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Intermediate mass excess of dilepton production in heavy ion collisions at relativistic energies
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Dielectron mass spectra are examined for various nuclear reactions recently measured by the DLS Collabo-
ration. A detailed description is given of all dilepton channels included in the transport model UrQMD 1.0, i.e.,
Dalitz decays ofr®, 7,w, 7' mesons and of tha (1232) resonance, direct decays of vector mesonspand
bremsstrahlung. The microscopic calculations reproduce data for light systems fairly well, but tend to under-
estimate the data ipp at high energies and ipd at low energies. These conventional sources, however,
cannot explain the recently reported enhancement for nucleus-nucleus collisions in the mass region
0.15 Ge\sM,+,-=<0.6 GeV. Chiral scaling and meson broadening in the medium are investigated as a
source of this mass excess. They also cannot explain the recent DL$S686-28188)01007-3
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[. INTRODUCTION tion are solved for Gaussian wave packets. The model allows
for the production of all established meson and baryon reso-

. bes[1] of hot and d I X Sas_l_ﬁene"aﬁ'ances up to about 2 GeV with all corresponding isospin
Ing probes( 1] of hot and dense nuclear systems. They ar rojections and antiparticle states. The collision term de-

presumably created in all stages of heavy ion reactions by " . . -
several distinct mechanisms. Once produced, they practical ribes particle production by resonant excitation channels
: nd, for higher masses, within a string fragmentation

do not interact with the surrounding hadronic matter. Low h : .

They can reveal information of theadronic properties in  tently the whole range of bombarding energies per nucleon
the reaction zone. Several experiments have focused on loflom 200 MeV to 200 GeV. For dilepton production at
mass lepton pairs: the DLS spectrometer at the BEVALACBEVALAC energies, the resonant production of neutral me-
[8,9], the CERES and HELIOS detectors at the SPS asons is most important. A detailed description of the model
CERN [10]. The dilepton spectrometers HADES at SIS atcan be found in Refg20,21.

GSI[11] and PHENIX at RHIC in BNL[12] are under con- The formation of light mesons at low energies is modeled
struction. The most striking result of the high-energy dilep-,q 5 muyitistep process that proceeds via intermediate heavy

ton programs so far is the observed enhancement in heayy, o and meson resonances and their subsequent decay
systems at low invariant masses as compared to “conven;

tional” hadronic cocktails and models. A dropping mass 22]. T_he resonance parametéfmle masses, W'dthsf' ‘f"”d
[13,14 or dissolving spectral functiofd5,16 of the p me- branching ratiosare taken fronj23], bgt large u_ncerta!ntles
son have been offered in attempt to explain these data. R&f these parameters are used to obtain a consistent fit to cross
cently, a systematic measurement of dilepton production agection data. For example, the production«fmesons is
BEVALAC energies has been published. Data are availableescribed in the UrQMD model by the formation and the
for elementarypp and pd collisions as well as for nucleus- decay of theN*(1900) resonance. It decays to 35% ihar
nucleus collisiong8,9]. and to 55% intdNw. As suggested in Ref24], the 7 pro-

The aim of the present work is to investigate dileptonduction proceeds not only viti*(1535), but invokes also
production within the microscopia-body transport model nycleon resonances with masses 1650, 1700, 1710, and 2080

UrQMD. The outline of the paper is as follows: In Sec. Il a pev. A full list of the UrQMD resonance parameters is
brief survey of the UrQMD model is given. A more detailed published in Ref[20].

description of the implemented dilepton production mecha- £or the resonance cross sections in baryon-baryon
nisms follows. Section Il contains the calculations of themeson—baryon and meson-meson collisions conventiona’l
f&i@fgﬁ?gﬁg ?:g;)sd gﬁgﬁg Cézscigs?{'/ogﬁo'nscfnggggszg Breit-Wigner parametrizations are used with mass dependent
for heavier s stemsu Summa.r an<|j concludivr\: remarsz), a:\/\?fdths. At higher energies the resonant particle production
y ' y 9 oes no longer predict the observed cross sections. There, the

given in Sec. V. string picture, described if20], is employed.

Figure 1 shows calculations of exclusivegd— mpp) and
inclusive (pp—mX) cross sections for the production of
A. Hadron production in the UrQMD model neutral mesonsn= ", 7,p% w as a function of the excess

The UrQMD model is based on the quantum molecularenergiess= ys— \/sy,. Here sy, is the energy of the produc-
dynamics concegtl7—19. The Hamilton’s equations of mo- tion threshold calculated assy,= 2my+m, with the proton
massm, and the pole mass of the meswg,. In the case of
p° mesons we count only those with masses withifi00

Il. PRODUCTION OF RESONANCES AND DILEPTONS

*Electronic address: ernst@th.physik.uni-frankfurt.de MeV around the pole mass to compare with data. The exclu-
TPresent address: Department of Physics, Duke UniversitySive » production just above threshol@5] is overestimated
Durham, NC 27708-0305. by a factor of about two. The arrows alomgaxis of the
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upper right panel indicate the incident energies of 1.27 GeVDalitz decay of thea;— mp— me*e™. At higher bombard-

1.61 GeV, 1.85 GeV, 2.09 GeV, and 4.88 GeV. Note thating energies, however, direct processes like— me'e”

above 3.5 GeV the exclusive cross sections become less inmight significantly contribute to the dilepton yie[@6].

portant because the string channel opens and allows for mul-

tiple resonance production. For the present article the rel- 1. Dalitz decays of mesons

evanty/s values are below 4 GeV, where so far no data on Decays of the typeA—Be*e™ are not real multibody

the inclusive channels are available. decays(for which usually the name Dalitz is usedut can
be reduced to a decay in® plus a virtual photor{with an

B. Dilepton radiation in UrQMD invariant massM) and subsequent conversion of the latter.

Dileptons can be produced in hadronic decays and collif NUS the matrix element factoriz¢27,2§

sions. The mechanisms that are expected to dominate in the

low-mass region(with invariant dilepton masses below 1

GeV) are the Dalitz decaysA—Be*e™) of neutral mesons

7,1, 7",», as well as the Dalitz decay of thg1232) reso-

nance. Around their pole masses the direct decafs (

—e*e”) of the vector mesong®, w, and ¢ are expected to . ) . ) ) )

dominate the spectrum. These modes are of special interedthis reflects in the differential decay rate, which can be writ-

the invariant mass of the dilepton equals the vector mesoffn as a product of the conversion rate of the virtual gamma

mass in the hot and dense medium. Also included in thé29] and the decay widtli's g« of A into a massive pho-

present model calculation is then bremsstrahlung. It con- ton:

tributes especially at low bombarding energies. In accord

with Ref. [3], other sources like Dalitz decays of heavier

resonancespp, 7N bremsstrahlung, etc., are neglected for  dI'y_gere- 2a 4m§

the reactions considered here. Direct dilepton production in dM “3aM 1-—
. o N M

binary collisions, e.g. 777  ,K'K"—e"e™, or mp

—e"e”, is not evaluated. In the framework of the present

model this would correspond to a partial double counting:

these reactions are supposedly included as explicit multistewherem, is the lepton mass. If one assumes tAatlecays

processede.g., mp— ¢—e*e”). This also holds for the isotropically in its rest frame, thA— By* width is given by

1
|M|2=|M<A~By*)lzmlM(y*ﬂ&e‘)lz. 1)

2m?
M2

FA*?B‘}/* y

2
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|Perml
l—‘A~>B)/”‘ = 8 sz |MA~>By*| (3)
LN
Here|p.| is the decay momentum
- AMAmE mg,M?)
|pcm| = (4)

2mp

with the kinematic function\ (x?,y2,z%) = (x>— (y + 2)?)(x?
—(y—2)?).

A remaining difficulty resides in the calculation of the
matrix element of theA—By* decay. The meson decays
considered here are either of the tyg® pseudoscalar
(7°, 5, %") into a vector particle ¢) plus a virtual photon or

(b) vector meson @) into a pseudoscalar meson plus a vir-

tual photon. In both cases one gg2gd]
| Magye = 3| fas(M?) [N (M7 3, M?).

©)

The form factorf,g(M?) is introduced to account for the

strong interaction part of the vertex. It is common to normal-

ize to the decay width into real photof30] by dividing

r :ﬂ“ (0)|2 (6)
AT goamd AT
which re-expresses the form factors tdag(M?)
:fAB(Mz)/fAB(O)-
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—3(my+my)
B G, (M?) (my 2N .
2my[ (my+my)“—M<]
X (—maxE*ys+ x5* vs+ 3 x5 vs).- 9)

The choice of they bears some freedom if only current
conservation is ensuredqlgF'B"=0). Following Ref.[31],
one may write

X =(aPy*—q- ygPh),

X5"=(a"P—q-Pgi), (10

x45%=(9Pq"—q?gPH),

with P=1/2(p, +pn) andgq=p,—pn- Gu in Eq. (9) stands
for the magnetic dipole form factor. It can be fixed Mt
=0 to the decay into a real photon, yielditig,(0)=3.0.
The M-dependence of the overall form factor is subject to
speculation: the timelike electromagnetic form factors for
baryons are unknown in the kinematic region of interest. In
the present calculation of the Dalitz contribution all VMD-
type form factors are omitted. This provides a lower limit to
his source in the region of the vector meson poles.

Using Eqgs(8) and(9), we can express the matrix element
via

./(/li:eUB(pA,SA)XiﬁM‘}/5€#(py15y)u(pNlsN)' (11)

The form factors can be obtained from the vector mesorf he matrix element may be written as a linear combination

dominance modeglVMD). In the present calculations the fol-
lowing parametrizations are employgzB, 6]

F,o(M?)=1+b_oM?,

M2
F,(MY)=|1-—]|
An
2 2 2
(A5—M?)2+ A%,
A2 (A% +92)
|F,(M?)|2=—m (7

(A2

_M2024 A2 2
7’ M)"‘An/)’n,

with b,0=55 GeV'2, A,=0.72 GeV, A,=0.65 GeV,
¥»=0.04 GeV,A,,=0.76 GeV, andy; =0.10 GeV.

2. Delta Dalitz decay

of the M; and A1} :

9(my, +my)?
| M|?*=e%Gy 2 (s Nz) 212
4my[(my+my)°—M<]
3
X_E Ci./{/liCj./{/lJ*,

i,j=1

(12

wherec;=—m,, c,=1, andcy=1/2. The appearing traces
have been calculated using thdathematicapackage HIP
[32]. One then obtains:

3

>

Y “*—1 _ 2_ 2 4 2012
2, GMIGME =g ((My=my)™= M5 (7m} + 14ms M
+3M4+8mimy+2mimg
+6M2m3+3my). (13

After substituting Eqs(12) and (13) into Eq. (3), one gets

The situation is more complicated for the Dalitz decay ofthe A Dalitz decay width.

the A(1232) resonance. To complete E¢8) and (3), the
matrix element for the process— N+y* has to be calculated.

Figure 2 shows the differential mass distributions of the
Dalitz decay probabilities as implemented into the UrQMD

The corresponding interaction vertex has been analyzed byodel. While the very low masses are dominatedyand

Jones and Scadrdi®1] in the form

Liy=eW gI'PHA g+ H.C., (8)

n decays, thes and ' decays are more important at higher
masses. The contributions of thedecays are also shown for
different masses of tha(1232). HeavyA's naturally con-
tribute more to the probabilities than lighter ones. In calcu-

wherey, ¥4, andA , represent the fields of the nucleon, of lating the dilepton spectrum, these probabilities are multi-
the delta and of the photon, respectively. The dominant magplied with the yields of the corresponding particle species. At
netic dipole transition yields the vertex function low energies the dominantNA system[18] can push thé
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o proach Eq.15) has the advantage to be explicitly indepen-
10° — Z,r dent of the in-medium width, as long dg is reasonably
w high, so that the total width takes on its vacuum properties.
. 2(1 232); m=1.23 GeV
% - A(1232); m=1.43 GeV 4. Incoherent bremsstrahlung
g In the soft photon approximatiofSPA) the cross section
S i TTIT YN — for real photons with four-momenturg” in collisions a
o \\ +b—X can be expressed as
5
- |
g | d yX
a I Oap @ 2 X
) I ——=——l€e-J|°do},. 16)
|
R : l : do, denotes the differential cross section of teong ab
000 01 02 03 04 05 06 07 08 09 1.0 interaction without any photon in the final state.is the
M (GeV) polarization vector of the photon. The curreitis given by
FIG. 2. Differential probability distributions for Dalitz decays. p~ pt X Iz
The mass-differential branching ratios for decaysr8f(dashed 7 Q)= —Qu—— — Qp——+ >, Q— (17)
(solid), w (long-dashelj and#’ (dotted mesons can be seen. Also Pa-q Pord =1 Pi-q

shown is the parametrization for Dalitz decays of M@ 232) reso- , ;
nances at pole magslotted and of a heawyA (1232) with mass Where theQ's andp’s denote the charges and momenta of
m,=1.432 GeV(dash-dotteld the corresponding particles.

The SPA is justified only foM,q,— 0. To extrapolate to
contributions over those of the heavy mesons. On the othdh€ case of hard and massive virtual photons, a phase space
hand, the small yield of the’ will make it invisible, due to ~ correction can be applied by multiplying the cross section
the tremendous background of other sources in the relevaifith the ratio of the phase space integrals with/without a

mass region. virtual photon[34]. Similarly to Eq.(2) one gets
3. Direct decays of vector mesons dot,® X :a_z B am2 . 2m§)
The decay width of the electromagnetic two-body decays d®qdM  67° M?2 M?2
of the vector mesons are assunisimilar to Ref.[6]) to be S doX
R,(s) do
of the form e P2 n(S) ab 18)
Rn(s) qoM
Cv g g . .
I'y_ete-(M)= IvE 1- E 1+ NE O(M—-2m,). HereR, is defined as
(14)
Rn(s)=f dd,(s,p1---Pn)s (19

The constants,, are fitted to yield the vacuum widths given
in Ref. [23] at the resonance poles. One obtains3.079  \whered®,, is the volume element of the-dimensional Lor-

— 6 _ — 6 _ -
x10"° GeV", ¢,=0.287x10° GeV', and ¢4=1450  oni; invariant phase space amdis the squared effective

X108 GeV. o
. . . energy of the system after the emission of e
It is assumed that vector mesons can radiate off dileptons 9y 4

continuously33]. The dilepton mass distribution is given by S=s+M2—2\5q (20)
the time-integral over the mass distributions of mesons plus '

an additional term which accounts for the decays after somene correction factor for two outgoing particles reads
typical freeze-out time; (the last term can be droppedtif

—) Ry(s,m2,mp) \YA(s,mi,mp) s 21
dNee [t dNy(t) dNy(t) Ty od M) Ro(s,m3,mp) AYAs,m3,mp) s’
M :f e Tveed Mt =g T 6 . . .

0 V.to f(15) Equation(18) is a general expression for the bremsstrah-

lung dilepton production in the SPA. In the case of proton-

If absorption is negligible, this approach is equivalent to theeutron liremsstrahlung)hﬂp n’y*), the current is given
method of adding one dileptafwith appropriate normaliza- PY 3“=Pp//d- Py —Pp/q-pp. As a result we have

tion) at each decay vertex. However, this “shining” method
gives a better sampling of the density probed by the hadron
and thus a better statistics for density dependent spectral
functions. In addition, there is generally a complicated time

dependence of the total hadron widttgt(t,F), caused by the with the Mandelstam variable=(p,— pp,)z. Then Eq.(18)
in-medium modifications of the quasiparticle widths. The ap-takes the form

|6.J|2:2_

3 (22
0'''p
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' ' ' in elementarypp andpd collisions. Recently, the DLS col-
- Eun=10GeV laboration published a systematic study on dielectron cross
------- Eyin = 2.1 GeV

Eyn = 4.9 GeV sections in light systems for beam kinetic enerdigg from

1 to 5 GeV. The corresponding center-of-mass energies

range from below the; production threshold up to 3.6 GeV,

where phase space is wide open for the abundant production
of a large variety of resonances.

The acceptance of the DLS does not cover the entire
phase space. Thus the calculated dilepton pairs are corrected
for the limited spectrometer acceptance region. The official
DLS-filter V4.1, which has been released for the nucleus-
nucleus data only, is applied also for the light systems for
which a different filter has been announced. However, the
difference between the filters is expected to be negligible for
. ‘ ‘ masses above 200 Me¥[38]. The finite mass resolution of

08 10 12 14 16 AM/M=0.1 is incorporated by folding the calculated spec-
M (GeV) tra, with a Gaussian of width M. The acceptance correction

strongly influences the low-mass spectra while the mass

FIG. 3. Differential cross section for the production of a yesplution smoothing affects the shape of the spectra at
bremsstrahlungs pair in elastin collisions for beam kinetic ener- higher masses.

giesE,,=1.04 (solid), 2.09 (dotted, and 4.88 GeMdash-dotted

do/ dM (mb/GeV)
=

-7 . . .
10 0.0 0.2 0.4 0.6

g A. pp
g Rz(s)
M Ra(S)” The _reSL_llting dilepton mass spectra fop collisions are
0 29 shown in Fig. 4.
Only 0.46 GeV of c.m. energy are available for particle
production at E;,=1.04 GeV. Thus, only pion- and
A-Dalitz decays contribute in this case. The model satisfac-

L
dofn® ¢ a? 4m§/1 2m?

d?qdM 673 YEARYE

Here o is the momentum-transfer weightgah elastic cross

section torily reproduces the data at low masses, but underestimates
o _i\d them aroundM +.-=0.4 GQV. The disagregmept could bg
;:f - —Udt. (24) caused by the above-mentioned uncertainties in calculating
7(374m§) mg dt the electromagnetic form factor of tleNy system. The first

generation of DLS data was incompatible to free form fac-

A proper parametrization of is rather importan{35]. A tors[3,39]. This situation is now unclear, because the data of
systematic overestimation of the differential bremsstrahlungn€ Second run tends to exceed the first. However, limited
production results if the asymmetry of the momentum-Statistics and the better agreement at higher beam energies
transfer weighted cross section is not included. In the preseftécludes a definite conclusion on the origin of the “en-
work a parametrization similar to that of RE85] is used. It hancement” aE,,=1.04 GeV. .
consists of a symmetric low-energy part and an asymmetric At Ewn=1.27-1.85 GeV the model explains the data
high-energy component. with growing influence of meson decays. One can see from
bremsstrahlung at different bombarding energies. Note tha decay become more important. In the UrQMD _calcu[aﬂon
at low masses the cross section is practically not sensitive t8f PP, most of thep” (~99%) are not created imr" 7~
the incident energy. As a result, tipm bremsstrahlung is collisions, but result from heavy baryon decays. The limited
relatively unimportant as resonance channels become domihase space at low c.m. energj@g] and the strong! )
nant atE,,~1.5 GeV. mass dependence of the dilepton decay widi# are re-

Bremsstrahlung frompp collisions is expected to be Sponsible for the deformation of thespectrum towards low
small at low energies due to destructive interferences. Howasses. The cross section for the Dalitz production through
ever, at the highest energies considered herepthbrems- A decays remains rather constant at low masses, with in-
strahlung contribution may be comparable to thebrems- ~ Creasing energy, but Increases EOWFHOB higher masses. In-
strahlung yield 36]. On the other hand, the total contribution d<’aed, it is known frompp—nA™" reactions that heavier
of bremsstrahlung is found to be negligible for all practicalA’s become more important with increasing beam energy
purposes at those energisge Sec. Il B. Note that the SPA  due to the mass dependence of the decay widt@k In fact,

already gives an upper estimate of the expected dileptoHere is a good agreement at intermediate beam endiges
yield [37]. regarding the data point 81 .+.- =200 MeV) which would

be worsened if the electromagnetidN y form factor would
be included, in particular &,;,=>1.6 GeV.
The model does not reproduce the shape of the measured
spectrum atEy,=2.1 GeV and 4.9 GeV. AroundV
Before one can investigate the dilepton production in=0.6 GeV the ratio between thep and pd data decreases
nucleus-nucleus reactions, one should first check the modébr the two highest beam energies. If this gets confirmed, it

lIl. DILEPTON CROSS SECTIONS
IN ELEMENTARY SYSTEMS
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FIG. 4. Thee*e™ mass spectra fopp reactions at six kinetic energies. The upper solid curve is the sum of all contributions. One can
see the contributions of° (dotted, A (dash-dottel] 7 (dashedi and » (dotted Dalitz decays as well as of the diree? (solid) and w
(thin-solid) dilepton decays. Every single dilepton has passed the DLS Filter 4.1 and a mass resolution of 10% is adopted. The data are from

[9].

might be explainable by some strong contribution pif n decay. Note that in the UrQMD model thgproduction in

bremsstrahlung, which was not considered here. pn is not modified as compared top. This is what one
expects from isospin arguments neglecting final-state inter-
B. pd actions. However, th@d results indicate an asymmetry in

pd calculations are shown in Fig. 5. The calculated eventdn€ PP and pn production cross sections as predicted from

are minimum-bias triggered at a maximum impact parametePn€-Poson exchange modg¢kl]. Indeed, it was measured
of b=1.6 fm, i.e., a geometric cross section equal to theéhat just above the threshold, the ratiopaf to pp inducedz
measured one of about 80 mb. cross sections is much larger than tj4@]. However, due to

An important difference to th@p system is due to the the Fermi motion in the deuteron, it is not straightforward to
internal motion of bound nucleons. This motion smears ougxtractpn cross sections fromp andpd measurements. On
the production thresholds. Consequently, one observes suljie other hand, direct measurements of thproduction in
threshold contributions fromy and p mesons already at pn are still not available. We have, therefore, evaluated the
Exin=1.04 GeV. ratio R,=o(pd— nX)/o(pp— »X) without any explicit

Unlike in pp collisions, the proton-deuteron data overes-modification of thepn cross section to estimate the influence
timate the model results in the mass region dominated by thef Fermi motion. AtE,;,=1.27 GeV, close to threshold, we
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FIG. 5. Acceptance-corrected mass spectra for pratodeuterium. The individual sources are marked as in Fig. 4, but there is an
additional contribution frompn bremsstrahlungthick-dotted.

get the large valueR,=17+3, while above E, mon feature of known transport models with “conventional”

—1.61 GeV,R, remains basically constant, between 2.8 andsources to underestimate the recent DLS nucleus data at in-
23 7 termediate dilepton massd8]. At E,=1.27 GeV the

However, the large value d®, is not enough to explain model pred_icts onlyR=5.2. This value_ is lower than the
the integrated total dilepton ratios. This is shown in Fig. 6,corresponding one oR, because the; is yet only a mar-

where ginal dilepton source at this energy.
Within the statistical uncertainties, the mass-differential
Mmax [ dorpg dilepton cross sections fard can be explained by the model
f0.15 GJ dM dm for the two highest beam energies. Note thatbremsstrah-
R= (25 lung is relatively unimportant.
meax \(dapp)dM
015Gev dM

IV. DILEPTONS IN HEAVY ION COLLISIONS

is plotted vs the incident energy. The predicted dilepton ra- Figure 7 compares the UrQMD predictions with DLS data
tios are rather low at energies smaller than 2 GeV. A similarfor various nucleus-nucleus reactidi. At first glance the
behavior is also found in BUU calculatiod], which in-  examined systems all exhibit a qualitatively similar behavior
cludepp bremsstrahlung. This indicates that there is a comin three distinct mass regions:
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' ' ' ' ' ' ' ' ' At intermediate masses the data show a noticeable en-
14| — UrQMD | . .
° DLS hancement of the dilepton yield as compared to the model
calculations. There is a considerable confusion about these
2y ] recent data because the new yields strongly exceed earlier
10l Dilepton ratios (pd/ pp) | published measuremenii43]. The latter have been revised
_ « M>0.15 GeV by the DLS collaboration due to large, previously uncor-
2 8 rected, trigger inefficiencies. However, the present calcula-
3 tions and, also, results of other models ¢3)44—44, are
n:& 6l s closer to the earlier measurements in the considered mass
q range(see Fig. 8.
al The theoretical spectrum & >600 MeV is dominated
I by direct p° and w decays. The model cross sections for
2l I ] dilepton production vigp mesons nicely account for the data
’ in this region. The two highest data points in He-Ca suffer
from lack of statistics. For all nuclear systems, only about

0
05 10 15 20 2-E5 3-& \?-5 40 45 50 55 50% of all p mesons stem fromr* 7~ annihilations, the
in (GeV) other 50% are produced in decd?].

FIG. 6. Ratio of the integrated cross section fiat to pp reac- Turning back to the intermediate region, one sees a simi-
tions as a function of the beam energy. The solid line shows théar dilepton enhancement as in thel data. There one may
UrQMD result with the DLS filter and resolution. The experimental partially attribute the enhancement to a high— 7X cross
data are taken from Ref9]. Only the larger systematic error bars section at the production threshold. Note that eudecay
are displayed. channels in Fig. 7 are lower than in Ré#6] by about a

factor of 2. The same holds in comparison to the analysis of

In the lowest mass regiofup to 150 MeV the spectrum Ref.[47], where they channel is determined from the mea-
is dominated by the pionic Dalitz decay. There are alscsurements of the TAPS Collaboration. These differences
strong effects of the acceptance filter, which significantlymight stem from the neglection of the above-mentioned
suppresses the low-mass yiétwbmpare Fig. 2 for the shape asymmetry of they production inpp and pn. Inspired by
of uncorrected Dalitz spectraOther sources are of little im- preliminary data of the WASA collaboration, the authors of
portance in this mass region. However, nbar 150 MeV, Ref. [46] use a 6 times larges production cross section

the A Dalitz decay becomes more important. close to threshold fopn than forpp. The fact that UrQMD
—_ All
10? d (1.06 GeV) Ca 2 Dalitz He (1.04 GeV) Ca

7 Dalitz

< 10’ -+ w Dalitz

g o i +—:+ A Dalitz

<

s

o

3

[S)

T

C (1.04 GeV) C

doee/dM (1b/GeV)

FIG. 7. Model calculations for dilepton spectra from nucleus-nucleus collisions at beam energies of about 1 GeV in comparison to DLS

data[8]. The systemsl+Ca, o+ Ca, and Ca Ca as well as @C have been examined. See Figs. 4 and 5 for additional information.
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FIG. 8. Total dilepton spectra from @&a collisions compared FIG. 9. Total dilepton spectra from G&a collisions with an

to two generations of data. To compare to the earlier measuremenitscreasedo width. Also shown are effects due to density dependent
[43], the old DLS filter V1.5(dashed ling has been applied. The modifications of the vector meson masses.
solid line corresponds to the calculation of Fig. 7.

my =my(1-0.180/gy), (26)

overestimates the cross section fop— pp»n (Fig. 1), but

underestimates the production in AA, indicates that thresh- whe(;_ef_g(o) s the local(ground stitl)er(]jens;]ty andny’ Ethe q
old effects in they production are essential and require fur- (modi |e_c) vector meson mass. Although more sophisticate
ther investigation. calculations predict a more complex behavior of the vector

. meson spectral functiorid5], the scaling law seems to be
Therefore, it seems reasonable to reproduce the data b ; L .
e ) : . reasonable for the effective masses. To check this idea using
artificially enhancing the; yield. We rescaled the yield by

. he UrQMD model, the poles of the produced quasiparticle
a factorf,,. and f_ound good agreement both in shape anq..tor mesons have been shifted according to &)
absolute yield withf,~10 for C+C and~20 for CatCa.  therepy neglecting effects on the vector meson production
However, this is not supported by TAPS data which foundgyoss sections. One obtains the dashed curves in Fig. 9. It is
the 47 extrapolatedy cross section in CaCa at 1 GeV to  found that the dropping mass scenario — and also more
be about 20 mip48]. Our rescaled cross section correspondscomplex in-medium spectral functiorisee Ref.[46]) —
to ~120 mb. A droppingy mass has been introduced in Ref. cannot account for the new DLS data.
[46] to explain the DLS data. But these studies also found
the increasedy cross sections to be incompatible to the V. SUMMARY

TAPS measurements. ) ) ) o ]
Dilepton production has been studied within the micro-

We note that the inclusion of a density-depend&ity ! UL
scopic nonequilibrium transport model UrQMD. The produc-

form factor for theA Dalitz decay, as discussed in RE3], , hani h b itical isited. We h
can give a sizable enhancement of the calculated dileptoﬁOn mechanisms have been critically revisited. We have

yield at intermediate masses 0.2 GeWl <0.6 GeV. How- compared the model with the DLS data fap andpd col-

. . lisions at different beam energies. Resonance decays into
ever, this is ruled out as an explanation, because the fa'cqileptons were found to be able to explain the low-enargy
agreement of the calculation to the data in the high-masaata

regionM>600 MeV would be destroyed by a strong over- THe UrQMD model predictions for thed system are

estimation. o . below the new DLS data for masses 0.3—0.6 GeV. A similar,
Due to g-» mixing via anNN"" loop, the 27 decay  p; even stronger underestimation takes place in collisions of
channel of thew might be significantly enhanced in nuclear peavier nuclei. The present paper points out that the large
matter[49]. To get an estimate for possible effects on inter-enhancement in the data as compared to model calculations
mediate mass lepton pairs, we have incredsgd .. by @  cannot be accounted for by two distinct hypotheses on the
factor of 500 to approximately 100 MeV. The solid curves inin-medium modifications of vector mesons. An enhancement
Fig. 9 show the result of this calculation for the ©€@a  of the 5 production inpn collisions is able to reproduce the
system. As can be seen, the mass distribution of dileptogield and shape of the AA spectra. However, hugeroduc-
pairs from directw decays becomes very broad. Neverthe-tion cross sections would be required, in contrast to TAPS
less, this contribution has almost no effect on the total dilepdata.
ton yield and does not suffice to explain the measured en-
hancement. _ _ ACKNOWLEDGMENTS
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