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Abstract

The D-meson spectral density at finite temperature is obtained within a self-consistent coupled-channel approach. For the bare meson–baryon
interaction, a separable potential is taken, whose parameters are fixed by the position and width of the Λc(2593) resonance. The quasiparticle
peak stays close to the free D-meson mass, indicating a small change in the effective mass for finite density and temperature. Furthermore, the
spectral density develops a considerable width due to the coupled-channel structure. Our results indicate that the medium modifications for the
D-mesons in nucleus-nucleus collisions at FAIR (GSI) will be dominantly on the width and not, as previously expected, on the mass.
 2006 Elsevier B.V.
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1. Introduction

Understanding the properties of matter under extreme condi-
tions of density and temperature is a topic of high interest over
the last years due to the direct implications in heavy-ion exper-
iments as well as in the study of astrophysical compact objects
like neutron stars. The CBM experiment of the FAIR project
(Facility for Antiproton and Ion Research) at GSI (Darmstadt)
[1] will investigate highly compressed nuclear matter, permit-
ting the exploration of the QCD phase diagram in the region
of high-baryon densities. In particular, the research program
will be focused on obtaining the in-medium modifications of
hadrons in dense matter, such as mesons containing charm or
anticharm quarks [2,3].

The medium modifications of mesons with charm, such as D

and D̄ mesons, have been object of recent theoretical inter-
est [4–9] due to the consequences for J/Ψ suppression, as
observed at SPS energies by the NA50 Collaboration [10]. Fur-
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thermore, changes in the properties of the D/D̄ mesons will
have a strong effect on the predicted open-charm enhancement
in nucleus–nucleus collisions [11,12]. The open-charm en-
hancement was introduced in order to understand the enhance-
ment of ‘intermediate-mass dileptons’ in Pb + Pb collisions at
the SPS energies. In Ref. [12] a suppression of D-mesons by
a factor of 10 relative to a global mT -scaling with a slope of
143 MeV was expected at bombarding energies of 25A GeV.
The inclusion of attractive mass shifts lead to an enhancement
of open-charm mesons by about a factor of 7 such that an ap-
proximate mT -scaling was regained. However, the open-charm
enhancement is a matter of recent debate, since the latest re-
sults on dimuon production by the NA60 Collaboration are not
consistent with an enhancement of open charm [13].

A phenomenological estimate based on the quark–meson
coupling (QMC) model predicts an attractive D+-nucleus po-
tential at normal nuclear matter density ρ0 of the order of
−140 MeV [4]. The D-meson mass shift has also been studied
using the QCD sum-rule (QSR) approach [5,6]. Due to the pres-
ence of a light quark in the D-meson, the mass modification of
the D-meson has a large contribution from the light quark con-
densates. A mass shift of −50 MeV at ρ0 for the D-meson has
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been suggested [5]. A second analysis, however, predicts only
a splitting of D+ and D− masses of 60 MeV at ρ0 because the
uncertainties to which the mass shift is subject at the level of
the unknown DN coupling to the sector of charmed baryons
and pions [6]. The mass modification of the D-meson is also
addressed using a chiral effective model in hot and dense mat-
ter [7]. Similar results to the previous works on QMC model
or QSR are obtained at T = 0 with the interaction Lagrangian
of chiral perturbation theory. However, a larger mass drop is
observed (∼ −200 MeV) at T = 0 when a SU(4) chiral ef-
fective model is used. In this case, the attraction is reduced to
∼ −150 MeV at T = 150 MeV.

In all these investigations, the D-meson spectral density
in dense matter is not studied. In our previous work [9], the
D-meson spectral density is obtained by including coupled-
channel effects as well as the dressing of the intermediate prop-
agators, which are not considered in the QMC models, the QSR
approach or the chiral effective models. These effects turn out
to be crucial for describing the D-meson in dense matter [9],
as already pointed out for the K̄ meson in the nuclear medium
[14–17]. Thus, the attraction felt by the D-meson is strongly
reduced or becomes slight repulsion in Ref. [9]. A most recent
coupled-channel calculation, appeared after submission of the
original manuscript, supports this notion by finding a repulsive
potential for the D-meson in dense matter [18].

In this Letter, the spectral density for the D-meson not only
at finite density but also at finite temperature is studied using
a self-consistent coupled-channel G-matrix calculation. The
medium effects at finite temperature like the Pauli blocking on
the nucleons or the Bose distribution on the pionic interme-
diate states, and the dressing of the D-mesons, nucleons and
pions are investigated. Our calculation indicates that the in-
medium properties of D-mesons in heavy-ion collisions will be
dominantly on the width and not on the mass, contrary to pre-
vious expectations [12]. Therefore, open-charm enhancement
will only be observed at FAIR if the off-shell behaviour of the
D-mesons in this hot and dense matter is taken into account.

2. The D-meson spectral density at finite temperature

In this section, we extend our self-consistent calculation for
the self-energy of a D-meson in infinite symmetric nuclear mat-
ter [9] to finite temperature. We calculate the single-particle
potential of the D-meson in symmetric nuclear matter at finite
temperature by performing a self-consistent coupled-channel
calculation taking, as the bare DN interaction, a separable po-
tential model for s-wave. The parameters of this model, i.e.,
coupling constant and cutoff, are determined by fixing the po-
sition and the width of the Λc(2593) resonance. In our calcula-
tion we have assumed that our interaction is SU(3) symmetric
for u-, d- and c-quarks. This approach is similar to use SU(4)

symmetry and ignore the channels with strangeness which are
higher in mass and well above threshold. Using symmetry for
the interactions, even for very heavy particles, has been fre-
quently used for charmed hadrons before. It is motivated by the
fact that the decay constants for pions, kaons and D-mesons dif-
fer by only a factor two, while the mass of the D-meson is about
an order of magnitude larger than the pion mass. For quark
masses the corresponding increase of mass is even two orders
of magnitude. Also, the mass splitting for the pseudoscalar and
scalar light, strange and charm quark sector is very similar.

In a recent publication [19], it was shown that the ansatz
of SU(4) symmetry for the meson interactions results in a
generalized KSFR relation [20]. Furthermore, a previous work
on heavy-light meson resonances, i.e., meson resonances with
open charm or bottom, was performed in terms of the chiral
quark model with a nonlinear realization of the chiral SU(3)

symmetry of QCD [21]. SU(4) symmetry for charmed hadrons
was used by Ref. [22] to describe J/Ψ absorption on nucleons
and found to be in agreement with experimental data. On the
other hand, a SU(4) chiral linear sigma model was constructed
in Ref. [23] fitting to charmed mesons quite successfully. In our
approach, the parameters fitted to the Λc(2593) are close to the
ones for the fit to the Λ(1405), supporting the notion of SU(4)

symmetry for the interaction.
The introduction of temperature in the G-matrix calculation

affects the Pauli blocking of the nucleons or the Bose distribu-
tion on the pionic intermediate states together with the dressing
of D-mesons, nucleons and pions. The G-matrix equation at
finite T reads formally as

〈M1B1|G(Ω,T )|M2B2〉
= 〈M1B1|V |M2B2〉

+
∑
M3B3

〈M1B1|V |M3B3〉 FM3B3(T )

Ω − EM3(T ) − EB3(T ) + iη

(1)× 〈M3B3|G(Ω,T )|M2B2〉,
where V is the separable potential and Ω is the starting en-
ergy. In Eq. (1), Mi and Bi represent, respectively, the pos-
sible mesons (D,π,η) and baryons (N,Λc,Σc), and their
corresponding quantum numbers, such as coupled spin and
isospin, and linear momentum. The function FM3B3(T ) for
the DN states stands for the Pauli operator, i.e., QDN(T ) =
1 − n(kN,T ), where n(kN,T ) is the nucleon Fermi distribu-
tion at the corresponding temperature. For πΛc or πΣc states,
the function FM3B3(T ) is 1+n(kπ ,T ), with n(kπ ,T ) being the
Bose distribution of pions at a given temperature. The function
FM3B3(T ) is unity for the other intermediate states.

Temperature also affects the in-medium properties of the
different particles involved. For nucleons, we have used a
temperature-dependent Walecka-type σ–ω model with density-
dependent scalar (gs ) and vector coupling (gv) constants. These
parameters are obtained from Table 10.9 of Ref. [24]. For given
gs and gv at T = 0, and fixing the density ρ, the nucleonic spec-
trum

(2)EN(kN,T ) =
√

k2
N + m∗(T )2 − Σ0,

with the vector potential Σ0 and the effective mass m∗ defined
as

Σ0 = −
(

gv

mv

)2

ρ,
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(3)

m∗(T ) = m −
(

gs

ms

)2 4

(2π)3

∫
d3kN

m∗(T )√
k2
N + m∗(T )2

n(kN,T ),

and the chemical potential µ, which is calculated imposing the
normalization property at each density

ρ = 4

(2π)3

∫
d3kN n(kN,T )

(4)= 4

(2π)3

∫
d3kN

1

1 + e
( EN (kN ,T )−µ

T

) ,

are obtained simultaneously.
In the case of pions, the self-energy in nuclear matter at finite

temperature has been obtained following a previous calculation
of the pion self-energy in nuclear matter [25,26] by incorpo-
rating finite temperature effects (see appendix of Ref. [17]).
The self-energy in nuclear matter [25,26] is obtained adding
to a small repulsive and constant s-wave part [27], the p-wave
contribution coming from the coupling to 1p–1h, 1∆–1h and
2p–2h excitations together with short-range correlations. These
correlations are mimicked by the Landau–Migdal parameter g′
taken from the particle–hole interaction described in Ref. [28],
which includes π and ρ exchange modulated by the effect of
nuclear short-range correlations. Furthermore, we have also in-
corporated the self-energy of a pion in the presence of a hot
pionic gas following Ref. [29]. However, for temperatures of
the order of 120 MeV for which D-mesons will be produced at
FAIR, this contribution has proven to be negligible compared
to the self-energy in the nuclear medium and, therefore, will be
omitted in our calculation.

The D-meson potential at a given temperature is then calcu-
lated according to

UD(kD,ED,T ) =
∫

d3kN n(kN,T )

(5)

× 〈DN |GDN→DN(Ω = EN + ED,T )|DN〉.

As for the case of T = 0, this is a self-consistent problem for the
D-meson potential, since the effective interaction G depends on
the D-meson single-particle energy, which in turn depends on
the D-meson potential.

After achieving self-consistency for the on-shell value
UD(kD,ED,T ), the complete energy dependence of the self-
energy ΠD(kD,ω,T ) can be obtained by

(6)ΠD(kD,ω,T ) = 2
√

m2
D + k2

D UD(kD,ω,T ).

This self-energy can then be used to determine the D-meson
single-particle propagator in the medium

DD(kD,ω,T )

(7)= 1

ω2 − m2
D − k2

D − 2
√

m2
D + k2

DUD(kD,ω,T )

,

and the corresponding spectral density is

(8)SD(kD,ω,T ) = − 1

π
ImDD(kD,ω,T ).
This simplified self-consistent scheme proved to be sufficiently
good for the K̄ case, as already shown in Refs. [16,17].

3. D-mesons at finite temperature: results and discussion

We start this section by discussing the effect of finite temper-
ature in the D-meson spectral density. In Fig. 1 the D-meson
spectral density at zero momentum and T = 120 MeV is shown
as a function of the D-meson energy for different densities
and for a cutoff Λ = 1 and a coupling constant g2 = 13.4.
This is one of the sets of parameters that reproduce the posi-
tion and width of the Λc(2593) resonance (see Ref. [9]). The
temperature is chosen in accord with the expected temperatures
for which D-mesons will be produced at FAIR. The spectral
density is displayed for the two approaches considered: self-
consistent calculation of the D-meson self-energy including the
dressing of the nucleons in the intermediate states (left panel)
and the self-consistent calculation including not only the dress-
ing of nucleons but also the self-energy of pions (right panel).
The spectral density at zero temperature for nuclear matter sat-
uration density, ρ0 = 0.17 fm−3, has also been included. In the
case when only D-mesons and nucleons are dressed in the self-
consistent process, we observe an attraction of −23 MeV for ρ0
at T = 0, due to the attractive potential felt by the nucleon,
which moves the DN threshold to lower energies, i.e. closer to
the Λc(2593) resonance. For the full self-consistent calculation,
the quasiparticle peak at T = 0 stays close to the free position
and mixes with a structure in the I = 0 component of the in-
medium DN interaction, which lies close to the DN threshold.
This structure is a state with the Λc-like quantum numbers and
can decay into πΣc states, as already reported in Ref. [9]. In
Fig. 4 of Ref. [9] this resonant structure was observed together
with another Λc-like structure below the πΣc threshold with
decay channels π(ph)Σc or D(Λchπ)N , where in parenthe-
ses we have denoted an example for the component of the pion
and D-meson that show up at energies below πΣc. This second
smooth structure, however, is not visible in the spectral density
because of lying far from the quasiparticle peak. The nature
of these two resonances is definitely something that deserves
further studies, being interesting to analyze whether these two
poles correspond to one effective resonance Λc(2593) observed
experimentally as in the case of the Λ(1405) resonance [30].

Once finite temperature effects are included, the quasiparti-
cle peak of the spectral density for kD = 0, defined as E2

qp =
m2

D + 2mD ReUD(kD = 0,Eqp,T ), moves closer to the free
mass. This expected behaviour is due to the fact that the Pauli
blocking is reduced with increasing temperature since the Fermi
surface is smeared out with temperature. This behaviour was al-
ready reported for the case of K̄ mesons [17,31]. Furthermore,
structures present in the spectral distribution at T = 0 are also
washed out with increasing temperature. This is the case for
the I = 0 bump close to the quasiparticle peak in the full self-
consistent calculation (right panel) and the structure observed
at energies around 1700 MeV for ρ0, which corresponds to the
Λc(2593)-hole excitation when only D-mesons and nucleons
are dressed (left panel). This situation is similar to the K̄N
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Fig. 1. D-meson spectral density at kD = 0 and T = 120 MeV as a function of energy for different densities, together with the D-meson spectral density at kD = 0
and T = 0 MeV for normal nuclear matter density ρ0 in the two approaches considered: self-consistent calculation of the D-meson self-energy including the
dressing of the nucleons in the intermediate states (left panel) and including not only the dressing of nucleons but also the self-energy of pions (right panel).
interaction, where the hyperon–hole excitations were also di-
luted at finite temperature [17]. Note that only the D-meson
spectral density at zero momentum has been shown, since a
smooth dependence in momentum is obtained. Furthermore,
the D-mesons produced in central nucleus–nucleus collisions
have only small momenta in the rest frame of the hadronic fire-
ball [12].

At finite density but zero temperature, works based on the
QMC model [4] and QCD sum-rules [5] predict an attrac-
tive D+-nucleus potential with depths ranging from −50 to
−140 MeV. These results are comparable to the ones ob-
tained from an interaction Lagrangian based on chiral pertur-
bation theory, as reported in Ref. [7]. However, in the same
work, when an effective chiral Lagrangian model is used, an
even larger drop of the D-meson mass at T = 0 is obtained
(∼ −200 MeV). This investigation also addresses finite tem-
perature effects, which reduce the attraction to −150 MeV for
the latter case. In the present calculation, the coupled-channel
effects, together with the self-consistent treatment of the D-
meson properties, are responsible for the reduced attraction felt
by the D-meson [9], or even repulsion as shown recently [18].
In our model, the self-consistent coupled-channel effects result
in an overall reduction of the in-medium modifications indepen-
dently of the in-medium properties of the intermediate states
[9]. The previous works based on QCD sum-rules, QMC mod-
els or chiral effective Lagrangians did not consider this coupled-
channel structure and, therefore, do not generate dynamically
the Λc(2593) resonance. However, only a detailed comparison
between models will be possible once the basic assumptions
of each model, which are based on the unknown DN interac-
tion, will be constrained by the experimental data. Furthermore,
finite temperature effects result in a less attractive D-meson po-
tential. At zero momentum, D-mesons at ρ0 and T = 120 MeV
interact with only a few MeVs of attraction for both approaches.

We have also obtained the decay width of D-mesons in nu-
clear matter, which has not been studied in previous mean-field
calculations [4–7]. For T = 120 MeV we observe a consid-
erable broadening of the spectral density as density increases
due to the different decay channels. The strength of the spec-
tral density at the quasiparticle peak is reduced by a factor of
about three when the density changes from ρ0 to 3ρ0 in both
approaches. Therefore, we conclude that the spectral density of
D-mesons in a hot and dense medium develops a considerable
width, while the quasiparticle peak stays close to the free mass.
Note that the width has to be compared to the underlying scale
of the system, which would be the Fermi energy, the tempera-
ture and the timescale of interactions in a heavy-ion collision,
all of which are of the order of 100 MeV.

In order to better visualize the previous discussion, we plot
in Fig. 2 the evolution of the quasiparticle peak together with
the width of the D-meson spectral density at zero momentum as
a function of the temperature for different densities (up to three
times normal nuclear matter density) and for the approaches
considered before. For zero temperature we observe a change
of the D-meson mass with respect to its free value between
−23 MeV for ρ0 and −76 MeV for 3ρ0 when D-mesons and
nucleons are dressed in the intermediate states (left panels). For
the full self-consistent calculation (right panels), the D-meson
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Fig. 2. Quasiparticle energy and width of the D-meson spectral density at kD = 0 as a function of temperature for different densities and the two approaches
considered: self-consistent calculation of the D-meson self-energy including the dressing of the nucleons in the intermediate states (left panels) and including not
only the dressing of nucleons but also the self-energy of pions (right panels).
potential lies between −5 MeV for ρ0 and −48 MeV for 3ρ0.
For higher temperatures, the quasiparticle peak gets close to
the D-meson free mass (at T = 120 MeV and ρ0, the peak is
at −1 MeV for the first approach and −0.1 MeV for the sec-
ond one). We observe that the inclusion of the pion dressing
reduces the attraction felt by the D-meson. A similar effect for
antikaons was obtained [9,15]. In the case of antikaons, the real
part becomes less attractive and the imaginary part loses struc-
ture once we include the pion dressing [9].

With regards to the width of the D-meson spectral den-
sity, at T = 120 MeV it increases from 52 to 163 MeV for ρ0
to 3ρ0 when D-mesons and nucleons are dressed. The incre-
ment goes from 36 MeV at ρ0 to 107 MeV at 3ρ0 for the full
self-consistent calculation. Furthermore, we observe a weak de-
pendence on temperature when D-mesons and nucleons are
dressed in the intermediate states. This behaviour can be un-
derstood by analyzing the evolution of the spectral density with
temperature, which barely changes, on the left panel of Fig. 1.
On the other hand, the width of the spectral density is slightly
reduced with temperature when pions are dressed. At zero tem-
perature, the quasiparticle peak mixes with a I = 0 Λc-like
structure (right panel of Fig. 1). The inclusion of finite tempera-
ture washes out any structure and the resulting spectral function
at finite temperature shows basically a single pronounced peak.
This effect was already reported for the case of antikaons in
Ref. [17]. Actually, as already observed for antikaons, we are
recovering the Tρ approximation with increasing temperature.
In our calculation, pions do not couple directly to D-mesons
and then, we do not take into account a collisional width with
pions which is truly sensitive to temperature.
We would also like to comment about the effect on the
D-meson self-energy due to the presence of a hot pion gas
at the expected temperatures at FAIR for D-meson production
(T ≈ 120 MeV). In Ref. [32] the self-energy of a D-meson in
a pion gas at finite temperature was calculated using the Dπ

forward resonance amplitude in isospin 1/2, motivated by chi-
ral symmetry [21]. For T = 120 MeV, the potential felt by the
D-meson in this hot pionic gas is of the order of −10 MeV
while the width stays below 20 MeV. This effect should be
added to our D-meson self-energy in a hot baryonic medium
shifting the quasiparticle peak by 10 MeV to lower energies and
broadening the spectral density. However, a self-consistent cal-
culation of the D-meson self-energy in this pionic gas should be
performed due to the presence of s-, p- and d-wave resonances
for the D–π system which can be easily modified in position
and width in the presence of this hot pionic medium.

The reduced attraction felt by the D-meson in hot and dense
matter together with the large width observed have important
consequences for the D-meson production at the future CBM
experiment at FAIR. Charm quark pairs are mainly created early
in a heavy-ion collision by hard scattering. However, D-mesons
can also be produced in secondary collisions after the primary
hard NN collisions due to ‘meson’–‘baryon’ rescattering via
associated production (meson–baryon going to Λc–D-meson,
for example), as pointed out in Ref. [12]. Charm-exchange
reactions to produce D-mesons are small, though. The asso-
ciated production will be then modified in the hot and dense
medium. In order to address the question to what extent in-
medium modifications of the D-mesons could be experimen-
tally seen, Ref. [12] studies the mT -spectra for central Au + Au
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Fig. 3. In-medium transition rates for D+n (D0p) at T = 120 MeV as a function of the center-of-mass energy for different densities and the two approaches
considered: self-consistent calculation of the D-meson self-energy including the dressing of the nucleons in the intermediate states (left panel) and including not
only the dressing of nucleons but also the self-energy of pions (right panel).
collisions at 25A GeV. For this purpose, a QCD sum-rule cal-
culation of the D-meson mass shift [5] is used. The strong mass
shift predicted by this QCD sum-rule calculation induces an en-
hancement of the D-meson yield by about a factor of 7 relative
to the bare-mass case (see Fig. 16 of Ref. [12]). Our present cal-
culation at T = 0 predicts that the D-meson in nuclear matter
feels a reduced attraction of −23 MeV at ρ0 in the first approach
and −5 MeV for the second one, which is half or even less, de-
pending on the approach, of the D-meson mass shift obtained
by QCD sum-rules. Furthermore, finite temperature effects dra-
matically decrease this value for T = 120 MeV. Therefore, if
only the in-medium mass shift is considered, the D-meson yield
is expected to lie very close to the free case. According to our
model, the inclusion of a considerable width of the D-meson
in the medium is the only source which could lead to an en-
hanced in-medium D-meson production, as studied for kaons
in Ref. [33].

The effect of the Λc(2593) resonance for the D-meson sub-
threshold production as well as the magnitude of the elastic
D-meson cross sections close to DN threshold can be easily
inferred from Fig. 3. This figure shows the elastic in-medium
transition rates for D+n (D0p), the counterparts in the charm
sector of K̄0n (K−p), from ρ0 to 3ρ0 at T = 120 MeV as a
function of the center-of-mass energy for the two approaches
considered: self-consistent calculation of the D-meson self-
energy including the dressing of the nucleons in the intermedi-
ate states (left panel) and the self-consistent calculation includ-
ing not only the dressing of nucleons but also the self-energy of
pions (right panel). The in-medium transition rates are calcu-
lated from the off-shell in-medium G-matrix elements at finite
temperature according to

PDi+Ni→Df +Nf
(s)

(9)=
∫

d cos(θ)
1

(2sDi
+ 1)(2sNi

+ 1)

∑
i

∑
α

G†G,

where Di,f and Ni,f represent the initial and final D-meson
and nucleon states. The sums over i and α run over initial and
final spins, while sDi

, sNi
are the spins in the entrance channel.

Once the transition rates are known, the cross sections can be
easily determined by multiplying with the phase space available
according to

σDi+Ni→Df +Nf
(s)

=
∫

d cos(θ) (2π)5 ENi
ωDi

ENf
ωDf

s

k′

k

(10)× 1

(2sDi
+ 1)(2sNi

+ 1)

∑
i

∑
α

G†G,

where E and ω are the in-medium modified energies for the
initial/final nucleon and D-meson, respectively, k and k′ are
the modulus of the momentum of the initial/final nucleon and
D-meson in the center-of-mass frame and s is the center-of-
mass energy.

For the self-consistent calculation including the dressing of
D-mesons and nucleons (left panel), we observe an enhanced
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transition rate for energies around the Λc(2593) resonance
mass. The maximum enhancement is reduced by a factor of
about 4 as density grows from ρ0 to 3ρ0. This is a consequence
of the dilution of the Λc(2593) as the density is increased. How-
ever, when pions are also dressed in the self-consistent process
(right panel), the enhanced transition rate is reduced drastically.
As already discussed, the in-medium DN interaction becomes
smooth in the region where the Λc(2593) resonance was lying
in the first approach and two resonant states with the Λc-like
quantum numbers are generated for energies of 2.4–2.5 GeV
and 2.7 GeV. The cross sections at threshold are expected on
the order of 1 to 20 mb for the range of densities studied in both
approaches. Our findings are in contrast to what is obtained, for
example, for the K−p elastic cross section which is of the order
of 100 mb. In this case, the Λ(1405) resonance drives the be-
haviour of the cross sections at low momenta. Cross sections in
the range of 10–20 mb for D, D∗ scattering with π and ρ were
predicted by using an effective hadronic Lagrangian which in-
cludes the charm mesons [34]. Based on that predictions, the
HSD transport approach for nucleus–nucleus dynamics uses a
constant cross section of 10 mb for D/D̄ elastic scattering with
mesons and also baryons. This is one of the ingredients in the
collisional history of D, D̄-mesons with baryons and mesons
or quarks and diquarks in order to account for the open-charm
production coming from secondary ‘meson’–‘baryon’ reactions
after the primary hard NN collisions. Further studies of the
in-medium D-meson cross sections are required in order to ac-
count for the D-meson production at FAIR.

4. Conclusions and outlook

We have performed a microscopic self-consistent coupled-
channel calculation of the spectral density of a D-meson em-
bedded in symmetric nuclear matter at finite temperature, as-
suming a separable potential for the s-wave DN interaction.
The parameters for the separable potential, such as coupling
constants and cutoffs, have been fitted to reproduce the position
and width of the Λc(2593) resonance.

The quasiparticle peak of the D-meson spectral density at
finite temperature stays close to its free position for the range
of densities analyzed (from ρ0 up to 3ρ0) while the spectral
density develops a considerable width. This small shift of the
D-meson mass in the nuclear medium is in stark contrast with
the large changes (−50 to −200 MeV) claimed in previous
mean-field calculations, based on QCD sum-rules, QMC mod-
els or chiral effective Lagrangians [4–7]. In our model, the
self-consistent coupled-channel effects result in an overall re-
duction of the in-medium modifications independently of the
in-medium properties of the intermediate states. Furthermore,
this self-consistent coupled-channel calculation also allows for
the determination of the decay width of the D-meson, which
we find around 40–50 ρ/ρ0 for T = 120 MeV.

The present coupled-channel approach to the D-meson
properties in the nuclear medium at finite temperature is, as the
first of its kind, exploratory and can be meliorated by improv-
ing the bare hadronic interaction. An extension of our SU(3)

model for up, down and charm-quark content to a SU(4) model
that incorporates other channels with strange-quark content de-
serves further investigation. Studies in that direction have been
recently performed saturating the interaction by a t-channel
vector meson exchange [18,19]. Ref. [18], which appeared after
submission of the original version of this Letter, substantiates
our findings by obtaining even a repulsive mass shift and also a
considerable decay width for D-mesons at zero temperature.

The in-medium effects devised in this work can be stud-
ied in heavy-ion experiments at the future International Fa-
cility at GSI. The CBM experiment will address, among oth-
ers, the investigation of open charm [2,3]. Our results imply
that the effective masses of D-mesons, however, may not be
drastically modified in dense matter at finite temperature, but
D-mesons develop an important width in this hot and dense en-
vironment. Therefore, the abundance of D-mesons in nucleus–
nucleus collisions should be calculated in off-shell transport
theory. Our calculation indicates that the medium modifications
to the D-mesons in nucleus–nucleus collisions will be domi-
nantly on the width and not, as previously reported, on the mass.
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