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Transverse momentum spectra from Pb-Pb collisions at the LHC
[Devetak, Dubla, Floerchinger, Grossi, Masciocchi, Mazeliauskas & Selyuzhenkov, JHEP 06(2020)044]
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Quantification of the low pT pion excess
[Lu, Kavak, Dubla, Masciocchi & Selyuzhenkov, Nucl. Sci. Techn. 36, 142 (2025)] P. Lu et al.142 Page 6 of 11

In the low-pT range ( pT < 0.5 GeV/c), unlike kaons and 
protons, the data-over-model ratios for pions exceed unity 
across all centrality classes and collision systems, indicat-
ing a systematic pion production excess in the experimental 
measurements with respect to the fluid dynamic production. 
As discussed in the previous section, even when including 
the pion spectra in the Bayesian inference analysis, the 
fluid dynamic calculation is not able to capture this low-pT 
interval.

In Fig. 4, the pion excess, computed as the di"erence 
between the integral of the experimentally measured pion 
spectra in the interval pT < 0.5 GeV/c and the integral of 
the pions computed within our framework in the same pT 
interval, is shown for the three collision systems as a func-
tion of centrality. It is important to notice that the excess is 
computed in two di"erent pT intervals for LHC and RHIC. At 
the LHC pion spectra are measured down to pT = 0.1 GeV/c 
while at RHIC down to pT = 0.2 GeV/c. This study focuses 
on the single-charge 𝜋 excess, utilizing 𝜋+ pT spectra in 
Pb–Pb at  sNN = 2.76 TeV [39] and averaging 𝜋+ and 𝜋  in 
Xe–Xe at  sNN = 5.44 TeV [41]. As for the Au–Au system, 
the 𝜋  pT spectra from PHENIX [43] are used to compute 
the excess. For completeness, the pion excess is computed 
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Fig. 3  (Color online) Di"erential yields of pions ( 𝜋 ), kaons (K), 
and protons (p) over model spectra for 0–40% centrality classes in 
Pb–Pb collisions at  sNN = 2.76  TeV [39], Xe–Xe collisions at 
 

sNN = 5.44  TeV [41], and Au–Au collisions at  sNN = 200  GeV 
[43], respectively. From top to bottom, each row corresponds to 

particle type, and from left to right, each column showcases one of 
the three collision systems under consideration. Within every panel, 
ratios are segmented into five (six) centrality classes ranging from 0% 
to 40%. The bands represent the statistical and systematic uncertain-
ties of the data, summed in quadrature
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Fig. 4  (Color online) The integrated absolute single-charge pion 
excess in the range 0.1(0.2) < pT < 0.5 GeV/c as a function of cen-
trality in di"erent collision systems. The bars represent the experi-
mental uncertainties, and the bands represent the model uncertainties
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Quantification of the low pT pion excess
[Lu, Kavak, Dubla, Masciocchi & Selyuzhenkov, Nucl. Sci. Techn. 36, 142 (2025)]Quantification of the low-pT pion excess in heavy-ion collisions at the LHC and top RHIC… Page 7 of 11 142

also utilizing the measured pion spectra from the STAR Col-
laboration (green markers) measured in Au–Au collisions at 
 

sNN = 200 GeV [46]. Due to the limited pT interval of the 
STAR measurement (0.2 0.75 GeV/c), it was not possible 
to perform an independent Bayesian analysis, and the pion 
excess is computed using the model calculation obtained by 
the inference analysis of the PHENIX data. The excesses 
obtained using experimental data from the two Collaborations 
are compatible within the uncertainties. The STAR measure-
ments are available for the 10–20% interval, while the PHE-
NIX data for the centrality intervals 10–15% and 15–20%. 
Despite di"erent acceptance in rapidity of the STAR, PHE-
NIX, and PHOBOS experiments at RHIC, all measurements 
are reported at midrapidity per unit of rapidity and no addi-
tional treatment is required when comparing our calculations 
to these data from di"erent RHIC experiments. Therefore, to 
calculate the pion excess, the fluid calculations from the two 
finer centrality classes are averaged into a larger one. The 
experimental uncertainties from measurements are reported 
as bars. For consistency with the treatment of the system-
atic uncertainties in the fit, while computing the pion excess, 
the experimental systematic uncertainties are propagated as 
fully uncorrelated across pT . The total uncertainties represent 
the quadratic sum of experimental statistical and systematic 
uncertainties. A decreasing trend in the excess from central to 
peripheral collisions is observed for all collision systems. The 
significance of the excess is above 5 for all centrality classes 
and collision systems, specifically varying from 9.3 to 11.1 
across centrality classes at the LHC energies. We estimated 
the e"ect of treating the experimental systematic uncertainties 
as partially or fully correlated and the extracted pion excess 
remained compatible with our main result reported in the 
paper. In the future, it will be beneficial to have experimen-
tal guidance on the degree of correlation of the uncertainties 
among pT intervals and particle species of the experimental 
observables, which would enable a more thorough treatment 
of the systematic uncertainties in the analysis.

The uncertainties depicted by the bands in the figures 
originate from our model reflecting di"erent sources of 
model and experimental uncertainty. The uncertainties rep-
resent the spread in posterior distributions and the extrapola-
tion in the parameter space performed by the neural network 
(NN) emulator. As illustrated in Fig. 3, the MAP parameters 
provide a sufficient description of the data, indicating that 
the predominant source of model uncertainty arises from our 
NN emulator. Enhancements in the posterior distribution’s 
precision could be achieved by conducting the calibration 
with an increased number of design points and a narrower 
range of parameter values to increase the density of the train-
ing points to reduce the interpolation uncertainty.

In Fig. 5, the excess relative to the integral of the experi-
mental data in the interval 0.1 < pT < 2.0 GeV/c for the 
LHC and 0.2 < pT < 2.0 GeV/c for RHIC is presented. When 

calculating the relative excess the systematic uncertain-
ties between the excess and the integrated pion yields are 
treated as correlated, which partially cancels them out. For 
the STAR measurements, due to the limited pT intervals, the 
PHENIX measurements are used as the denominator; hence, 
no cancelation in the systematic uncertainties was possible. 
To obtain the yields for the 10–20% centrality interval from 
PHENIX, the arithmetic average of the yields for 10–15% 
and 15–20% was used. The relative excess remains constant 
as a function of centrality, with a consistent 10–20% excess 
across di"erent collision systems. The computed relative 
excess indicates that fluid dynamic calculations account only 
for 80–90% of the measured pion production in heavy-ion 
collisions. An excess yield is found in all collision systems 
and centrality ranges considered.

Having performed the Bayesian inference analysis utilizing 
the available RHIC data at  sNN = 200 GeV, we can further 
compare our results with the measurements from the PHO-
BOS experiment at very low-pT , to determine whether a pion 
enhancement can also be quantified for pT < 100 MeV [54]. 
The PHOBOS measurements are reported for the 0–15% cen-
trality interval close to midrapidity (  0.1 < y < 0.4 ). In Fig. 6 
the pion, kaon, and proton invariant yields are reported for 
the PHOBOS measurement at low-pT (solid markers) and for 
the PHENIX data at larger pT [43] (open markers), in com-
parison with the MAP model calculation obtained via the 
Bayesian inference analysis previously described. To obtain 
the centrality interval 0–15%, the results of our model and the 
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Fig. 5  (Color online) The excess of pions normalized to the inte-
grated pion yields over 0.1(0.2) < pT < 2.0 GeV/c for various central-
ity classes in the di"erent collision systems. The bars represent the 
experimental uncertainties, and the bands represent the model uncer-
tainties
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Dynamical chiral condensate as a coherent f/f0(500) field

• Dynamics

• Chiral symmetry breaking

• Condensate / coherent field

• The f/f0(500)
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Dynamics of a heavy ion collision
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Chiral symmetry breaking

SU(2)L × SU(2)R × U(1) → SU(2)V × U(1)

• (approximate) symmetry for almost massless up and down quarks

• broken spontaneously by chiral condensate

• (almost) massless pions c±, c0 as pseudo Goldstone bosons
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Chiral condensate
!.". L#$%&’ ω-M()%* &$) +,% C,#’&* C($)%$-&+%

(a) (b) (c)

Figure 3.2: Potential landscape and expectation value of the chiral condensate (red ball)
3.2a in the ordinary vacuum state, 3.2b shortly after a HIC and 3.2c during relaxation to
the original vacuum.

exponential amplification of low-momentum/long-wavelength modes where εp 2 < |m2
e!|

holds6. At late times no such type of amplification is present, since time evolution takes the
field to the true vacuum with →ϑ2↑ = v2 ↭ f 2

ω , recovering the ordinary (positive) vacuum
pion mass-squared parameter. This mechanism was discussed and numerically motivated
and supported in [RW93]. Even after the fields have rolled down into the valley of almost
degenerate vacua where →ϑ2↑ ↓ v2, it is argued that oscillations →ϑ2↑(t)↔ v2 ↗ cos(ϖt) in
the mean field persist, periodically driving the system with frequency ϖ ↗ mω in equation
(3.34) and amplifying resonant modes εp 2 +m2

ω ↗ ϖ2. This "parametric resonance" e!ect
[Mae01] was found to be less relevant than the formerly explained amplification mechanism.

It should be mentioned that there exist other studies investigating contributions from pion
condensates in HICs (e.g. [Orn+97; BF15]). These approaches build upon the assumption
of a local Bose-Einstein condensate (BEC) in each fluid element, i.e. a macroscopic number
of particles that are at rest in the local fluid frame at each point on the freezeout surface.
Their overall contribution to the spectrum is thus a sum of many local contributions. In
contrast to this ansatz, the present work assumes a classical field mode in the scenario
presented above, the induced spectrum of which can only be calculated from the knowledge
of the field over the whole freezeout surface and is thus a non-local object.

6In other words, low-momentum modes probe the potential in field space on short energy scales and are
less sensitive to the increase ↘ ω

4 in potential energy at large scales in field space.

29

• chiral symmetry spontaneously broken by vacuum expectation value

〈f(x)〉 = fc ≈ 93 MeV

• chiral symmetry restoration at

T > Tc ≈ 155 MeV
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Condensate / coherent field

• field modes has large occupation

• similar to classical field

• can be seen as shifted vacuum state |U〉 = eUa†−U∗a |0〉
• example: Bose-Einstein-Condensate of rubidium atoms [NIST/JILA/CU-Boulder]

Dynamical chiral condensate as a coherent f/f0 (500) field
Stefan Floerchinger

Emergent QCD Collectivity, Paris, 30/06/2026
8/18



The disoriented chiral condensate

[Anselm (1989), Blaizot & Krzywicki (1992), Bjorken, Kowalski & Taylor (1993), Rajagopal & Wilczek (1993), …,

Bjorken (1997), Mohanty & Serreau (2005)] !.". L#$%&’ ω-M()%* &$) +,% C,#’&* C($)%$-&+%

(a) (b) (c)

Figure 3.2: Potential landscape and expectation value of the chiral condensate (red ball)
3.2a in the ordinary vacuum state, 3.2b shortly after a HIC and 3.2c during relaxation to
the original vacuum.

exponential amplification of low-momentum/long-wavelength modes where εp 2 < |m2
e!|

holds6. At late times no such type of amplification is present, since time evolution takes the
field to the true vacuum with →ϑ2↑ = v2 ↭ f 2

ω , recovering the ordinary (positive) vacuum
pion mass-squared parameter. This mechanism was discussed and numerically motivated
and supported in [RW93]. Even after the fields have rolled down into the valley of almost
degenerate vacua where →ϑ2↑ ↓ v2, it is argued that oscillations →ϑ2↑(t)↔ v2 ↗ cos(ϖt) in
the mean field persist, periodically driving the system with frequency ϖ ↗ mω in equation
(3.34) and amplifying resonant modes εp 2 +m2

ω ↗ ϖ2. This "parametric resonance" e!ect
[Mae01] was found to be less relevant than the formerly explained amplification mechanism.

It should be mentioned that there exist other studies investigating contributions from pion
condensates in HICs (e.g. [Orn+97; BF15]). These approaches build upon the assumption
of a local Bose-Einstein condensate (BEC) in each fluid element, i.e. a macroscopic number
of particles that are at rest in the local fluid frame at each point on the freezeout surface.
Their overall contribution to the spectrum is thus a sum of many local contributions. In
contrast to this ansatz, the present work assumes a classical field mode in the scenario
presented above, the induced spectrum of which can only be calculated from the knowledge
of the field over the whole freezeout surface and is thus a non-local object.

6In other words, low-momentum modes probe the potential in field space on short energy scales and are
less sensitive to the increase ↘ ω

4 in potential energy at large scales in field space.

29

• chiral field f could do excursions into pion direction: disoriented chiral condensate

• has been looked for experimentally, for example in fluctuations of c0 to c± ratio
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The f/f0(500) resonance
• “Higgs boson” of chiral symmetry breaking in QCD

• broad resonance because of quick decay into pions, expected by Schwinger

• long debated but now established[1]
√

s = [(400 − 550) − i (200 − 350)] MeV

Physics Reports 658 (2016) 1–111
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on the status of the non-ordinary f0(500) resonance
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a b s t r a c t

The existence and properties of the sigma meson have been controversial for almost six
decades, despite playing a central role in the spontaneous chiral symmetry of QCD or in the
nucleon–nucleon attraction. This controversy has also been fed by the strong indications
that it is not an ordinary quark–antiquark meson. Here we review both the recent and
old experimental data and the model independent dispersive formalisms which have
provided precise determinations of its mass and width, finally settling the controversy
and leading to its new name: f0(500). We then provide a rather conservative average
of the most recent and advanced dispersive determinations of its pole position

→
sω =

449+22
↑16↑i(275±12). In addition, after comprehensive introductions, wewill reviewwithin

the modern perspective of effective theories and dispersion theory, its relation to chiral
symmetry, unitarization techniques, its quark mass dependence, popular models, as well
as the recent strong evidence, obtained from the QCD 1/Nc expansion or Regge theory, for
its non ordinary nature in terms of quarks and gluons.

© 2016 Elsevier B.V. All rights reserved.
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Chiral condensate dynamics 2

is this scenario of a partially restored chiral condensate
(PRCC) at freeze-out that we investigate below in further
detail.

Let us note here that a di!erent, albeit related scenario
has been discussed previously – a local misalignment
of the chiral condensate in isospin space from the ω
to the εϑ directions, also known as disoriented chiral
condensate [20–26]. More recently, a possible formation
of a Bose-Einstein condensate of pions was theoretically
explored [27], as well as the phenomenological influence
of critical fluctuations in the chiral order parameter
field [28, 29]. Indirect experimental signals for chiral
symmetry restoration are being explored in ratios of
particle yields of chiral partners, strange to non-strange
particles [30–32], as well as dilepton spectra [33–38].

Additional studies on the impact of the ω and other
resonances in the statistical hadronization model and the
resulting change in the pion yield have been conducted
in [39, 40].

High-energy heavy ion collisions and fluid-dynamic

description A fireball of QCD matter at high
temperature can be created with high-energy nuclear
collisions, as conducted at the Relativistic Heavy Ion
Collider (RHIC) [41–44] or at the Large Hadron Collider
(LHC) [45–48]. The standard theoretical description of
the soft dynamics of a heavy ion collision at high collision
energy is in terms of relativistic fluid dynamics [49–54].
This is based on the observation that the dynamics of
strongly interacting quantum fields on relatively large
length and time scales, i. e. for slow enough evolution, can
be described e!ectively with thermodynamic concepts
employed locally. Fluid-dynamic approximations that
are based on this rationale describe many strongly
interacting quantum systems and find applications from
condensed matter to astrophysics [55, 56]. The equations
of motion are obtained from the conservation laws for
energy and momentum, as well as baryon number and
other conserved charges (like electric charge or heavy
quark numbers). These get supplemented by additional
equations of motion for the dissipative corrections, which
are postulated in a more phenomenological way (see e.g.
[57]). The final part of the description, characterizing
the fluid and its microscopic dynamics, are the equation
of state (taken from lattice QCD calculations [19]) and
its transport properties, such as the viscosities.

For the fluid-dynamic description of the collision, we
employ the same setup as [58], where the fluid-dynamic
equations of motion are being solved using the FluiduM
framework [59–61] in conjunction with initial conditions
obtained from the TRENTo model [62, 63]. During
the evolution, the QGP fireball expands, dilutes, and
cools down until hadrons and their resonances start to
propagate independently; their momentum distributions
freeze out.

The momentum space distribution of these hadrons
can be calculated from the fluid fields on the freeze-out

ω

V (ω)

T < Tchiral

T > Tchiral

3

2

1fω

!ωcoherent

FIG. 1. Potential of the chiral condensate for di”erent
temperature regimes. Before the collision, the chiral
condensate is at its vacuum value ω = fω. At temperatures
above the chiral crossover, the e”ective potential is modified
such that it has its minimum at vanishing or very small ω
(1), leading to a relaxation of the condensate toward the new
minimum (2). When the fireball expands and cools down,
the vacuum form of the potential is restored for low enough
temperatures. If the cooling takes place quickly, the chiral
condensate can lag behind and still deviate from the vacuum
expectation value at the moment of freeze-out (3). This
di”erence has the physical significance of a coherent field,
finally resulting in an extra production mechanism for low
momentum pions.

hypersurface, corresponding to the spacetime manifold
with constant temperature Tfo. We use the code
FastReso [64] which also allows for the inclusion of
resonance decays and hadronic rescatterings (also known
as partial chemical equilibrium [64–67]). The final
result are transverse momentum space distributions of
identified charged particles, that can be compared to
experimental data [68–72]. The values for all appearing
parameters in this model are fixed using the calibration
conducted in [58].
Coherent Particle Production from Classical

Condensate Dynamics Let us now discuss how a
displaced chiral order parameter field arises during a
heavy ion collision and its contributions to the final state
particle spectra. If chiral symmetry is (partially) restored
in the high-temperature regime, this corresponds to a
substantial displacement of the chiral order parameter
field inside the fireball from the vacuum expectation
value on the outside, as illustrated in Fig. 1: Before the
collision, the condensate is at its vacuum value ω = fω.
At temperatures above the chiral crossover, the e!ective
potential is modified such that it has its minimum at
vanishing or very small ω (1 in Fig. 1), leading to a
relaxation of the condensate toward the new minimum
(2 in Fig. 1). When the fireball expands and cools down,
the vacuum form of the potential is restored for low
enough temperatures. If the cooling takes place quickly,
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Equation of motion for coherent field and andmomentum distribution

• equation of motion with source field J (t, x)[
m2

mt2 − ∇
2 + `2

]
[f(t, x) − fc] = J (t, x)

• momentum distribution of f/f0(500) particles[2]

Ep
dN
d3p

=
1
2

J (p)∗J (p)
(2c)3

• with Ep =
√

p2 + `2 and distribution of masses ` according to spectral function

[2][Amelino-Camelia, Bjorken, & Larsson, PRD 56, 6942 (1997)
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Fourier transform on a freeze-out surface!.". B#$%& W$’( M)*(# & C))+(,-F,-( F,((.()/&

Figure 2.2: Exemplary spacetime evolution of temperature in the fireball of QGP. Lines
of constant temperature are drawn in regular intervals of !T = 0.02GeV. The freezeout
surface used in this thesis is the line T = 0.14GeV. Data from [Ver+23].

[JK15; Che+21], see also Figure 1 in [FB04].
The assumption of a freezeout at constant time is of course only an approximation that

can easily be improved upon making use of the hydrodynamic evolution codes at hand. In
general, the freezeout surface for boost and rotationally invariant systems is given by a curve
ω →↑ (ε(ω), r(ω)) defining a surface ”fo with an oriented surface normal d”µ, though we
postpone details of the geometry until Section 5.2. This curve is determined to yield a
surface of constant temperature T = Tfo. As the energy density of the QGP decreases
the system of quarks and gluons eventually hadronizes due to confinement. Inelastic
scatterings that change the hadronic composition of the medium cease below a chemical
freezeout temperature Tchem. At an even lower temperature Tkin the kinematic composition,
i.e. momentum distribution of particles, freezes out due to the lack of elastic scatterings
in the dilute medium. In this thesis we limit ourselves to a single-freezeout model, with a
freezeout temperature Tfo = 140MeV, explicitly labeled in Figure 2.2 amongst other lines
of constant temperature.

The translation from the set of fluid variables to particle spectra is done via the Cooper-
Frye freezeout prescription [CF74]

ϑωp
dN
d3p

=
1

(2ϖ)3

∫

!

f(↓uεp
ε)pµd”µ . (2.14)

It assumes that the phase space distribution function f(xµ, pε) of particles immediately after

13

• particle production source from integral over freeze-out surface

J (p) =
∫
Σ

dΣ`j` (t, x, p)

• momentum-dependent current

j` (t, x, p) =
(
m`f(t, x) + ip` [f(t, x) − fc]

)
e iEpt−ipx
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Modeling the chiral condensate dynamics
• we need f(t, x) and m`f(t, x) on three-dimensional hypersurface Σ

• needs in principle advanced dynamical modelling

• for now: make plausible assumptions and study influence[3]

• influence is small, one may take f(t, x) = const.!.". A#$%&’() P$*$+,’*(-$’(.# ./ DCC S0,)’*$

(a) Initial conditions. (b) pT-spectra.

Figure 5.8: Comparison of representatives from each 1-parameter family of initial condi-
tions together with the produced DCC spectra for m = 140MeV.

5.6 Analytic Parametrization of DCC Spectra
In the last section we found certain universal features of the spectra generated from our
model that are to some extent independent of initial field configurations and must thus
depend on the freezeout geometry and the symmetries. We now try to find an analytic
description to capture these features in terms of only a few parameters.

The starting point for this study is formula (5.15) to compute the spectrum from the
condensate field and derivative on the freezeout surface. To make an analytical treatment
possible, we simplify the freezeout geometry and consider the freezeout surface to be
composed of a section where ω = const. and a section where r = const. and the fireball
shall be contained within a rectangular region [ω0, T ]→ [0,R] in the (ω -r)-plane, where
T and R represent the e!ective extent of the fireball and ω0 the time after which its fluid
dynamic description is considered to be valid. The situation is visualized in Figure 5.9.
The parametrization of the freezeout surface allows for a simple subdivision

∫

!fo

d!µ(. . . ) =

∫ ω
2

0

dε(. . . ) =
∫ ω(T ,R)

0

dε(. . . )
∣∣∣
ε=T

+

∫ ω
2

ω(T ,R)

dε(. . . )
∣∣∣
r=R

, (5.38)

with ε(T ,R) = arctan(T /R) for the parametrization discussed at the beginning of Sec-
tion 5.2. We denote the contributions from each integral by JT and JR respectively.

Using constancy of one of the position space variables ω and r on each subinterval

67

[3]T. Bruschke, Master thesis, Uni Jena (2025), https://doi.org/10.22032/dbt.67475
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Decay on f/f0(500) into pions 4

ω

ε+

ε→

ω

ε+

ε→

FIG. 3. In a restframe of the heavier ω-resonance, we
assume an isotropic distribution of the three-momenta of
the decay products, with the allowed momenta being limited
by three-momentum and energy conservation. In a frame
where the resonance has non-vanishing three-momentum, the
momentum distribution of the decay products is boosted
accordingly. By this mechanism, the final momentum
distribution of the decay products is a convolution of the
momentum distribution of the primary resonance with the
decay function [64, 78].

freeze-out hypersurface (defined by T → 125 MeV).
The resulting pion distributions for collisions

conducted at the LHC and at RHIC, after performing
the resonance decays of the ω↑mesons, are depicted
in Fig. 4 together with the experimental data [81–83]
and the pion distribution from incoherent sources
[58]. We find that our model shows a qualitative
agreement with the experimentally found pion excess
without requiring any fine-tuning of the parameters.
In total, we observe the contribution of pions from the
coherent source to be between 24% to 32% of the total
pion multiplicity, depending on the collision system.
While already yielding the right magnitude of pion
excess, some discrepancies remain in the shapes of the
spectra compared to the experiments; especially for the
systems with larger collision energies, the experimentally
observed enhancement peak is slightly narrower than
our model prediction. This suggests that a simultaneous
fit of the fluid-dynamic and PRCC model is necessary
to find the global optimum in parameter space of the
combined theory, given the data, also providing a more
rigorous estimate of the PRCC amplitude in di!erent
collision systems. Such a simultaneous fit should also
allow for a better description of the transition region
in Fig. 4, in which the contribution of the condensate
becomes less important. Additional uncertainties arise
from the parameterization of the pole of the ω/f0(500)
and the parameter values used therein.

Conclusion and outlook In this work, we have
demonstrated that a partially restored chiral condensate
on the freeze-out surface has the potential to explain
the abundance of pions produced over the expectation
from thermal sources, measured across di!erent colliders,
collision systems, and energies. The partially restored
condensate is hereby a result of the chiral phase
transition, displacing the condensate field from its

vacuum expectation value in the QGP fireball. We used
this displacement to calculate the coherent spectrum
of the ω-resonance on the freeze-out hypersurface, and
in turn its contribution to the pion spectrum through
resonance decays. We find that this contribution can
explain the low-momentum pion excess qualitatively
without fine-tuning of the parameters across di!erent
collision energies.
The inclusion of the PRCC in future global fits of

experimental data will allow a more stringent test of
our model and the determination of its parameters. In
turn, these insights can lead to a deeper understanding of
chiral symmetry, its restoration, and related dynamics.
Through comparing data across di!erent collision
energies, a more precise determination of the pion
excess and the condensate dynamics across di!erent
temperatures and baryon chemical potentials is possible.
The recently conducted collisions of oxygen and neon at
the LHC, together with the collisions of larger systems
such as xenon and lead, also allow for a more thorough
examination of the spatial extent and dynamics of the
condensate field.
The coupling of a dynamical condensate with the

fluid model would allow for additional insights into the
mechanism of chiral symmetry restoration, and a more
concrete theoretical description, in future work.
The proposed model further has implications on

momentum correlations in the final state, since an
enhanced number of low momentum ω-particles in
the intermediate state leads to large correlations
between antipodally directed pions. Interestingly, in
the classical source picture, the ω-particles emerging
from the coherent state appear completely uncorrelated
in Hanbury Brown-Twiss observables [84]. Further
investigation is needed to estimate how the coherence
assumption of the ω/f0(500) field a!ects final state
momentum correlations of pions.
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• dominant decay

f/f0(500) → c+c−

• momentum distribution of pions can be calculated from momentum distribution of f/f0(500)
• needs spectral function
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Spectral function of f/f0(500)
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Sill parametrization

• Sill parametrization

d(`2) = −Im
(

1
`2 − M2 + iΓ

√
`2 − 4m2

c

)
\ (`2 − 4m2

c)

• M and Γ are chosen such that pole mass is at

√
sf = mf − i

2Γf = 449 MeV − i275 MeV
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Transverse momentum spectra with coherent f/f0(500) field
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• comparison to experimental data taken at RHIC and LHC

• fluid dynamic model for incoherent source[4]
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Conclusions

• dynamical chiral condensate can be seen as coherent f/f0(500) field
• momentum distribution is essentially square of Fourier transform of source field

• can be calculated on freeze-out surface

• momentum distribution of pions from resonance decay

• improves transverse momentum spectra in the very soft regime

• to do: dynamical modeling, azimuthal dependence, simultaneous fits, …
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