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Abstract. We calculate the elastic and inelastic ωN→ωN , →πN , →ρN , →ρπN , →ππN , →σN reactions
within a boson exchange approximation where the ωρπ coupling constant and form factor are fixed by the
reaction πN→ωN in comparison to the experimental data. We find rather large ωN cross sections at low
relative momenta of the ω-meson which leads to a substantial broadening of the ω-meson width in nuclear
matter. The implications of the ωN final state interactions are studied for ω production in 12C+12C,
40Ca+40Ca and 58Ni+58Ni reactions at about 2·A GeV within the HSD transport approach; the drastic
changes of the transverse mass spectra relative to a general mT -scaling (for π0 and η mesons) might be
controlled experimentally by the TAPS Collaboration.

PACS. 25.75.-q Relativistic heavy-ion collisions – 25.80.-e Meson- and hyperon-induced reactions

1 Introduction

The properties of hadrons in a dense and hot nuclear
medium are of fundamental interest with respect to the
question of chiral symmetry restoration in such an envi-
ronment, where a new phase of strongly interacting mat-
ter might be encountered [1–4]. The properties of vec-
tor mesons here are of particular interest since these can
be studied experimentally via their decay to dileptons.
Whereas the ρ-meson spectral function in the medium has
been discussed to a large extent [5–8] the properties of the
ω-meson in dense matter especially at finite relative mo-
mentum are achieving increasing interest [9–16]. As in case
of the ρ-meson the ω-meson properties at low baryon den-
sity are dominantly determined by the interactions with
nucleons; real and imaginary parts of the scattering am-
plitude then are determined by dispersion relations. It
is thus of fundamental interest to obtain some informa-
tion about the ωN scattering cross sections which except
for the channel πN→ωN are not accessable by experi-
ment.

In this work we address the latter question in a
boson -exchange approach and study the implications
from the ωN final state interactions for ω production
in nucleus-nucleus reactions around 2 A·GeV in the
context of present experiments by the TAPS Collab-
oration. In Sect. 2 we will calculate the various ele-
mentary ωN channels within a boson-exchange model
and discuss the uncertainties due to coupling constants

and form factors. The transport calculations within the
HSD approach [17] for ω-meson production in nucleus-
nucleus reactions will be presented in Sect. 3. A summary
and discussion of open questions concludes this work in
Sect. 4.

2 ωN cross sections

We start by recalling some general features of the ωN cross
section. Since the ω-meson mass is about 5.5 times larger
than the pion mass, at low ω-meson momenta the exother-
mic reactions like ωN→πN , ωN→2πN , ωN→3πN and
other channels with a production up to 5 π-mesons should
be dominant and the corresponding inelastic cross sec-
tion behave as σinel'1/pω, where pω denotes the labo-
ratory momentum. When the total mass of the final par-
ticle becomes equal to the total mass of the incident ones,
e.g. in the ωN→ρN or ωN→ωN reaction, the relevant
cross section should approach some constant at low pω.
On the other hand the endothermic inelastic reactions,
where the total mass of the produced particles is larger
than the initial mass, have a threshold behaviour and are
more important at high energies.

The amount of the available ωN reaction channels, es-
pecially in the inelastic sector, is quite large. Thus one
needs a reliable model for the ω-nucleon interaction at
energies up to few GeV. The complexibility of the prob-
lem has been addressed in the recent studies from Klingl,
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Kaiser and Weise [12,13] and Friman [15,16], where some
of the ωN reaction channels were calculated. However, as
pointed out in [15,16] the calculated results are very sen-
sitive to the parameters of the model, i.e. coupling con-
stants, form factors, etc.

As a first step for a simplification we adopt the ωρπ
dominance model proposed by Gell-Mann, Sharp and
Wagner [18] as well as the σ exchange approximation,
which accounts for an effective two-pion exchange in the
spin-isospin zero channel. In practice we restrict to the di-
agrams shown in Fig. 1 which contain the ωρπ-vertex and
the ωσω-vertex. In this way we expect to obtain lower
bounds especially on the total inelastic scattering cross
section.

One way to construct the ωρπ Lagrangian is due to
the current-field identities of Kroll, Lee and Zumino [19],
where the isoscalar and isovector parts of the electromag-
netic current – with the ω- and ρ-meson currents, respec-
tively – can be identified. Starting with the Lagrangian
for the vector-meson photoproduction on the nucleon one
can construct the corresponding Lagrangian for the vector
meson-nucleon interaction as in [20]. The photoproduc-
tion of ρ and ω-mesons on the nucleon close to threshold
(Eγ≤2 GeV) has been analyzed by Friman and Soyeur
[20] also within the framework of the one-boson exchange
(OBE) model. In this sense the OBE model can be applied
to elastic and inelastic ωN interactions. Furthermore, the
relevant coupling constant gωρπ as well as the correspond-
ing form factor can be taken from the earlier analysis in
[20]. In the present work we additionally consider ωσω-
vertices and discuss the uncertainties related to the cou-
pling constants and form factors at the vertices. The latter
uncertainties are reduced to a large extent by the anal-
ysis of experimental data on the πN→ωN ( or inverse
ωN→πN) reaction.

2.1 The channel ωN→πN

The ωN→πN cross section can be controlled by the exper-
imental data on the inverse reaction via detailed balance.
The OBE diagram within our approach for the πN→ωN
reaction is described by the ρ-meson exchange as shown
in Fig. 1(a). For our present study we adopt an effective
Lagrangian for the ωρπ interaction as

Lωρπ =
gωρπ
mω

εαβγδ∂
αρβ∂γωδπ, (1)

where the coupling constant gωρπ = 11.79 was evalu-
ated from the ω→3π partial width assuming the virtual
ρ model for the ω-meson decay [18]. Our result is close
to gωρπ = 10.88 from [21]. In (1) εαβγδ denotes the anti-
symmetric tensor while ρ, ω and π are the corresponding
meson fields. The ρNN Lagrangian is taken as

LρNN = −gρNN
(
N̄γµτN · ρµ

+
κ

2mN
N̄σµντN · ∂µρν

)
, (2)

Fig. 1. The diagrams for the ωN reaction channels evaluated
in the text

Fig. 2. Differential cross sections for the π+n→ωp reaction at
pion momenta of 1.24 GeV/c and 1.44 GeV/c. The data were
taken from [27] and are shown for 100 MeV-wide c.m. energy
intervals while the solid lines show our calculations

where N stands for the nucleon field, τ for the Pauli ma-
trices, gρNN=3.24 according to [22], while the tensor cou-
pling constant is given by the ratio κ=fρNN/gρNN=6.1.
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The differential cross section for the πN→ωN process
is given as [23]:

dσ

dt
=
g2
ωρπ

m2
ω

1
8πλ(s,m2

N ,m
2
π)

F 2
ωρπF

2
ρNN

(t−m2
ρ)2

×
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m2
ωq

2
ωt+

(
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ρNN t

4m2
N
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×
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sin2θ

8 s
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2
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}]
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where

q2
ω =

λ(t,m2
ω,m

2
π)

4m2
ω

. (4)

In (3) s is the squared invariant collision energy, t is the 4-
momentum transfered from the initial to the final nucleon,
θ is the production angle and

λ(x, y, z) = (x− y − z)2 − 4yz. (5)

For the ωρπ vertex we use the form factor

F (t) =
Λ2 −m2

ρ

Λ2 − t . (6)

We note that using a formfactor similar to (6) for the
ρNN -vertex the energy dependence of the πN→ωN pro-
duction cross section as well as the differential cross sec-
tions cannot be described properly. Similar difficulties in
comparing the ρ- exchange model with experimental data
were found by other authors [24–28]. We, therefore, intro-
duce a more general formfactor at the ρNN -vertex as1

F (t, s) = exp (β t) exp (−α s). (7)

To fix the cut-off Λ in the ωρπ vertex as well as the
parameters β and α in the ρNN vertex we fit the available
experimental data on differential and total cross sections
for the πN→ωN reaction.

Figures 2,3 show the π+n→ωp differential cross section
[27] for pion momenta from pπ=1.24 to 2.1 GeV/c together
with our calculations (solid lines). The data are shown for
100 MeV-wide

√
s energy intervals centered at the pion

momenta indicated in Figs. 2,3. Note, that only statistical
errors are shown.

Figure 4(a) shows the π+n→ωp differential cross sec-
tion [24] at the pion momentum pπ=2.7 GeV/c together
with our calculations while Fig. 4b) shows the comparison
to the π−p→ωn data [30] at pπ=3.65 GeV/c.

From the fit of the experimental data with respect to
the s-dependence of the cross section and the differential
cross sections dσ/dt the parameters were fixed in the fol-
lowing way:

Λ = 2.7 GeV ; β = 2.3 GeV −2; α = 0.16 GeV −2. (8)

Figure 5 shows the total π+n→ωp and π−p→ωn cross
section as a function of the pion momentum. Again the

1 For a discussion of the ansatz (7) see [29] and references
therein

Fig. 3. Differential cross sections for the π+n→ωp reaction at
pion momenta of 1.87 GeV/c and 2.1 GeV/c. The data were
taken from [27] and are shown for 100 MeV-wide c.m. energy
intervals while the solid lines show our calculations

Fig. 4. The π+n→ωp (a) and π−p→ωn (b) differential cross
sections as a function of the transverse 4-momentum squared.
The data were taken from [24,30] while the lines show our
calculations

data are reasonably reproduced with Λ=2.7 GeV, which
we now fix for the following analysis.

The calculated cross section for the inverse reaction
ωN → πN is shown in Fig. 6 for Λ1=2.7 GeV as a function
of the ω-momentum in the laboratory in comparison to the
experimental data obtained by detailed balance.
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Fig. 5. The π+n→ωp (circles) and π−p→ωn (squares) total
cross sections as a function of the pion momentum. The data
are from [31] while the solid line shows our calculations for the
cut-off parameter Λ=2.7 GeV

Fig. 6. The cross section for the ωN→πN reaction as a func-
tion of the laboratory ω-momentum. The solid line is our cal-
culation while the full circles show the ωp→π+n experimental
data obtained by detailed balance

2.2 The channel ωN→ρN

The ωN→ρN cross section can be calculated in the one-
pion exchange model using the diagram in Fig. 1b). The
Lagrangian for the ωρπ interaction is given by (1), while
the πNN Lagrangian is taken as

LπNN = −igπNN N̄γ5τN · π (9)

with the coupling constant gπNN =13.59 [32].
The ωN→ρN differential cross section then is given

by

dσ

dt
= −g2

πNN t
g2
ωρπ

m2
ω

(t−m2
ω −m2

ρ)
2 − 4m2

ωm
2
ρ

96π λ(s,m2
ω,m

2
N )

Fig. 7. The cross section for the ωN→ρN reaction

×
F 2
ωρπ(t) F 2

πNN (t)
(t−m2

π)2
, (10)

where the coupling constant and the form factor for the
ωρπ-vertex is fixed by the πN→ωN calculations. The
πNN form factor was taken as in (6) with the cut-off
parameter Λ = 1.05 GeV in line with [33].

The resulting ωN→ρN cross section is shown by the
solid line in Fig. 7 as a function of the ω-meson laboratory
momentum; the cross section is practically constant at low
momentum (≈ 18 mb) and levels off at higher momenta
due to the form factors involved. However, above momenta
of about 200 MeV/c it is already larger than for the πN
final channel.

2.3 The channel ωN→ρπN

The relevant diagram for the reaction ωN→ρπN is shown
in Fig. 1c) and the corresponding total cross section can
be calculated by using the Berestetsky-Pomeranchuk ap-
proach [34] as

σ =
1

48π2λ(s,m2
N ,m

2
ω)

(
√
s−mρ)2∫

(mN+mπ)2

ds1λ
1/2(s1,m

2
π,m

2
N )

×σπN (s1)

t+∫
t−

dt
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ωρπ F

2
ωρπ

m2
ω (t−m2

π)2

×
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ω −m2
ρ

)2 − 4m2
ωm

2
ρ

]
. (11)

In (11) s1 is the squared invariant mass of the final πN
system, σπN is the πN→πN elastic cross section taken
from [31] and

t± = m2
ω +m2

ρ −
1
2s
[
(s+m2

ω −m2
N )

×(s+m2
ρ − s1)∓ λ1/2(s,m2

ω,m
2
N )λ1/2(s,m2

ρ, s1)
]
. (12)
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Fig. 8. (a): The exclusive ωN→ρπN (dashed line) and in-
clusive ωN→ρNX cross sections calculated with the one-pion
exchange model and within the on mass-shell approximation.
The arrow indicates the threshold for the exclusive reaction.
(b): The exclusive ωN→ρπN cross section calculated within
the off mass-shell approach for different cut-off parameters Λ
in the πN→πN vertex

The resulting ωN→ρπN cross section is shown in
Fig. 8(a) by the dashed line while the arrow indicates the
corresponding reaction threshold. Now replacing the elas-
tic πN→πN cross section in (11) by the total cross sec-
tion πN → NX we obtain an estimate for the inclusive
ωN→ρNX cross section, which is shown in terms of the
solid line in Fig. 8(a). This channel provides an inelastic
ωN cross section of about '25 mb at higher momenta.

In Fig. 8(a) we have adopted the on-shell approxima-
tion [34]. The off-shell correction to the πN amplitude can
be estimated e.g. as proposed by Ferrari and Selleri [35],
i.e. replacing t→m2

π in the λ-function of (11) and intro-
ducing the form factor

F (t) =
Λ2 −m2

π

Λ2 − t (13)

at the πN→πN vertex.
The solid line in Fig. 8(b) indicates the correspond-

ing calculation when neglecting the form factor at the
πN→πN vertex (Λ =∞), the dashed line shows the cal-
culation with the cut-off parameter Λ=2 GeV while the
dotted line corresponds to Λ=1 GeV. Note, that the un-
certainty due to the cut-off parameter is quite large when
varying Λ from 1 GeV to∞. However, the comparison be-
tween the dashed line in Fig. 8(a) and the dotted line in
Fig. 8(b) indicates that the results obtained for Λ=1 GeV
(in line with [36]) are in reasonable agreement with the
on mass-shell calculations. Thus in the following we will
adopt the on mass-shell approximation.

Fig. 9. The exclusive ωN→2πN and inclusive ωN→πNX
cross sections. The arrow indicates the ωN→πρN threshold
using the ρ pole mass. The inclusive cross section is calculated
for the invariant mass of the πN -system above mρ+mN

2.4 The channel ωN→2πN

The ωN→2πN cross section can be calculated in the
ρ-meson exchange model as shown by the diagram in
Fig. 1(d). By taking into account the on-shell ρN→πN
amplitude the total cross section is given as

σ =
1

32π2 λ(s,m2
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where

t± = m2
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1
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In (14) the ρN→πN cross section was taken as in [37],

σρN→πN (s1) =
π2

3
a

λ1/2(s1,m2
ρ,m

2
N )

× Γ 2

(
√
s1 −M)2 + Γ 2/4

, (16)

with the parameters a=413 µb/GeV2, M=1.809 GeV and
Γ = 0.99 GeV. Note, that the function λ1/2 in (14) is
cancelled by (16). The cross section ωN→2πN calculated
with (14) is shown in Fig. 9 and approaches 30 mb for
omega momenta of 10 MeV/c, but dropps off fast with
higher momentum.
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Now we replace the ρN→πN cross section in (14) by
the total ρN cross section taken from [38] in order to es-
timate the inclusive ωN→πNX reaction due to ρ-meson
exchange. However, we replace the lower limit of the first
integral in (14) by (mN + mρ)2, which allows us to esti-
mate only part of the total cross section. This calculated
cross section is shown in Fig. 9 together with the thresh-
old given by the bare ρ-mass (arrow) for momenta above
1 GeV/c.

2.5 Elastic ωN→ωN scattering

We describe elastic ωN scattering by the sigma-exchange
model shown in terms of the diagram Fig. 1(e), which
effectively accounts for a correlated two-pion exchange in
the spin-isospin zero channel. The Lagrangian used reads

LσNN = gσNN N̄N · σ, (17)

Lωσω = gωσω
(
∂αωβ∂αωβ − ∂αωβ∂βωα

)
σ, (18)

with the scalar coupling constant gσNN=10.54 and
monopole form factors with cut-off parameter Λ=2 GeV
at the σNN vertex [39].

An upper limit for the ωσω coupling can be obtained
from the ω→2π0γ partial width assuming that this decay
entirely proceeds through the ω→σω process followed by
the ω→γ transition due to the vector dominance model
and the σ→2π0 decay. Starting from the Lagrangian (18)
and integrating over the σ spectral function Post [40] ob-
tained gωσω ≈ 5.7 taking into account the most recent
data [41] on the ω→2π0γ decay. A coupling gωσω=0.5
was estimated in [42,43] from the ω→2π0γ decay [44] us-
ing, however, a different Lagrangian for the ωσω inter-
action and replacing the σ-meson spectral function by a
δ-distribution.

On the other hand, as proposed by Singer [45], the
ω→2πγ decay may proceed also through the two-step pro-
cess ω→ρπ followed by the ρ→πγ transition; the data on
the partial ω → 2π0γ width indeed can be entirely de-
scribed by the latter process. A more sophisticated anal-
ysis has been performed by Fajfer and Oakes [46], who
consider a three-step process ω→ρπ followed by ρ→πω
and as a last step the ω→γ transition. They predict [46]
a branching ratio for the ω→2π0γ decay of 8.21×10−5,
which is compatible to (7.2±2.5)×10−5 as quoted recently
by the PDG [41].

We point out that there are no reliable constraints for
the ωσω coupling constant and in the following calcula-
tions adopt gωσω=1.76 keeping it essentially as a free pa-
rameter of the model. To demonstrate the uncertainty,
we will also present final results for gωσω = 0. Further-
more, we use a monopole form factor with cut-off param-
eter Λ=2.0 GeV for the ωσω vertex. With the latter value
gωσω=1.76 the resulting elastic and inelastic contributions
to the ωN cross section will be quite moderate.

The elastic ωN→ωN cross section then can be calcu-
lated as

dσ

dt
=

g2
σNN g

2
ωσω

16πm2
ω λ(s,m2

ω,m
2
N )

(
4m2

N − t
)

Fig. 10. The ωN→ωN elastic cross section. The solid line
indicates the calculation within the σ-exchange model for
gωσω=1.76; the dotted line is the high energy limit (20), while
the dashed line shows our interpolation (21)

F 2
ωσω F

2
σNN

(t−m2
σ)2

(
m4
ω −

m2
ω t

3
+
t2

12

)
(19)

with mσ=550 MeV. The result of this model is shown by
the solid line in Fig. 10 and indicates a maximum of ≈15
mb at low relative momentum but levels off very fast for
high momenta.

The high energy limit for the ωN→ωN elastic cross
section can be taken in the Quark Model [47,48] as

σωN→ωN (s) =
1
2

[σπ+N→π+N (s) + σπ−N→π−N (s)] , (20)

which is shown in Fig. 10 by the dotted line above mo-
menta of 1 GeV/c. We add that in (20) the elastic π±N
cross section is taken from [49] and the identity (20) is
used at the same invariant energy for the ωN - and πN -
interaction.

For our following applications to heavy-ion transport
simulations we interpolate the ωN elastic cross section
within the range from 10 MeV/c up to 10 GeV/c as

σel = 5.4 + 10 exp(−0.6pω) [mb], (21)

where pω denotes the laboratory momentum of the ω-
meson in GeV/c. The parameterization (21) is shown ad-
ditionally by the dashed line in Fig. 10.

2.6 The channel ωN→σN

When incorporating the ωσω-vertex for elastic ωN scat-
tering one has to consider this vertex also in the ωN→σN
reaction due to ω-meson exchange as shown in Fig. 1(f).
The differential cross section for this process is given by

dσ

dt
=
g2
ωNN g

2
ωσω

96πm2
ω

2t+ 4m2
N

λ(s,m2
ω,m

2
N )

F 2
ωσω F

2
ωNN

(t−m2
ω)2[

(t−m2
ω −m2

σ)2 − 4m2
ωm

2
σ

]
. (22)
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Fig. 11. The ωN→σN cross section within the ω-exchange
model for gωσω=1.76

We introduce a monopole form factor at the ωNN vertex
with the cut-off Λ=1.5 GeV [39]. The parameters for the
ωσω vertex are the same as for the ωN→ωN calculations.
This results in the ωN→σN cross section shown in Fig. 11,
which also gives up to 30 mb for low ω momenta.

2.7 The total ωN cross section

We finally incoherently sum the partial cross sections -
calculated for the different ωN reaction channels - and
show the result in terms of the solid line in Fig. 12. In
order to demonstrate the uncertainty due to the unknown
coupling gωσω we also show the total cross for gωσω=0
(dash-dotted line), i. e. neglecting the diagrams 1e) and
1f). In this limit the cross section is on average reduced
by about 25%.

In this summation we have taken the cross section for
the inclusive ωN→ρNX reaction instead of the exclusive
ωN → ρπN reaction. Again at high momenta our result
can be compared with the estimate from the Quark Model
[47,48] obtained with (20) by replacing the elastic πN
cross section with the total cross section. This result is
shown by the dashed line in Fig. 12 and matches with our
calculations in the OBE model at momenta of 0.5 GeV/c.

Furthermore, at high momenta the ωN total cross
section can be estimated within the Vector Dominance
Model, where the total ωN cross section can be related to
the forward γN → ωN differential cross section as [50]

σ2
ωN (s) =

γ2
ω

4π
64π
α

1
1 + α2

ω

(
qγ
qω

)2
dσγp→ωp(s)

dt

∣∣∣∣
t=0

, (23)

where qγ and qω are the photon and ω-meson momenta
in the γN and ωN center-of-mass systems at the same
invariant collision energy

√
s. In (23) αω denotes the ratio

of the real to imaginary part of the ωN forward scattering

amplitude [50], while gω is the γω coupling constant. We
neglect αω and take g2

ω/4π=4.9 from [51]. The full circles
(with error bars) in Fig. 12 show the total ωN cross section
obtained from the experimental data on forward ω-meson
photoproduction [51,52].

For the following transport calculations the total in-
elastic ωN cross section is separately fitted and interpo-
lated as

σinel = 20 +
4.0
pω

[mb], (24)

where the laboratory ω-meson momentum pω is given in
GeV/c. The parameterization for the total ωN cross sec-
tion then is given as a sum of the elastic (21) and in-
elastic (24) cross section as shown by the dotted line in
Fig. 12. Especially the inelastic ωN cross section is found
to be quite large at low momenta and implies substan-
tial final state interactions of the ω-meson in the medium.
This also holds for the limit gωσω=0.

In line with these final state interactions the ω-meson
will change its spectral function in the medium and (in
first order) will acquire a larger width due to collisional
broadening at baryon density ρB ,

Γcoll(pω) =
4

(2π)3

∫
d3p vωN σωN (

√
s) Θ(pF −|p|), (25)

Fig. 12. The total ωN cross section as a function of the ω-
meson momentum in the laboratory system. The solid line
shows our result as an incoherent sum of the calculated partial
cross sections; the dash-dotted line is obtained when omitting
the diagrams 1e) and 1f), i.e. for gωσω=0. The full circles show
the results obtained within the VDM from the data on forward
ω-photoproduction. The dashed line illustrates the estimation
from the Quark Model while the dotted line is our actual pa-
rameterization
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Fig. 13. The in-medium ω-meson width due to collisional
broadening as a function of the laboratory ω-meson momen-
tum. The solid line is obtained when including all channels
while the dash-dotted line results for gωσω=0, i.e. neglecting
diagrams 1e) and 1f)

with vωN denoting the relative velocity between the ω-
meson and the nucleon; pF is the nuclear Fermi momen-
tum and

√
s the invariant energy of the ωN system.

The result for Γcoll at density ρ0 (pF≈0.26 GeV/c) is
shown in Fig. 13 by the solid line as a function of the ω-
meson momentum relative to the nuclear medium and is
about 50 MeV at low ω momenta, but increases to 100
MeV above pω≈1 GeV/c. In the limit gωσω = 0 (dash-
dotted line) the collisional width is about 25% smaller up
to relative momenta of 1 GeV/c; this represents the lower
limit in our present approach. Our result is substantially
larger at pω ≈ 0 than the estimate of 20 MeV in [16]
and slightly larger than the result of Klingl et al. [14]
due to the additional channels taken into account in our
computations. Nevertheless, the collisional width for ω-
mesons produced at rest in nuclei is still small compared
to its mass.

3 ω-production in heavy-ion collisions

The production of ω-mesons from heavy-ion collisions has
been calculated previously within the HSD transport ap-
proach [53] and is described e.g. in more detail in [4].

In these transport simulations the ω-absorption as well
as elastic scattering in the nuclear environment are ex-
plicitely included as well as (optional) a reduction of the
ω pole mass at finite baryon density. In the present study
we concentrate on the impact of the ωN final state inter-
actions with nucleons especially with respect to a global
mT -scaling suggested by Bratkovskaya et al. [53] for me-
son production from heavy-ion collisions at SIS energies.

Fig. 14. The inclusive transverse mass spectra for π0 (solid his-
togram) and ω-mesons (divided by a factor of 3 due to the ω po-
larizations) from C+C collisions at 2 A·GeV. The dashed his-
togram shows the calculations with all ωN interactions while
the dotted histogram is obtained without ω absorption. The
thick solid line indicates the mT -scaling

The latter scaling was found to be well in line with the
spectra for π0 and η mesons as measured by the TAPS
Collaboration [54,55].

Employing the elastic and inelastic ωN cross sec-
tions from Sect. 2 we have performed calculations with-
out ω-potentials in the medium for the systems 12C+12C,
40Ca+40Ca at 2 A GeV and 58Ni+58Ni at 1.9 A·GeV,
which are studied experimentally by the TAPS Collabo-
ration also for ω-meson production via the Dalitz decay
ω→π0γ.

Figures 14,15,16 show the calculated inclusive trans-
verse mass spectra for π0 and ω-mesons with the trans-
verse mass defined as mT =

√
p2
T +m2, where pT is the

transverse momentum and m stands for the mass of the
meson. The solid histograms in Figs. 14,15,16 show the
π0-meson spectra while the straight solid lines indicate
the scaling

1
m2
T

dσ

dmT
= A exp(−BmT ) (26)

with parameters A and B given in Table 1.
Indeed the neutral pions follow the scaling within the

statistical accuracy. The transverse mass distributions for
the ω-meson, which were divided by a factor of 3 as in
[53] due to the 3 different polarizations of the ω-meson,
are shown by the dotted histograms when neglecting the
ω-meson absorption in nuclear matter due to the inelastic
ωN interactions. In this limit the mT -scaling is overes-
timated especially for Ca+Ca and Ni+Ni. The dashed
histograms show the calculations accounting for the ω-
absorption as well as ωN→ωN elastic scattering. In all
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Fig. 15. The inclusive transverse mass spectra for π0 (solid
histogram) and ω-mesons (divided by the number of polariza-
tions) from Ca+Ca collisions at 2 A·GeV. The dashed his-
togram shows the calculations with all ωN interactions while
the dotted histogram is obtained without ω absorption. The
thick solid line indicates the mT -scaling

Table 1. Parameters of the mT -scaling approximation (26).

System C + C Ca+ Ca Ni+Ni

Energy (A·GeV) 2.0 2.0 1.9
A (b·GeV−3) 660 6583 9821
B (GeV−1) 13 13 13

cases the mT -scaling relative to neutral pions is underes-
timated especially for low transverse mass of the ω-mesons
which results from the large absorption cross section for
ω-mesons at low relative momenta according to Sect. 2.

Figure 17 shows the nuclear transparency coefficient
as a function of the ω-meson momentum in the center-
of-mass for C + C, Ca + Ca and Ni + Ni systems. Here
the nuclear transparency coefficient is defined as the ra-
tio of the ω-mesons detected assymptotically for t→∞ to
the total number of the ω-mesons produced in elemen-
tary pion-baryon and baryon-baryon collisions. The effect
is most pronounced for slow ω-mesons since the inelastic
ωN interaction is very strong at low momenta (cf. Fig. 12).

Table 2 shows the inclusive ω-meson production cross
section for C+C, Ca+Ca andNi+Ni collisions calculated
with and without ωN final state interactions. Even for
the light system C + C the ω production cross section is
reduced by a factor ' 4.5 due to strong absorption.

4 Summary

Within the meson exchange model we have calculated dif-
ferent partial cross sections for the ωN interaction, i.e.
ωN→πN , ωN→ρN , ωN→ωN , ωN→ρπN , ωN→ρNX,

Fig. 16. The inclusive transverse mass spectra for π0 (solid
histogram) and ω-mesons from Ni+Ni collisions at 1.9 A·GeV.
The dashed histogram shows the calculations with all ωN in-
teractions while the dotted histogram is obtained without ω
absorption. The thick solid line indicates the mT -scaling

Table 2. Inclusive ω-meson production cross section from C+
C, Ca+Ca and Ni+Ni collisions calculated with and without
final state interactions of the ω mesons

System C + C Ca+ Ca Ni+Ni

Energy (A·GeV) 2.0 2.0 1.9
σ (mb) with FSI 1.42 10.56 19.5
σ (mb) without FSI 6.52 91.4 206.8

ωN→2πN , ωN→2πNX and ωN→σN reaction channels.
The free parameters of the model were fixed by the avail-
able experimental data on the πN→ωN reaction [24,30,
31] or adopted from the study on vector meson photo-
production [20] except for the ωσω-vertex, where we have
adopted a conservative low coupling constant; lower limits
for our cross sections are obtained for gωσω = 0. We note
that the OBE calculations performed here do not corre-
spond to ab initio calculations but serve as a convenient
method to extrapolate from available data to unknown,
but related channels. We estimate the relative error in the
various cross sections to be within a factor of 2.

At high energies, i.e. ω momenta above a few GeV/c,
the total cross section approaches a conventional hadronic
cross section of ' 25 mb according to the prediction from
the Quark Model as well as the estimate from the Vec-
tor Dominance model. The total cross section at low ω
momenta according to the OBE model sums up to a few
hundred mb which indicates a sizeable rescattering and
reabsorption of the ω-meson in the nuclear medium. The
collisional broadening of the ω-meson at nuclear matter
density ρ0 amounts to 40 - 50 MeV at rest, but increases
with momentum up to 80 - 100 MeV. Thus the ω spec-
tral function at ρ0 is dominated by the hadronic couplings
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Fig. 17. The nuclear transparency coefficient as a function of
the ω-momentum in the center-of-mass system for C+C, Ca+
Ca and Ni+Ni collisions at 2.0 and 1.9 A GeV, respectively.

in the medium. This statement holds also in view of the
uncertainties still involved in the OBE approach.

Furthermore, we have investigated the impact of the
ωN final state interactions on ω-production in heavy-
ion collisions around 2 A·GeV. It is found that due to
strong absorption the total ω-meson production cross sec-
tion from C + C collisions at SIS energies is reduced by
a factor of '4.5 and by a factor of '10 for Ni + Ni col-
lisions. Furthermore, we find a significant deviation from
the mT -scaling behaviour predicted in [53] - where lower
ωN cross sections from [11] had been employed - for ω-
meson production in heavy-ion collisions due to the strong
final state interactions for slow ω-mesons. ThesemT distri-
butions might be controlled by the TAPS Collaboration in
near future and provide further experimental constraints
on the ωN interaction.
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