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MCNET SCHOOL 2024

Tutorials today/tomorrow

Pick one of the advanced tutorials:

Madgraph+Rivet+Contur (6/2-024, i.e. here)

Computing on GPUs (6/2-004)

Note that the GPU tutorial requires you to have access to a GPU!
If you have access to lxplus, you can ssh into lxplus-gpu.cern.ch as well.
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CHRISTIAN GÜTSCHOW

MCNET SCHOOL 2024

Night caps

Tuesday/Wednesday/Thursday evening from 7.30pm onwards, around R1
(possibly outside, weather permitting)

You will be split (randomly) into groups and get to quiz the lecturers/tutors!

Informal – have some fun!
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CHRISTIAN GÜTSCHOW

MCNET SCHOOL 2024

Panel discussion

We will have a Q&A panel discussion on Thursday!

To submit your questions, go to [slido.com] and enter the event number #9555 820
or use the QR code:

You can also submit a question anonymously – questions will be monitored!

Up-vote a question if you think it is relevant!
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https://app.sli.do/event/i3KoxJgsyEAu4FCaxSqNrd
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Poster prizes

morales.alvarado@damtp.cam.ac .uk
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ResultsIntroduction

In high energy physics (HEP), fundamental interactions can be 
described by the Standard Model (SM) of particle physics 
to a good extent. 

The SM is tested at the world’s most powerful microscope: the 
Large Hadron Collider (LHC). Theoretical predictions and 
observables are compared. 

Formulas are the actual language of theoretical predictions 
[1]. 

The question: Is there a way to find simple, accurate, and 
closed analytical formulas from noisy, potentially high 
dimensional datasets?

@CERN

We use symbolic regression (SR) with the PySR [2] 
library.
Formulas are described as expression trees, as shown in Fig. 1. 
An evolutionary algorithm implements mutations/crossover 
between trees, as shown in Fig. 2, and new trees arise. 

Each tree has a complexity c, related to its number of nodes.

Fittest trees optimise a certain metric

Methodology
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Fig. 1: Expression tree 
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Fig. 2: Mutation
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It is important that SR can perform equation recovery. 
Known laws are essential benchmarks. 
Example

We obtain the distributions of kinematic variables (cosines of 
momentum of the outgoing leptons, in this case) from simulations 
and train a regressor on them. Different binnings are used to 
assess robustness against statistical uncertainty. 

Success in all cases when compared to analytical QFT differential 
distribution in ‘Best’ criterion, as shown in Fig. 3 and Tab. 1.

Gaussian denoising can be used to recover invariants in  
reweighted distributions.

Now, working in SR angular coefficients [3] of 
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Fig. 3: Data and SR 
prediction.

Bins Accuracy Score Best

10 x2
0 ·

(296.52358194355 ·
x4

0 + 7046.0674) +
7613.42

7250.1396 · x2
0 +

7589.319
7250.1396 · x2

0 +
7589.319

30 x2
0(123.43398x4

0 +
2326.98053420264)+
2538.3494

2415.3643x0 +
2125.6453

2417.7627x2
0 +

2527.635

100 x0(207.340216x0 +
428.81232) +
109.830989048 +
750.30175

725.2477x0 +
637.3749

726.08685x2
0 +

757.9762

Tab. 1: SR formulas.
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[1]  Weinberg, S. The Quantum Theory of Fields (1996).
[2] Cranmer, M. Interpretable Machine Learning with PySR and 
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[3]  ATLAS Collaboration, arXiv 2309.09318. 
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M. Morales Alvarado*,  J. Bendavid, D. Conde, M. Ubiali, V. Sanz 

Symbolic Regression for Precision LHC Physics
𝜦𝒃

𝟎 →  𝜦𝒄
+ ഥ𝜦𝒄

− 𝒏: The First Study of Purely Baryonic 

Decays and Neutrons at LHCb
Ned Howarth

Eduardo Rodrigues, David Hutchcroft, Tara Shears, Juan Leite

Purely Baryonic Decays

• Purely Baryonic Decays (PBDs) are currently an experimentally unknown 
family of decays, the study of which could give insight into the baryonic 
matter anti-matter asymmetry observed in the universe [1].

• 𝛬𝑏
0 →  𝛬𝑐

+ ҧ𝛬𝑐
− 𝑛 has been determined to be an experimentally viable PBD 

which is suited to be measured at LHCb.
• This decay also stands to be the first measured with a final state neutron at 

the LHC.

• Neutral hadrons such as neutrons are invisible to the silicon tracking 
system at LHCb and only interact with the hadronic calorimeter (HCAL).

• Hadronic showers in HCAL tend to have non-trivial geometry and 
therefore give poor energy resolution and particle identification.

• This prompts 2 modes of analysis for 𝛬𝑏
0 →  𝛬𝑐

+ ҧ𝛬𝑐
− 𝑛:

 1. Reconstruct the decay with a missing momentum style approach 
     for the neutron. Currently underway for 2016-2018 dataset.
  2. Use HCAL information to attempt to trigger on, reconstruct or           

  partially reconstruct the neutron.

• High Levels of combinatorial 
background prompt the use of a 
Multi-Variate Analysis.

• Particle ID Variables along with 
variables relating to the geometry of 
the decay are fed into an XGBoost 
classifier.

• The performance of the XGBoost 
Shows good separation of signal and 
background.

• This gives us a reasonably clean 
mass spectrum to fit to.

Event Reconstruction & Signal Studies

Neutrons in the LHCb Detector

Multi-Variate Tool For Background

Fig.1. (a), (c) Tree-level and (b), (d) penguin-level Feynman diagrams contributing to 

the 𝛬𝑏
0 →  𝛬𝑐

+ ҧ𝛬𝑐
− 𝑛 decay.

Fig.2. Top: Schematic of the LHCb detector and sub detectors [1]. Bottom: Simplified 
Schematic Key of how different particles and particle species interact with LHCb 
subdetectors.
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• Using a missing momentum style approach the 𝛬𝑏
0  mass can be 

reconstructed with respect to momentum transverse to the direction of b-
hadron flight according to the equation [3]:

𝑀𝐶𝑂𝑅𝑅 = 𝑃𝑣𝑖𝑠
𝑇 2

+ 𝑚𝑣𝑖𝑠
2 + 𝑃𝑣𝑖𝑠

𝑇 2
+ 𝑚𝑖𝑛𝑣𝑖𝑠

2

Fig.3. Schematic of a b-hadron decay from a secondary decay vertex (SV) with a missing final 
state neutral particle (red). The corrected mass of the b-hadron is calculated from the transverse 
momentum of the combined visible particle tracks (blue)

• The 𝛬𝑐 pair are reconstructed from decay 𝛬𝑐
+  → 𝑝+ 𝐾− 𝜋+.

• Event reconstruction algorithms have been written and tested on Signal MC 
and as of Feb 2024 have been applied to the 2016-2018 dataset.

Fig.4. Reconstructed masses of 𝛬𝑏
0  mother (right) and 𝛬𝑐

+ ҧ𝛬𝑐
− pair (middle, left). Data is signal MC generated for 

years 2016 – 2018. Projections of an unbinned 3-dimensional negative log likelihood fit are shown in blue with 
normalised residuals in panels below.

Fig. 5. ROC Curve for result af XGBoost 
MVA Classification.

Fig. 6. Perceived separation for training and testing data split by Signal (Blue) and 
Background (Red). Plot shows good separation of species and little overtraining.
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