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Introduction: Exclusive Vector Meson (VM) Production

Major goals of the EIC

3D structure of nuclei

Gluon saturation

Origin of proton spin

Quark and gluon
confinement

Critical Measurement:
Exclusive VM Production

Deflection of VM measures
spatial distribution of gluons

Probe to gluon density →
saturation
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Distribution of momentum
transfer (|t|) :

Fourier conjugate to
impact parameter

Reflects the spatial
profile

Gluon imaging

Saturation models predict at EIC more than 20% of the cross-section will be diffractive

EIC YR: https://doi.org/10.1016/j.nuclphysa.2022.122447
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Goal: Precise Measurement of Diffractive Minima

MC |t| Distribution
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Transformation of MC |t| Distribution
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Diffractive Minima ⇔ Spatial Distribution

Small errors in minima = large errors in density

Smaller |b| determined by larger |t|
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The Experimental Challenge

Measurements of the |t| distribution encounter 2 primary challenges:
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1 Limited resolution in
measuring |t| :

Mainly momentum
resolution of e′

Tiny angular error → large
pT error

2 Overwhelming incoherent
background:

Red x’s
Detector cannot suppress all
incoherent production

Best method of |t| reconstruction → |t|eXBE (blue circles)
EIC YR: https://doi.org/10.1016/j.nuclphysa.2022.122447
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Extracting |t|
Reconstruct from exclusive VM

production

|t| = (PA − PA′)2

To access |t| : need complete
final state

Cannot measure PA′

For heavy nuclei → stays within
beam envelope

Tiny momentum change + tiny
angular deflection

e A

VM

e′

A′

|t|BABE (method E): |t| = (PVM + Pe′ − Pe)
2

Small error/inaccuracy has large effect on |t|
|t|eX (method A): |t| = [pT (e

′) + pT (VM)]2

Underestimates true t, valid only for small |t|
and small Q2

|t|eXBE (method L): |t| = (PA − Pcorr
A′ )2

Only applies to coherent events
EIC YR: https://doi.org/10.1016/j.nuclphysa.2022.122447

Projected-|t| Method: Add projection + wedge cut to |t|eXBE

Loss of statistics
M. Kesler, A. I. Sheikh, et. al., 10.1016/j.physletb.2026.140585
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Resulting |t| Distribution and Transformation After Using
Projected-|t| Method

Significant improvement in both distributions!
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STAR Collaboration, 10.1103/PhysRevC.96.054904

Using ωmax = π/12

Need precise location of
minima
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Can AI Do Better?



PyTorch Model: Multilayer Perceptron (MLP)

Deep learning artificial NN

Stacked layers of neurons

Good for tabulated data

Can learn non-linear patterns
in data

Goal: train model to recover |t| distribution
Inverse supervised learning: learns relationship
between input & output

Give model:

Output: |t|MC

Input: kinematics from eA collisions

Split data into 70% training, 15% validation, and 15%
testing
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AI Deconvolution of |t|

Regression unfolding: learns inverse mapping from smeared to truth
kinematics

|t|MC ⇒ f (Pe′ ,PVM,mVM,Q2
RECO, xRECO, yRECO,

√
|t|x ,

√
|t|y )

Analysis done with Carson Throckmorton, KSU

Optuna to determine best hyperparameters: https://optuna.org/

Activation functions: ReLU and
Leaky ReLU

Optimizer: AdamW

Loss function: Huber (Smooth
L1)

Scheduler: Plateau

Epochs: 25

Learning rate: 0.001

Hidden layers: 4

Number of neurons:
[93,88,129,110]

Dropout: [0.03,0.04,0.02,0.01]

Weight decay: 0.02

Batch size: 1024

Gradient clip: 1.6
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Results

Includes |t|ωmax = π/12 distribution from ePIC analysis

Promising results without the
wedge cut

Captures more of first dip

Peaks are narrowed
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Summary

Developed deep learning model to resolve diffractive minima in
|t| distribution
Can resolve first minima very well

Still very preliminary → work in progress

Next Steps:

Fix narrow peaks
Try adding ωmax cut (from projected-|t| method)

Use model to optimize this cut

Compare e′ resolution from model with ePIC

Write model into scripts

Thank you :)
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Backup Slides



Hyperparameters (1/2)

Activation functions: transform
neuron’s output before passed as
input.

Introduces nolinearity to
model

ReLU: avoids vanishing
gradient problem

Leaky ReLU: avoids dead
neurons

Optimizer: update parameters &
minimize loss during training.

AdamW:
Combines momentum &
RMPProp
Adaptive learning rate
Weight decay built-in

Loss function: quantify difference
between predicted output & target.
Guide optimization process. Goal of
training to minimize this loss.

Huber (Smooth L1):
Combines MSE & MAE
Good balance for physics
regression

Hidden layers & neurons: perform
summation (compute weighted sum
of inputs) & activation (pass
weighted sum through activation
function).

More neurons = more capacity

Too many = overfitting
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Hyperparameters (2/2)

Regularizaition Methods: prevent
overfitting & generalize models.

Dropout: randomly turns off
neurons during training

Weight decay: pushes weights
toward zero each step

Learning rate: step size in gradient
descent.

Too high = unstable

Too low = slow

Batch size: number of samples per
gradient update.

Large batch = smoother
gradients & less noise

Gradient clipping: prevents
gradients from growing too large.

Stabilizes training

Epochs: number of passes through
dataset.
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Build the NN Model

Build dynamic model to take in hyperparameters as variables

Optuna loops over trials to find best params
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Train the NN Model

Left: training loop with
validation

Right: accumulated loss
from each epoch
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