Using fast-timing to determine track
position, time, and angles
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Fast-timing is coming
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6D Tracking
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Multi-pixel LGAD hits
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Tools

2D TCAD Simulations IR Laser Experiment
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Angles from cluster charge
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The relationship between timing and angles
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IR laser measurements (preliminary)
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Angle reconstruction

13



Angle reconstruction
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Angle reconstruction

cot A =

Ay
Ax

15



Angle reconstruction
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Angle reconstruction
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Angle reconstruction
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The model fits the data (simulation)
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Challenges
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Current [a.u.]
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Current waveforms (simulation)

~90% of tracks
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Crosstal
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Lateral offset 23




Normalized Current I/l;nax
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Lateral offset (simulation)
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Lateral offset (preliminary measurements)
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Large Landau fluctuations (simulation)

Heavy lon Charge Density (cm”-3)

0.000e+00 6.667e+11 1.333e+12 2.000e+12 2.667e+12 3.333e+12 4.000e+12

Solution: Filter tracks with very high charge deposition 26



Reconstruction algorithm

1. Weigh hits by amplitude to find the sign of the track angle
2. Filter tracks with high charge due to large Landau fluctuations
3. Compute track angles using the linear model
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Results (simulation)

Predicted Angle [deg]

Before Landau filtering After Landau filtering
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At least 3 pixels
need to be hit to
reconstruct the
angle

Efficiency (simulation)
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Results (simulation)
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Neural networks (simulation)
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Towards 6D Tracking

Tilted tracks spread hit times by hundreds of ps

Timing gives the angle and its sign from a single layer (with = 3 pixels hit)
Simple analytic model: 2° — 3°, bias < 1°; neural networks reach ~1.7°
Crosstalk from charge imbalance distorts waveforms

Laser scans confirm the drift-time slope and offset-driven crosstalk

Interesting possibilities for future optimization of 6D trackers
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Type

Method

Pitch x thickness
Gain

Charge
Statistics

Timing

LGAD details

Simulation

5 TI-LGAD Strips
2D Sentaurus TCAD
25umx75pum

10x
Landau-sampled
110 events / config

Ideal 50% CFD

Laser measurement
TI-LGAD Strip Array
Tilted IR laser beam
50um x 50 ym

10x

IR absorption

100 shots averaged

Ideal 50% CFD



Constant Fraction Discriminator (CFD)
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Shockley-Ramo and crosstalk
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Shockley-Ramo and crosstalk

Current [A]
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Track sign reconstruction
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