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dydips /dzﬂp f(p-u),

where d¥,, is an element of the freeze-out hypersurface and u* is the
hydrodynamic flow at freeze-out

» The primordial distribution of the i-th hadron in the local rest frame has the

form:
£ g-/ d*p 1
LT P e(VpR M T) F L
where T; = vév‘lﬁN"”vs/VHNé. The IVJ’ are the numbers of light (u, d) and

strange (s) quarks and anti-quarks in the i-th hadron. We compare the
non-equilibrium, 7; # 1, and equilibrium, v; = 1 cases
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» We have only one additional parameter to describe the spectra —
maximal transverse radius over the invariant freeze-out time, fpax/7r
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> The non-equilibrium
model is much better
than the equilibrium

» The simultaneous
description of the low
pr1 spectrum of pions
and kaons (protons)
is possible only in
non-equilibrium.

d’N/(2xpdp, dy) [(GeVic)’]
< N

Data / Model

p, [GeVic]

V.B., W. Florkowski, M. Rybczynski, 1405.7252



Light Strange particles

» Using exactly the same parameters, we have obtained an excellent description
of K2, K*0, and ¢

| T T T T

7'6'_'\ 10 chemical non-equilibrium E
S
8
= 10
=
©
o
3 1
Pz
o
10 f
f (1020) ;
0 1 2 3

p, [GeVic]

V.B., W. Florkowski, M. Rybczynski, 1405.7252



Light Strange particles

» Using exactly the same parameters, we have obtained an excellent description
of K2, K*0, and ¢

| T T T T

T‘Z\ 10 chemical non-equilibrium E
S
8
= 10
=
©
o
3 1
Pz
o
10 f
f (1020) ;
0 1 2 3

p, [GeVic]

> These particles have different lifetimes, masses and quark contents. Therefore
their simultaneous description confirms the validity of the single freeze-out
concept of the Cracow model.

V.B., W. Florkowski, M. Rybczynski, 1405.7252



Heavy Strange particles

» The experimental results at low p7 are reproduced, but for higher values of pr
(pT > 2 GeV) the model overshoots the data.
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» The experimental results at low p7 are reproduced, but for higher values of pr
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» It can be an artefact of the Cracow model that assumes a simple Hubble form
of flow at freeze-out for all particles.
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Heavy Strange particles
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» The assumption of a smaller emission volume for A's and ='s (by 20%) and also
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» With the reduced ryax and other parameters unchanged, we agree with the
experiment even for Q's at the highest centrality.
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Freeze-out in Cracow Model at LHC

» In the center-of-mass frame

at z =0, the freeze-out ‘= 16} ' ' T
starts in the center of the =, L T inax
fireball at the time 7¢. (& .
]
P
| 0 4
c=0-10% Ks
«
rmaxi ¢
i A;I .
12
r [fm]

V.B., W. Florkowski, M. Rybczynski, 1405.7252



Freeze-out in Cracow Model at LHC

» In the center-of-mass frame

at z =0, the freeze-out ' i
starts in the center of the
fireball at the time 7. -
K]
> Subsequently, it spreads out
along the hyperbola 7(r) = [ po ]
\/Ta2 +r2< \/ng + Max - c=0-10% Ks
L i K*O
r | ¢
max :
P VI
12
r [fm]

V.B., W. Florkowski, M. Rybczynski, 1405.7252



Freeze-out in Cracow Model at LHC

» In the center-of-mass frame
at z = 0, the freeze-out
starts in the center of the
fireball at the time 7.

> Subsequently, it spreads out
along the hyperbola 7(r) =

VT S VT R

> The radius r = v/0.7 ryax
(r = V0.8 rpax) determines
the production range for Q's
and ='s (A's).

V.B., W. Florkowski, M. Rybczynski,

LT

K

P

! 0

c=0-10% K

K

EH r.maxi(I)

‘:‘ . ! ‘.A.;l .

4 12
r [fm]




Freeze-out in Cracow Model at LHC

» In the center-of-mass frame
at z = 0, the freeze-out
starts in the center of the
fireball at the time 7.

> Subsequently, it spreads out
along the hyperbola 7(r) =

VT S VT R

> The radius r = v/0.7 ryax
(r = V0.8 rpax) determines
the production range for Q's
and ='s (A's).

> All other particles are produced in the range given by r = ryax.

V.B., W. Florkowski, M. Rybczynski, 1405.7252
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Pion condensation?
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Pion condensation?

» The low pr enhancement of
pions can be explained only
in non-equilibrium

The value of 4 that we use
is equivalent to the pion
chemical potential
fr=2T In7yq >~ 134 MeV,
which is very close to the 7°
mass, m,o ~ 134.98

It may suggest that a
substantial part of 7°
mesons form the condensate
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Conclusions:

» We connect the proton anomaly with the pion enhancement effect and show
that the two problems may be solved naturally within the non-equilibrium
Cracow single freeze-out model

> The obtained values of the non-equilibrium parameter 74 are close to the

pion condensation limit (y5°"¥)? = em=/T

> It may be interpreted as a signature of the onset of pion condensation in
ultra-relativistic heavy-ion collisions at LHC.
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