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Abstract. The time evolution of vector meson spectral functions iglist within a Boltzmann-Uehling-
Uhlenbeck (BUU) type transport model. Applications focuspcandw mesons being important pieces for the
interpretation of the dielectron invariant mass spectr8imce the evolution of the spectral functions is driven
by the local density, the in-medium modifications turn outdmpete, in this approach, with the known vacuum
contributions.

1 Introduction their spectral function being the imaginary part of the re-
tarded propagator

Dielectrons serve as direct probes of dense nuclear matter __ ret

stages during the course of heavy-ion collisions. The su- Ap) = —2ImG (3(’ P) @)

perposition of various sources, however, requires a decon- _ I'(x,p) @)

volution of the spectra by means of models. Of essential (E2 - p2 — m@ — ReX"e(x, p))2 + 1°(x, p)?’

interest are the contributions of the light vector mesens

andw. The spectral functions of both mesons are expectedynhere the resonance widtisand I are related via the

to be modified in a strongly interacting environment. Mea- f(x p) = —2Imz'® ~ 2myl", andmy is the vacuum pole

surements with HADES [1,2] explore systematically the mass of the respective particle.

d!lepton production at beam energies in the few AGeV re- To solve numerically the KadafieBaym equations one

gion. may exploit the test-particle ansatz for the retarded Green
In our transport model of the BUU type the time evo- function [5, 6]. This function can be interpreted as a prod-

lution of single-particle distribution functions of vatie ¢t of particle number density multiplied with the spectral

hadrons is evaluated within the framework of a kinetic the- fynction.«.

ory. Thep meson is already a broad resonance in vacuum,  The relativistic version of the equation of motion have

while thew meson may acquire a noticeable width in nu- peen derived in ref. [5]:

clear matter [3]. Therefore, one has to propagate properly

the spectral functions of the andw mesons. This is the dx 1 1

main goal of our paper. Similar investigations were carried Gt ~ 1_C 2E

out by Bratkovskaya and Cassing in [4]. m — m(z) _ResTe
(Zp + 0pReZ™ + *6,1], 3)
- m? — mg — Rex™ |
2 Off-shell transport of broad resonances ?TT = %% (axRezfe‘ + Laxr] 4)
_ _ ret
Recently, theoretical progress has been made in describ- d_E = 1 1 [atReZ'e‘ + matf}@
ing the in-medium properties of particles starting fromthe ~dt  1-C2E

Kadandf-Baym equations for the Green functions of parti- o

cles. Applying a first-order gradient expansion after a Wig- With the renormalization factor
ner transformation [5,6] one arri_ves at a transport equa- 1 e m% _ Reste

tion for the retarded Green function. In the medium, par- C= — _ 6Ef).
ticles acquire a selfenergy(x, p) which depends on posi- 2E r

tion and momentum as well as the local properties of the

surrounding medium. Particle properties are described by|n the abovem = +/E2 - p? is the mass of an individ-
ual test-particle. The selfenergy® is considered to be a
3 e-mail:wol f@rmki .kfki.hu function of densityn, energy E, and momentum

(aEResz‘ + (6)
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The change of the test-particle masscan be more
clearly seen combining Egs. (4) and (5) to

d? 1 d posrer n? — ng — Rex"™® d @
dt ~ 1-Cldt r dt 09 f |
W mass evol.

with the comoving derivativel/dt = d; + p/Edx. This 08 | - *fimw ++++++++++++++
equation means that the square of the particle mass tends; T gl : ;g;gggggggggg@ﬁgggﬁg;%
to reach a value shifted by the real part of the selfenergy 3 o7l %;g;g% g gfﬁgﬁﬁiﬁﬁﬁ
within a range of the value af. Thus, the vacuum spectral = ™ o g; gg ’ffgfjf ********************************* 1
function is recovered when the particle leaves the medium. € . §§§%g§ g

The equations of motion of the test-particles havetobe ~ 96 | “3;;?;?{{: : Au+AU
supplemented by a collision term which couples the equa- . : ?g;{ N E,=2 GeV
tions of the diferent particle species. It can be shown [6] 051  Tred s b=1.5 fm
that the collision term has the same form as in the standard I R
BUU treatment. os | ; ‘

The in-medium spectral functions af andp mesons '
also have to be taken into account when their test-particles
are created. In the resonance decay the mass distribution 04 |
of the generated test-particles for mesons results from an _
interplay of phase-spacdfects and the in-medium spec- “g 0.3
tral functionsA of the created meson. For the decay ofa o
resonance of maseg in a meson of mass and a baryon Q02 t
of massamy we use the phase space distribution in the final I
state with a constant matrix element squayetf 01}

1 I
=N fd“pN s(pZ — mf) fd4pv Zﬂ(p\/)l/\/ﬂ2 (8) 0.0 ‘ ‘ ‘
10 20 30 40 50 60 70 80 90
from which the distribution t[fm/c]
dNR-NV Fig. 1. Time evolution of the “masses” of several test-particles of
—— = N my AY(mg, mg, m) A(my)  (9) w mesons in a central Au Au collision at 2 AGeV kinetic beam
dmy energy for an impact parameter of 1.5 fm (upper panel). In the

results, wherd is the triangle functiovi(az, b2, CZ) _ (CZ— It(k)]\(/avzr’spanel we show the corresponding densities experiebyge

a?—b?)?—(2ab)2. N is an appropriate normalization factor.
We also include meson production during a transition
R — RV from a resonance stafeto another resonan¢€ Eq. (10) describes a "mass shiffin = n‘% + RexT® —

with R” = 4(1232),N(1440),N(1520).N(1535). my characterized byim, and roughly being proportional

to the density of the surrounding matter. The imaginary
part contains the vacuum widif{7°. The second term in
Eqg. (11) results from the collision broadening which de-
To solve the Egs. (3-5) one needs the knowledge of thePends on density, relatlvg velocity an_d the cross section
selfenergies. Here one faces the need to decide which ef¢v Of the vector meson in matter. This cross sectignis
fects to take into account in the expression for the retardedc@lculated via the Breit-Wigner formula
selfenergyz™ in the medium. That is because_ the BUU - 2Jn+1 STy
transport equations themselves already contain some part oy = — Z > v (22)
of in-medium dfects that usually are considered in theo- Gin R 3(23 + 1) (s—mg)? + (1Y)
retical models in local density and local equilibrium ap-
proximation [7-9]. For instance, models for in-medium ef-
fects ofp mesons usually take into account tHéL520)—
nucleon-hole loop for the selfenergy, the correspondimg ve
tices are accounted for in BUU vjernucleon scattering
and absorption through ti¥(1520) resonance.

In our calculations we employ a simple form of the
selfenergy of a vector mesdh

2.1 Selfenergies

for forming resonances with masseg, angular momenta
Jr, partial widthsI'vg, total widthsI'* with energy v/s
and relative momentuig),, in the entrance channel. In vac-
uum the baryon density vanishes and the resulting spec-
tral function A, is solely determined by the energy de-
pendent width}°. We remark that the life time of a test-
particle is determined partially by its vacuum width. The
life time is, furthermore, reduced by the absorption dur-
(10) ing the two-particles colisions which characterizes titalto
width Imz&.
Nuory ) (11) . I_f a p meson is generated at normal density its_ mass
Vi is distributed in accordance with the spectral function. If

n
Rex\? = 2m\,Am\,n—,
0

ImEU* = my (I8 +



Hot and Cold Baryonic Matter — HCBM 2010

0.01 s —
Wolf .............. 10
mA=1.85GeV ZW ——
0.001 k. Krivo. 1
G o
0.0001 p N . {1 <
= \ %
2 ©)
5 1le-05 oy =]
k) < 01
1e-06 ; \\:,!,
\ \
1e-07 } mp=1.232 Gev |
— RN ——
0.10.20.30.40.50.60.70.80.9 111213141516171819
M [GeV] M [GeV]

Fig. 2. Dalitz-decay of the1(1232) resonance for two masses: 1.232 GeV and 1.85 GeV wietae descriptions from above [10, 13,
15, 16] (left panel) and the spectral function with twéeient cut-& prescriptions (right panel).

the meson propagates into a region of higher density thenHere we show two possible paramerization: one from Mo-
the mass will be lowered according to the actiorRat™ niz [17] and the other one from Manley used in the Particle
in Eq. (7). However if the meson comes near the threshold Data Book [18].
the widthI” becomes very small and the second term ofthe ~ The number off(1232) resonances at around 1.85 GeV
right hand side of Eg. (7) dominates, i.e. reverses thigltren masses may depend on the cétrescription by a factor
leading to an increase of the mass. of 3. Their Dalitz decay, as one can see in the left panel
In Fig. 1 we show how the masses of test-particles rep- may difer by a factor of 4. So the the Dalitz-decay contri-
resentingu mesons are developing in heavy-ion collisions. bution of the4(1232) resonance is uncertain by more than
At the end of the collision process, where the density is an order of magnitude in the vector meson region. This
very low, the masses reach the vacuum value. uncertainty may only be clarified by a detailed compari-
son of the calculation fopp — ppe*e” with experimental
data, using the angular dependence to localize tierdi
ent channels in the data and then fix their magnitude. Here
we would like to mention that dierent groups use fier-
ent prescriptions for that channel, therefore, it is one im-

The dielectrons stem from various sources; a detailed de'portant reason why the predictions especially A£232)
scription can be found in refs. [10-12]. Direct vector me- pyjitz decay contributions arefiérent.

son decayy — ete” are dealt with integrating the local

decay probabilities along their trajectories. Importari-c

tributions come from bremsstrahlung, Dalitz decays of the

7%, i andw mesons and the excited baryonic resonances as>-1 Results
well emitting a dielectron together with a photon [13].

The bremsstrahlung contribution and the Dality decay We investigate the distribution of the emitted dielectrons
of baryon resonances are presently not yet fully settledfrom w mesons as a function of the density of the emit-
[12]. We include into our simulations a bremsstrahlung ting region in Fig. 3. We consider threefldirent density
contribution which is guided by a one-boson exchange mo-regions: (i) the densitp < ny/3, (ii) No/3 < n < ny, and
del adjusted tqop virtual bremsstrahlung and transferred (iii) n > ng. For the lightC + C system dielectrons from alll
to pn virtual bremsstrahlung [14]. region have similar masses and can therefore hardly disen-

The Dalitz decay of the baryonic resonances is as intangled in experiment. For th&u + Au system, dielectrons
ref. [13]. The most important contribution to the dielectiro  from the dense region have low masses around 600 MeV
spectra of these come from th¢1232) resonance. There and contribute roughly 10% to the totalyield.
are other models [16,10,15] for that Dalitz decay. As on In Fig. 4 we exhibit dielectron spectra for C(2 AGeV)
the left panel of Fig. 2 can be seen these models agree+ C. For a comparison with the HADES data the HADES
very well for resonance decays from the peak mass, how-filter has been applied [19] accounting for the geometrical
ever they difer substantially forf resonances with masses acceptance, momentum cuts and pair kinematics. The filter
relevant for studying the vector meson region. There is causes a reduction of the strength and a smearing of the in-
another uncertainty concerning these high-m#d232) variant masses of the dielectrons. In the left panel we show
resonances. The width and consequently the spectrum otalculations where mass shifts and collisional broadening
these resonances are sensitive on the fiifoohigh masses. were applied forw andp mesons. In the figure we show

3 Dielectron production
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Fig. 3. Contribution to the dielectron yield from’s in various density regions compared with the total yiehdok solid line labelled by
‘total’). The left picture is calculated for light (8C) and the right one for heavy (Au) systems.

various contributions to the dielectron rate. Importamt-lo  tion of the data is recognized. On the right panel we com-
mass dielectron sources artandn Dalitz decays which  pare the results with vacuum spectral function (solid curve
are proportional to the multiplicities of their parents.eTh the dotted curves employ in-mediynandw spectral func-
TAPS collaboration has measured [20] #tfeandn pro- tions. The diference is small giving little hope to observe
duction cross sections of 7872 mb and 254 mb which these mediumféects on the vector mesons in the dilepton
have to be compared to our calculations of 870 mb and 23spectra for light systems. However, for heavy systems (Fig.
mb in the same reaction at the same energy. While the val-5) the diterence is much larger, giving a reasonable chance
ues for pion production are overestimated jipeoduction for observing it.
is quite in agreement with the data. (Note that the presently ~ We acknowledge the continuousily provided informa-
employed cross sections rely on a global fit of many ele- tion by the HADES collaboration. The work is supported
mentary reactions which is not optimized individually for by the BMBF 06DR9059, GSI and OTKA T71989.
then channel.) The Dalitz decays pfandw mesons and
nucleon resonances do not contribute noticeably.
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Fig. 4. Dielectron invariant mass spectra for C(2 AGeNE collisions calculated with the in-medium spectral fuont for parameters
exhibited in the legend. The various sources of the dieedimvariant mass spectrum are indicated. The left panel/sitioe spectra
after applying the experimental filter compared to HADESadal. The right panel compares the results for vacuum sgleftinctions
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Fig. 5. Dielectron invariant mass spectra for Au(2 AGeVYAu
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