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N\ decay

o e+tp—oe+X+A/e+tp—oe +K +A
e [wo possible decays:

o N—p+T’

o AN-on+T°

e Motivation: Meson structure
o What are the quark and gluon
energy contributions to the kaon
mass? (EIC YR Table 7.1)
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N\ decay

o e+tp—oe+X+A/e+tp—oe +K +A
e [wo possible decays:
o A —p + 1" BO tracker, Roman pots, off-momentum
o A—-n+T1°ZDC!

e Motivation: Meson structure
o What are the quark and gluon
energy contributions to the kaon
mass? (EIC YR Table 7.1)



A\ —n + 1Y Challenge

e Resolution of A° p. depends on

*g 1054 - O3 0<E<100Gev [ 1ISO<‘E<’20(.)Ge‘Vﬁ;

angular resolution of ZDC z L1 100<E<150GeV =1 200 < E < 250 GeV 7
e NeedtoknowZ,_,_ toproperly < 10|
measure 0 100l

e /DCisat35.8m
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A\ —n + ¥ Challenge

e Resolution of A° p. depends on

*g 1051 - ‘O3 0<E<100Gev [ 1lso<'E<lzoé>Gév;

angular resolution of ZDC z [ 100<E<150GeV [ 200 < E < 250 GeV
B ol
e NeedtoknowZ __ to properly 10
measure 6 109l

e /DCisat35.8m

e “The reconstruction of the A event
in the far-forward detection area is 10‘;
one of the most challenging 100l
tasks.” - EIC YR
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How to detect this?

HCal: SiPM-on-tile ZDC

ECal: Multiple options
o 6.4X0LYSO
o 6.4 X0 PbWO4
o 22.5X0PbWO4

ECal used to capture photons from
Y —Yty

Va insulating layer

4 —162cm #\ff—eo cm (0.007 cm)

\

N SiPM-carrying PCB
\ with UV LEDs
60 cm (0.08 cm)
\
X\K/// -
dored pin ESR foil
link plate (0.015 cm)

3D-printed
frame

00
Absorber block ——— Q\
thickness=2 cm ESR foil ~— scintillator tiles
(0.015cm)  radius=3.1 cm
‘— cover thickness=0.3 cm

(0.04 cm)

ZDC SiPM-on-tile
Fe/Sc calorimeter
162 cm (8.0 A, 75 X0)

yan 2.8cm

/ service gap

ZDC LYSO ECAL
7 cm (0.3 A, 6 X0)

carbon-fiber frame
for LYSO crystals

LYSO crystal

(3x3x7 cm?) __——— PCB board with APD sockets

for LYSO readout



ECal considerations
Yellow = ECal, Green = HCal

Current configuration

Y¥

Shorter crystals

Images courtesy of A. Jentsch from CENS Summer School 2024



https://indico.cfnssbu.physics.sunysb.edu/event/111/contributions/963/attachments/359/585/EIC_summer_school_2024_far_forward_AJ_lect2_v1.pdf

Simulation

e 10-250 GeVA—-n+T1°,0<6 <4 mrad

e 4 standalone detector configurations:
SiPM-on-tile only

6.4 X0 LYSO + SiPM-on-tile

6.4 X0 PbWO4 + SiPM-on-tile

22.5 X0 PbWO4 + SiPM-on-tile

o O O O




Event selection

Only select events where all
three particles (n, 2y) are
within ZDC acceptance

Low energy decays detected in
central detector
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GNNs for reconstruction Event = 0, En uth = 204.003 GeV

Strawman energy (GeV):
214.936

Use graph neural networks (GNN)

to regress on A energy, 0, ¢
GNN details:

(@)

(@)

Nodes - Cell (E, x, v, )
Edges - (E, x, y, z) of ten neighboring #
cells

—
o
N
Hit Energy [MIP]

_1
<

Globals - Total deposited energy éo
Loss - Mean absolute error
100

3642 2 (0™
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Why use ML/GNNs?

e F.T. Acosta et al 2024 JINST 19 P06002 , arXiv:2406.12877
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https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06002
https://arxiv.org/abs/2406.12877

Why use ML/GNNs?

ZDC multiple neutron response
' ] ! =T ' — 1 T T T
| w GNN

- ®m Strawman |
103 E [' ‘1 —E

e Even with multiple showers!

e F.T Acosta etal 2024 JINST
19 P06002 ,
arXiv:2406.12877
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https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06002
https://iopscience.iop.org/article/10.1088/1748-0221/19/06/P06002
https://arxiv.org/abs/2406.12877

Energy Resolution

GNN Energy resolution

A-n+md Neutron
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GNN Angular resolution
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GNN Angular resolution
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YO SA+y

e Using SiPM-on-tile HCal only
e \ery preliminary results
e Comparable to A decay results

Energy Resolution
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Takeaways

e All four detector configurations meet physics requirements using GNNs

o Low-energy [1 MeV-O(1) GeV] y— LYSO
o High-energy y and 1° — No reason for ECal
o High-energy neutrons, A — No reason for ECal

e Promising results for Z° decay using SiPM-on-tile ZDC

Thanks!
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Backup:1D Model schematic

Input Graph

Globals (U)

Nodes (V)

Edges (E)

Edge MLP

Global MLP

Node MLP

Updated

Global (U")

4 Dense Layers of
g 64 Neurons

sl
Dense
1 output Neuron

o e

Permutation-Invariant
Aggregation

e Provide model with cell (E, x, y, z), event energy, and info of

neighboring cells
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Backup

Z distribution for events
vertex

that pass efficiency cut

Counts
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