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We present a dynamical study ef e~ production in~ A reactions at 1.3 and 1.7 GeV on the basis of the
coupled-channel-BUU approach. The contributions from vector messns) (are calculated taking into ac-
count the collisional broadening effect and are compared to background sources in the dilepton spectrum from
the Dalitz decays ofv and » mesons produced in the reaction. Two possible scenarios for the medium
modifications of the vector mesons are investigated, i.e., the “dropping mass” scheme foaiitky and a
momentum-dependeptmeson spectral function that includes the polarization ofptileeson due to resonant
p-N scattering[S0556-28139)04502-1

PACS numbes): 25.80.Hp

I. INTRODUCTION The conclusion in Ref[25] was that both the “dropping
mass” scenarig21-24 as well as the hadronic spectral
The properties of hadrons in the nuclear medium are ofunction approactl12] lead to dilepton spectra which are in
fundamental interestsee Refs[1-5]). According to QCD good agreement with the experimental data for all systems at
sum ruleg4-6] or QCD inspired effective Lagrangian mod- SPS energies. A similar analysis was done also for
els [1-3,7], [8-13 the properties of the vector mesons BEVALAC-SIS energies[26] (where quite different tem-
(p, o and¢) should change with the nuclear density. Fur- perature and density regimes are prgbedolving both the
thermore, along with a dropping mass the phase space for tlepectral functions from Ref§12,13. It was found that these
resonance decay also decreases which results in a modificgpectral functions give practically the same result for dilep-
tion of the resonance lifetime in matter. On the other handton spectra at BEVALAC-SIS energies.
due to collisional broadening—which depends on the nuclear Additional, and possibly more sensitive, information
density and the resonance-nucleon interaction cross secti@ould be provided by studies using more elementary probes
(see Refs[14,15)—the resonance lifetime decreases again.such a pions or protons as incoming particles. In such reac-
The in-medium properties of vector mesons have beetions the nuclear density<{py) is obviously lower than in
studied experimentally so far by dilepton measurements ateavy-ion collisions, but the phase-space distribution of the
SPS energies for proton-nucleus and nucleus-nucleus colliRuclear matter is almost stationary and much better known.
sions[16—19. As proposed by Li, Ko, and Browf20] and  In case of pion-nucleus reactions themeson can be pro-
Ko et al.[21], the observed enhancementAn- A reactions  duced with low momenta in the laboratory system such that
compared top+A collisions in the invariant mass range a substantial fraction of them will also decay inside a heavy
0.3=M=0.7 GeV might be due to a shift of the@meson nucleus[27-29. In Refs. [28,29, which employed the
mass following Brown-Rho scalinpl] or the Hatsuda and Hatsuda-Lee mass shf#], it was shown on the basis of the
Lee sum rule predictiofd]. The microscopic transport stud- intranuclear cascad@¢NC) approach that the mass distribu-
ies in Refs[22—24 for these systems support these resultstions of the vector mesons decaying inside the nucleus have
[20,21]. a two-component structurgl5] in the dilepton invariant
However, also a more conventional approach includingmass spectrum: the first, high-mass component corresponds
the change of th@-meson spectral function in the medium to resonances decaying in the vacuum, thus showing the free
due to the coupling op,#,A and nucleon dynamics along spectral function which is very narrow in case of theme-
the lines of Refs[7—10 was found to bé&roughly) compat-  son; the secontbroadey component of lower masses corre-
ible with the CERES dat§10,22. Meanwhile, our knowl- sponds to the resonance decay inside the nucleus.
edge on the spectral function has improved since—as first The many detailed hadronic model studies quoted above
pointed out by Friman and Pirngt1]—resonanf-N inter-  have shown that the assumption of a very narrow, unchanged
actions significantly enhance the strength in the vectorwidth of the vector mesons, that underlies the Hatsuda-Lee
isovector channel at low invariant mass; this has also beeprescription, is oversimplified. This has also recently been
confirmed recently in Ref.13] where the authors find a sig- discussed in Ref[6], where the authors have shown that
nificant smearing of the strength at lonp momenta due to QCD sum rules pose only very loose constraints on the in-
a self-consistent evaluation of the resonance widths. In factnedium properties of vector mesons.

the CERES data for §Au at 200A GeV and PHB-Au at In this paper we, therefore, report results of detailed mi-
160A GeV, using an expanding fireball model, were foundcroscopic calculations on the basis of the coupled-channel-
to be compatible with such a hadronic scendfig]. Boltzmann-Uehling-UhlenbeckCBUU) model [30] for the

Recently, the thermodynamical result of REf2] was dilepton production inwm™ C,7~ Ca,m  Pb collisions at ki-
supported by hadron string dynami@¢4SD) transport calcu- netic energief,;,=1.3 and 1.7 GeV employing also a real-
lations[25] where an improveg spectral function was used. istic spectral function for the meson13] in addition to the
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collisional broadening and “dropping” mass effects of vec- Here we employ the momentum-dependent mean-field
tor mesons studied in Ref§28,29. Within this transport potential proposed by Welket al. [35] with an additional
model it is possible to investigate simultaneously A, 7=  isospin symmetry potentidd>y™", i.e.,
+A, p+A, andA+A reactions in a wide dynamical range
such that especially the pion dynamics can be controlled by a o p pT C 5, fa.p) symm
large set of independent experimef@§). Ut(r,p)=A—+B—+ 2_f d°p' —— 7 t U™
. . . Po Po  Po P—pP
Our paper is organized as follows. In Sec. Il we briefly 1+ A
describe the CBUU transport approach and its implementa-
tion for pion-induced reactions, theN total reaction cross
section, and the elementary processes for meson productigfere ysymm g
and their interactions employed in the CBUU approach. In
Sec. lll we discuss the elementary channels for dilepton pro- po(r)—pn(r)
. L . ) . . symm_ p n
duction and collisional broadening and the in-medium modi- u =D———7—
fication scheme$"‘dropping” mass andp spectral function

approach which will be applied for calculating the dilepton \yith 7,= —1 for neutrons andr,= + 1 for protons; for the

spectra. Section IV contains a detailed study of dileptorsirength of the symmetry potential we uBe=30 MeV in
spectra form~C,7~ Ca,m ™~ Pb reactions aE,=1.3 and 1.7 |ine with Ref.[36].

4

Tz, 6)
Po

GeV. We close with a summary in Sec. V. As an extension of the momentum-independent Skyrme
type potentials for nuclear mattg33,35 the parametrization
Il. INGREDIENTS OF THE CBUU-MODEL (4) has no manifest Lorentz-properties. However, definite

Lorentz-properties are required for a transport model at rela-
tivistic energies. To achieve this goal we evaluate the non-
The dynamical description of pion-nucleus collisions isrelativistic mean-field potentidl™ in the local rest frame
performed within the coupled-channel-BUU approdéld]  (LRF) of nuclear matter which is defined by the frame of
which has been found to describe reasonably well variouseference with vanishing local vector baryon currgft,t)
pion data at SIS energies. The model has been described #n0]. Assuming only scalar potentials in the LRF we then
detail in Ref.[30]; here we briefly recall the main ingredi- equate the expressions for the single-particle energies using
ents. the non-relativistic potentidl™ and the scalar potentidJ

In line with Refs.[31-34 the dynamical evolution of by
heavy-ion collisions or hadron-nucleus reactions below the

A. Binding energy and nuclear stability

pion-production threshold is described by a transport equa- Vp?+m?+U™(r,p)=p*+[m+U(r,p)]% (6)
tion for the nucleon one-body phase-space distribution func-
tion fy(r,p,t), Equation(6) now allows us to extract the scalar mean-field

tions for the baryons.
ot E TVPU(r,p)]Vrf(r,p,t) For our calculations we use @momentum-dependent
‘() equation of statdEOS for nuclear matter with an incom-
m=(r,p ressibility of K=290 MeV (i.e., A=—29.3 MeV, B
++ = Vfu(r’p)]fo(r’p’t):'CO"[f(r’p*t)]* P 572 MeV, C-—63.5 MeV, i 1.760, A=2.13 fm'3).
) For the pion-nucleus reactions to be investigated in this
study, however, the nuclear incompressibilikyis no deci-
sive quantity and is only quoted for completeness.
For 7+A reactions it is important that the nuclear
: ) groundstate properties, i.e., density and binding energies, are
_(p) or neutron (). The effective massn*(r,p) én Eq. (1) well reproduced. We illustrate the quality of our ground state
includes the nucleon restmasy,(=938 MeVic ) as well .in Fig. 1, where we show the binding energy per nucleon as
as a scalar momentum-dependent mean-field potenne()J function of the nucleon numbe. The solid curve corre-
u(r.p), sponds to the binding energy calculated With™™ whereas
the dashed curve is the result without the isospin symmetry
potential; the solid curve belongs to nuclei that are quite
stable over time periods longer than the typical reaction time
for the baryons. The nucleon quasiparticle dispersion relatiogs 15 fm/c in case of a Pb target. Comparing our calcula-
then is tions for stationary nuclei with the empirical liquid drop re-
sult (dotted ling we find that our dynamical calculations
E(r,p)=vVm*(r,p)*+p°. (3 with UY™Magree reasonably well with the experimental sys-
tematics.
We note that we have neglected an explicit vector interaction In the CBUU model we explicitly propagate the mesonic
due to numerical reasons in order to achieve a better stabilittegrees of freedomr, »,p and a scalar mesowm that simu-
of nuclei in their “ground state.” However, this is of no lates correlated 2 pairs in the isospin O channel. In addition
concern since the vector interaction plays no rolerift A to the nucleon and th&(1232) we, furthermore, include all
reactions as considered in this work. baryonic resonances up to a mass of 1950 MéVi.e.,

potentialU(r,p) which we will use throughout our calcula-
of(r,p,b) +[ p,m*(r.p)

wherer andp denote the spatial and the momentum coordi-
nate of the nucleon, respectively, whiNestands for a proton

m* (r,p)=my+U(r,p) (2
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FIG. 1. The binding energy per nucleon as a function of the 0 F e W ;
nucleus mass number. The solid curve corresponds to the binding 1.2 14 1.6 1.8 2.0 2.2
energy calculated with the symmetry potentiat?™" whereas the 12

dashed curve is the result of a calculation withtiit™™ The dot-
ted line corresponds to the empirical values according to the liquid F|G. 2. The calculated totar-p cross section in comparison
drop formula. to the data from[38] (solid line). The dot-dot-dashed, the dot-
dashed, and the short-dashed lines show the contributions from the
N(1440), N(1520), N(1535), A(1600), A(1620), A(1232), theN(1440), and theN(1520) separately. The long-
N(1650), A(1675), N(1680), A(1700), N(1720), dashed line indicates the contribution of the additional two pion
A(1905), A(1910), andA(1950); the resonance properties production channel.
are adopted from the PD{37]. Denoting the nucleon biX
and the baryon resonances listed aboveRognd R’, we  (long-dashed lingin order to reproduce properly the total
include the following channels: elastic baryon-baryon colli-cross section data at higt’? which is quite essential fotr
sions NN—NN,NR—~NR; inelastic baryon-baryon colli- +A reactions in the energy regime considered. By using
sionsNN«—NR,NR—NR',NN«— A (1232)A(1232); inelas- alternatively an effective resonance with a one-pion decay
tic baryon-meson reactiorR«— Nm,R—Nm, A(1232), width we have ascertained that our results are independent of
N(1440)r,Np,No,N(1535)%>N7,NN«— NN1; meson- the specific way in which the missing pion strength at high

meson collisiongp« 7 (p wave, o« 7 (S wave. energies is corrected.
B. #N total reaction cross sections C. Elementary processes for meson production
In order to describe pion-baryon scattering in the frame- and meson-baryon interactions
work of the resonance picture a Breit-Wigner formulation for - Because of the small cross sections involved we can treat
the cross sectionsfN—mN) was used the production of vector mesong,@) and %’s perturba-
tively. Since we work within the parallel ensemble algo-
_ 2Jgt1 R T rithm, each parallel run of the transport calculation can be
Jab—R—cd (28,+1)(25+1) p? (s—M3)2+sI'2, considered approximately as an individual reaction event,

(7) where binary reactions in the entrance channel at given in-
variant energyy/s lead to final states with 2 or 3 particles

In Eq.(7) ab andcd denote the baryon and the meson in theWith a relative weightW; for each event. W, is defined by
initial and final state of the reaction ais the intermediate  the ratio of the production cross section to the total hadron-
baryon resonance and the particles in the initial state of théhat the initial hadrons are not modified in their respective
reaction, while['r_.p, I'r_cq are taken from the PDE37]  final channels. On the other hand, each perturbative particle

and p? stands for the squared momentum of the incomingS "ePresented by a test particle with weighif and propa-
meson in the resonance rest frame. gated according to the Hamilton equations of motion. Elastic

The solid line in Fig. 2 shows the total~ — p-cross sec- and inelastic reactions with baryons are computed in the
tion within the CBUU model in comparison to the experi- standard way[39]. The final cross section is obtained by

mental data from{38]. To calculate this cross section we Multiplying each testparticle with its weighty; . In this way
replace the partial width&' s .4 in Eq. (7) by the total one achieves a time-saving simulation of the vector meson
—C .

widths of the baryonic resonances and sum up the contrib 2"oduction, propagation, and reabsorption during the pion-

tions from all resonances incoherently. The dot-dot-dashed!tcleus collision.

the dot-dashed, and the short-dashed lines in Fig. 2 show the

contributions fromA (1232), N(1440), andN(1520) sepa-

rately. We supplement the resonances included in F3éi. The actual final states are chosen by Monte Carlo sampling ac-
with an additional effective two-pion production channel cording to the 2- or 3-body phase space.
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The » mesons are produced in pion-baryon and baryon- — 7T
baryon collisions according to the elementary production
cross sections from Ref$40,41. However, in the present
analysis we assume thpn— pny cross section to be about
six times larger than th@p—pp7 cross section close to
threshold in line with the new data from the WASA Collabo-
ration [42]. For the vector mesonsp(w) we have to take
into account the pion-baryon production channetsSp
—wn, 7 N—wX, 7 p—pn,7 N—pX and in addition to
Refs. [28,29 the baryon-baryon channeBB— pBB,BB
—pX,BB—wBB,BB— wX.

For the exclusive process™ p— wn we use a parametri-
zation of the experimental data from Rg43]:

n Pb, 1.3 GeV

dN/ds"? [arb. units]

0
excl _ Pan— Py

'n"pﬂwr‘l_

Sy (8)
N S1/2 . S“'1/2 [GeV]
wherep ITQ’ the.relgltlve momentump GeVie) of the pion- FIG. 3. The distribution in the pion-baryon collision number
nucleon pair whilep,=1.095 GeVt 'satﬁf' threshold value. versus the invariant energys above the threshold fqr production
The parameter£=13.?6 mb(GeV¢) . ,a=3.33 andd JSo=my+m,, ie., dN/VS (histogram, for 7 Pb at Eyq
=1.07 (GeVk)* describe satisfactorily the data on the _q 3 Gev. The arrow indicates the incoming energy.
energy-dependent cross section in the near-threshold energy
region. Forp®-meson productionr” p— pn we use the same
cross section as for the-meson; this holds experimentally o (P =A——,
within 20%. 1+apap
For the inclusive vector meson productiom p | in A=20 mb anda=1 GeV lc.
—VX, V=w,p we use the parametrization from Red4]

(12)

For thep-N total and elastic cross sections we adopt the
results of Ref[45], which were calculated within the reso-
nance model using the experimental branching ratios for the
resonances involvefB7]. A good fit to the results of Ref.

where the scaling variable is defined>ass/sy,, sy=(My  [45] in the energy range of interest is given by
+my)2. For o production we havea,=4.8 mb, b,

o x= av(x—1)Pvxey, 9)

=1.47,¢,=1.26; for p production we have a, o,oy=26.0+0.9 p~°® [mb],
=3.6 mb, b,=1.47, c,=1.26 usingm,=0.77 GeV in the
vacuum case. In the actual calculation we take the maximum UZION: 13.0+0.25 p~© [mb], (13

of the parametrization®) and(8). These cross sections have

been shown in Ref44] to reproduce the available data very where p [GeV/c] is the meson momentum in the c.m.s.

well. Since this parametrization diverges for zero momentum, we
For the vector meson production in baryon-baryon channumerically include an upper limit of 200 mb for the total

nels (this contribution is quite small fosr™ A reactiong we  cross section. The channeN— 7N is determined via de-

also use the parametrization from Rpf4] tailed balance from the inverse reacti@®) whereas thav
- . absorption channel is described b§S= 0%, — o).
Oppovx=av(X—1)yx~ %, (10) In order to demonstrate the relevant range of the elemen-

tary production cross sections we display in Fig. 3 the distri-

where the scaling variable is defined againxass/sy,, Si bution in the pion-baryon collision number versus the invari-
=(2my+my)%  For o production we use a, ant energyys above the threshold fop production vsq,
=2.2 mb, b,=1.47, c,=1.1; for p production we us@, =my+m,, ie., dN/dy/s (histogram for 7 Pb at Ey,

=2.5 mb, b,=1.47,c,=1.11. =1.3 GeV. The arrow indicates the incoming energy. Due
For the interactions of vector mesons with baryonsto Fermi motion and secondary interactions tHe/d+/s is

we include the following channels: oN—wN, not a sharp peak, but a broader distribution. At the pion

wN—7N, oN—77N; pN—pN, pN—7N, pN—77N.  Kinetic energy of 1.3 GeV one thus is sensitive to the el-

Since apart for therN final channels no experimental data ementary vector meson production cross section for excess

are directly available we adopt the parametrizations fromenergies of 100—300 MeV.

Ref.[28,29. The totaloN cross section is described as We finally note that all the vector mesons are produced
and propagated with their pole mass. Their spectral functions
are taken into account only in their decay débe™. How-

11 , . e
ever, the essential broadening of thespectral function in
the nuclear medium due to elastic and inelastic scattering

with A=11 mb andB=9 mb GeVkt. The elastiawN cross  with nucleons is taken into account dynamically, though not

section is parametrized as consistently with the model from Rdf13].

B
oon(Prap) = A+ Pt
al
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I1l. DILEPTON PRODUCTION 400 T : . T
A. Elementary channels 350

The dilepton production is calculated perturbatively
by including the contributions from the Dalitz decays
—NITI7, N(1440)—NI*I1~, N(1520)—NI*1~, N(1535)
—NITI~, 7To—>'y|+|_, Y I I w— 71~ and the
direct dilepton decays of the vector mesgnand w. For a
detailed description of tha,N* Dalitz decays we refer the
reader to Ref[40]; the dilepton decays of the and vector
mesons are described in RE24]. 100 L

The novel channel included as compared to Regf8,29 0.00
is the Dalitz decay of thé&l(1520) resonance which is de-
scribed in the same way as the resonance with spin 3/2 120 T T y T y T
(see Ref[40]), but using a coupling constagt=0.96 and T
I',=1.1 MeV in Egs.(4.9—(4.13 in Ref.[40]. We include o[- 7 Pb, L3GeV
this resonance because its presence was recently shown - |
dominate thep-meson properties in a baryon-rich environ-
ment[13]. We also note, that compared to the INC calcula- 60 -
tions in Refs.[28,29 we employ different parametrizations s | @-ﬂ” @9 ¥ %o

300

250

', [MeV]

200

80

[MeV]

#

for the »-production channels based on the more recent date 40 | ga .
from the WASA and PINOT Collaboratiorjg2,46]. r e .

The dilepton radiation resulting fromrN interactions is 0 ° o @-decay
dominantly made up by two contributions. One consists of . ) )
reactions in which the pion is absorbed on the nucleon to 0.00 0.05 0.10 0.15
form a nucleon resonance which then later undergoes a Dal py [fm”]
itz decay intoNe"e™; these processes are explicitly con-
tained in the transport calculations. The second class of re- FIG. 4. The width of thep andw mesons calculated according
actions consists of those in which the pion reemerges, so thit Eas.(15),(16) (open squargsfor =~ Pb atE,,=1.3 GeV. The
there may be bremsstrahlung from the external legs of thaolid lines indicate a linear fit with density according to Etf).
charged particles. In Ref$§28,29 a phase-space corrected ) ) ) ]
soft photon approximatiofi47,48 for the latter processes fying assumptions for this e>§plorat|ve study that f|r_1aIIy have
has been adopted. However, this approximation has recentfp be controlled by experimental data. Following Refs.
been discussed in detail by Lichafd9] and it has been [28.29 we assume thatin first orde) the in-medium reso-
shown for a particular example that various approximationsh@nce can also be described by a Breit-Wigner formula with
including the one used in Ref§28,29, can lead to large @ Mass and width distorted by the nuclear environment
uncertainties of up to a factor of about 5. This uncertainty
estimate agrees with that obtained from a comparison with 1 ry
an “exact” calculation frompn bremsstrahlung in Fig. 5 in F(M)= DI (M — k21 T*24] (14)

; (M=—m$)=+Ty/4

Ref. [40]. Since the phase-space corrected soft photon ap-
proximation more likely provides an upper limit for the ra-
diation from the external legs49,50 and thewN brems-
strahlung channel was found in R4R29] to be a minor

r

containing the effects of collisional broadening

* __
background in the vector-meson mass regime, we discard an Iy=Ty+arl, (19
explicit calculation of this channel in this work. We note,
however, that this bremsstrahlung contribution might be Oiwhere
similar order as the Dalitz decay of thg meson at lower ot
oI'=yvoynpn s (16)

invariant massef29]. Thus by measuring the yield from
its 2y decay independently one might subtract th®alitz )
channel from the dilepton mass spectrum—as well as foRS Well as a shift of the meson mass
m°—and obtain experimental bounds on this channel, too. .
mg=my+ émy,. a7
B. In-medium vector mesons and collisional broadening
In Eqg. (16) v is the resonance velocity with respect to the

1. Collisional broadening target at rest;y is the associated Lorentz factgry is the
The production and propagation of short lived hadronicnuclear density andr\yy, is the meson-nucleon total cross
resonances with all their off-shell properties in the nuclearsection. Fonr}f,{l we use Eq(13) while for o'}, we adopt Eq.
medium is presently an unsolved problem and especially théll). In using Eq.(15 we neglect the decrease in the width
production ofp mesons close to threshold is uncertain sincedue to the lowered mass of the vector mesons which is small
its width changes drastically in the nucleus as compared toompared to the collisional broadening.

the vacuum. We thus have to introduce a couple of simpli- In Fig. 4 we show the width gb andw mesons calculated
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dynamically according to Eq$15) and(16) (open squares A L A B A B
for #~Pb atE,;;=1.3 GeV. The solid lines indicate a linear : n Pb, 1.3 GeV
fit of the form F free meson mass

2.

do/dM [ub/GeV ¢]

T3 (o) =TY(pn)

1+ ﬁ%), (19)

where 8=1.55 for thep meson ang3=9 for the  meson.

While the collisional broadening is roughly twice that of the
barep width, it increases the width of the meson by about '
one order of magnitude. The latter values imply that the life- : % Pb, 1.3 GeV
time of thep at densitypy drops to~0.7 fm/c while the

in-medium meson mass

o

lifetime of thew meson decreases #92.7 fm/c atp,. Note g
that these values agree approximately with those obtained ir3
a recent refined hadronic modd]. !
=

2. “Dropping” vector meson mass E

In order to explore the observable consequences of vecto
meson mass shifts at finite nuclear density the in-medium : : : : :
vector meson masses are modelled according to Hatsuda ar  10’g % Pb, 1.3 GeV E
Lee[4] or Brown-Rho scaling1] as £ ]

p spectral function +
® in-medium mass

mt=my[ 1 apn(r)/pol, (19

where py(r) is the nuclear density at the resonance decay,
po=0.16 fm 3 and a=0.18 for thep and w. The latter
value of @ has also been used in Ref82,23 and led to a
good description of the dilepton spectra from the CERES and
HELIOS-3 Collaborations. Furthermore, in RE3] a shift of
the w pole by~120 MeV is reported, however, no essential
shift of the p-meson pole is extracted from their dynamical
calculationgsee also Ref51]). Thus the parameter in Eq. FIG. 5. The dilepton invariant mass speai&/dM for 7~ Pb at
(19 has to be taken with same care and finally to be deterthe bombarding energy @&,;,=1.3 GeV calculated without colli-
mined by experiment. sional broadening and with free meson magsgper pary, includ-
ing the collisional broadening effect and a “dropping” mass of the

3. The p spectral function p and @ mesons(middle parf as well as including the spectral
. . . . function from Ref.[13] instead of a “dropping” p mass(lower
. .Whlle the dro_pplng mass scenario, tOgeth.er Wlth the COI'pari). The thin Iines[ in]dicate the individue?lpco?\trli)butions from the
lisional broadening, reproduces, at least qualitatively, the re;

| fth fined del of RERT it i . different production channels, i.e., starting from Idv Dalitz de-
sults of the more refined model of R¢R], it is an oversim- cay 7—ye'e~ (dotted ling, A—Ne'e~ (short-dotted ling

plified approximation for the meson. For the meson we, _ 0q+o- (dot-dashed ling N(1520)—Ne*e~ (dot-dashed ling
therefore, also include alternatively the calculated spectrg(1535) .Ne*e~ (long-dashed ling for M~0.8 GeV: w
function from Ref.[13]. The implementation of thp spec- . e*e~ (dashed ling p°—e*e~ (dot-dashed line The full solid
tral function into the transport approach for the calculation ofjine represents the sum of all sources.

the dilepton yield fromp® decay is described in Refs.

[25,26. Here we adopt the same strategy, i.e., the dileptonarge part of the strength resides in nucleon resonance-hole

dof/dM [pb/GeV ¢]

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
M [GeV/c]

radiation fromp mesons is calculated as excitations[13]. For the nucleon resonances the simple
VDM is known to be quite inaccurafd 1]. In the absence of
ANy j+1- __ Br(M)mlm D.(qo,q: on) (20) any detailed study of this problem, we have used a constant
dM T pRH0 L ENT branching ratio fixed at the resonance mass for simplicity as

in Refs.[25,2€]; in future this simplifying assumption will
where D, is the p-meson propagatdrl3] in the hadronic  have to be improved.
medium depending on the baryon dengity as well as on
energy o, and three-momentung=|q| in the local rest
frame of the baryon currert‘comoving” frame). The in-
variant mas is related to thep-meson four-momentum in We now come to the results of our numerical simulations.
the nuclear medium aM2=q(2)—q2, while ImD, is spin  In Fig. 5 we present the calculated dilepton invariant mass
averaged over the longitudinal and transverse part ofpthe spectrada/dM for =~ Pb at the bombarding energy Bf;,
propagato13]. Furthermore, Bi{1) is the branching ratio =1.3 GeV including a finite mass resolution of 10 MeV.
of the p-meson resonance to dileptons which is in principleThe upper part corresponds to the result calculated without
an explicit function of the invariant madd. Vector-meson collisional broadening and free meson masses. The middle
dominance cannot be used to evaluate this function where part shows the dilepton spectra calculated including the col-

IV. DILEPTONS FROM @A REACTIONS
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lisional broadening effect and “dropping” massesmfnd [ " T " ' " T
o mesong Eq. (19)], whereas the lower part corresponds to | 7C L3GeV
calculations with collisional broadening and dropping mass E
shift for the ® meson and the momentum- and density-
dependent spectral functi¢a3] [Eq. (20)] for the p meson.
The thin lines indicate the individual contributions from
the different production channels, i.e., starting from by~ § [ — oo mesonmass
Dalitz decayn— ye*e~ (dotted ling, A—Ne*e~ (short- -  spectral function + G in-medinm mass
dotted ling, w—mee” (dot-dashed ling N(1520) et
—Ne*e™ (dot-dashed ling N(1535)—Ne*e” (long- L 7 Ca, 13GeV 4
dashed ling for M~0.8 GeV: w—e*e” (dashed ling
p’—ete” (dot-dashed ling The full solid line represents
the sum of all sources considered here.
The dominant background processes in the low mass re-
gion up toM =500 MeV are then andw Dalitz decays and w’E o memeonman
possibly wN bremsstrahlung, which is discarded here. The i - p spestrl functon + & in-medien s
contributions from heavy-baryon resonances are negligibly ; ' ' ' ' ' '
small. AboveM ~0.6 GeV the spectrum is dominated by = Pb, 1.3 GeV
the vector meson decays with a low background from other
hadronic sources. Our results are in qualitative agreement
with the INC calculations in Ref§28,29 but differ in the
individual channels by up to factors of 2 which is due to the
use of different elementary cross sections as mentioned al- [ s
ready at the end of Sec. Il A and to the explicit treatment of | p speetral function + 6 in-medium mass
isospin in our transport approach. 7 Y P a———N
As seen from the middle part, the mass shift and the col- M [GeV/c]
lisional broadening effect leads to a two-component structure
for the ® meson: the narrow peak Bt=m, comes from the FIG. 6. The dilepton invariant mass spectdw/dM for
o decaying outside the nucleus whereas the broader pegk ©; 7 Ca, and 7 Pb at the bombarding energy dyp,
corresponds to the decay inside the nucleus. Fop tiieson =1.3 GeV. 'I_'he solid Ilpe_s indicate the _sum of all q|lepton channel
this effect is not seen because themesons practically all calculated without collisional broadening _and V.\IIFh free meson
decay inside the nucleus due to their short lifetime; only thé'nass“es. Thg d’(')tted curves are the result with collisional broadening
width of thep meson peak becomes larger due to collisionaf"® 9roPPINg” masses op and » mesons. The dashed curves
broadening. The “dropping” mass for the and » mesons correspond to the calculations with collisional broadening, dropping

. . » mass and with the spectral function from Ref.13].
leads to an essential reduction of the vector meson produc-

tion threshold in meson-baryon and baryon-baryon COIIiSiO”%ecomes more pronounced for heavy nuclei sucif%g@b
and to a slight enhancement of vector meson production i@ue to the larger volume.

pion-nucleus collisions. A similar effect is seen if one em-
ploys thep spectral functior{lower part in Fig.  instead of

a droppingp mass.

do/dM [ub/GeV ¢

[ ——fiee meson mass

do/dM [uh/GeV ¢']

[ —fiee meson mass

do/dM [h/GeV ¢’]

In Fig. 8 we present the same analysis as in Fig. 7, but the
dilepton spectra were calculated including a cut in the longi-
. . ) tudinal momentum of the dileptons, i.eq,<0.3 GeVk,

We have alsp performed _caIcnguons for I|ght_ systei_ms which makes the differences between the “dropping mass”
order o test qm‘erent density regimeand two Incoming  gcheme and the spectral function more pronounced. Figure
energies. In Figs. 6 and 7 we show the dilepton invariany yemonstrates that with a proper cut one should be able

mass spectrdo/dM for 7~ C,a Ca, andrPb atthe bom- , qistinguish experimentally between the two scenarios for
barding energies d&,;,=1.3 and 1.7 GeV, respectively. The yho medium modifications of the vector mesons.
solid lines indicate the sum of all dilepton channels calcu-

lated without collisional broadening and with “free” meson
masses. The dotted lines are the results with collisional
broadening and a “dropping” mass pfandw mesons. The On the basis of the coupled-channel-BUU approach
dashed lines correspond to calculations with collisionalCBUU) [30] we have studied dilepton production in
broadening, with dropping» mass and with they spectral 7~ C, # Ca, and 7 Pb collisions atE,,=1.3 and 1.7
function[13]. The “dropping mass” scheme leads to an en-GeV. Various contributions are taken into account for dilep-
hancement by about a factor 2 as compared to the free mes@sn production: the Dalitz-decays d&f, N(1440),N(1520),
mass in the dilepton range 6:81<0.7 GeV and to a re- N(1535) resonances ang,o mesons as well as the direct
duction by about a factor of 2 above the peak. Thep  dilepton decays of the vector mesomsand . The contri-
spectral function also slightly enhances the yield a6 butions from vector mesons were calculated including the
=<0.7 GeV, however, the reduction above thegeak is not  collisional broadening and by applying two different in-
so strong as compared to the “free” meson mass case. Amedium modification schemes of the vector mesdisthe
seen from Figs. 6 and 7 the difference between the thredropping mass andii) the hadronic spectral function ap-
scenarios exists even for a light system such'4 and  proach[13].

V. SUMMARY
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: 1 C, 1.7GeV n C, 1.7 GeV
10E 3 q,<0.3 GeVie
2 [ _ > 3
N g
SWETTTTTTS LT Ty =
g F - 2 —fiee
[=} —— free meson mass e 10F N X
= i . . = E e in-medium 3
------ in-medium meson mass o 1
i . . . == == p spectral tunction ]
------- p spectral function + ® in-medium mass [
10" : : = : = i + W't = I = I = I =
[ 7 Ca, 1L7GeV ] [« Ca, 17 GeV
< - E < q,<0.3 GeVic
= >
@ - )
g g
e 2
z 5
B[ T T B
= = free mesonmass . Tre 7T =

10F ...... in-medium meson mass -
P e p spectral function + @ in-medium mass ]
. 1 . 1 : + 3 + t t t
t T T T T T v E 10 y ! ) ! ’ ! ’

T Pb, 1.7 GeV ] n Pb, 1.7 GeV .
* ] 10'E < 0.3 GeVic 3
3 I I Ji ]
> >
4 @
L L
2 F E}
% ! % 10 —free ¥
=] - free meson mass O . . 7]
= R i = F e in-medium ]
L e in-medium meson mass 3 .
""""" £ spectral function + ® in-medium mass = === p spectral function
100 2 1 " 1 1 1 " " 1 " 1 " 1
0.5 0.6 0.7 0.8 0.9 0.5 0.6 0.7 0.8 0.9
M [GeV/c'] M [GeV/cT]
FIG. 7. The dilepton invariant mass spectdw/dM for FIG. 8. The dilepton invariant mass spectdwr/dM for
7~ C, w Ca, and 7~ Pb at the bombarding energy d, 7 C, w Ca, and =~ Pb at the bombarding energy d&,,
=1.7 GeV. The assignment is the same as in Fig. 6. =1.7 GeV with a longitudinal momentum cut,<0.3 GeVk.

The assignment is the same as in Fig. 6.

It was found that both scenarios lead to an enhancement

of the dilepton yield at 0.8 M=<0.77 GeV. However, the ACKNOWLEDGMENTS
models predict quite different absolute values for the dilep-
ton yield at invariant masses mainly below and abdwe The authors are grateful for various discussions with H.

=m, with the total in-medium effect amounting up to a Bokemeyer, Ye.S. Golubeva, W. Koenig, L.A. Kondratyuk,
factor of 3. This sensitivity, which is comparable to thatw. Kuhn, V. Metag, W. Scho, and A. Sibirtsev. Further-
achieved in heavy-ion reactiofi25], can be studied experi- more, they are indebted to M. Post and W. Peters forpthe

mentally especially after applying proper longitudinal mo- spectral function from Ref13]. This work was supported by
mentum cuts and comparing directly the spectra from lighignvBE and GSI Darmstadt.

and heavy targets such a& or 2%%b.
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