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Abstract: We have formulated a new model for collisions with nuclei, called Angantyr, which
is now included in PYTHIA8 event generator. The model is inspired by the old Fritiof model,
but also includes effects of hard partonic interactions. It uses a Glauber model to calculate the
number of wounded nucleons, but includes fluctuations in the nucleon-nucleon(NN) interaction
to separate non-diffractively and diffractively wounded nucleons. The MC simulates final states
without assuming a thermalised plasma. In this manner we are providing an event generator to be
used to simulate events from pp to AA with the same underlying physics approach. Collective effects
due to high string density are not included in the present version, but will be added in future work.
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1. Introduction

Recently several features exclusive to heavy ion physics have also been observed in pp collisions
at the LHC. Observations of strangeness enhancement [1] as well as ridge [2] like shapes in pp collision
results created turmoil in the particle physics community. These observations require investigation
of similarities between pp and heavy ion collisions through their final state particle production and
distribution. In this proceeding paper we provide an overview of our initiative to approach this from
pp collision side and attempt to extrapolate our knowledge from smaller systems to heavy ions.

Experimental results for pp collisions are usually well explained by event generators like
SHERPA [3], Herwig [4] and PYTHIA8 [5]. Heavy ion collision results are usually compared with the
study specific event generators like EPOS-LHC [6], AMPT [7] and HIJING [8]. Our model “Angantyr”
is developed within PYTHIA8 event generator. It can reproduce general features of pA and AA
collisions without being tuned to any heavy ion data. The model generates events without assuming
production of the thermalised medium after the collision. Hence, the current version of the model can
be used to study non-collective effects.

2. Overview of the Event Generation

Some major modifications are introduced in the extrapolation of pp collision dynamics of
PYTHIA8 event generator. The Angantyr model improves the inclusive definition of collision types of
the old Fritiof model ([9,10]). In heavy ion collisions a projectile nucleon can interact with multiple
target nucleons. Among these possible interactions there will be only one primary collision which
will look like a standard pp none-diffractive (ND) collision. But multiple other target nucleons can
also show possibility of ND interaction with the projectile nucleon. We consider these interactions
as secondary ND. In the Angantyr model we performed a careful analysis to accommodate these
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secondary ND collisions in heavy ions as modified single-diffractive (SD) interactions. The SD in pp is
treated as interaction between a pomeron and a proton in PYTHIA8 event generator. To distinguish
usual SD collisions from secondary ND collisions for the later case we modified the pomeron parton
distribution function (PDF) to look like a proton PDF.

In the “Angantyr” model we consider fluctuating wavefunctions of nucleons. We treat them as
fluctuations in the nuclei radius. In the impact parameter space interaction cross sections are then
interpreted as probabilities. In this way initial state fluctuations are accommodated in our model.
For every nucleus-nucleus collision nucleons are distributed randomly inside a nucleus according to a
Glauber formalism inspired from work by Strikman et al. [11]. All nucleons are then identified as either
wounded or spectators. Depending upon the interaction probability interections between wounded
nucleons in projectile and target are marked as elastic, ND, secondary ND, SD and double-diffrative
(DD). Further details of these modifications and their implications are described in [12].

All sub-events are then generated as corresponding PYTHIA8 events and at the parton level they
are all stacked together to represent one pA or AA collision event. The model always checks for energy
momentum conservation while generating secondary events. Hence, in the default set-up we put a
constrain over secondary event reconstruction. In the default set-up, the model performs only one
attempt to generate a secondary ND collision. The secondary ND is vetoed upon failed attempt for that
particular sub-event. In Figure 1a we show that with the default constrain on regenerating secondary
ND events in pA collision we quantitatively reproduce the transverse energy (∑ EPb

⊥ ) distribution.
In central AA collisions a higher number of nucleon-nucleon interactions averages out effects

of fluctuations. In such cases majority of interactions are treated as standard ND and they are less
dependent on secondary ND events. In [12] we dedicated a section describing effects of our modified
SD events in generating heavy ion collisions.
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Figure 1. (a) ∑ EPb
⊥ distribution of generated pPb events at

√
sNN = 5 TeV. (b) Charged multiplicity distribution of

pPb collisions at
√

sNN = 5 TeV from ATLAS [13] compared with the Angantyr generated events with two different
means of centrality selection.

3. Results

We show comparisons of our model-generated events with experiments such as ATLAS and
ALICE for pA and AA collisions. The results shown here are generated using the default set-up of the
“Angantyr” model with PYTHIA8 version 8.235.

3.1. pA Comparison

The study of pA interactions is a good stepping stone while extrapolating a pp collision dynamics.
In heavy ion collisions events are studied and compared in different bins of event centralities.
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The centrality of an event indirectly defines collision geometry and impact parameter of the interaction.
For appropriate comparison we require to obtain model-generated results in the centrality defined by
the experiment.

For pA comparison we use centrality definition from ∑ ET , where ∑ ET is the deposited
transverse energy in a pseudo-rapidity interval of η = [−4.9,−3.2] by the ATLAS experiment [13].
This pseudo-rapidity range is in the direction of Pb nucleus in pPb collisions. In Figure 1a we show
∑ EPb
⊥ distribution for pPb collisions. The simulated events reproduce ∑ EPb

⊥ distribution fairly well.
Figure 1b shows average charged particles multiplicity distribution in different centralities. The two
solid colour lines in the figure represent event selection by centrality binning based on model-generated
centrality (red line) and centrality bins obtained from the data (blue line). For most of the centrality
bins our model-generated charged multiplicity distribution quantitatively agrees with the data. Our
model over estimates the charged multiplicity for the most (0–5%) central collisions.

3.2. AA Comparison

For AA collisions we compared our results with the ALICE experiment data. Therefor we also
require to use centrality as defined in the ALICE experiment [14]. Here, amplitude distribution in
forward and backward V0 detectors as well as a trigger set-up is used to define the event centrality.
Since, in the event-generator we do not have any direct way to reproduce amplitude distribution of V0
detectors, we used an indirect way to define centrality [12] to compare our results with ALICE data.

In Figure 2a we show charged multiplicity in the central pseudo-rapidity bin for PbPb collisions
compared with the ALICE data [14] at

√
sNN = 2.76 TeV. In the same figure we also show results from√

sNN = 5.44 TeV XeXe collisions [15]. The dashed red line shows the distribution with the ATLAS
centrality definition for PbPb data. Since the solid red line overlaps with the dashed red line it is not
distinctively visible in the histogram.
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Figure 2. (a) Charged multiplicity at mid-rapidity for PbPb (
√

sNN = 2.76 TeV) [14] and XeXe (
√

sNN = 5.44
TeV) [15] compared to Angantyr for various centrality. (b) 〈Npart〉 as a function of centrality for the Angantyr model
compared to PbPb (

√
sNN = 2.76 TeV) Glauber-model calculations from ALICE [14].

For both types of nuclei the Angantyr results quantitatively agree with the experimental data.
In Figure 2b the average number of participating nucleons is shown for ALICE PbPb data of Figure 2a.
The model-generated distribution agrees with data within 5% discrepancy. The dashed red line in
Figure 2b shows the number of wounded nucleons obtained as percentiles in the model-generated
impact parameter bins.
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4. Conclusions

In the “Angantyr” model, unlike the old Fritiof model we separately treat diffractive and
non-diffractive excitations. Moreover, the model provides initial state fluctuations in nuclei geometry
while sampling nucleons in projectile and target for heavy ion collisions. Our model can provide a
quantitative description of the data from pA and AA collisions. A comparison of our model with
currently available other models is done in [12].

The current version of our model uses PYTHIA8 for event final state distribution. In PYTHIA8
hadrons are produced via string breaking, where all strings break into hadrons independently.
Therefore, the model cannot describe the collective effect and strangeness enhancement in its current
version. Despite these limitations, our model can be used as a baseline in the study of collective effects.
In coming publications we are keen to focus on these shortcomings of our model.
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