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I. INTRODUCTION

The phenomenon of di�raction is familiar to us from
many areas of physics and is generally understood to arise
from the constructive or destructive interference of waves.
One such example, a plane wave impinging on a single
slit is shown in Fig. 1. In the strong interactions, di�rac-
tive events have long been interpreted as resulting from
scattering of sub-atomic wave packets via the exchange of
an object called the Pomeron (named after the Russian
physicist Isaac Pomeranchuk) that carries the quantum
numbers of the vacuum. Indeed, much of the strong in-
teraction phenomena of multi-particle production can be
interpreted in terms of these Pomeron exchanges.

FIG. 1:

In the modern strong interaction theory of Quan-
tum ChromoDynamics (QCD), the simplest model of
Pomeron exchange is that of a colorless combination
of two gluons, each of which individually carries color
charge. In general, di�ractive events probe the com-
plex structure of the QCD vacuum that contains color-
less gluon and quark condensates. Because the QCD vac-
uum is non–perturbative and because much of previously
studied strong interaction phenomenology dealt with soft
processes, a quantitative understanding of di�raction in
QCD remains elusive.

Significant progress can be achieved throught the study
of hard di�ractive events at collider energies. These al-
low one to study hadron final states with invariant masses
much larger that the fundamental QCD momentum scale
of � 200 MeV. By the uncertainity principle of quantum
mechanics, these events therefore provide considerable
insight into the short distance structure of the QCD vac-
uum.

A QCD diagram of a di�ractive event is shown in
Fig. 2. It can be visualized in the proton rest frame as
the electron emitting a photon with virtuality Q2 and
energy �, that subsequently splits into a quark–anti-
quark+gluon dipole; other wave packet dipole configura-
tions are also feasible. These dipoles interact coherently
with the hadron target via a colorless exchange. The
figure depicts this as a colorless gluon ladder, which as
discussed previously, is a simple model of Pomeron ex-
change.

Because the spread in rapidity between the dipole and
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Outline

What Sartre is: 

What is in the official release found here: https://sartre.hepforge.org/


What Sartre will be:

The areas that we are developing at the moment (subnucleon structure, 

machine learning, inclusive diffraction)
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Exclusive diffraction Sartre
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The nucleus as a collection of nucleons
Independent scattering approximations:
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Into the heavy nucleus
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Into the heavy nucleus
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Averaging over nucleon configurations

Need 500 Woods-Saxon configurations
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Averaging over nucleon configurations

𝒜γ*p→Vp
T,L (xIP, Q2, Δ) = i∫ 2πrdr∫

dz
4π ∫ d2 ⃗b (Ψ*VΨ)(r, z)J0([1 − z]rΔ)e− ⃗b ⋅ ⃗Δ

dσqq̄

d2 ⃗b
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2x500 4D integrals for each point in phase-space ( )

Not feasible for event generation.


Sartre split into two parts: 

1. Lookup table creation, which contains all the physics of the Dipole Model.


3D lookup tables for the first and second moment of the amplitude  
(and also for the variance)


2. Event Generation, using the lookup tables as an input for creating a PDF.


Need a separate table for each: Nuclear Species, Exclusive final state

Drawback: These tables take months to create on computer farms. If we make 

changes to the model we need to make new tables.

Benefit: Event generation from lookup tables very fast, ~1 ms/event.

Q2, W2, t
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Ultra-Peripheral Collisions
This is photo-production, tables only need to be 2D ( )


More flexibility, takes 2-3 days to produce. Can use UPC to test the nuclear model.
xIP, t

Bharath Sambasivam, TT, Thomas Ullrich, Phys.Lett.B 803 (2020), 135277 DIS 2021
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Current Development 1: Subnucleon structure 
Work with Arjun Kumar
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Hotspot model for incoherent ep-scattering
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Also: large scale (small |t| ) saturation scale fluctuations. Affects small , one more parameter.| t |

Nq = 3

 with a Gaussian distribution of width ⃗b i Bqc
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Incoherent Scattering in ep
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Eventhough coherent events dominate, the large  tails have a significant effect on the cross sections!

Subnucleon structure becomes important for 

| t |
| t | > 0.2 GeV2

A-A UPC at the LHC & RHIC
TT: SciPost Phys.Proc. 8 (2022) 148




Into the heavy nucleus
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Into the heavy nucleus
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Into the heavy nucleus
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Into the heavy nucleus
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Into the heavy nucleus
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Current Development 2: Machine Learning

Work with Jaswant Singh


1. Create a coarse table as before.

2. Fit a Neural Network to the coarse table 


3. Fill in the extra bins using the NN
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10% is enough!
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40-50% needed
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Conclusions:

We need 10% of the bins for Transverse and 40-50% for Longitudinal amplitude 

square tables.


Therefore, in total we need to generate ~25% of the table points. 


We can produce tables a factor 4 faster using Neural Networks. 
(weeks instead of months)
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Current Development 3: Inclusive Diffraction
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Current Development 3: Inclusive Diffraction
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Challenges:  
Need 4D differential state (  from photon flux, ). This means 4D tables, 1D integrals.


Need to include t-dependence.  
Either explicitly (8D integration, 5D table) or  

taking it from exclusive processes (Good enough for now?)
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Conclusions
Sartre is a reliable event generator for exclusive diffraction in ep, eA, and UPC for 

small x.

It stores the physics of the amplitude in 3D lookup tables which makes it a fast but 

unflexible generator.


In recent developments we have: 
Implemented nucleon substructure.


Developed a faster method for table generation using machine learning.

Began to extend the generator to inclusive diffraction. (w.i.p.)

ATHENA Collaboration, JINST 17 (2022) 10, P10019


