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Brief outline

 Motivation
— Improve ZDC reconstruction performance using a ML (CNN) technique
« CNN is a powerful tool in image recognition tasks
 Works to be reported in this slides
— Simulation using EIC tool
* Inject neutrons (7 ) with various energy steps; ranges | -300 GeV
— Reconstruction with a traditional formulation

E = ZLE‘ WS4 + ]f) E PbSi + C EH cal

— Reconstruction with a CNN method

« Convert ZDC hits into three images for each event
— 66 pixels x 66 pixels for X-Y, X-Z, Y-Z
— Comparison of reconstruction performance
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ZDC in the simulation tool

Shimizu-
san
study

| 2 cm

(D : SiliconPixcel calorimeter . - .
(2) : Electron magnetic calorimeter % : EZ?L;:lsar:;nr?;e;ter
(3) : WSi calorimeter ' 162 cm 180.4 cm
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Reconstruction w/ traditional method

« Determine below coefficients using MC data

E =aBEws; + bEppsi + cEfeal

energy vs coefficient a energy vs coefficient b
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Points; Exclusive fit, Red lines Average of excl. fift,
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energy vs coefficient c

Green line; inclusive fit




CNN training

 Input
— 66 x 66 pixeled hit maps
per each event

— XY, X-Z, Y-Z images

Train with various energies

— Steps 0 - 300 GeV

- Need to generate uniform
energy input data

— 100000 events per
energy

Running on local PC
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Ex) Averaged images
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Reconstructed energy (Trad. method)

neutron reconstruction neutron reconstruction
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Reconstructed energy (CNN)

energy reconstruction CNN (1-9 GeV) energy reconstruction CNN (10-90 GeV)
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7GeV 70GeV
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Traditional
CNN
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Linearity

Energy _mean vs Truth_energy clasic Energy_mean vs Truth_energy CNN
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y = AEqueh + B Trad. method 0.999 + 0.00| 1.32 + 0.06
CNN 0.985 + 0.00| ~0.19 + 0.04
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Energy resolution

CNN shows better reconstruction
performance

| | — Need to be careful because training
Energy Resolution [classic vs CNN] .
resolution_data_classic Sample hOS dlscreTe energy
resolution_data_CNN distribution

50% / sqrt(E) + 5%

30% / SArt(E) + 2% - Uniform sample generation is
Fit: a / sqrt(x) + b
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Conclusion and Plan

« Compare neutron energy reconstruction performance using fraditional and CNN
methods

— CNN seems to have possibility fo improve energy reconstruction
 Need to improve fraining process

Short term plans

« Check position (or angle) reconstruction performance
 Check photon reconstruction performance
 Generate uniform energy sample

Future prospects in the next year

« Hope to have one master student and at least one bachelor student
 Run this on FPGA (Available; Alveo and Versal)
« Some hardware studies
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