
P
o
S
(
B
o
r
m
i
o
2
0
1
2
)
0
5
6

Interaction of vector mesons with baryons and
vectors in the nuclear medium

E. Oset∗†
Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptd. 22085, 46071Valencia, Spain.
E-mail: oset@ific.uv.es

A. Ramos
Departament d’Estructura i Constituents de la Materia, Universitat de Barcelona

E. J. Garzon
Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptd. 22085, 46071Valencia, Spain.

P. Gonzalez
Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptd. 22085, 46071Valencia, Spain.

J. J. Xie
Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptd. 22085, 46071Valencia, Spain.

A. Martinez Torres
Yukawa Institute for Theoretical Physics, Kyoto University, Kyoto 606-8502, Japan

L. Tolos
Instituto de Ciencias del Espacio (IEEC/CSIC) Campus Universitat Autònoma de Barcelona,
Facultat de Ciències, Torre C5, E-08193 Bellaterra (Barcelona), Spain

R. Molina
Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptd. 22085, 46071Valencia, Spain.

C. W. Xiao
Departamento de Fisica Teorica and IFIC, Centro Mixto Universidad de Valencia-CSIC,
Institutos de Investigacion de Paterna, Aptd. 22085, 46071Valencia, Spain.

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



P
o
S
(
B
o
r
m
i
o
2
0
1
2
)
0
5
6

In this talk we present a short review of recent developmentsconcerning the interaction of vec-

tor mesons with baryons and with nuclei. We begin with the hidden gauge formalism for the

interaction of vector mesons, then review results for vector baryon interaction and in particular

the resonances which appear as composite states, dynamically generated from the interaction of

vector mesons with baryons. New developments concerning the mixing of these states with pseu-

doscalars and baryons are also reported. We include some discussion on the 5/2+ ∆ resonances

around 2000 MeV, where we suggest that the∆(2000)5/2+ resonance, which comes in the PDG

from averaging a set of resonances appearing around 1700 MeVand another one around 2200

MeV, corresponds indeed to two distinct resonances. We alsoreport on a hidden charm baryon

state around 4400 MeV coming from the interaction of vector mesons and baryons with charm,

and how this state has some repercussion in theJ/ψ suppression in nuclei. The interaction ofK∗

in nuclei is also reported and suggestions are made to measure by means of the transparency ratio

the huge width in the medium that the theoretical calculations predict. The formalism is extended

to J/ψ interaction with nuclei and the transparency ratio forJ/ψ photoproduction in nuclei is

studied and shown to be a good tool to find possible baryon states which couple toJ/ψN.
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1. Introduction

In this talk we review recent developments on the interaction of vector mesonswith baryons
and nuclei. For this purpose we use effective field theory using a combination of effective La-
grangians to account for hadron interactions, implementing exactly unitarity incoupled chan-
nels. This approach has turned out to be a very efficient tool to face many problems in Hadron
Physics. Using this coupled channel unitary approach, usually referred to as chiral unitary ap-
proach, because the Lagrangians used account for chiral symmetry,the interaction of the octet of
pseudoscalar mesons with the octet of stable baryons has been studied and leads toJP = 1/2− res-
onances which fit quite well the spectrum of the known low lying resonances with these quantum
numbers [1, 2, 3, 4, 5, 6]. New resonances are sometimes predicted, themost notable being the
Λ(1405), where all the chiral approaches find two poles close by [7, 8, 9, 10, 11, 12, 13], rather
than one, for which experimental support is presented in [14, 15]. Another step forward in this
direction has been the interpretation of low lyingJP = 1/2+ states as molecular systems of two
pseudoscalar mesons and one baryon [16, 17, 18, 19, 20].

Much work has been done using pseudoscalar mesons as building blocks, but more recently,
vectors instead of pseudoscalars are also being considered. In the baryon sector the interaction of
theρ∆ interaction has been recently addressed in [21], where three degenerateN∗ states and three
degenerate∆ states around 1900 MeV, withJP = 1/2−,3/2−,5/2−, are found. The extrapolation to
SU(3) with the interaction of the vectors of the nonet with the baryons of the decuplet has been done
in [22]. The underlying theory for this study is the hidden gauge formalism [23, 24, 25], which deals
with the interaction of vector mesons and pseudoscalars, respecting chiral dynamics, providing the
interaction of pseudoscalars among themselves, with vector mesons, and vector mesons among
themselves. It also offers a perspective on the chiral Lagrangians aslimiting cases at low energies
of vector exchange diagrams occurring in the theory.

In the meson sector, the interaction ofρρ within this formalism has been addressed in [26],
where it has been shown to lead to the dynamical generation of thef2(1270) and f0(1370) meson
resonances. The extrapolation to SU(3) of the work of [26] has been done in [27], where many
resonances are obtained, some of which can be associated to known meson states, while there are
predictions for new ones.

In this talk we present the results of the interaction of the nonet of vector mesons with the
octet of baryons [28], which have been obtained using the unitary approach in coupled channels.
The scattering amplitudes lead to poles in the complex plane which can be associated to some well
known resonances. Under the approximation of neglecting the three momentum of the particles
versus their mass, we obtain degenerate states ofJP = 1/2−,3/2− for the case of the interaction of
vectors with the octet of baryons. This degeneracy seems to be followed qualitatively by the exper-
imental spectrum, although in some cases the spin partners have not been identified. Improvements
in the theory follow from the consideration of the decay of these states into a pseudoscalar meson
and a baryon, and some results are presented here.

Moreover we report on composite states of hidden charm emerging from the interaction of
vector mesons and baryons with charm. We shall also report on some statescoming from the
three body system∆ρπ which can shed some light on the status of some∆ states ofJP = 5/2+ in
the vicinity of 2000 MeV. Finally, we devote some attention to new developments around vector

2



P
o
S
(
B
o
r
m
i
o
2
0
1
2
)
0
5
6

vector-baryon, vector-nuclei E. Oset

mesons in a nuclear medium, specifically theK∗ andJ/ψ in the medium.

2. Formalism for VV interaction

We follow the formalism of the hidden gauge interaction for vector mesons of [23, 24] (see
also [29] for a practical set of Feynman rules). The Lagrangian involving the interaction of vector
mesons amongst themselves is given by

LIII = −1
4
〈VµνVµν〉 , (2.1)

where the symbol〈〉 stands for the trace in the SU(3) space andVµν is given by

Vµν = ∂µVν −∂νVµ − ig[Vµ ,Vν ] , (2.2)

with g given byg = MV
2 f where f = 93MeV is the pion decay constant. The magnitudeVµ is the

SU(3) matrix of the vectors of the nonet of theρ

Vµ =









ρ0
√

2
+ ω√

2
ρ+ K∗+

ρ− − ρ0
√

2
+ ω√

2
K∗0

K∗− K̄∗0 φ









µ

. (2.3)

The interaction ofLIII gives rise to a contact term coming from[Vµ ,Vν ][Vµ ,Vν ]

L
(c)
III =

g2

2
〈VµVνVµVν −VνVµVµVν〉 , (2.4)

and on the other hand it gives rise to a three vector vertex from

L
(3V)
III = ig〈(∂µVν −∂νVµ)VµVν〉 = ig〈(Vµ∂νVµ −∂νVµVµ)Vν〉 , (2.5)

In this latter case one finds an analogy with the coupling of vectors to pseudoscalars given in
the same theory by

LVPP = −ig tr
(

[P,∂µP]Vµ)

, (2.6)

whereP is the SU(3) matrix of the pseudoscalar fields.
In a similar way, we have the Lagrangian for the coupling of vector mesons tothe baryon octet

given by [30, 31]

LBBV =
g
2

(

tr(B̄γµ [Vµ ,B])+ tr(B̄γµB)tr(Vµ)
)

, (2.7)

whereB is now the SU(3) matrix of the baryon octet [32, 33]. Similarly, one has also alagrangian
for the coupling of the vector mesons to the baryons of the decuplet, which can be found in [34].

With these ingredients we can construct the Feynman diagrams that lead to thePB→ PB and
VB→VB interaction, by exchanging a vector meson between the pseudoscalar or the vector meson
and the baryon, as depicted in Fig.1 .

3
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B B

P P

V(q)

[a]

B B

V V

V(q)

[b]

Figure 1: Diagrams obtained in the effective chiral Lagrangians for interaction of pseudoscalar [a] or vector
[b] mesons with the octet or decuplet of baryons.

As shown in [28], in the limit of small three momenta of the vector mesons, which weconsider,
the vertices of Eq. (2.5) and Eq. (2.6) give rise to the same expression. This makes the work
technically easy allowing the use of many previous results.

A small amendment is in order in the case of vector mesons, which is due to the mixing of
ω8 and the singlet of SU(3),ω1, to give the physical states of theω and theφ . In this case, all
one must do is to take the matrix elements known for thePB interaction and, whereverP is theη8,
multiply the amplitude by the factor 1/

√
3 to get the correspondingω contribution and by−

√

2/3
to get the correspondingφ contribution. Upon the approximation consistent with neglecting the
three momentum versus the mass of the particles (in this case the baryon), we can just take theγ0

component of eq. (2.7) and then the transition potential corresponding to the diagram of Fig. 1(b )
is given by

Vi j = −Ci j
1

4 f 2 (k0 +k′0)~ε~ε ′, (2.8)

wherek0,k′0 are the energies of the incoming and outgoing vector mesons. The same occurs in the
case of the decuplet.

TheCi j coefficients of Eq. (2.8) can be obtained directly from [2, 35, 36] with thesimple rules
given above for theω and theφ , and substitutingπ by ρ andK by K∗ in the matrix elements. The
coefficients are obtained both in the physical basis of states or in the isospinbasis. Here we will
show results in isospin basis.

The next step to construct the scattering matrix is done by solving the coupledchannels Bethe
Salpeter equation in the on shell factorization approach of [2, 3]

T = [1−V G]−1V, (2.9)

with G the loop function of a vector meson and a baryon which we calculate in dimensional regu-
larization using the formula of [3] and similar values for the subtraction constants. TheG function
is convoluted with the spectral function for the vector mesons to take into account their width.

The iteration of diagrams implicit in the Bethe Salpeter equation in the case of the vector
mesons propagates the~ε~ε ′ term of the interaction, thus, the factor~ε~ε ′ appearing in the potentialV
factorizes also in theT matrix for the external vector mesons. This has as a consequence that the
interaction is spin independent and we find degenerate states inJP = 1/2− andJP = 3/2−.

4
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3. Results

The resonances obtained are summarized in Table 1 . As one can see in Table 1 there are states
which one can easily associate to known resonances. There are ambiguities in other cases. One can
also see that in several cases the degeneracy in spin that the theory predicts is clearly visible in the
experimental data, meaning that there are several states with about 50 MeVor less mass difference
between them. In some cases, the theory predicts quantum numbers for resonances which have no
spin and parity associated. It would be interesting to pursue the experimental research to test the
theoretical predictions.

S, I Theory PDG data

pole position real axis
(convolution) (convolution)

mass width name JP status mass width

0,1/2 — 1696 92 N(1650) 1/2− ⋆⋆⋆⋆ 1645-1670 145-185

N(1700) 3/2− ⋆⋆⋆ 1650-1750 50-150

1977+ i53 1972 64 N(2080) 3/2− ⋆⋆ ≈ 2080 180-450

N(2090) 1/2− ⋆ ≈ 2090 100-400

−1,0 1784+ i4 1783 9 Λ(1690) 3/2− ⋆⋆⋆⋆ 1685-1695 50-70

Λ(1800) 1/2− ⋆⋆⋆ 1720-1850 200-400

1907+ i70 1900 54 Λ(2000) ?? ⋆ ≈ 2000 73-240

2158+ i13 2158 23

−1,1 −−− 1830 42 Σ(1750) 1/2− ⋆⋆⋆ 1730-1800 60-160

−−− 1987 240 Σ(1940) 3/2− ⋆⋆⋆ 1900-1950 150-300

Σ(2000) 1/2− ⋆ ≈ 2000 100-450

−2,1/2 2039+ i67 2039 64 Ξ(1950) ?? ⋆⋆⋆ 1950±15 60±20

2083+ i31 2077 29 Ξ(2120) ?? ⋆ ≈ 2120 25

Table 1: The properties of the 9 dynamically generated resonances stemming from the vector-baryon octet
interaction and their possible PDG counterparts.

The predictions made here for resonances not observed should be a stimulus for further search
of such states. In this sense it is worth noting the experimental program at Jefferson Lab [37]
to investigate theΞ resonances. We are confident that the predictions shown here stand on solid
grounds and anticipate much progress in the area of baryon spectroscopy and on the understanding
of the nature of the baryonic resonances.

5
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4. Incorporating the pseudoscalar meson-baryon channels

Improvements in the states tabulated in Table 1 have been done by incorporating intermediate
states of a pseudoscalar meson and a baryon [38]. This is done by including the diagrams of
Fig. (2). However, arguments of gauge invariance [39, 40, 41, 42, 43, 44, 45, 46] demand that the
meson pole term be accompanied by the corresponding Kroll Ruderman contact term, see Fig. 3.

Figure 2: Diagram for theVB→VB interaction incorporating the intermediate pseudoscalar-baryon states.

V P

B2B1

V P

B2B1

(a) (b)

Figure 3: Diagrams of theVB→ PB. (a) meson pole term, (b) Kroll Ruderman contact term.

In the intermediate B states of Fig. 2 we include baryons of the octet and the decuplet. The
results of the calculations are a small shift and a broadening of the resonances obtained with the
base of vector-baryon alone.The results are shown in Fig. 4 and Tables2 and 3.

In Fig. 4 we see two peaks for the state ofS= 0 andI = 1/2, one around 1700 MeV, in chan-
nelsρN andK∗Λ, and another peak near 1980 MeV, which appears in all the channels except for
ρN. We can see that the mixing of the PB channels affects differently the two spins, JP = 1/2−

and 3/2−, as a consequence of the extra mechanisms contributing to theJP = 1/2−. The effect
of the box diagram on theJP = 3/2− sector is small, however the PB-VB mixing mechanism
are more important in theJP = 1/2− sector. Indeed, the Kroll Ruderman term only allows the
1/2− pseudoscalar baryon intermediate states in the box. The most important feature is a shift
of the peak around 1700 MeV, which appears now around 1650 MeV. This breaking of the de-
generacy is most welcome since this allows us to associate the 1/2− peak found at 1650 MeV
with theN∗(1650)(1/2−) while the peak for 3/2− at 1700 MeV can be naturally associated to the
N∗(1700)(3/2−).

6
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Figure 4: |T|2 for the S=0, I=1/2 states. Dashed lines correspond to tree level only and solid lines are
calculated including the box diagram potential. Vertical dashed lines indicate the channel threshold.

5. The ∆ρπ system and ∆ JP = 5/2+ states around 2000 MeV

In Refs. [21, 22] it was shown that the∆ρ interaction gave rise toN∗ and∆ states with de-
generate spin-parity 1/2−,3/2−,5/2−. In a recent work [47], one extraπ was introduced in the
system, and via the Fixed Center Approximation to the Faddeev Equations, the new system was
studied and new states were found.

We show in Table 4 the two∆∗ states obtained and there is also a hint of another∆∗ state
around 2200 MeV. Experimentally, only two resonances∆5/2+(1905)(∗∗∗∗) and∆5/2+(2000)(∗∗),

7
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S, I Theory PDG data

pole position real axis
MR+ iΓ/2 mass width name JP status mass width

0,1/2 1690+ i24∗ 1658 98 N(1650) 1/2− ⋆⋆⋆⋆ 1645-1670 145-185
1979+ i67 1973 85 N(2090) 1/2− ⋆ ≈ 2090 100-400

−1,0 1776+ i39 1747 94 Λ(1800) 1/2− ⋆⋆⋆ 1720-1850 200-400
1906+ i34∗ 1890 93 Λ(2000) ?? ⋆ ≈ 2000 73-240
2163+ i37 2149 61

−1,1 − 1829 84 Σ(1750) 1/2− ⋆⋆⋆ 1730-1800 60-160
− 2116 200-240 Σ(2000) 1/2− ⋆ ≈ 2000 100-450

−2,1/2 2047+ i19∗ 2039 70 Ξ(1950) ?? ⋆⋆⋆ 1950±15 60±20
− 2084 53 Ξ(2120) ?? ⋆ ≈ 2120 25

Table 2: The properties of the nine dynamically generated resonances and their possible PDG counterparts
for JP = 1/2−. The numbers with asterisk in the imaginary part of the pole position are obtained without
the convolution for the vector mass distribution of theρ andK∗.

S, I Theory PDG data

pole position real axis
MR+ iΓ/2 mass width name JP status mass width

0,1/2 1703+ i4∗ 1705 103 N(1700) 3/2− ⋆⋆⋆ 1650-1750 50-150
1979+ i56 1975 72 N(2080) 3/2− ⋆⋆ ≈ 2080 180-450

−1,0 1786+ i11 1785 19 Λ(1690) 3/2− ⋆⋆⋆⋆ 1685-1695 50-70
1916+ i13∗ 1914 59 Λ(2000) ?? ⋆ ≈ 2000 73-240
2161+ i17 2158 29

−1,1 − 1839 58 Σ(1940) 3/2− ⋆⋆⋆ 1900-1950 150-300
− 2081 270

−2,1/2 2044+ i12∗ 2040 53 Ξ(1950) ?? ⋆⋆⋆ 1950±15 60±20
2082+ i5∗ 2082 32 Ξ(2120) ?? ⋆ ≈ 2120 25

Table 3: The properties of the nine dynamically generated resonances and their possible PDG counterparts
for JP = 3/2−. The numbers with asterisk in the imaginary part of the pole position are obtained without
the convolution for the vector mass distribution of theρ andK∗.

are cataloged in the Particle Data Book Review [48]. However, a carefullook at∆5/2+(2000)(∗∗),
shows that its nominal mass is in fact estimated from the mass(1724± 61), (1752± 32) and
(2200± 125) respectively, extracted from three independent analyses of different character [49,
50, 51]. Moreover a recent new data analysis [52] has reported a∆5/2+ with a pole position at 1738
MeV.

Our results give quantitative theoretical support to the existence of two distinct 5/2+ reso-
nances,∆5/2+(∼ 1740) and∆5/2+(∼ 2200), apart from the one around 1905 MeV . We propose
that these two resonances should be cataloged instead of∆5/2+(2000). This proposal gets fur-

8
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Table 4: Assignment ofI = 3/2 predicted states toJP = 1/2+,3/2+,5/2+ resonances. Estimated PDG
masses for these resonances as well as their extracted values from references [49] and [50] (in brackets) are
shown for comparison. N. C. stands for a non cataloged resonance in the PDG review

Predicted PDG data

Mass (MeV) Name JP Estimated Mass (MeV) Extracted Mass (MeV) Status
1770 ∆(1740) 5/2+ 1752±32 N.C.

(1724±61)
∆(1600) 3/2+ 1550−1700 1706±10 ***

(1687±44)
∆(1750) 1/2+ ≈ 1750 1744±36 *

(1721±61)

1875 ∆(1905) 5/2+ 1865−1915 1881±18 ****
(1873±77)

∆(1920) 3/2+ 1900−1970 2014±16 ***
(1889±100)

∆(1910) 1/2+ 1870−1920 1882±10 ****
(1995±12)

ther support from the possible assignment of the other calculated baryonstates in theI = 1/2,3/2
andJP = 1/2+,3/2+ sectors to known baryonic resonances. In particular the poorly established
∆1/2+(1750)(∗) may be naturally interpreted as aπN1/2−(1650) bound state.

Let us recall that in the baryon lines of Fig. 2 we only include ground states(N and∆). A
resonance like theN∗(1520)(3/2−) also appears dynamically generated in the scheme extending
the space toπN(d−wave) andπ∆(d−wave) and will be reported elsewhere [53].

6. Hidden charm baryons from vector-baryon interaction

Following the idea of [28] in [54] is was found that several baryon statesemerged as hidden
charm composite states of mesons and baryons with charm. In particular along the lines discussed
here, we find a hidden charm baryon that couples toJ/ψN and other channels, as shown in Tables
5,6. This will play a role later on when we discuss theJ/ψ suppression in nuclei. To do the
calculations in the charm sector an extension to SU(4) of the hidden gauge Lagrangians is made,
but the symmetry is explicitly broken when considering the exchange of heavy vector mesons,
where the appropriate reduction in the Feynman diagrams is taken into account.

7. The properties of K∗ in nuclei

Much work about the vector mesons in nuclei has been done in the last decade [55, 56, 57,
58, 59, 60, 61], mostly for theρ,φ ,ω , which can be studied looking for dileptons. Maybe this
technical detail was what prevented any attention being directed to the renormalization of theK∗

in nuclei. However, recently this work has been addressed in [62] with very interesting results.

9
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(I ,S) zR ga

(1/2,0) D̄∗Σc D̄∗Λ+
c J/ψN

4415−9.5i 2.83−0.19i −0.07+0.05i −0.85+0.02i

2.83 0.08 0.85

(0,−1) D̄∗
sΛ+

c D̄∗Ξc D̄∗Ξ′
c J/ψΛ

4368−2.8i 1.27−0.04i 3.16−0.02i −0.10+0.13i 0.47+0.04i

1.27 3.16 0.16 0.47

4547−6.4i 0.01+0.004i 0.05−0.02i 2.61−0.13i −0.61−0.06i

0.01 0.05 2.61 0.61

Table 5: Pole position (zR) and coupling constants (ga) to various channels for the states fromPB→ PB
including theJ/ψN andJ/ψΛ channels.

(I ,S) zR Real axis Γi

M Γ
(1/2,0) J/ψN

4415−9.5i 4412 47.3 19.2

(0,−1) J/ψΛ
4368−2.8i 4368 28.0 5.4

4547−6.4i 4544 36.6 13.8

Table 6: Pole position (zR), mass (M), total width (Γ, including the contribution from the light meson and
baryon channel) and the decay widths for theJ/ψN andJ/ψΛ channels (Γi). The unit are in MeV

The K∗− width in vacuum is determined by the imaginary part of the freeK̄∗ self-energy at
rest, ImΠ0

K̄∗ , due to the decay of thēK∗ meson intoK̄π pairs: ΓK∗− = −ImΠ0
K̄∗/mK̄∗ = 42 MeV

[62]. Note that this value is quite close to the experimental valueΓexp
K∗− = 50.8±0.9 MeV.

The K̄∗ self-energy in matter, on one hand, results from its decay intoK̄π, Πρ,(a)
K̄∗ , including

both the self-energy of the antikaon [63] and the pion [64, 65] (see first diagram of Fig. 5 and some
specific contributions in diagrams(a1) and(a2) of Fig. 6). Moreover, vertex corrections required
by gauge invariance are also incorporated, which are associated to the last three diagrams in Fig. 5.

The second contribution to thēK∗ self-energy comes from its interaction with the nucleons
in the Fermi sea, as displayed in diagram (b) of Fig. 6. This accounts for the direct quasi-elastic
processK̄∗N → K̄∗N as well as other absorption channelsK̄∗N → ρY,ωY,φY, . . . with Y = Λ,Σ.
This contribution is determined by integrating the medium-modifiedK̄∗N amplitudes,Tρ,I

K̄∗N, over
the Fermi sea of nucleons,

Πρ,(b)

K̄∗ (q0,~q) =
∫

d3p
(2π)3 n(~p)

[

Tρ (I=0)

K̄∗N (P0,~P)+3Tρ (I=1)

K̄∗N (P0,~P)
]

, (7.1)

whereP0 = q0 +EN(~p) and~P =~q+~p are the total energy and momentum of theK̄∗N pair in the
nuclear matter rest frame, and the values(q0,~q) stand for the energy and momentum of theK̄∗

meson also in this frame. The self-energyΠρ,(b)

K̄∗ has to be determined self-consistently since it is

10
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Figure 5: Self-energy diagrams from the decay of theK̄∗ meson in the medium.
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Figure 6: Contributions to thēK∗ self-energy, depicting their different inelastic sources.

obtained from the in-medium amplitudeTρ
K̄∗N which contains thēK∗N loop functionGρ

K̄∗N, and this

last quantity itself is a function of the complete self-energyΠρ
K̄∗ = Πρ,(a)

K̄∗ +Πρ,(b)

K̄∗ .

We note that the two contributions to thēK∗ self-energy, coming from the decay of̄Kπ pairs in
the medium [Figs. 6(a1) and 6(a2)] or from thēK∗N interaction [Fig. 6(b)] provide different sources
of inelasticK̄∗N scattering, which add incoherently in thēK∗ width. As seen in the upper two rows
of Fig. 6, theK̄∗N amplitudes mediated by intermediatēKN or πY states are not unitarized. Ideally,
one would like to treat the vector meson-baryon (VB) and pseudoscalar meson-baryon (PB) states
on the same footing. However, at the energies of interest, transitions of thetype K̄∗N → K̄N
mediated by pion exchange may place this pion on its mass shell, forcing one to keep track of the
proper analytical cuts contributing to the imaginary part of the amplitude and making the iterative
process more complicated. A technical solution can be found by calculating the box diagrams of
Figs. 6(a1) and 6(a2), taking all the cuts into account properly, and adding the resultinḡK∗N→ K̄∗N
terms to theVB→ V ′B′ potential coming from vector-meson exchange, in a similar way as done
for the study of the vector-vector interaction in Refs. [26, 27]. As we saw in the former sections,
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the generated resonances barely change their position for spin 3/2 and only by a moderate amount
in some cases for spin 1/2. Their widths are somewhat enhanced due to the opening of the newly
allowedPBdecay channels [38].
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 K*-> K π
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Figure 7: K̄∗ self-energy for~q = 0MeV/c andρ0.

The full K̄∗ self-energy as a function of thēK∗ energy for zero momentum at normal nuclear
matter density is shown in Fig. 7. We explicitly indicate the contribution to the self-energy coming
from the self-consistent calculation of thēK∗N effective interaction (dashed lines) and the self-
energy from theK̄∗ → K̄π decay mechanism (dot-dashed lines), as well as the combined result
from both sources (solid lines).

Aroundq0 = 800−900 MeV we observe an enhancement of the width as well as some struc-
tures in the real part of thēK∗ self-energy. The origin of these structures can be traced back to the
coupling of theK̄∗ to the in-mediumΛ(1783)N−1 andΣ(1830)N−1 excitations, which dominate
the K̄∗ self-energy in this energy region. However, at lower energies wherethe K̄∗N →VB chan-
nels are closed, or at large energies beyond the resonance-hole excitations, the width of thēK∗ is
governed by thēKπ decay mechanism in dense matter.

As we can see, thēK∗ feels a moderately attractive optical potential and acquires a width of
260 MeV, which is about five times its width in vacuum. In the next section we devise a method to
measure this large width experimentally.

8. Transparency ratio for γA→ K+K∗−A′

The width of theK̄∗ meson in nuclear matter can be analyzed experimentally by means of the
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nuclear transparency ratio. The aim is to compare the cross sections of thephotoproduction reaction
γA→ K+K∗−A′ in different nuclei, and tracing the differences to the in mediumK∗− width.

 0
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 0.4

 0.6

 0.8

 1

 0  50  100  150  200  250

T
A

A

Eγ = 4323 MeV
Eγ = 6054 MeV

Figure 8: Nuclear transparency ratio forγA→ K+K∗−A′ for different nuclei

The normalized nuclear transparency ratio is defined as

TA =
T̃A

T̃12C
,with T̃A =

σγA→K+ K∗− A′

AσγN→K+ K∗− N
. (8.1)

The quantityT̃A is the ratio of the nuclearK∗−-photoproduction cross section divided byA times
the same quantity on a free nucleon. This describes the loss of flux ofK∗− mesons in the nucleus
and is related to the absorptive part of theK∗−-nucleus optical potential and, therefore, to theK∗−

width in the nuclear medium. In order to remove other nuclear effects not related to the absorption
of theK∗−, we evaluate this ratio with respect to12C, TA.

In Fig. 8 we show the transparency ratio for different nuclei and for two energies in the cen-
ter of mass reference system,

√
s = 3 GeV and 3.5 GeV, or, equivalently, two energies of the

photon in the lab frame of 4.3 GeV and 6 GeV respectively. There is a very strong attenua-
tion of theK̄∗ survival probability coming from the decay or absorption channelsK̄∗ → K̄π and
K̄∗N → K̄∗N,ρY,ωY,φY, . . ., with increasing nuclear-mass numberA. The reason is the larger path
that theK̄∗ has to follow before it leaves the nucleus, having then more chances of decaying or
being absorbed.

A comment is here in order. The results of Fig. 8 are just indicative. Once the experiment is
done, a more devoted work should be done to take into account the distortionof theK+ and possible
complications from secondary collisions, although they are mostly removed when normalizing to
the transparency ratio of12C [66].

9. J/ψ suppression

J/ψ suppression in nuclei has been a hot topic [67], among others for its possible interpreta-
tion as a signature of the formation of quark gluon plasma in heavy ion reactions [68], but many
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other interpretations have been offered [69, 70, 71]. In a recent paper [72] a study has been done
of differentJ/ψN reactions which lead toJ/ψ absorption in nuclei. The different reactions con-
sidered are the transition ofJ/ψN to VN with V being a light vector,ρ,ω ,φ , together with the
inelastic channels,J/ψN → D̄Λc andJ/ψN → D̄Σc. Analogously, we consider the mechanisms
where the exchangedD collides with a nucleon and givesπΛc or πΣc. The cross section has a peak
around

√
s= 4415 MeV, where theJ/ψN couples to the resonance described in Tables 5 and 6.

With the inelastic cross section obtained we study the transparency ratio for electron inducedJ/ψ
production in nuclei at about 10 GeV and find that 30 - 35 % of theJ/ψ produced in heavy nuclei
are absorbed inside the nucleus. This ratio is in line with depletions ofJ/ψ in matter observed
in other reactions. This offers a novelty in the interpretation of theJ/ψ suppression in terms of
hadronic reactions, which has also been advocated before [71]. Apart from novelties in the details
of the calculations and the reaction channels considered, we find that the presence of the resonance
that couples toJ/ψN produces a peak in the inelasticJ/ψN cross section and a dip in the trans-
parency ratio. A measure of this magnitude could lead to an indirect observation of the existence
of resonances that couple toJ/ψN.

In Fig. 9 we can see the total, elastic and inelastic cross sections inJ/ψN to J/ψN through
intermediate vector-baryon states. We can clearly see the peak around 4415 MeV produced by the
hidden charm resonance dynamically generated form the interaction ofJ/ψN with its coupledVB
channels.
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Figure 9: The total, elastic and inelastic cross sections inJ/ψN toJ/ψN through intermediate vector-baryon
states.

In Fig. 10 we can see the cross section forJ/ψN → D̄Λc andJ/ψN → D̄Σc. We can see that
numerically the first cross section is sizeable, bigger than the one from theVBchannels.

The cross sections forJ/ψN to D̄πΛc or D̄πΣc are small in size in the region of interest and
are not plotted here.

In Fig. 11 we plot the totalJ/ψN inelastic cross section, as the sum of all inelastic cross
sections from the different sources discussed before.

Finally, in Fig. 12 we show the transparency ratio of208Pbversus the one of12C as a function

14



P
o
S
(
B
o
r
m
i
o
2
0
1
2
)
0
5
6

vector-baryon, vector-nuclei E. Oset

 0

 1

 2

 3

 4

 5

 6

 7

 8

 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000

σ J
/ψ

N
 -

>
D

Λ
c
[m

b
]

√s [MeV]

σD-exch
σKR
σtot

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 4300  4400  4500  4600  4700  4800  4900  5000

σ J
/ψ

N
 -

>
D

Σ c
[m

b
]

√s [MeV]

σD-exch
σKR
σtot

Figure 10: The cross section forJ/ψN → D̄Λc (up) andJ/ψN → D̄Σc (down).

of the energy. We find sizeable reductions in the rate ofJ/ψ production in electron induced reac-
tions, and particularly a dip in the ratio that could be searched experimentally.It should be noted
that the calculation of the transparency ratio done so far does not consider the shadowing of the
photons and assumes they can reach every point without being absorbed. However, forγ energies
of around 10 GeV, as suggested here, the photon shadowing cannot be ignored. Talking it into
account is easy since one can multiply the ratioT ′

A by the ratio ofNe f f for the nucleus of massA
and12C. This ratio for208Pb to 12C at Eγ =10 GeV is of the order 0.8 but with uncertainties [73].
We should then multiplyT ′

A(208Pb) in Fig. 12 by this extra factor for a proper comparison with
experiment. Although a good resolution should be implemented, the prospect of finding new states
through this indirect method should serve as a motivation to perform such experiments.

10. Conclusions

We have made a survey of recent developments along the interaction of vector mesons with
baryons and the properties of some vector mesons in a nuclear medium. We showed that the
interaction is strong enough to produce resonant states which can qualifyas quasibound states of a
vector meson and a baryon in coupled channels. This adds to the wealth of composite states already
established from the interaction of pseudoscalar mesons with baryons. Atthe same time we offered
the results of new pictures that mix the pseudoscalar-baryon states with the vector-baryon states and
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Figure 11: The total inelastic cross section ofJ/ψN.

break the spin degeneracy that the original model had. The method of vector-baryon interaction
extended to the charm sector also produced some hidden charm states which couple to theJ/ψN
channel and had some repercussion in theJ/ψ suppression in nuclei. We also showed results for
the spectacular renormalization of theK∗ in nuclei, where the width becomes as large as 250 MeV
at normal nuclear matter density and we made suggestions of experiments thatcould test this large
change.
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Figure 12: The transparency ratio ofJ/ψ photoproduction as a function of the energy in the CM ofJ/ψ
with nucleons of the nucleus. Solid line: represents the effects due toJ/ψ absorption. Dashed line: includes
photon shadowing [73].
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