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Abstract In this work we investigate the Zb(10610) (called
simply Zb) abundance in the hot hadron gas produced in
heavy ion collisions after the quark–gluon plasma phase. We
use effective Lagrangians to calculate the thermally aver-
aged cross sections of Zb production in processes such as
B(∗) + B̄(∗) → π + Zb(10610) and also of its absorption in
the corresponding inverse processes. We then solve the rate
equation to follow the time evolution of the Zb multiplicity.
We find that, if we neglect the Zb decay, the number of Zb’s
produced at the end of the quark–gluon plasma phase remains
almost constant during the hadron phase. The introduction of
the decay in the rate equation leads to a suppression in the
final yield by a factor two.

1 Introduction

During the last decade the existence of exotic hadron states
has been established [1–8]. In particular, in the bottomonium
spectrum, the charged states Z±

b (10610) (from now on called
simply Zb) have been observed by the Belle Collaboration
in the invariant mass spectra of the π±ϒ(nS) (n = 1, 2, 3)

and π±hb(mP) (m = 1, 2) pairs that are produced in asso-
ciation with a single charged pion in ϒ(5S) decays [9,10].
Their masses and decay widths have been estimated to be
mZ±

b
= 10607.2 ± 2.0 MeV and �Z±

b
= 18.4 ± 2.4

MeV, respectively [7], and the favored quantum numbers are
I G(J P ) = 1+(1+) [7]. The Belle Collaboration has also
found evidence of the charge neutral partner Zb(10610) in
the Dalitz plot analysis of ϒ(5S) → ϒ(2S)π0π0, with the
mass being mZ0

b
= 10609 ± 6 MeV [11]. Since the Zb is

an isotriplet state, it cannot be pure bb̄ state, needing at least
four quarks as minimal constituents.

a e-mail: navarra@if.usp.br

The structure of these isospin triplets is still matter of
debate. Due to the proximity to B B̄∗ thresholds, a natural
interpretation is to suppose that they are bound states of bot-
tomed mesons [12–29]. Another plausible interpretation is
that they could be compact tetraquark states, resulting from
the binding of a diquark and an antidiquark [8].

The determination of the structure of the Zb states
(meson molecule, tetraquark or a mixture, including bot-
tomonium components) requires more experimental infor-
mation. The study of the better known X (3872) state has
led to the conclusion that the production in hadronic col-
liders may be more sensitive to the quark configuration. It
has been claimed [30–32] that data on X (3872) production
in proton–proton collisions are incompatible with a molecu-
lar interpretation (for a different point of view, see however
[33,34]).

Hadronic production of exotic states can be investigated in
proton - proton collisions and in nucleus-nucleus reactions
both in ultraperipheral [35] and central collisions [36,37].
Indeed, heavy ion collisions (HIC) allow for a higher pro-
duction rate of heavy quarks. Moreover, the formation of
a quark–gluon plasma (QGP) phase allows heavy quarks
to move freely and recombine to form exotic states. As
described in [36,37], heavy quarks coalesce to form bound
states (and possibily exotic bound states) at the end of the
QGP phase. After being produced, the multiquark states
interact with other hadrons during the expansion and cooling
of the hadronic matter. They can be destroyed in collisions
with the comovinglight mesons, but they can also be pro-
duced through the inverse processes [38–42]. The final mul-
tiplicity depends on the interaction cross sections, which,
in turn, depend on the spatial configuration of the quarks.
Therefore, the measurement of the Zb multiplicity would be
very useful to determine the structure of these states. The-
oretical studies reported in Ref. [41], for instance, suggest
that the X (3872) multiplicity at the end of the QGP phase
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is reduced by a factor four due to the interactions with the
hadron gas. Moreover the results found in [41] suggest that if
the X (3872) was observed in HICs, it would be most likely
a molecular state.

In heavy ion collisions there is, so far, no theory which tells
us how to go from the initially formed heavy quarks to the X
and Z hadrons. We need to use models. Following the papers
of the EXHIC Collaboration, we assume that these hadrons
are first formed at the end of the plasma phase. This process
is described by the coalescence model. The estimates of the
number of X’s and Zb’s are given in Table 3.4 of Ref. [37].
Of course the X’s are always more abundant. The ratio of
the yields X/Zb is 104 at RHIC (

√
s = 200 GeV), 103

at the LHC (
√
s = 2.76 TeV) and 5 × 102 at the LHC

(
√
s = 5.02 TeV) at a higher energy. As can be seen, as the

energy increases it becomes more and more likely to produce
Zb.

Concerning the measurements, the X (3872) has been
measured in pp collisions by the CDF, CMS and ATLAS col-
laborations. The Xb, the bottom analogue of the X (3872),
is currently being searched in the ϒπ+π− decay channel.
Due to their powerful muon detectors, the CMS and ATLAS
groups have an excellent capability of measuring the ϒ

states.
In [43] the CMS reported the result of a dedicated search

for Xb in pp collisions at 8 TeV. More recently, in [44] the
ATLAS Collaboration has reported the result of the search of
the same particle in the same decay channel. A recent review
of the status of these experimental searches can be found in
[45]. The results are so far inconclusive but they show that
the search is feasible. In principle the same experimental
techniques can be applied to the search of Zb.

In nucleus-nucleus collisions the production of bottom
quark pairs is copious, even at RHIC (see the results of the
STAR collaboration in [46]). In [47] CMS has presented cross
sections for ϒ(1S), ϒ(2S) and ϒ(3S) production measured
in Pb − Pb collisions at

√
sNN = 5.02 TeV. The cross sec-

tions are in the nanobarn region. Based on our experimental
knowledge from the charmonium case, we might expect that
these cross sections should set the scale for the exotic bot-
tomonium case. The Xb and Zb should have production cross
sections close to those of the excited bottomonium states
ϒ(2S) or ϒ(3S). The Zb should be reconstructed in the anal-
ysis of the invariant mass of ϒ−π final states. This involves
the same level of complexity as the search for Xb in the
ϒ−π−π final states.

These facts make us think that the search for Zb in
heavy ion collisions is feasible and timely. Extending the
study of the X (3872) abundance mentioned above, in this
work we investigate the Zb abundance in the hot hadron
gas produced in the late stage of heavy ion collisions.
We will follow the previous works on the subject, where
the interactions of the X (3872) with light mesons were

addressed [39,40]. As in Refs. [13–15,26,29], we assume
that the Zb couples to B̄ B∗ and to B B̄. We use effective
Lagrangians to calculate the thermally averaged cross sec-
tions of the Zb production in processes such as B(∗) +
B̄(∗) → π + Zb, and also of the Zb absorption in the cor-
responding inverse processes. We then solve the rate equa-
tion to follow the time evolution of the Zb multiplicity
and determine how it is affected by the considered reac-
tions.

The paper is organized as follows. In Sect. 2 we describe
the formalism and calculate the cross sections of Zb produc-
tion and absorption. With these results, in Sect. 3 we calculate
the thermally averaged cross sections of the processes above
mentioned. Then, in Sect. 4 we solve the rate equation and
follow the time evolution of the Zb abundance. Finally, in
Sect. 5 we present some concluding remarks.

2 Cross sections

In this section we calculate the production and absorption
cross sections involving the Zb and pions. We focus on the
processes B̄ B → π Zb, B̄∗B → π Zb and B̄∗B∗ → π Zb

and the inverse reactions. In Fig. 1 we show the different
diagrams contributing to each process, without the specifi-
cation of the particle charges. The cross sections for these
reactions were obtained in Ref. [14] considering only the
charged partner Z+

b . Thus, for completeness, here we com-
pute the total cross section including all the components of the
isospin triplet. Due to their large multiplicity (there are about
ten pions for every particle of any other species), we expect
that the reactions involving pions provide the main contri-
butions to the study of the Zb abundance in hot hadronic
matter.

The amplitudes of the processes shown in Fig. 1 are cal-
culated with the help of effective Lagrangians based on the
extended hidden SU (4) local symmetry. For more details
about explicit expressions of amplitudes and calculations, we
refer the reader to Refs. [14,39–41,48–52]. The isospin-spin-
averaged cross section for the processes B̄ B, B̄∗B, B̄∗B∗ →
π Zb in the center of mass (CM) frame is given by

σr (s) = 1

64π2s

| �p f |
| �pi |

∫
d�

∑
S,I

|Mr (s, θ)|2, (1)

where r = 1, 2, 3 label processes B̄ B, B̄∗B, B̄∗B∗ respec-
tivelly;

√
s is the CM energy; | �pi | and | �p f | denote the

tri-momenta of initial and final particles in the CM frame,
respectively; the symbol

∑
S,I represents the sum over the

spins and isospins of the particles in the initial and final state,
weighted by the isospin and spin degeneracy factors of the
two particles forming the initial state for the reaction r , i.e.
[14,39,40]
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B(p2) Zb(p4)

π(p3)B̄(p1)

B̄∗

B(p2) Zb(p4)

π(p3)B̄∗(p1)

B̄∗

(a)

(c)

B̄(p1) π(p3)

B∗

B(p2) Zb(p4)(b)

B̄∗(p1) π(p3)

B∗

B∗(p2) Zb(p4)(e)B∗(p2) Zb(p4)

π0(p3)B̄∗(p1)

B̄

(d)

Fig. 1 Diagrams contributing to the process B̄ B → π Zb [diagrams
(a) and (b)], B̄∗B → π Zb [diagram (c)] and B̄∗B∗ → π Zb [diagrams
(d) and (e)], without specification of the charges of the particles (from
Ref. [14])

∑
S,I

|Mr |2 → 1

(2I1i,r + 1)(2I2i,r + 1)

× 1

(2S1i,r + 1)(2S2i,r + 1)

∑
S,I

|Mr |2, (2)

where

∑
S,I

|Mr |2 =
∑

Q1i ,Q2i

[∑
S

∣∣∣M(Q1i ,Q2i )
∣∣∣2

]
. (3)

Notice that the charges of the two particles forming the initial
state for the processes in Fig. 1 can be combined, giving a
total charge Qr = Q1i + Q2i = −1, 0,+1. We have then
four possibilities: (0, 0), (−,+), (−, 0) and (0,+), giving

∑
S,I

|Mr |2 =
∑
S

(∣∣∣M(0,0)
r

∣∣∣2 +
∣∣∣M(−,+)

r

∣∣∣2

+
∣∣∣M(−,0)

r

∣∣∣2 +
∣∣∣M(0,+)

r

∣∣∣2
)

. (4)

As mentioned above, the expressions of the amplitudes and
values of the coupling constants are given in Ref. [14].
The uncertainties in the couplings gZBB∗ will be taken
into account and the results discussed below will be rep-
resented by shaded regions in the plots. Also, in the compu-
tations of the present work we have employed the isospin-
averaged masses reported in Ref. [7]: mπ = 137.3 MeV;

Fig. 2 Cross sections for the production processes B̄ B → π Zb
(medium shaded region), B̄∗B → π Zb (dark shaded region) and
B̄∗B∗ → π Zb (light shaded region), as function of CM energy

√
s

mB = 5279.4 MeV; mB∗ = 5324.8 MeV; mZ±
b

= 10607.2
MeV; mZ0

b
= 10609 MeV.

In Fig. 2 the total Zb production cross sections are plotted
as a function of the CM energy

√
s. We see that the cross sec-

tions are ∼ 6×10−3−3×10−2 mb for 10.80 ≤ √
s ≤ 11.05

GeV. Also, it can be noticed that the three processes have
cross sections with the same order of magnitude. Another
point worthy of mention is that, due to the inclusion of the
contributions coming from processes with all the three com-
ponents of the isospin triplet (Z0

b, Z
+
b , Z−

b ), we obtain cross
sections that are bigger (by a factor about 2–3) than those
found in Ref. [14] with only the Z+

b component.
Using the detailed balance relation we also evaluate the

cross sections related to the inverse processes, where the Zb

is absorbed. In Fig. 3 the total Zb absorption cross sections
are plotted as a function of the CM energy

√
s. Decreasing

cross sections are expected because of the exothermic nature
of these reactions. The sum of the ϒ and π masses is bigger
than the sum of the masses in the final state. As it will be
seen, the kinematic region where the two particles in the
initial state are nearly at rest is at the edge of the phase space
and it is unimportant for the calculation of the thermally
averaged cross sections. They are found to be ∼ 5 × 10−2 −
1 mb for 10.80 ≤ √

s ≤ 11.05 GeV. As it can be seen,
the reaction with the final B̄∗B∗ state has the largest cross
section (by a factor about 3-10, depending on the channel)
in comparison with the other reactions. Again, the inclusion
of the contributions coming from the processes with all the
three components (Z0

b, Z
+
b , Z−

b ) yields cross sections that
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Fig. 3 Cross sections for the absorption processes π Zb → B̄ B
(medium shaded region), π Zb → B̄∗B (dark shaded region) and
π Zb → B̄∗B∗ (light shaded region), as function of CM energy

√
s

are bigger (by a factor about 2–3) than those found in in
Ref. [14] with only the Z+

b component.
The comparison between the Z+

b production and absorp-
tion cross sections, shown in Figs. 2 and 3, suggests that the
Zb-production cross sections are smaller than the absorp-
tion ones by a factor about 3–100, depending on the specific
channel and region of energy. This difference between pro-
duction and absorption cross sections can be accounted for
by kinematic effects.

In what follows we use the results reported above to com-
pute the thermally averaged cross sections for the Zb pro-
duction and absorption reactions.

3 Cross sections averaged over the thermal distribution

Let us introduce the cross section averaged over the thermal
distribution for a reaction involving an initial two-particle
state going into two final particles ab → cd. It is given
by [38,41,53]

〈σab→cd vab〉=
∫
d3 �pad3 �pb fa( �pa) fb( �pb)σab→cdvab∫

d3 �pad3 �pb fa( �pa) fb( �pb) , (5)

where fa and fb are Bose-Einstein distributions, σab→cd are
the cross sections evaluated in Sect. 2, vab represents the
relative velocity of the two interacting particles a and b.

In Figs. 4 and 5 we plot the thermally averaged cross sec-
tions for Zb absorption and production respectively, via the
processes discussed in the previous section. All the three pro-
duction reactions considered have similar magnitudes, espe-

Fig. 4 Thermally averaged cross section to the processes B̄ B → π Zb
(medium shaded region), B̄∗B → π Zb (dark shaded region) and
B̄∗B∗ → π Zb (light shaded region), as a function of temperature

Fig. 5 Thermally averaged cross section to the processes π Zb → B̄ B
(medium shaded region), π Zb → B̄∗B (dark shaded region) and
π Zb → B̄∗B∗ (light shaded region), as a function of temperature

cially at high temperatures. The absorption processes with
B B̄ and B∗ B̄ final states have comparable cross sections and
these are smaller than in the case with B∗ B̄∗ final state (by a
factor about 2–3). Comparing Figs. 4 and 5 we observe that
absorption is stronger than production by a factor ranging
from 20 to 100 in the energy region of interest.

In the next section we use these thermally averaged cross
sections as input in the rate equation and study the time evo-
lution of the Zb abundance.

123



Eur. Phys. J. C (2018) 78 :752 Page 5 of 8 752

4 Time evolution of Zb abundance

We complete the present investigation with the study of
the time evolution of the Zb abundance in hadronic mat-
ter, using the thermally averaged cross sections estimated in
the previous section. More precisely, we investigate the influ-
ence of π−Zb interactions on the abundance of Zb during
the hadronic stage of heavy ion collisions. The momentum-
integrated evolution equation for the abundances of particles
included in processes previously discussed [38,41,53] reads

dNZb (τ )

dτ
=

∑
b,b′

[
〈σbb′→π Zbvbb′ 〉nb(τ )Nb′(τ )

−〈σπ Zb→bb′vπ Zb 〉nπ (τ )NZb (τ )

−�Zb NZb (τ )

]
, (6)

where NZb (τ ), Nb′(τ ), nb(τ ) and nπ (τ ) are the abundances
of Zb, of bottomed mesons of type b′, of bottomed mesons
of type b and of pions at proper time τ , respectively. In the
last line �Zb is the Zb decay width. We can see in the above
equation that the Zb abundance at a proper time τ depends
on the π Zb dissociation rate through the processes discussed
previously, and also on the π Zb production rate from the
inverse processes.

To solve Eq. (6) we assume that the pions and bottomed
mesons in the reactions contributing to the abundance of Zb

are in equilibrium. Accordingly, nb(τ ), Nb′(τ ) and nπ (τ ) can
be written as [38,41,53]

nb(τ ) ≈ 1

2π2 γb gB(∗) m2
B(∗) T (τ ) K2

(
mB(∗)

T (τ )

)
,

Nb′(τ ) ≈ 1

2π2 γb gB(∗) m2
B(∗) T (τ ) V (τ ) K2

(
mD(∗)

T (τ )

)
,

nπ (τ ) ≈ 1

2π2 γπ gπ m2
π T (τ ) K2

(
mπ

T (τ )

)
, (7)

where γi and gi are the fugacity factor and the degeneracy
of particle i respectively.

As it can be seen in Eq. (7), the time dependence in Eq. (6)
enters through the parametrization of the temperature T (τ )

and volume V (τ ) profiles suitable to describe the dynamics
of the hot hadron gas after the end of the quark–gluon plasma
phase. As in Refs. [38,41,53], we assume the τ dependence
of V (τ ) and T to be given by

V (τ ) = π
[
RC + vC (τ − τC ) + aC

2
(τ − τC )2

]2
τc,

T (τ ) = TC − (TH − TF )

(
τ − τH

τF − τH

) 4
5

. (8)

These expressions are based on the boost invariant Bjorken
picture with an accelerated transverse expansion. Since we
focus on central Au–Au collisions at

√
sNN = 200 GeV, in

the above equation RC = 8.0 fm denotes the final size of the

quark–gluon plasma, while vC = 0.4 c and aC = 0.02 c2/fm
are its transverse flow velocity and transverse acceleration at
τC = 5.0 fm/c [38,41,54]. TH = TC = 175 MeV is the
temperature of the hadronic matter at the end of the phase
conversion, at τH = 7.5 fm/c. The freeze-out takes place at
the freeze-out time τF = 17.3 fm/c, when the temperature
drops to TF = 125 MeV. The pseudocritical temperature of
the quark–gluon plasma to hadronic matter crossover is TC =
175 MeV. We will stick to this choice in our calculations but
we keep in mind that this temperature might be somewhat
smaller, close to TC � 155 MeV. We have checked that
changing TC from 175 to 155 does not change significantly
our results.

We also solve the rate equation for a system formed at the
LHC, where

√
sNN = 5.02 TeV. In this case the parameters

are [36,37]: Rc = 13.11 fm, vc = 0.6 c, ac = 0.044 c2/fm
and TC = TH = 175 MeV.

We assume that the total number of bottom quarks in
bottomed hadrons is conserved during the production and
dissociation reactions, and that the total number of bottom
quark pairs produced at the initial stage of the collisions
at RHIC is 0.02, yielding the bottom quark fugacity factor
γb ≈ 2.2 × 106 in Eq. (7) [36,37]. In the case of pions, their
total number at freeze-out is assumed to be 926 [38,41,54].

In spite of being useful, the model of the hot system formed
in heavy ion collisions represented by Eqs. (7) and (8) has
limitations both in its thermodynamical and hydrodynamical
aspects.

We know that the fugacity is a function of the tempera-
ture T and of the chemical potential μ. For fixed T and μ,
the quark fugacity is fixed and so is the quark density. If the
system evolves in time (expands and cools down) the tem-
perature and the chemical potential change with time and
so does the fugacity. When we describe the time evolution
of the system using a hydrodynamical code, we can follow
step by step the changes in T , μ and γ . In contrast to this
detailed (and time consuming) calculation, the model given
by Eqs. (7) and (8) is a simple and schematic representation
of hydrodynamics. Here the “fugacity parameter” γ is just a
normalization parameter, which is adjusted so as to reproduce
the measured meson multiplicities.

The adopted formulas (Eqs. (7), (8)) and the fitting pro-
cedure were first introduced in [55] and then updated later
in [54] and in subsequent papers. In the original papers the
authors assumed that the firecylinder expands isentropically.
In their model the fraction of hadronic matter during the phase
conversion time increases approximately linearly. Before and
after the change of phases the system is composed by nonin-
teracting particles forming ideal gases. For the sake of consis-
tency it would be interesting to calculate the entropy starting
from the multiplicities at every time step and check whether
it is conserved. However, to do this we would need to know
more than Eq. (7). We would need to know the multiplicities
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of all particle species which are relevant for the computation
of the entropy.

The Eq. (8) are an attempt to mimick in a simple way the
hydrodynamical expansion of fluid. They lack many impor-
tant features of a proper hydrodynamical expansion such as
the dependence on the initial conditions (for example initial
energy density and initial velocity distributions), the depen-
dence on the details of the equation of state and also the
dependence on the freeze-out criterion. Moreover, it is well
known that Bjorken hydrodynamics is just an approximation.
In particular, the predicted “plateau” in rapidity distributions
was never really observed. Nevertheless, it remains useful
because of its simplicity.

This kind of effective model can and should be improved,
but this is outside the scope of this work. Moreover, we are
not interested in the absolute multiplicity of Zb. We just want
to know how it changes during the hadron gas phase. We keep
using it more as an exploratory tool and keep in mind that
any findings observed in our calculations should be later con-
firmed, replacing (8) by a more realistic and fully numerical
hydrodynamical simulation.

In the present work we study the yields obtained for the
Zb abundance within two different approaches: the statistical
and the coalescence models. In the statistical model, hadrons
are produced in thermal and chemical equilibrium, according
to the expression of the abundance in Eq. (7) corresponding
to the hadron considered. Therefore, the Zb yield at the end
of the quark–gluon plasma phase is

N 0
Zb(Stat) = NZb(Stat)(τH ) ≈ 2.1 × 10−8. (9)

Notice, however, that this model does not contain any infor-
mation related to the internal structure of the Zb. In the coa-
lescence model the determination of the yield of a certain
hadron is based on the overlap of the density matrix of the
constituents in an emission source with the Wigner function
of the produced particle. This model contains information on
the internal structure of the considered hadron, such as angu-
lar momentum, multiplicity of quarks, etc. Then, following
Refs. [36–38,41], the number of Zb’s produced at the end of
the quark–gluon plasma phase can be written as :

NCoal
Zb

≈ gZb

n∏
j=1

N j

g j

n−1∏
i=1

(4πσ 2
i )

3
2

V (1 + 2μi Tσ 2
i )

×
[

4μi Tσ 2
i

3(1 + 2μi Tσ 2
i )

]li

, (10)

where g j and N j are the degeneracy and number of the j-
th constituent of the Zb and σi = (μiω)−1/2. The quan-
tity ω is the oscillator frequency (assuming an harmonic
oscillator Ansatz for the hadron internal structure) and μ

the reduced mass, given by μ−1 = m−1
i+1 +

(∑i
j=1 m j

)−1
.

Finally, the angular momentum of the system, li , is 0 for an

(a)

(b)

Fig. 6 a (upper panel) Time evolution of the Zb abundance as a func-
tion of the proper time in central Au–Au collisions at

√
sNN = 200 GeV.

Dark and light shaded bands represent the evolution with the number
of Zb’s produced at the end of the quark–gluon plasma phase calcu-
lated using statistical and four-quark coalescence models, respectively.
b (lower panel) Same as a but including the decay of the Zb

S-wave, and 1 for a P-wave. In order to calculate the Zb yield
within the coalescence model, we consider it as a tetraquark
state. Therefore, according to the coalescence model for Zb

as a tetraquark, the time evolution of the abundance (NZb )
is determined by solving Eq. (6), with initial condition, at
τH = 7.5 fm/c, given by

N 0
Zb(4q) = NZb(4q)(τH ) ≈ 2.1 × 10−9. (11)

The comparison between the values of N 0
Zb(Stat)

and N 0
Zb(4q)

in Eqs. (9) and (11) indicates that the number of Zb’s (pro-
duced at the end of the quark–gluon plasma phase) calculated
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(a)

(b)

Fig. 7 a (upper panel) Time evolution of the Zb abundance as a func-
tion of the proper time in central Pb-Pb collisions at

√
sNN = 5.02 TeV.

Dark and light shaded bands represent the evolution with the number
of Zb’s produced at the end of the quark–gluon plasma phase calcu-
lated using statistical and four-quark coalescence models, respectively.
b (lower panel) Same as a but including the decay of the Zb

with the statistical model is greater than the four-quark state
(formed by quark coalescence) by one order of magnitude.

In Fig. 6 we show the time evolution of the Zb abundance
as a function of the proper time in central Au–Au collisions
at

√
sNN = 200 GeV, using N 0

Zb(Stat)
and N 0

Zb(4q) as ini-
tial conditions. The results of the upper pannel suggest that
the interactions between the Zb’s and the pions during the
hadronic stage of heavy ion collisions do not produce any
relevant change in the Zb abundance, i.e. there is an approx-
imate equilibrium between production and absorption and
the number of Zb’s throughout the hadron gas phase remains

nearly constant. However, as it can be seen in the lower pan-
nel of the same figure, when we take into account the spon-
taneous decay of the Zb there is a significant reduction of
the abundance. In Fig. 7 we show the result of the same kind
of calculation with initial conditions typical of the LHC. The
conclusion is the same but the reduction is more pronounced.

5 Conclusions

In this work we have studied the Zb(10610) abundance
in a hot pion gas produced in heavy ion collisions. Effec-
tive Lagrangians have been used to calculate the thermally
averaged cross sections of the processes B(∗) + B̄(∗) →
π + Zb(10610), as well as of the corresponding inverse
processes. We have found that the magnitude of the ther-
mally averaged cross sections for the dissociation and for
the production reactions differ by factors up to 100, depend-
ing on whether the considered channel includes or not the
B(∗) + B̄(∗) state. With the thermally averaged cross sections
we have solved the rate equation to determine the time evolu-
tion of the Zb(10610) multiplicity. The results suggest that, if
we neglect the Zb decay, its multiplicity is not significantly
affected by the interactions with the pions and hence the
number of Zb’s would remain essentially unchanged during
the hadron gas phase. However the introduction of the decay
(included in the last line of Eq. (6) leads to a suppression of
a factor two in the final yield. This amount of suppression
is smaller (by a factor two) than the one found in similar
conditions for the X (3872).

It is interesting to observe that the main cause of suppres-
sion is a vacuum property of the Zb resonance. This motivates
the study of medium (density and temperature) effects on the
decay width, which we plan to address in the future.

In the near future it will be interesting to refine the phe-
nomenological description of the hadronic medium and per-
form a systematic study of the role played by this medium
in “filtering” the particles produced at the end of the quark–
gluon plasma phase.
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