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Motivation

Fundamental observables, like the inclusive charged-particle e e Model sketch: |
multiplicity (N ) distributions and transverse momentum (p.) V2 - FL{IIV connected DNN implemented
spectra, precisely characterize the final state of pp collisions with Tensorflow & Keras

_ vy B 'Wwo separate models for the
TE § 13 Tev o - .- :
ALICE published a comprehensive dataset of N distributions = hsTev N | M o Prediction of N and p, yields

7 TeV -

and p_spectra within 0.15 GeV/c < p_ < 10 GeV/c and |n| < 0.8 S NP, - Two inputs each N, | p, and Vs

for pp collisions ranging from Vs = 2.76-13 TeV [1] T ITTI ‘ AN - E}Ifdde?mt;egru (:;cth:ZSe feerrnl]?zsg

in hyperparameter scan
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Those results demonstrate that predicting the collision-energy
dependence of these observables remains a challenging task
for PYTHIA simulations using the Monash13 tune [2]
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R, Data preparation:
| . - Logarithmic scaling of p_, N_ and Vs
orev ' —> More linear tail for better extrapolation capabilities

} 5.02 Tev - Data shuffeling and splitting into training and validation sets (80% / 20%)

Deep neural networks (DNNs) provide a purely data-driven 276 Tev S on by redinifi Hiniial N thi
alternative to predict these observables at unmeasured energies = DEliE] elpfehEhmediem o el GRIe MNiel e peims N/ i s Wint
- ALICE, pp collisions, charged particles ':"_ |tS a nge Of uncertalnt|es

— Proof of principle with provided by MC-based study in [3] 1l <058,0.15 GeVic <p, <10 GeVie .. i
E —> Better training performance and stability

N, n,»0 FN/(dp_dr) (GeVic)'

Model Tuning & Uncertainties

Hyperparameter scan: PYTHIA-based DNN predictions ALICE-based DNN predictions

Bayesian-optimization [4] search for best model architecture

1019 1 PYTHIA-based DNN model | ALICE-based DNN model ALICE-based DNN model

pp collisions, charged particles S pp collisions, charged particles 1 pp collisions, charged particles
|n|< 0.8, 0.15 < p7 <10 GeV/c 1Inl<0.8,0.15 < pt <10 GeV/c |n|<0.8,0.15 < pt <10 GeV/c
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PYTHIA-based DNN model
| pp collisions, charged particles

sampling: discrete values o | INl<0.8,0.15 < pr <10 GeVic
layers neurons per layer activation function initializer

2 32 Tanll (TIH) RandomUniform (RU)

3 64 ReLU (RE) RandomNormal (RN)
4 128 SeLU (SE) TruncatedNormal (TN)
256 Swish (SW) GlorotUniform (GN)

512 Mish (MI) GlorotNormal (GU)

Softplus (SP)

sampling: intervals (logarithmic) $ testsim
Ao learning rate (Ir) | model pred:
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08 5.10°% 11077 | = measVs scaled for
() 1 5.10 1 1-10 3 == unmeas VS visibility
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$ testsim i | ¢ train data ¢ train data
model pred: model pred: . 1 model pred:

| B measVs scaled for | = measVs scaled for | = measVs scaled for
g unmeas V'S visibility ®= unmeas V'S visibility g unmeas Vs visibility

A

min 5-1
max 5-1

- Extrapolation capability evaluated with PYTHIA simulations

— ALICE-equivalent energies (training/validation)

— Selected energies within 0.5 — 100 TeV (test)
- Target score: Quadratic mean of validation MAE & test MAE
- Best-performing architecture retrained on ALICE data Regression performance : Retrained on ALICE data:

- Good description of training data with deviation < 2% - Similar performance compared to PYTHIA-based model

Uncertainty estimation: - Extrapolation for 2.76 < Vs < 20 TeV within 5% - All available data within their corresponding uncertainties
Two different sources are added in quadrature - Inside 1.5 £ Vs <27 TeV accuracy drops to 10% - Solid extrapolation in N, and P, by about 20%
- Spread of Top5 perfroming hyperparameter configurations - For the highest and lowest energeis the model fails
- Ensemble of 20 random initializations of the top model to describe the simulation within its uncertainties —> Reliable interpolation to unmeasured energies
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PYTHIA Comparison Model Application

5 collisions, charged particles Construction of pp reference spectra
1= 0.8,0.15 < pr <10 GeVic for the nuclear modification factor:
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pp reference spectrum, Vs = 5.44 TeV
charged particles, |n|< 0.8
-1 [1] Phys. Lett. B 788 (2019) 166-179 y

| pp reference spectrum, vs = 6.37 TeV
charged particles, |n|< 0.8
| [1] Phys. Rev. D 105 no. 7, (2022) 074040

pp collisions, charged particles
|n|< 0.8, 0.15 < p1 < 10 GeV/c
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$ PYTHIA sim
1 = ALICE-based DNN

t+ PYTHIA sim
1 = ALICE-based DNN
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et - Extract relative change of the p_
VR ra— S spectra at different energies

- Apply toa Chosen baselme PP Z él\_(l_IC_JI_IIEIKc[);A]/er-IaW interpolation [1] NLO pQCD calculations [1]

measurement = ALICE-based DNN ‘071 " interpolated measurements [1]

= ALICE-based DNN
: =~ PYTHIA-based DNN ]
—> Allows consistent event class — 7, —

definition between pp and AA pr(GeV/c) pr(GeV/c)
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Ratio of PYTHIA to DNN predictions:
The simulations are compared to a wide range of energies: ALICE measurement at Vs = 5.02 Tey - consistent ,W'th estat?llshed _ - Extending the pp reference to
- For lower N_ (< 20) and p_(<1GeV/c), PYTHIA deviates - High precision & close in energy power-law |nterp9Iat|on at high p, much lower p, .
from the predictions by up to 20% for all studied energies to the interpolation targets ] Reduce.d quFtuatlons ang -l h'g.h P $°°d agre?ment with
_ At higher N and p., the comparison indicates an energy matching with PYTHIA at low p_ functional interpolation & theory
ch T’
dependence of PYTHIA’s accuracy decreasing beyond
the energy range used in the tuning process
- The trend observed for the training energies is further

extended to unmeasured energies CO n CI u S i O n & O u t I OO k

- Especially at lower energies a larger tension is observed

This approach could provide a more accurate reference than established methods or PYTHIA estimations.

It could be helpful for future heavy-ion runs where no explicit pp reference measurements are foreseen.

In the future, the procedure could be extended to the measured correlation of N and p_ to further constrain
the particle production or to identified particle spectra in other analyses.

— These deviations between the PYTHIA simulations and
the data-driven predictions could provide feedback
for future PYTHIA tunes
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