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Up to about 500 TeV in target 
frame at the LHC energies
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Accelerating discovery



OUR UPC PHYSICS PROGRAM
IS THE FORERUNNER OF EIC

Disclaimer: no ALICE data have been used 
at all for the purpose of this presentation, 
but data simulated by us based on realistic 
conditions



Intro to Autoencoders
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• Autoencoders are trained to reduce 
the dimensionality of the input in an 
efficient way  

• They allow for data compression 
(achieving up to 60% without 
overtraining) 

• They capture the important features of 
the data 

• By reconstructing the encoded data, it 
is possible to look for errors in the 
decoding 

• Suitable for anomaly detection



UPC AT LHC AND EIC
ANOMALY DETECTION



Summary

Shown here: 
• -dependence of 

coherent and incoherent J/
ψ 

• First measurement of the 
nuclear suppression factor 
at Bjorken- ! 
Obtained with the neutron 
emission technique 

• Models do not describe the 
growth of  at low 
energies 

• Peripheral and neutron 
emission techniques 
produce results in 
agreement with each other

𝑡

𝑥~10−5

𝜎𝛾𝑃𝑏

What we found: 
• -dependence of 

incoherent J/ψ 
demonstrates the 
importance of 
subnucleon fluctuations 

• At high- , models fail to 
describe the data 

• At low- , nuclear 
shadowing, saturation 
describe the energy 
dependence 

• Transverse polarisation 
for coherent J/ψ

𝑡

𝑥

𝑥
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Looking for new processes and new signals 
without explicitly training the model

UNSUPERVISED - through anomaly detection

Data compression - up to 60% disk space saved
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Only 2 to 8 tracks in a 
single collision

Reconstruct the 
complete process in a 
very clean environment 
(the closest you can get 
to the traditional Special 
Relativity exercise)

UPC physics: exclusive physics 



Why is this so unusual
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• Early stopping 

• Low tolerance threshold 

• Avoids overtraining

Input Layer Latent Space (8D)Dense + ReLU Output Layer (Reconstructed features)Dense + Sigmoid

We train the autoencoder 
to recognise ALL the 
measured processes

An ALICE UPC event

First 
track

Second 
track



Why is this so unusual
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• Early stopping 

• Low tolerance threshold 

• Avoids overtraining

Input Layer Latent Space (8D)Dense + ReLU Output Layer (Reconstructed features)Dense + Sigmoid

We train the autoencoder 
to recognise ALL the 
measured processes

An ALICE UPC event

First 
track

Second 
track

The usual ALICE event

Anomaly detection here can 
just be used at the hardware 
trigger level… That’s the case 
for ATLAS and CMS



UPC AND CEP PROCESSES
NICE FOR AUTOENCODERS

In a different way, at 
the analysis level! 
With all the 
reconstructed event



Future opportunities
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… what happens in a real life 
situation instead?

11© 2024 CERN, for the benefit of the ALICE Collaboration

Remember: this is a 
strategy to do all 
possible searches for 
New Physics in a 
single go!



Simulating real detector conditions
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• We start generating all the exclusive UPC processes measured until now by 
ALICE 

• We apply kinematic cuts  

• And PID



Simulating real detector conditions
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Two strategies for autoencoders
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FIRST DESIGN: a 
particle is assigned 
an identity based on 
a  cutNσ

This means that the 
same particle may be 
assigned multiple 
identities 

This is because 
processes may 
overlap each other

The total number of tracks is needed 
to constrain the misidentification



Two strategies for autoencoders
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SECOND DESIGN: no 
specific identity is 
assigned

We just give each 
possible PID 
response value

The total number of tracks is needed 
to constrain the numbers of inputs



Testing on a Realistic Dataset

● Anomalous events extend to higher MSE values

Distribution of MSE values for the first and second autoencoders respectively 16



Testing on a Realistic Dataset

● Invariant masses of events with MSE values > 0.01

Invariant mass distributions for events flagged as anomalous for the first and second autoencoders respectively

100% of pentaquarks flagged 
by both autoencoderssmall contamination from 

other J/Ѱ processes

~10% of J/Ѱ → 4π flagged in first 
autoencoder

~15% of J/Ѱ → 4π flagged in 
second autoencoder
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Future opportunities
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What if you do not find 
anything after applying the 
autoencoder technique?

18© 2024 CERN, for the benefit of the ALICE Collaboration

No worries! It becomes 
a good exclusion limit



Exclusion Limits
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Limits in the 
case of no 
background 
(as it turns out 
from the 
autoencoder)

GlueX has more stringent 
limits but we can extend 
them with this technique

No one has measured 
tetraquark production in 
UPCs yet

This relates to the nature 
of tetraquark: compact or 
molecular?

Pentaquark Tetraquark



Future opportunities
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• Using autoencoders for the 
simultaneous analysis of the 
entire UPC dataset - in all 
possible decay channels! 
(Normally each channel is 
examined individually) 

• Useful also for exclusion limits 
for New Physics 

20© 2024 CERN, for the benefit of the ALICE Collaboration

Brianna Kinkaid’s MSc thesis: 
successfully defended on 

June 12th - committee very 
impressed too



21

Up to about 500 TeV in target 
frame at the LHC energies
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Accelerating modelling
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Up to about 500 TeV in target 
frame at the LHC energies
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Based on arXiv:2602.10692



23

Up to about 500 TeV in target 
frame at the LHC energies
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Target for training (photon flux)

Feature vector (simplified picture)
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Up to about 500 TeV in target 
frame at the LHC energies
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Feature vector (simplified picture)
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Up to about 500 TeV in target 
frame at the LHC energies
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Iterative procedure to produce the 
training sample (reducing the 
number of needed integrals)

Gives 
uncertainty of 
the photon flux 
in a Bayesian 
approach & 
provides 
O(100) 
acceleration



NOW GOING TO 
FEMTOSCOPY
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Up to about 500 TeV in target 
frame at the LHC energies
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Correlation functions: 
- Have been measured 

in ee, pp, pPb, PbPb, 
etc 

- Link between ee and 
the other collision 
systems is still unclear 

- Undershoot typical of 
ee (what is its nature?) 

You can build correlation functions 
out of everything

Undershoot
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Up to about 500 TeV in target 
frame at the LHC energies
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Subnucleonic structures

Our result: 
- Demonstrated the 

presence of 
subnucleon fluctuations 

- First attempt to search 
for saturation effects in 
heavy nuclei using 
fluctuations 

- Can we do more? 

Phys.Rev.Lett. 132 (2024) 16, 162302
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Up to about 500 TeV in target 
frame at the LHC energies
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Still a lot of unknowns: 
- Nature of the emission 
- Is it coherent or fully incoherent? No “traditional” medium 
- Is it really a “proper” source? 
- What about the link to e.g. a Gaussian source? 

First considerations on the UPC source

arXiv:2606.11917
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Up to about 500 TeV in target 
frame at the LHC energies
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Using a proxy to the DIS formalism: 

- Using  

- , with factor 2 for the meson pair 

- Possible to measure pion pairs at midrapidity and with the MFT 
-  

mT = m2 + p2
T

x ≈
2mT

sNN
⋅ e±y

x ∼ 10−4,10−6

Bjorken-x
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Up to about 500 TeV in target 
frame at the LHC energies
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In the weak-saturation limit: 
- We can expand the saturation term 
-  
- Roughly independent from Bjorken-x 

Rweak = 5/6R0

Femto radius vs Bjorken-x 
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FIRST RESULTS FROM
STARLIGHT+DPMJET
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Up to about 500 TeV in target 
frame at the LHC energies
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Hot spots implemented following the approach in Phys.Lett.B 852 (2024) 138613: 
- Impact of localised emitting regions? 

Hot spots
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Up to about 500 TeV in target 
frame at the LHC energies
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Characteristics: 
- From 0 displacement up to 0.5 fm 
- Multiplicities at generated level 

Afterburner: 
- STARlight+DPMJET shows full 

oscillatory trend 
- Damping introduced by a finite-

size source 
- Direct link to size of localised 

emitting regions? 
- Link to CGC? 

STARlight+DPMJET+afterburner

arXiv:2606.11917
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Up to about 500 TeV in target 
frame at the LHC energies
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Characteristics: 
- Dip at 0.7 fm corresponds to a 

spatial scale  

- DPMJET string fragmentation 
scale? 

- BUT introducing additional 
displacements brings down the 
damping 

- Femto sensitive to sub-fermi 
structures  hopes for hot spots 

d ∼
πℏc

q
≈ 0.9fm

→

STARlight+DPMJET+afterburner

arXiv:2606.11917



Future opportunities
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• First attempt to bring HBT to 
UPCs 

• Still lot of work to do but: 

• Link to size of subnucleonic 
structures

36© 2024 CERN, for the benefit of the ALICE Collaboration


