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Introduction

In proton-proton (pp) and heavy-ion col-
lisions, the study of heavy-flavor hadrons
is essential for understanding the properties
of the QCD medium. Charm and beauty
quarks are predominantly produced during
the early stages of collisions through hard
partonic interactions and traverse the decon-
fined medium before hadronizing to open-
charm and beauty hadrons. The lightest open-
charm meson, the D0 (cū), can originate from
two different sources. Prompt D0 mesons
are produced either from the directly pro-
duced charm quark or from the decay of other
charm hadrons. On the other hand, non-
prompt D0 mesons result from the decay of
beauty hadrons. The prompt D0 mesons com-
prises of charms quarks that are produced near
the primary vertex and can be a useful tool
to understand the QCD medium. However,
the nonprompt D0 mesons, a product of weak
decay, can be utilized to explore the beauty
sector. We distinguish between the prompt
and nonprompt D0 meson signal from back-
ground noise using a machine learning algo-
rithm, XGBoost. The machine learning mod-
els are trained using features such as the in-
variant mass from the hadronic decay chan-
nel (D0 → π+K−), pseudoproper time, pseu-
doproper decay length, and the distance of
closest approach of the D0 meson, with data
simulated from PYTHIA8 for pp collisions at√
s = 13 TeV. We use the trained mod-
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els to predict the prompt and nonprompt D0

yield at three different center-of-mass energies√
s = 13, 5.02, and 0.9 TeV, and compare our

results with ALICE data wherever possible.

Methodology
We use PYTHIA8 to generate pp collisions

at
√
s = 13 TeV for training machine learning

algorithms to differentiate between prompt
and nonprompt D0 mesons from the back-
ground. We focus on several topological fea-
tures to identify the production dynamics of
these mesons. The selected topological fea-
tures associated with the displaced production
vertex of the D0 mesons include pseudoproper
time (tz) and pseudoproper decay length (cτ).
Additionally, we use the distance of closest ap-
proach (DCAD0) as a topological input vari-
able for the ML models. The DCAD0 is deter-
mined by the decay length and the sine of the

angle between ~L and the D0 momentum vec-

tor ~pD0 , where ~L is the vector connecting the
primary and secondary vertex. A detailed dis-
cussion on the input features can be found in
Ref. [1, 2]. The training of the XGBoost model
is performed using 600 million minimum bias
pp collisions at

√
s = 13 TeV.

Results
Figure 1 shows the confusion matrix for the

XGBoost model, with the Y-axis representing
the true pair counts from PYTHIA8 and the
X-axis showing the predicted pair counts from
the XGBoost model. The XGBoost model
achieves 100% accuracy in separating back-
ground pairs and shows a 99% accuracy in
distinguishing prompt D0 mesons from non-
prompt ones.
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FIG. 1: Confusion matrix for XGBoost model [1].
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FIG. 2: Nonprompt to prompt D0 meson ratio
in pp collisions at

√
s = 5.02 TeV compared with

ALICE results [1, 3].

Figure 2 shows the ratio of nonprompt
to prompt D0 meson yields at midrapidity
(|y| < 0.5) in minimum bias pp collisions at√
s = 5.02 TeV, as a function of pT. This

ratio provides insight into the relative yields
of D0 mesons originating from beauty hadron
decays compared to those from direct charm
hadron production. The XGBoost predictions
are compared with the ALICE results [3].

We investigate the impact of center-of-mass
energy on D0 meson production by estimat-
ing the ratio of D0 yields at two different en-
ergies, 13 TeV and 5.02 TeV. Figure 3 dis-

plays the ratio of D0 yields at
√
s = 13 TeV
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FIG. 3: Ratio of D0 yield in pp collisions at
√
s =

13 and 5.02 TeV compared to ALICE data [1, 4].

to
√
s = 5.02 TeV. For the prompt case, we

observe a clear increase in the ratio as pT rises.
In contrast, the nonprompt case shows a flat
trend across the entire pT range. A similar
pattern was recently reported by ALICE [4].

Summary

We employ machine learning algorithms
for a novel track-level unbinned identifica-
tion and separation of prompt and nonprompt
D0 mesons from background pion-kaon pairs.
Here, it is noteworthy that we train the model
using PYTHIA8 simulated data for pp colli-
sion at

√
s = 13 TeV and predict the yield of

prompt and nonprompt D0 meson at
√
s =

5.02 TeV. Our results agree well with ALICE
data for pp collision at

√
s = 5.02 TeV, which

sheds light on the robustness of our model.
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