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containing viscous corrections controlled by the Israel-Stewart equations, see [17, 18] for

reviews. In order to close the hydrodynamic equations, one must supply the EOS of the

medium as a crucial input. Therefore, the nature of the QCD transition is a↵ecting the

hydrodynamic evolution and consequently the final ⇢(p
T

,�), which can be obtained from

the Cooper-Frye formula for particle i
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where N

i

is the particle number density, Y is the rapidity, g
i

is the degeneracy, d�
µ

is the

freeze-out hypersurface element, f
i

is the thermal distribution. In the following, we employ

the lattice-EOS parametrization [24] (dubbed as EOSL) for the crossover transition and

Maxwell construction [25] (dubbed as EOSQ) for the first-order phase transition.

The training dataset of ⇢(p
T

,�) (labelled with either EOSL or EOSQ) is generated by

the second-order event-by-event hydrodynamic package CLVisc [22, 23] with the fluctuating

AMPT initial condition [35]. We generate directly from the simulation 24018 ⇢(p
T

,�) for

di↵erent types of collisions. We then double the amount of the training dataset by label-

preserving left-right flipping along the � direction. We randomly select 10% of all the

⇢(p
T

,�) for validation and use the rest for training. In Tab. I we list the details of the

training dataset.

TRAINING ⌘/s = 0 ⌘/s = 0.08

DATASET EOSL EOSQ EOSL EOSQ

Au-Au
p

s

NN

= 200GeV 7935 5828 500 500

Pb-Pb
p

s

NN

= 2.76 TeV 5467 3328 500 500

TABLE I. Training dataset: numbers of ⇢(p
T

, �) generated by the CLVisc hydrodynamic package

with the AMPT initial condition in the centrality range 0 � 60%. ⌘/s is ratio of shear viscosity

and entropy density. ⌧0 = 0.4 fm for the Au-Au collisions and ⌧0 = 0.2 fm for the Pb-Pb collisions.

The testing dataset contains two groups of samples. In the first group, we generate 2445

⇢(p
T

,�) using the second-order event-by-event hydrodynamic package iEBE-VISHNU [26]

with the MC-Glauber initial condition. In the second group, we generate 8917 ⇢(p
T

,�) using

the CLVisc package with the IP-Glasma-like initial condition [36, 37]. In Tab. II we list the

details of the testing dataset.


