity can be improved by BTOF 
• Low momentum tracking at forward rapidity can be improved by FTOF 

• More precise statistics study is mandatory 

• Attempt of the charge-sharing simulation in DD4hep has been stated 

9



Back up
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Very fresh result of new geometry configuration

• National Central University (Taiwan) team has 
started the simulation study 

• The resolution seems to be worse 
– Δp/p = 0.7% → 1.5% @ 10 GeV/c  

• A more precise and systematic study is 
necessary

官佩瑩 陳禹安 梁瑄紜 NCUPHY

Result

● With TOF

Fig.3 Momentum resolution in central barrel(left) and forward disk(right)

● Without TOF
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