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r-meson properties at finite nuclear density
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We calculate the momentum dependence of ther-meson self-energy based on the dispersion relation for the
rN scattering amplitudef (v) at low nuclear density. The imaginary part off (v) is determined from the
optical theorem, while the totalrN cross section is obtained within the vector dominance model at high energy
and within the resonance model at low energy. Our numerical results indicate a sizable broadening of the
r-meson width in the medium especially for low relative momentap while the real part of ther self-energy
is found to change its sign and to become repulsive already at momenta above 100 MeV/c. Extrapolating to
nuclear saturation densityr0 we find a dropping of ther mass forp' 0 roughly in line with the QCD sum rule
analysis of Hatsuda while at high energy an increase of ther mass close to the prediction by Eletsky and Ioffe
is obtained. However, when including a broadening of the baryonic resonances in the medium, ther-meson
mass shift atp'0 becomes slightly repulsive, whereas the width increases substantially.
@S0556-2813~98!03308-1#

PACS number~s!: 25.20.Dc, 25.40.Ep
t
la
f
tiv
m

th
r
dt
r-

as

ee
ts
ol

ud
e
ct

-

o
n
an

ci

s
e
n
b

lf-
low

s. In
alu-

so-

IV
des

he

,
tical
I. INTRODUCTION

The properties of baryonic and mesonic resonances in
nuclear medium have received much attention during the
years~see Refs.@1–5#! within the studies on the properties o
hot and dense nuclear matter. Here, QCD inspired effec
Lagrangian models@1,4,5# or approaches based on QCD su
rules@2,3# predict that the masses of the vector mesonsr and
v should decrease with the nuclear density. On the o
hand, with a dropping hadron mass the phase space fo
decay decreases, which results in a modification of its wi
or lifetime in matter, while due to interactions with the su
rounding nuclear medium the resonance width will incre
@6–9#.

The in-medium properties of vector mesons have b
addressed experimentally so far by dilepton measuremen
the SPS, both for proton-nucleus and nucleus-nucleus c
sions @10–13#. As proposed by Liet al. @14#, the enhance-
ment in S1 Au reactions compared top1Au collisions in
the invariant mass range 0.3<M<0.7 GeV might be due to
a shift of ther meson mass. The microscopic transport st
ies in Refs.@15–17# for these systems point in the sam
direction, however, more conventional self-energy effe
cannot be ruled out at the present stage@15,18–20#. Espe-
cially the p-wave coupling of ther meson to nucleons in
duces an attractive interaction at low relative momenta@20#
which turns repulsive at large momenta. The explicit m
mentum dependence of ther-meson self-energy thus is a
important aspect to be investigated both theoretically
experimentally, e.g., byp2 A reactions@8,9,21,22#.

The main goal of this paper is to calculate the expli
momentum dependence of ther-meson potential at finite
nuclear densities within a dispersive approach that is ba
on the resonance model at low relative momenta of thr
with respect to the nucleon at rest and the vector domina
model at high relative momenta following the suggestion
PRC 580556-2813/98/58~2!/1078~8!/$15.00
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Eletsky and Ioffe@23#. Our work is organized as follows. In
Sec. II we briefly recall the relation between hadron se
energies and the hadron-nucleon scattering amplitude at
density and discuss the dominant interaction mechanism
Sec. III we present the related dispersion relations and ev
ate therN scattering amplitude from ther-photoproduction
cross section at high energy. At low energy we use a re
nance model to determine ther-N cross section. The impli-
cations for the real and imaginary part of ther-meson self-
energy at finite nuclear density are presented in Sec.
while a summary and discussion of open problems conclu
this work in Sec. V.

II. HADRONIC RESONANCES IN THE NUCLEAR
MEDIUM

The relativistic form of the wave equation describing t
propagation of a mesonic resonanceR in the nuclear matter
is given as~see, e.g., Ref.@9#!

@2“

21MR
22 iM RGR1U~r!#C~r!5E2C~r!, ~1!

whereE25p21MR
2 andp, MR , andGR are the momentum

mass, and width of the resonance, respectively. The op
potential then is defined as

U~r!524p f RN~0!rN~r!, ~2!

wheref RN(0) is the forwardRN-scattering amplitude andrN
is the nuclear density.

It is useful to rewrite Eq.~1! in the form

@“21p2#C~r!5@U~r!2D#C~r!, ~3!

where

D5P22MR
22 iM RGR ~4!
1078 © 1998 The American Physical Society
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PRC 58 1079r-MESON PROPERTIES AT FINITE NUCLEAR DENSITY
is the inverse resonance propagator in the vacuum. The f
momentumP in Eq. ~4! can be defined through the fou
momenta of the resonance decay products, i.e.,

P5p11p21••• . ~5!

When the resonance decays inside the nucleus of ra
RA at densityrN , the propagator has the form

D* 5D14p f ~0!rN5P22MR*
21 iM R* GR* , ~6!

where

MR*
25MR

224pRe f ~0!rN , ~7!

MR* GR* 5MRGR14pIm f ~0!rN . ~8!

Its spectral function then can be described~in a first approxi-
mation! by a Breit-Wigner formula~nonrelativistically! as

F~M !5
1

2p

GR*

~M2MR* !21GR*
2/4

, ~9!

which contains the effects of collisional broadening

GR* 5GR1dG ~10!

with

dG5gvsRNrN , ~11!

and a shift of the meson mass

MR* 5MR1dMR ~12!

with

dMR52gvsRNrNa. ~13!

In Eqs. ~11!,~13! v is the average resonance velocity wi
respect to the target at rest,g is the associated Lorentz facto
rN is the nuclear density whilesRN is the resonance-nucleo
total cross section, anda5Re f (0)/Im f (0).

The sign of the resonance mass shift depends on the
of the real part of the forwardRN scattering amplitude which
again depends on the momentum of the resonance. Fo
ample, at low momenta (p'0) various authors@1–4# predict
a decreasing mass of the vector mesonsr, v, andf with the
nucleon density, whereas Eletsky and Ioffe have argued
cently @23# that the r meson should become heavier
nuclear matter at momenta of 2–7 GeV/c. If the ratio a is
small—which is actually the case for the reactions cons
ered because many reaction channels are open—the b
ening of the resonance will be the main effect. As it w
shown in Ref.@24# the account of this effect can also esse
tially influence the predictions of QCD sum rules@2,3#.
Therefore it is useful to perform independent calculations
the real part of therN forward scattering amplitude whic
can also be used at low momenta.

Whereas ther-meson spectral function in the nuclear m
dium has been evaluated in Refs.@5,18,19# in dynamical
models by considering its 2p decay mode and taking int
account the rescattering of pions on nucleons in the medi
r-
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we here address an approach based on dispersion rela
using experimental information on the vacuum scatter
amplitude as input as well as on therN couplings~cf. Ref.
@25#!. Another important point is that Eqs.~11! and ~13! for
the collisional broadening and mass shift are valid only
low densities when the resonance-nucleon scattering am
tude inside the nucleus is the same as in the vacuum
discussion of this point will be presented in Sec. III B expli
itly.

III. THE r-NUCLEON SCATTERING AMPLITUDE
IN VACUUM

Within the framework of the vector dominance mod
~VDM ! the Compton scattering amplitude can be expres
through therN, vN, andfN scattering amplitudes as

TgN~s,t !5
e2

4gr
2FTrN~s,t !1

gr
2

gv
2

TvN~s,t !1
gr

2

gf
2

TfN~s,t !G ,

~14!

whereTVN(s,t) is the invariant amplitude for the elastic sca
tering of the transverse polarized vector meson on
nucleon,e2/4p is the fine-structure constant,TgN(s,t) is the
invariant Compton scattering amplitude, andgr

2/4p50.55
@26–28#. According to experimental data@29# the last 2
terms on the right-hand side of Eq.~14! including thevN
andfN amplitudes can be neglected as compared to the
term. Then therN scattering amplitude can be express
directly through the Compton amplitude by multiplying th
latter by 4gr

2/e2; this approach has been adopted by Elets
and Ioffe in Ref.@23#. We note, however, that the experime
tal Compton scattering amplitude also contains contributi
from the continuum of 2p andnp intermediate states at hig
energy such that Eq.~14! appears questionable. Here we w
adopt the experimental results onr photoproduction instead
which are more closely related to ther meson itself~see Sec.
III A !.

In general, therN scattering amplitudef (v,u), which
enters into Eqs.~7!,~8! for the resonance mass shift and co
lisional broadening can be expressed through the invar
scattering amplitude by

TrN~s,t !58pAs
pc.m.

plab
f ~v,u!, ~15!

wherepc.m., plab are the momenta of the incident particle
the c.m. and laboratory systems, respectively, whileu is the
scattering angle in the laboratory frame. Furthermore,
real part of the forwardrN scattering amplitude is related t
its imaginary part through the dispersion relation~see Ref.
@30#!

Re f ~v!5Re f ~v0!1
2~v22v0

2!

p

3P E
vmin

1` dv8v8Im f ~v8!

~v822v0
2!~v822v2!

, ~16!
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1080 PRC 58L. A. KONDRATYUK et al.
wherev5v0 is a subtraction point andvmin is the threshold
energy. The imaginary part of the forward scattering am
tude Im f (v), furthermore, is related to the total cross se
tion by the optical theorem

Im f ~v!5
plab

4p
s tot~v!. ~17!

Thus the knowledge of the total cross sections tot(v) is suf-
ficient to determine Ref (v) through the dispersion relatio
~16! once the amplitude is known ‘‘experimentally’’ at th
subtraction pointv0.

A. The rN total cross section from photoproduction

Within the VDM one can express therN scattering am-
plitude not only through the Compton scattering amplitu
@Eq. ~14!# but also through the amplitude forr photoproduc-
tion as

TrN~s,t !5
2gr

e
TgN→rN~s,t !. ~18!

Furthermore, therN total cross section can be related to t
differential cross section of the reactiongp→rp as

srp
2 5

gr
2

4p

64p

a

1

11arp
2 S qg

qr
D 2 dsgp→rp

dt U
t50

. ~19!

Here qg and qr are the c.m. momenta of thegN and rN
systems at the same invariant collision energyAs. Further-
more, we assume that the ratioarp of the real to imaginary
part of therN forward scattering amplitude is small. Th
assumption is valid at least for energies above 3 GeV@29#.
Thus using ther photoproduction data from Refs.@26–28#
the rN scattering amplitude is fixed at high energy.

We note that at higher energies one can calculate the
cross section of therN interaction also within the quark
model ~QM!, wheresrN can be expressed in terms of pio
nucleon cross sections as

sr0N5
1

2
~sp2N1sp1N!, ~20!

while thepN cross sections can be taken from a Regge fi
the experimental data@31#. Though the additive quark mode
at first sight appears questionable for Goldstone bosons
as the pions, the cross sectionsrN will turn out practically
the same as in the VDM forr-meson momenta above
GeV/c ~see below!.

B. The resonance model combined with VDM

If the VDM were valid at all energies we could calcula
the mass shift and collisional broadening of ther meson in
nuclear matter at low densities by inserting Eq.~18! in Eqs.
~7! and ~8! from Sec. II. However, the VDM is expected t
hold only at high energiesv.2 GeV @32# since at lower
energies (v<1 –1.5 GeV) there are a lot of baryonic res
nances which couple strongly to the transverse as well as
longitudinal r mesons@33#. Therefore at low energies it i
necessary to describe therN interaction within the frame-
i-
-

e

tal

o

ch

he

work of a resonance model@25,34#. In the following we con-
sider therN forward scattering amplitude being averag
over ther-meson transverse and longitudinal polarization

Experimental information on the baryonic resonances
their coupling to ther meson is available for masses below
GeV. We saturate therN total cross section at low energie
by the resonances listed in Table I. For the Breit-Wign
contribution of each resonance we adopt the approach de
oped by Manley and Saleski@35#. In this model the totalrN
cross section is given as a function of ther-meson massm
and the invariant collision energyAs as

srN~m,As!5
2p

3qr
2(R ~2JR11!

sGrN
in ~m,As!G tot~As!

~s2MR
2 !21sG tot

2 ~As!
.

~21!

Here qr denotes the c.m. momentum of therN system,JR
the spin of the resonance,MR the pole mass, andG tot the
total width as a sum over the partial channels. For the cas
an unstable particle in the final channel the partial width h
to be integrated over the spectral function of this partic
The energy dependence of the partial widthGrN for the de-
cay of each baryonic resonance into therN channel, i.e.,R
→rN, is given by

GrN~As!5GrN~MR!
g~As!

g~MR!
, ~22!

whereGrN(MR) is therN partial width at the resonance po
MR , while the functiong(As) is determined as

TABLE I. Properties of baryonic resonances coupled to ther
meson; the subscript on the branching ratios denotes the an
momentum of ther meson while the stars indicate the confiden
level. In our calculations we discard resonances with only one
C.L.

Resonance JR MR ~MeV! GR ~MeV! →Nr ~%! C.L.

S11(1650) 1/2 1659 173 3S ****
S11(2090) 1/2 1928 414 49S *
D13(1520) 3/2 1524 124 21S ****
D13(1700) 3/2 1737 249 13S *
D13(2080) 3/2 1804 447 26S *
G17(2190) 7/2 2127 547 29D ****
P11(1710) 1/2 1717 478 3P *
P11(2100) 1/2 1885 113 27P *
P13(1720) 3/2 1717 383 87P *
P13 3/2 1879 498 44P ***
F15(1680) 5/2 1684 139 5P ,2F ****
F15(2000) 5/2 1903 494 60P ,15F *
S31(1620) 1/2 1672 154 25S ,4D **
S31(1900) 1/2 1920 263 5S ,33D ***
D33(1700) 3/2 1762 599 8S *
D33(1940) 3/2 2057 460 35S *
P31(1910) 1/2 1882 239 10P ****
F35(1905) 5/2 1881 327 86P ***
F35 5/2 1752 251 22P *
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g~As!5E
2mp

As2mN
Ar~m8!

qrN~m8!

As
Bl

2~qrN!dm8. ~23!

In Eq. ~23! qrN(m8) is the c.m. momentum of the nucleo
and ther-meson with massm8, Bl is a Blatt-Weisskopf bar-
rier penetration factor,l denotes the angular momentum
the rN system, andAr is the spectral function of ther me-
son in free space taken as

Ar~m!5
2

p

m2Gr~m!

~m22M r
2!21m2Gr

2~m!
, ~24!

whereM r5770 MeV and the mass-dependent widthGr(m)
of the r meson is given by

Gr~m!5
Gr

0M r

m F qpp~m!

qpp~M r!G
3F11d2qpp

2 ~M r!

11d2qpp
2 ~m!

G ~25!

with d55.3 (GeV/c)21 andGr
05150 MeV.

The incoming width in Eq.~21! reads

GrN
in ~m,As!5CrN

I R
qrN~m!

As
Bl

2~qrN!
GrN~MR!

g~MR!
, ~26!

whereCrN denotes the appropriate Clebsch-Gordan coe
cient for the coupling of the isospins ofr and nucleon to the
isospin I R of the resonance. The properties of the baryo
resonances coupled to ther are listed in Table I; in the
following calculations we exclude the resonances with o
one star confidence level.

Within the resonance model we can evaluate the totalrN
cross section as the function of two variables: ther momen-
tum and the invariant massm of the r meson. Figure 1

FIG. 1. The totalrN cross section for different invariant mass
of the r meson. At low energy the cross section was obtain
within the resonance model while at high energies it was extra
lated from the quark model~QM! ~20!.
-

c

y

shows the momentum dependence of the totalrN cross sec-
tion according to Eq.~21! for different masses of the
r-meson. At higher momenta (pr>1.5 GeV/c), where the
total cross section is described by the VDM or the QM~20!,
respectively, we assume that it no longer depends onm.

In Fig. 2 we present the prediction of the resonance mo
for the totalrN cross section—averaged over ther-meson
spectral functionAr—in comparison with the result from th
quark model~20! ~QM, dashed line!. The solid circles in Fig.
2 show the totalrp cross section obtained by Eq.~19! and
the experimental forwardr-photoproduction data from Refs
@26–28#. Furthermore, the squares in Fig. 2~for pr

>10 GeV/c) show therN cross section extracted from th
reactiong1d→r01d independently of the VDM@36#. As
mentioned before, the results for the total cross section of
rN interaction calculated within the framework of the qua
model and the VDM are in fair agreement at momenta ab
2 GeV/c. The dotted line in Fig. 2 shows the interpolatio
between the low- and high-energy parts of the totalrp cross
section which we will adopt further on in Eq.~17!.

In order to compute the real part of the amplitude we u
the dispersion relation~16! and perform the substraction a
v054.46 GeV since at this energy Ref (v0) was calculated
with the VDM from ther-meson photoproduction differen
tial cross section measured by DESY-MIT@37# and the
Daresbury group@38#. We note that the VDM should be
valid at the energy of 4.46 GeV such that the subtract
point is no hidden parameter in our approach. Since the re
nance model is also valid below therN threshold, ther
contribution in this case is calculated as an integral over
available invariant mass of the 2p system.

The real and imaginary parts of thef rN amplitude—

d
o-

FIG. 2. The totalrp cross section. The solid line shows ou
calculation within the resonance model~21! while the dashed line is
the result from the quark model~QM! ~20!. The full circles show
the experimental data extracted fromr photoproduction while the
squares are from Ref.@36#. The dotted line indicates the interpola
tion that will be used further on.
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1082 PRC 58L. A. KONDRATYUK et al.
calculated with the totalrN cross section averaged over th
r-meson spectral function in free space~24!—are shown in
Fig. 3. The imaginary part corresponds to the totalrp cross
section from Fig. 2 using the dashed line as an interpolat
Whereas the real part Ref rN is negative at high momentum
it changes sign atpr'100 MeV/c. This behavior of the rea
part for the f rN amplitude has its origin in the resonan
contribution at low energies. To illustrate this point w
present in Fig. 4 Ref rN neglecting the part of therN cross
section from the resonance model. In fact, in this case
real part does not change its sign and remains negative
the whole momentum range.

Furthermore, Fig. 5 shows the real part of the forwardrN
scattering amplitude calculated for the different masses
the two-pion systemm coupled to ther meson. We find that
Re f rN substantially depends on ther-meson mass as well a
on momentum. Note that the dip forpr.1 GeV/c is due to
our interpolation between the low- and high-energy regio
and thus an artifact of our model which should be discard
We also have to mention that the magnitude of ther-meson
momentum, where the real part of the forwardrN scattering
amplitude changes its sign, depends on the prescription
the transition between the resonance and the high-en
part of the total cross section, which is actually model d
pendent, and estimate this uncertainty asdpr5
630 MeV/c.

IV. MASS SHIFT AND BROADENING OF THE r MESON
IN THE NUCLEAR MEDIUM

In the low density approximation one now can express
correction of ther-meson mass and width at finite nucle
densityrN through f rN using Eqs.~7! and~8!. We show the
corresponding results for the mass and width of ther meson

FIG. 3. Real and imaginary part of therN scattering amplitude
in free space from the calculations~solid lines!. The circles and
squares are the results evaluated from the experimental dat
r-meson photoproduction.
n.

e
er

of

s
d.

or
gy
-

e

in Fig. 6 calculated at saturation densityr0'0.16 fm23

with the averagedrN cross section from the resonanc
model as described above. The upper part of Fig. 6 a
shows the recent result from Hatsuda@39# calculated within
the QCD sum rule approach atv5mr by the full dot. Our

for

FIG. 4. The totalrp cross section and the real part of therN
scattering amplitude in free space as a function of the momen
pr . The solid lines show our calculations with the totalrN cross
section while the dashed lines indicate the results with the c
section from the quark model~20!, only. The squares are evaluate
from the experimental data forr-meson photoproduction.

FIG. 5. The real part of therN scattering amplitude in free
space calculated for different masses of ther meson. The square
are evaluated from the experimental data forr-meson photoproduc-
tion.
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result for dm in the low density approximation is in agree
ment with this calculation forpr' 0. Note that the QCD
sum rule analysis is also limited to low nuclear densities d
to the unknown behavior of the quark four-point condensa
in the medium. At high momentap>2 GeV/c our result is
also in qualitative agreement with the VDM predictions f
the mass shift as found by Eletsky and Ioffe@23#. In their
case ther mass shift increases from 60 MeV atpr

52 GeV/c to 90 MeV at 7 GeV/c, whereas our analysi
gives a shift of.70 MeV at 2 GeV/c and.120 MeV at 7
GeV/c. The deviations with the results from Ref.@23# are
due to the use of ther-photoproduction amplitudes~19! in-
stead of the Compton scattering amplitude~14! used by the
latter authors.

Thus, if the low density approximation could be extrap
lated up tor0, our model would demonstrate that the rep
sive interaction of ther meson at high momenta might b
consistent with an attractiverN interaction at low energies
However, as it was shown in Ref.@24#, the effect of the finite
r width can essentially influence the predictions of QC
sum rules@2,3#. Furthermore, recent microscopic calcul
tions of ther-spectral function at low energies do not sho
any substantial attraction for slowr mesons at norma
nuclear density@5,40#.

It is thus important to check if the results obtained with
the low density approximation are still valid at norm
nuclear densityr0. Up to now in calculating the mass shi
and broadening of the width for ther meson~shown in Fig.
6! we have used the vacuumrN scattering amplitude with
resonance contributions which, however, might be differ
in nuclear matter. An indication for a possible strong m
dium modification of baryonic resonances is the experim
tal observation that the total photoabsorption cross sectio
nuclei for A>12 does not show any resonant structure
cept theD(1232) isobar@41–43#. As was shown in Refs

FIG. 6. Mass and width of ther meson atrN50.16 fm23

according to our model in the low density approximation. The f
dot corresponds to the result from Hatsuda@39# within the QCD
sum rule approach.
e
s

-
-

t
-
-
in
-

@6,44# this might be explained by a strong in-medium broa
ening of theD13(1520) resonance (Gmed.300 MeV com-
pared to the vacuum widthGR.120 MeV!, but not by con-
ventional medium effects such as Fermi motion or Pa
blocking. While a collision broadening of this order is ha
to justify, it might arise from the strong coupling of theD13
resonance to therN channel and a medium modification o
the r meson @34#. Furthermore, in Ref.@40# it has been
shown that such a mechanism can lead to an in-med
width of theD13(1520) resonance of about 350 MeV.

To estimate how the latter effect influences our results
have performed also calculations for the in-mediumrN total
cross section by assuming that at normal nuclear density
widths of all resonances—coupled to therN channel—are
twice as in the vacuum, but theirrN branching ratios stay
the same. This in-mediumrN cross section then was used
the dispersion relation for the calculation of the in-mediu
real part of therN forward scattering amplitude.

The results of these calculations are shown in Fig. 7
the totalrp cross section and the real part of the forwa
scattering amplitude calculated with different widths of
baryonic resonances. The factork in Fig. 7 stands for the
ratio of the in-medium width of the baryonic resonance to
value in free space. We see that the higher order reson
broadening effects have a strong influence on therN scat-
tering amplitude in the resonance region. The total cross
tion becomes smoother at low energy and as a result the
part of f rN(0) does not change sign anymore with decre
ing pr . At small pr it remains negative, which means th
the main medium effect for ther meson at normal nuclea
density is the collisional broadening; the mass shift
slightly repulsive. This result is in qualitative agreement w
recent calculations of ther-meson spectral function at low
energies from Refs.@5,18,40#. However, a note of caution
has to be added here because the predictions within the r

l

FIG. 7. The totalrN cross section and the real part of therN
scattering amplitude calculated for different widths of the baryo
resonances. The factork indicates the ratio of the in-medium reso
nance width to its vacuum width.
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1084 PRC 58L. A. KONDRATYUK et al.
nance model are only of qualitative nature. The propertie
nuclear resonances as well as their branching to ther chan-
nel in the dense medium are unknown so far. Furtherm
the influence of exchange-current corrections at high den
on ther-meson properties should be considered as well.

V. CONCLUSIONS

In summary, we have calculated the momentum dep
dence of ther-meson self-energy~or in-medium properties!
based on the dispersion relation~16! for the rN scattering
amplitude at finite~but small! nuclear density. The imaginar
part of f (v) is calculated via the optical theorem~17! while
the total rN cross section is obtained within the VDM a
high energy and within the resonance model at low ene
The scattering amplitudef (v) thus is entirely based on ex
perimental data. Our numerical results indicate a siza
broadening of ther-meson width in the medium especial
for low relative momentapr . In the low density approxima
tion the real part of its self-energy is found to be attract
for pr<100 MeV/c and to change its sign, becoming repu
sive at higher momenta in line with the prediction by Elets
and Joffe@23#. Extrapolating the low density approximatio
to nuclear saturation density we obtain a dropping of thr
mass atpr' 0 in line with the QCD sum rule analysis o
Hatsuda@39#. Thus our dispersion approach demonstra
that the results of Refs.@23# and@39# do not contradict each
-
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cl.
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ty
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le

s

other due to the rather strong momentum dependence o
rN scattering amplitude.

However, the resonance part of therN scattering ampli-
tude is also influenced by the nuclear medium at satura
density such that the moderate attraction atpr.0 changes to
a small repulsion. This behavior of ther-meson self-energy
is in qualitative agreement with the recent microscopic c
culations of Rapp, Chanfray, and Wambach@18,19# as well
as Klingl et al. @5# for the r spectral function. In the latte
case ther meson essentially broadens significantly in t
dense medium which implies lifetimes of ther meson of less
than 1 fm/c already at densityr0; in simple words, according
to our dispersion approach ther meson ‘‘melts’’ at high
nuclear density and does not ‘‘drop in mass’’ as sugges
by the scaling hypothesis of Ref.@1#. We note, finally, that
the explicit momentum dependence of ther-meson self-
energy is also an important issue that has to be incorpora
e.g., in transport theories that attempt to extract informat
on the r spectral function in comparison to experimen
dilepton data.
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