BTOF clusters performance
review



Introduction:
Clustering workflow



Digitization work-flow
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Simulation and Digitization parameters

* N.O. ADC channel = 256.

* N.O. TDC channel (within 25ns EICROC cycle) = 1024.

* Max Edep (i.e. Edep when ADC = 255) = 3e-4 GeV.

* ADC threshold for TDC = 1. (i.e. Edep = 3e-4/256 = 1.2e-6 GeV)

* Charge sharing fix from
https://github.com/eic/EICrecon/pull/1945 applied.

* No noise in the pulses.

* Simulated 1000 uniformly distributed pi+ from the particle gun.


https://github.com/eic/EICrecon/pull/1945

Calibration and clustering

* Calibration of TDC to time is just a linear
transformation.
« Same for ADC.
* No time walk correction.

* Clustering is just weighted average of
neighbors.

* Group connected neighbors together.
* Hits are neighbors if At < 1ns.
* Weighted by Edep.
* Time of a cluster = time of the earliest hit.
* No Edge correction.

Time axis not shown

Cluster 1




Hit association

e Associate reconstructed hit with true hits if:
1. They come from the same sensor.
2. Time difference between the two hits <1 ns.

3. If there are multiple hits within 1 ns, choose the one with the smallest
Delta t.



Performance with no charge
sharing.

Sanity check.
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Efficiency with Edep > 1e-5 GeV

* Efficiency = 99%
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Phi resolution expectation

AP = Prrue — Preco

Il pitch=0.1T mm

e BTOF barrel radius=64.4cm

* Expected ¢ range = 0.1 mm/64.4
cm =0.155 mrad

* Expected res. =0.155/sqrt(12) =
0.045 mrad



Phi resolution

AP = Prrue — Preco

* Expected ¢ range = 0.155 mrad
* Expected ¢ resolution = 0.045 mrad
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Sensor local coordinates and global

coordinates

Local x

Global z-axis.

* Local z-axis points into the

* Localy-axis
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* Expectation: Local z



Local z distribution
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Not all hits lies on the surface of
the sensor.

When hit point has large angle of
incidence, the extrapolated points
deviates from its hit point on
surface by more than one cel
width.



Phi resolution
AFTER [local —-z| < 1e-4 cm
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Counts

Time resolution

Reconstructed time - True time
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Uncertainty in time =time range in a
TDC bin /sqrt(12).

Expected resolution =
0.024414/sqrt(12) = 7.05e-3 ns

Simulated resolution = 3.4e-2 ns

Reconstructed time - True time vs. True Edep
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Edep

Edep Reco vs. Edep True
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Performance with charge sharing
enabled
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Time and Edep with sigma X=0.01 cm
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Min Phi resolution = 1.7e-3 mrad at sigmaX =
0.017 cm
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Conclusion

v Good efficiency.

v Good position resolution.

v Good Edep resolution.
* v Time walk as expected.

e |[ssue to work on:

* Why doesn’t phi resolution keep improving when charge sharing is
widened?

* Time walk/edge correction.
* Use CFD instead of EICROC for BTOF.
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