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Introduction & Research Goals

Silicon pixel sensors provide particles’ temporal and spatial resolution in high-energy physics experiments. Their analog
front-end circuits amplify and discriminate signals from particle interactions in silicon and require parametrization via Digital-
to-Analog Converters (DACs), whose interplay remains largely unknown. A data-driven approach using Shapley values [2|
is proposed,to quantify the influence of DACs on sensor performance. By comparing data subsets corresponding to
different operational states, it is possible to gain insights into the front-end’s black-box behavior. As DACs often correspond
to specific circuit components, this method can also be used to assess their relevance and impact on sensor performance.

Use case - application onto MAPS front-end Method - data driven relevance estimation

The circuit shown is part of

o - oo a MALTA2 Monolithic Active The goal of the method is to provide a data-driven approach to
0 i i T Pixel Sensors 1] (MAPS) front- evaluate the importance of the parameters, as well as visualize
;l¥ | amp :' C E Thro—{ end used as a case study. Three the relationships between these and the sensor performance.
- L exemplary parameters are high- ¢
o A | | T lighted, that influence the cir ih e #Di ' Sensor '
= o—— | p—_ ) i r nojse #pix E thr noise # pix !
& i cuit’s behavior and sensor perfor- ! ! ] rESponse N
—1 I
|

Further msj) ~ IHANCE:

:"_E_a processing E" Input

l » Diode reset (D_ res) \parameter

J iAmpIification A i O i:::rmn ; MAPS Feature , Param1

= | branch = Amplifier curren am . . Param 2 —>
= ranc P ( — p) |_amp (Black_box) Importance E | amp —»
» Threshold (Thr) : o

The approach is based on SHAP (SHapley Additive Explanations)|3|,

Results - apphcatlon onto a,mphﬁer current a concept from interpreted machine learning, based on Shapley values:

The bar plots show the normalized SHAP values of a sufficiently and

Shapley values are a game-theoretic method to fairly distribute
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» In an underpowered state, the power DAC dominates.
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Insufficiently powered amplifier Sufficiently powered amplifier where F'is the set of all features and .S C F'. Using the expected
function output, Shapley values can be approximated, and
missing data and noise handled by conditioning on available
features:
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resulting in SHAP values.
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