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What is differentiable programming?

DP is the technology under the hood of deep learning
methods, enabling automatic calculation of derivatives. Using
the chain rule of differential calculus we may compute how
parameter variations affect the loss function of a NN, or the
global utility of an optimization task.

Differentiable Programming (DP).

Detector design in HEP traditionally leverages
robustness-driven paradigms

» «Track first, destroy later»;

* focus on redundancy, ensuring intercalibration;
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These models may allow the discovery of human-
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150 GeV muons on Be targets 5 Left: The optimization of the
a(q°) MUonE experiment identified a

Original layout modified layout of its tracker,
offering factor of 2 improvement
in the relevant figure of merit
(relative resolution in g2 of high-
energy scatterings) with respect to
original design [1].

DP software finds
optimal geometry of
detection panels
given cost,
constraints, and
specified objective

(e.g., power of
detection Of SpeCiﬁC Below: Position and size of detection panels above and below the scanned volume
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o B B - muon flux in SHIP by magnet
optimization was shown in [2].
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Case shown:
detection of U blocks
in scrap metal within

container.
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Generative models for particle interactions can be used
to model non-differentiable stochastic processes:

Below, left: Upgrade of LHCb EM calorimeter. Optimized significance to B2 J/ Use cases currently studied include:
n° signal is shown given number of channels [4]. Insets show baseline PMT layout

e Muon tomography detectors (see above)

154 option! ° Below, right: simulation of EM ) . '
Ay, s srosuEsd iy RN e * EM calorimeter for p collider detector (in progress)
g well reproduced by a generative » Upgrade of LHCb EM calorimeter (see left)
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& adversarial network model, then  Hybrid hadron calorimetry (in progress)
used in the optimization tas L : ,
& d in th t tion task
& E = T * SWGO Cherenkov array optimization (starting)
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