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Abstract. The isoscalar-isovector (p-w) interferences in the exclusive reactions 7~ p — ne

Te~ and 7Tn —

peTe” near the w threshold leads to a distinct difference of the dielectron invariant-mass distributions
depending on beam energy. The strength of this effect is determined by the coupling of resonances to the
nucleon vector-meson channels and other resonance properties. Therefore, a combined analysis of these
reactions can be used as a tool for determining the baryon resonance dynamics.

PACS. 13.75.-n Hadron-induced low- and intermediate-energy reactions and scattering (energy less than
or equal to 10 GeV) — 14.20.-c Baryons (including antiparticles) — 21.45.4+v Few-body systems

1 Introduction

The study of dielectron production in hadron and heavy-
ion reactions addresses various issues of general interest. In
heavy-ion collisions the dileptons are considered as a tool
for accessing in-medium modifications of vector mesons.
For example, at relativistic energies, the behavior of the
p-meson attracted much attention because the dilepton
data [1] point to a reshuffling of strength in a hot, meson-
dominated medium [2,3]. This has been discussed in the
wider context of chiral symmetry restoration (cf. [3,4]),
QCD sum rules (cf. [5]), and hadronic models (cf. [6]).
Likewise, the dielectron production in heavy-ion collisions
at beam energies of a ~ 1 AGeV is interesting due to
similar reasons. Also here, the dielectron channel is con-
sidered as an appropriate tool for studying in-medium
modification of vector mesons in a baryon-dense medium.
After the first round of experiments with DLS [7], the
HADES spectrometer at the heavy-ion synchrotron SIS
at GSI/Darmstadt [8], beginning now with experiments,
is built to verify these predictions related to fundamental
symmetry properties of strong interaction physics. The
experimental feasibilities at HADES (e.g., the disposal of
beams of pions, protons and a wide range of nuclei) trig-
gered an enhanced activity in this field.

Clearly, for an understanding of dielectron spectra in
hadron-nucleus and heavy-ion collisions the elementary
hadronic reaction channels must be under control. Here
the reactions NN — Xete™ and 7N — Xete™ occupy
a highly important place in the dielectron physics. These
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reactions serve as a necessary input for kinetic approaches
(cf. [2,9]). But on the other hand, they are interesting for
themselves because they are mainly related to the baryon
resonance dynamics. Different facets of the manifestation
of baryon resonances in 7N collisions have been analyzed
in refs. [9-16]. Particularly interesting are such recent the-
oretical approaches as in [12,14] which attempt a unifying
description of meson-nucleon interactions.

The quantum interference in e*e™ decays of interme-
diate p- and w-mesons produced in the exclusive reac-
tion 7~ p — np(w) — nete” has been first discussed in
ref. [13], and the first round of HADES experiments will
experimentally address this problem [8]. Here, we would
like to emphasize that the p-w interference in dielectron
production has also an another interesting aspect: The in-
terference may be used as a tool for studying the isoscalar
part of the electromagnetic current in the resonance re-
gion, what is rather difficult to do by another method.
Varying the dilepton invariant-mass M one can test low-
lying baryon resonances which are deeply subthreshold for
on-shell omega production. Of course, the contribution of
the isoscalar part (i.e., the virtual w production) is much
smaller than the dominant isovector (i.e., virtual p pro-
duction) at M # m,, but it may be clearly seen in the p-w
interference which is proportional to the difference of the
ete™ cross-sections in 7~ p and 7 n collisions.

Indeed, since the electromagnetic current is the sum
of isoscalar and isovector components [17], the invariant
amplitude of the reaction #~p — neTe™ may be expressed
as
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Fig. 1. Diagrammatic representation of the reaction TN —
NeTe™ for the s and u channels.

where, according to the vector dominance model, the
isoscalar (isovector) contributions may be identified with
w- (p)-meson intermediate states, i.e. T oc T% and
Tvector o TP, A rotation by 180° around the y-axis in
isospin space leads to the transformations |p) — —|n),

In) = Ip), [77) = =7 %), lw) — |w), [p°) = —|p°) and
therefore, one gets
T7r+n—>pe+e’ x Tscalar _ Tvcctor . (2)

That means, the quantum interferences in the reactions
7~ p and 71 n are different, and these differences might be
well observable in the vicinity of the w resonance peak.

In ref. [15] the w production in 7N interactions has
been analyzed within an approach based on tree level dia-
grams and effective Lagrangians. A strong contribution in
the near-threshold energy region is found to stem from the
s and u channels of nucleon and baryon resonances ampli-
tudes. In the present work, we will consider these domi-
nant amplitudes as depicted in fig. 1. (The restriction to s
and u channels, and the exclusion of the ¢ channel, is in line
with the concept of duality.) We will account for the reso-
nances with mass Mp- < 1.72 GeV (B* = N, N*, A). This
means that, together with the 7% £ T” interferences one
has to consider the strong “internal” interferences within
the w and p channels separately which are in turn differ-
ent in both channels. Therefore, the proper choice of the
TNB*, woNN* and pNB* coupling constants and their
phases becomes the central problem. To demonstrate the
T% + T* interferences within a concise framework we rely
mainly on [18], where the relevant coupling constants are
expressed in terms of the corresponding couplings to the
nucleon by using a quark model. We will also briefly dis-
cuss the possibility to use the known partial widths of
B* — Np decays to fix the absolute values of pNB* cou-
plings. Our approach highlights the role of the coupling
of subthreshold resonances to the Np and Nw systems
(cf. [12,14,19] for discussion and further references).

Our paper is organized as follows. In sect. 2, we define
the effective Lagrangians, derive expressions for invariant
amplitudes of the processes shown in fig. 1 and discuss
the parameter fixing. In sect. 3 the results of numerical
calculations and predictions are presented. The summary
is given in sect. 4. In the Appendices we show explicit
expressions of effective Lagrangians and invariant ampli-
tudes.
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2 Amplitudes

The differential cross-section of the reaction 7N —

Nete™ averaged over the azimuthal angle of the electron
is defined as
do aM? 5 )
A0 — nr [Z1sin' €+ ZL(1+cos® )], (3)

where (2, and @ are the solid and polar angles of the
electron, {2 and # denote the solid and polar angles of the
dielectron in the center-of-mass system of the entrance
channel, and M stands for the invariant e*e™ mass. The
longitudinal and transversal distributions X | read

1 |Q| Z susz
I~ 128725 [K| 4 M2 - m2 +im,l,
— 2
+ fUJTLi\_OSi,Sf
M2 —m2 +im, T, |’
_ 1 |Cl| Si,Sf
T 128n%s k] “ Z M2 m2 +im,I,

2

; (4)

A=1
fwTw SiySf

+M2 —m2 +imy,I,

where k = (F, k) and ¢ = (Evy, q) are the four-momenta
of the pion and the dielectron (or the intermediate vector
meson) in the center-of-mass system. We denote the four-
momenta of the initial (target) and final (recoil) nucleons
by p and p'; s = (p+k)? is the usual Mandelstam variable.

T stands for the invariant amplitude of the virtual
p(w) SiySf

vector meson p (w) production with polarization A and
nucleon spin projections s;,sf; my (with V = w, p%) is
the vector meson mass, fiy denote the coupling constants
of the V. — ete™ decays, and I, are the total decay
widths. For the w-meson, I, = 8.41 MeV [20], while for
the wide p-meson, we use the energy-dependent width

(5)

keeping the strongest M-dependence which comes
from the corresponding pmm Lagrangian, with Fpo =
150.7 MeV [20].

The differential invariant-mass distribution integrated
over df2, reads

do aM?

dPOE = ar [Z1 2L

(6)
2.1 Effective Lagrangians

Calculating the invariant amplitudes for the basic pro-
cesses shown in fig. 1 we use the following effective inter-
action Lagrangians in symbolic notation:

Lanps = fanNUNFNT -ty + D frnp:tbn Fim -t
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+3 fanprn Fomw -t

JernNB;l/_Jfoﬁr-tzbéﬁJrh.c., (7)

Lonn- = gonNUN GNUNWL + Y gunnen Glb'w,
i
+ Z grNN: U G w,
i

+ Z grNNUN gfmﬁz/)flﬁwu +h.ec., (8)

7

LonB = gonNUN Ghpp - ton + Z 9pNB; YN Glp, -t

K2

+ Z 9oNBr N G Py - ti),
i
+ 3 gonpron G py - tls + e, (9)

where 7, p,, and wy,, are the pion, rho- and omega-meson
fields, ¢, ¥*, ¢y and 9,4 stand for the nucleon, spin-
%, spin—% and spin-% baryon resonances, respectively. For
spin—% and % fields we use Rarita-Schwinger field opera-
tors. «, 3,7, - p, v, - are Lorentz indices; i enumerates
the corresponding baryon states. The isospin operator ¢
is just Pauli’s matrix 7 for the nucleon and nucleon reso-
nances with isospin—%, while for isospin—% it is the transi-
tion matrix x for delta resonances, see [18]. In the isoscalar
amplitude we include the contribution of the nucleon
(N) and the 8 resonances (N*) Pi1(1440), D;3(1520),
S11(1535), S11(1650), D15(1675), F15(1680), D13(1700),
Py5(1720) (the neglect of P11(1710) is motivated in [15]).
For the isovector amplitude we consider these states and
additionally the 4 A states up to 1700 MeV (all together
B*) P33(1232), P535(1600), S31(1620), D33(1700). The ex-
plicit form of the employed effective Lagrangians is listed
in Appendix A, where the symbols G.' and F. are re-
solved.

2.2 Invariant amplitudes

The isoscalar invariant amplitude is the coherent sum of
nucleon and resonance channels in the following form (the
nucleon spin projections are now suppressed):

T)N) = gunn LAY a(p')

w
T

x[AL(N) + A (N) | u(p)e; L,

w

T)\(N*) = guNN* f7rTTJ;7N* ﬂ(pl)

s

X[ AL (N) 4+ ALV ulp)ep L, (10)

where 5;} is the polarization four-vector for a spin-1 par-
ticle with spin projection A, four-momentum p = (E,p)
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and mass m

A A

) = <6n;p’ i nr;((fg%:) ) ’

(11)

with the three-dimensional polarization vector € with com-
ponents e*! = :F%(l, +i, 0), €2 = (0, 0, 1).

The isovector invariant amplitude has a slightly differ-
ent form because of the corresponding isospin factors

T (N) = goe ()

p
T

x AL = AP#(N) | up) €5 1, (N),

* fﬂ'NN* _
TNN*) = gonn- alp)

x AL (V) =AD" (V) |up) 32 1, (N),

f‘rrNA ’l_L(p,)

T,D)\(A*):gpNA .

x A" (2) + AP ()] up) £ 1(4), (12)

where the isospin factor I,(N) = —+/2 for the reaction
m™p — nete” (+V2 for mtn — pete”) and I1,(A) =
\/5/3. The s and u channel operators Ai”’“’” and A&p’w)“
in eq. (10) are defined by the effective Lagrangians of
eqs. (7),(8) and listed in Appendix B. I, = /2 is the
isospin factor.

Following the previous studies [15,21,22] we assume
that the vertices must be dressed by form factors for off-
shell baryons

*4
AB

2y —
For () = e a2

(13)

where r is the four-momentum of the virtual baryons
B* with mass Mp-. Equation (13) represents the sim-
plest form being symmetric in the s and u channels. The
form factor is positive and decreases with increasing off-
shellness in both channels.

An analysis of egs. (10)-(12) shows that i) the inter-
ference between s and u channels is different for the w
and p production amplitudes, ii) an additional difference
comes from the different values and phases of the cou-
plings gy nn+ for the same resonances, and iii) the p-w
interference is different for 7=p and 7t n interactions, as
already anticipated in egs. (1),(2).

2.3 Fixing parameters
The coupling constants fi of the decays V = p,w — ete~
in eq. (4) are related to the corresponding decay widths

as -
2 V—ete—
= Yzere | 14
fV amy ( )
Using I',_cte- = 6.77 keV and I,_,c+.- = 0.60 keV [20]
one gets f, = 0.06 and f,, = 0.0177. The nucleon and
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nucleon resonance amplitudes in fig. 1 are determined by
the couplings frnN, frNB*» JuNNs JuNN*, JoNN; JoNB*,
gy NN and Ky y N, the resonance widths Fg* the branching
ratios BE., and the cut-offs Ap. For the coupling constant
fxnnN we use the standard value fryny = 1.0 [18,23]. For
the wNN coupling we use the values g,nyny = 10.35 and
kwNN = 0 determined recently in [18,24]. For the pNN
coupling we use the value g,yn = 3 and K,nvn = 6.1 [18,
23].

The values of coupling constants f g~ are determined
from a comparison of calculated decay widths I'n«_ N
with the corresponding experimental values [20]. The cor-
responding signs are taken in accordance with the quark
model prediction of ref. [18].

The values of coupling constants gynyp+ follow
from gvnp- = [gvnB+/9vNN]gvNnN, Where the ratio
[gvnB*/gvnnN] is determined by the quark model calcu-
lation of ref. [18]. In subsect. 3.2 we contrast this choice
of the parameters gy yp+ with another one.

The yet undetermined 13 cut-off parameters Ap« in
eq. (13) are reduced to one by making the natural as-
sumption

AN:AB* EAB. (15)
The total cross-section of real w production in the

near-threshold region is reproduced by choosing Ap =
0.66 GeV [15].

3 Results
3.1 Using coupling parameters from [18]

Similar to our previous study of w production [15] we use
the coupling strengths and phases from [18]. For conve-
nience we show in table 1 all the coupling constants, de-
cay widths and branching ratios used in our calculation.

Table 1. Parameters for the resonance masses, coupling con-
stants, total decay widths and branching ratios for N* — N
decays. The resonance masses and decay widths are in units
of MeV.

Baryon Mg+  fxnB* gunB* gonp* IB- Bk
NITN 940 1.0 1035 3.0 - -

NPy 1440 039 634 178 350 0.65
N3"Dy; 1520 —156 888 50 120 0.55
NL7Su 1535 036 512 —29 150 0.45
N17S; 1650 031 256  —0.72 150 0.73
N3"Dys 1675 010 1087  —3.1 150 0.5
N3R5 1680 —042 —14.07 -19.8 130 0.65
N3"Dy; 1700 036 281  —0.45 100 0.10
N3P 1720 —025 3.7 —446 150 0.15
AT Py 1232 221 - 17.32 120 0.9
A3 Py 1600 0.52 - 171 350  0.18
ALTSs 1620 —017 - 0.88 150 0.25
A37 D3 1700 1.32 - 1.53 300 0.15

2
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Fig. 2. Differential cross-sections of dielectron production for
the reactions 7~p — meTe” as a function of the dielectron
invariant mass for s'/2 = 1.6 GeV (upper panel) and st/?
1.8 GeV (lower panel). Dashed and dot-dashed lines correspond
to separate w and p contributions, while solid lines are for the
coherent sums.

(The masses, decay widths and branching ratios in table 1
represent the averages in [20].) The results of our full cal-
culation of the differential cross-section as a function of
dielectron invariant mass are shown in fig. 2 for the re-
action 7~p — nete™ at two energies, s/ = 1.6 and
1.8 GeV. Here and later on, the calculations have been
done for the dielectron (or virtual vector meson) produc-
tion at # = 30° in the corresponding center-of-mass sys-
tem, except for particular cases which are mentioned ex-
plicitly below. We also show separately the contributions
of the w and p channels. At an energy of s'/2 = 1.8 GeV



A1 Titov et al.: Isoscalar-isovector interferences in 71N — Nete™ reactions...

0.4 r L 7]
F 112 ]
3 s =1.6 GeV 1
“'; np->ne‘e” 1
& o3 - ——— n'n->pe’e” =
& L ]
S r ]
= C ]
N 02 .
+@ L ]
=" - ]
© L J
> r ]
g o1f E
b - 4
©° r ]
0.0 L =
0.5 0.7
M + - [GeV]
e e
0 —
10 ¢ " e ‘ 1
- s =18 GeV .
N: [ T
> L ]
3
5 107 ?
5 r ]
3 - 4
~ === |
I
+w - \ .
[}
s } \
©T 10 2 = \ =
o F N\ ]
c r np->ne’e” > 1
2 I + + - N R
=} |l ——-mn->pe'e ,
° P AN
N
10’3 ! ! | ! ! | ! !
0.70 0.75 0.80 0.85
M + - [GeV]
e e

Fig. 3. Differential cross-sections of dielectron production for
the reactions 7~ p — nete™ (solid lines) and ntn — pete™
(dashed lines) as a function of dielectron invariant mass for
s'/2 = 1.6 GeV (upper panel) and 1.8 GeV (lower panel).

(see fig. 2, lower panel), which is about 80 MeV above
the w production threshold, one can see the sharp w res-
onance peak at M =~ m,,. Away from the w peak position
one observes a strong decrease of the w contribution as
compared with the fairly flat p contribution at the exhib-
ited scale. In contrast, for an energy sufficiently below the
w threshold (fig. 2, upper panel), also the w contribution
is a smooth function of M but below the p contribution.
This is because the suppression of the resonance factor in
eq. (4) at M # m,, is much stronger for w.

For the reaction m™n — peTe™, the shape of the
invariant-mass distribution is similar and therefore, is not
displayed here. But the absolute values of the correspond-
ing total distributions are different, and this difference is
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Fig. 4. Angular distribution of the individual contributions
of nucleon resonances listed in table 1 to the spin averaged
invariant amplitude of p (upper panel) and w (lower panel)
channels at s'/2 = 1.6 GeV and for M+, = 0.6 GeV.

shown in fig. 3, where the reactions 7~ p — mete™ and
mtn — peTe™ are compared. The difference reaches a fac-
tor up to three and depends on both the energy and the
invariant mass. At low energy the cross-section for the re-
action 7~ p is smaller, while at higher energy it is greater
than that for 77 n interactions. The reason of this effect is
the difference in p-w interferences in the two reactions and
a different role of individual baryon resonances depend-
ing on the initial energy. In order to get insight into the
resonance dynamics, in figs. 4 and 5 we show the contri-
bution of each resonance separately for p (upper panels)
and w (lower panels) channels as a function of the di-
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Fig. 5. The same as in fig. 4 but at s/2 = 1.8 GeV and
M.+, =0.782 GeV.

electron production angle for the reaction 7~p — nete.
Most transparent is the situation for the w channel. One
can see that dominant contributions come from Sy1(1535)
and S71(1650) resonances. For w production their phases
are opposite, while for p production they are the same.
At low energy (see fig. 4) the contribution of S11(1535)
is greater and taking into account the additional isospin
factor I, in eq. (12) we find a destructive total interfer-
ence at low energy in the reaction 7#~p — nete™, while
for 7™n — pete™ the interference is constructive. In the
p channel also the P;1(1440) resonance plays a role. At
higher energies (see fig. 5) for w production the S11(1650)
resonance is dominant and therefore, the total p-w inter-
ference for 7~p — nete™ ( 7Tn — pete™) becomes con-
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Fig. 6. Individual contributions of nucleon resonances to the
spin averaged invariant amplitude of p (upper panel) and w
(lower panel) channels as a function of s'/2 at M,y - =
0.6 GeV.

structive (destructive) as depicted in fig. 3. For backward
directions, the nucleon channel makes a noticeable contri-
bution.

The relative contribution of different resonances de-
pends on the energy, and this dependence is exhibited
in fig. 6 for dominant resonances at M = 0.6 GeV. One
can see the dominance of S1;(1535) at low energy and of
F5(1680) at higher energies. The dominance of S11(1535)
at low energy leads to a strong destructive (constructive)
interference in 77 p — nete™ ( wtn — peTe™) reactions
shown in fig. 7, where we display the invariant-mass dis-
tribution as a function of energy at M = 0.6 GeV.

In fig. 8 we show the energy dependence of the
invariant-mass distributions at M = 0.6 and 0.782 GeV.
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One can see a striking difference for the two reactions
under consideration. There is also a strong sensitivity on
changes of the invariant dilepton mass M.

Figure 9 (upper panel) displays the energy dependence
of the spin density matrix element pgg

PO = T oy (16)

at & = 30°. One can see a similar qualitative behavior
of pgo for the two reactions. The corresponding angular
distributions of electrons, normalized to 1, are shown in
fig. 9 (lower panel). We have to note that near thresh-
old pgg is close to % which results in an almost isotropic
electron distribution. Far above the threshold, for exam-

ple at s'/2 = 1.8 GeV and M = 0.6 GeV, the resonance
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F15(1680) becomes dominant and pgg exhibits an addi-
tional #-dependence with maxima at 6 = 0,7 and a mini-
mum at ¢ = 7, which leads to an anisotropy in the electron
decay distributions.

3.2 Adjusting couplings from resonance decays

All the above results are obtained with resonance param-
eters shown in table 1 and based on the quark model esti-
mates in [18]. In [12,14] coupled-channel calculations are
performed with the goal the extract the couplings from a
combined analysis of a large set of reaction data. To get
an idea on the importance of a particular set of coupling
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values of s/2 (lower panel).

strengths within our approach one should compare the
above results with such ones which rely on a different set.
In principle, one can try to get the absolute values of the
pN B* coupling strengths by using the partial branching
ratios of the decays B* — Np [20] via

2a;mpl
8m2(2J; + 1)M]23*

fit 2 _
9oNB; = FB;‘HNP

k(M)F(M)MAM

Y20y -1
X ., (17)
/Qm,r (M2 - m%)2+(mpfp)2

where k(M) = /M?2/4—m2, a; = 3 (1) for resonances

with isospin-1 (2), and J; is the resonance spin. The func-
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Fig. 10. Upper panel: individual contributions of nucleon res-
onances listed in table 2 to the spin averaged invariant am-
plitude of p production at M. +,.- = 0.6 GeV. Lower panel:
the same as in the lower panel of fig. 7 but with resonance
parameters listed in table 2.

Table 2. Parameters for the coupling constants g?]tv n= calcu-
lated from the partial decay widths I'p+—n, [20].

Baryon Mp= gﬁfw* B
Nt Py 1440 1.07 < 0.08
N3™ Dis 1520 2.70 0.15-0.25
N1~ Su 1535 —0.63 < 0.04
Ni~ Sn 1650 —0.49 0.04-0.12
N3~ Dss 1675 —0.79 0.01-0.03
N2" Fis 1680 —-1.19 0.03-0.15
N27 Das 1700 -1.31 <0.35
N27 Pys 1720 -13.9 0.7-0.85
AT Py 1600 41.0 <0.25
A" Ss 1620 1.39 0.07-0.25
A37 Das 1700 4.27 0.30-0.55
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Fig. 11. Upper panel: the same as in the upper panel of fig. 8
but but with resonance parameters listed in table 2. Lower
panel: the same as in the lower panel in fig. 3 but with reso-
nance parameters listed in table 2.

tion F(M) reads

F(M) = 8p (' + M)G" Mo 67

qudv
M2 )’

X (—glw + (18)

where G** (k = 0, a, ) according to egs. (8),(9) is taken
from egs. (A.3)-(A.13) and

HH,K,/ = ZL{;‘ZZZ’ ) (19)

with ¢/ from eq. (B.19). The corresponding branching ra-
tios and g?}v g~ are shown in table 2, where the phases are
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Fig. 12. The same as in fig. 9 but with resonance parameters
listed in table 2.

taken the same as predicted by quark model [18] shown in
table 1. One can see that some of the couplings in table 2
are smaller than the corresponding values in table 1 (cf.
P11<1440)7 D13<1520)’ 511(1535)5 511(1650)7 D13(1700)7
D15(1675), F15(1680)), while for other resonances they are
It should be emphasized that a calculation with ¢%% 5. is
not fully self-consistent because one cannot fix the cou-
pling g, NN* by this method, rather for them we use the
prediction of the quark model [18] as listed in table 1. Nev-
ertheless, for methodical purposes and to elucidate the
sensitivity of our results, we perform such a calculation
and present the results.

In fig. 10 (upper panel) we show the individual con-
tributions of resonances for the p channel of the reac-
tion 7tn — pete™ as a function of s'/2. The resonances
S11(1535) and, somewhat less important, P;;(1440) dom-
inate at low energy, while Py3(1720) becomes stronger at
higher energies; in between S11(1650) is important. The
total contribution of the p-meson with this new parameter
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set is smaller. The differential cross-sections are shown in
fig. 10 (lower panel). The absolute value of the total cross-
section is smaller than that shown in the upper panel of
fig. 7. But qualitatively their behavior is similar for both
parameter sets.

In fig. 11 we show the differential cross-section of di-
electron production for the reactions #~p — neTe™ and
ntn — pete™ as a function of s'/2 at M = 0.6 GeV
(upper panel) and as a function of M at s/ = 1.8 GeV
(lower panel). The isospin effect is greater at low energy
and low invariant mass, as shown in the upper panel.

In fig. 12 we show the energy dependence of the spin
density matrix element pgg (upper panel) and electron an-
gular distribution (lower panel) as in fig. 9. One can see a
strong difference of pg for the two reactions and a devia-
tion from the results shown in fig. 9: a strong increase at
low energy for the m+n reaction, because of a sizable con-
tribution of the P;;(1440) resonance, and relatively small
value of pgp at higher energy, because of the dominance
of the P;3(1720) resonance. Also the angular distributions
change considerably for this new parameter set. This sensi-
tivity clearly demonstrates the need of experimental data
for constraining the parameter space.

4 Summary

In summary we have performed a combined analysis of
the dielectron invariant-mass distributions for the exclu-
sive reactions mp — nete” and 7Tn — pete™ near the w
threshold. The differential cross-sections for the two reac-
tions are different because of different p’-w interferences.
The calculation is based on a resonance model with s and
u channels, where the w(p)NB* couplings as well as the
phases of the 7N B* couplings are either taken from the
recent work [18] or, at least partially, are determined from
resonance decays. The found isospin effect is sensitive to
the resonance coupling parameters and therefore, may be
used as a powerful tool for the study of the resonance
dynamics in dielectron production processes.

We have shown that our predictions can be experimen-
tally tested by measuring the angular distribution of decay
particles in reactions of the type 7N — NV — Nete~
which are accessible with the pion beam at the HADES
spectrometer at GSI/Darmstadt [8]. (Notice that for the
inverse reactions with real photons a sizeable isospin ef-
fect is found, see [25].) We propose for the first time a
systematic study of the isoscalar part of the electromag-
netic current by using a combined analysis of dielecton
production in 777 and 7~ p reactions. To this end it would
be desirable to have at our disposal the ratio or the dif-
ference of the 7*n and 7 p cross-sections (which might
be deduced, e.g., from the reactions 7+d and 7—d) as a
function of both the invariant dilepton mass in the inter-
val M = 0.6---0.8 GeV and the energy in the interval
s1/? = stlﬁeshold --+1.9 GeV. This quantity is most sensi-
ble for a study of the p-w interference.

Finally, it should be stressed that the present inves-
tigation is completely based on the resonance model and
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therefore, is valid near threshold. At higher energy one
has to include other mechanisms like meson exchange t
channel amplitudes. Unfortunately, in this case one has to
make some assumptions on the relative phase between t
and s,u channels, which is hitherto unknown. However,
we expect that the presented isospin effect will persist in
this case too.
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Appendix A. Effective Lagrangians

The effective Lagrangians for w production within the
framework of the Riska-Brown model [18] are listed in
ref. [15]. Therefore, here we focus on p production (the
effective interaction Lagrangians needed for w production
follow from the formulas below by the substitution p — w
and omitting corresponding isospin factors, and skipping
the A and A* contributions). For completeness we also
include interactions with pions. With the notation of sub-
sect. 2.1, the relevant expressions read

N, 4 (940)N
2

m

T,pNN
T
KpNN
Ag4(1232) P33 _ 1232 g1232
T pNA = Yy |12 9% - x pNNY .
' My MA + MN
X (7.0% = g% @) p" - x| aq +hc. (A.2)
Tu 9u P x|Va, ,
N 4 (1440) Py _ 1440
7 pNN- =N [ SINNE gy, O - T — g R
s
2 RoNN*
(s = ) 'T]
XT/JN* ‘f’h.C.7 (AS)
N3 (1520) D13 _ 1520
L. oNN- =N [iﬂvs) o%m - T
v
9NN
+ sz 00" 0% pt - 7-1 P, + hec., (A.4)
P
N, - (1535)S11 _ 1]5\?,]5\[* _—
‘n',zNN* :wN - ﬂm— ot T_gpNN*’}/E)
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X (v + 0y amp_2)p“ - T| YN+ +hec., (A.5)
R RO
mpNA My MA* + MN
X (7#80‘ — 9y (7) pr - x] YA, +hec, (A.6)
A, (1620)Ss; 1620
£ﬂ,%>NA* = 7/’N[ NALy, - x
—gpaa- s (Y + 0u O *)pt - x| a + hic, (A.7)
Ny -(650)5u - N 1650
L. NN- =9Yn —Wm—vua“ﬂ-‘r—gpNNuys
X (Y + Ou 37”;2)/0" - T|YN+ + hec., (A.8)
N;_(1675)Dis  _ 1675 5
Tr,;z)NN* = wN - T;TL—Q 8 8 T
IpN K+
+ pm €N, 9,0° pt T‘| YN+ ap + hec, (A.9)
P
Nyi (1680)Fis 1680 1680
3 _ TNN* 8 pNN
£7r7;27NN* = ¢N[—Z mw Y5 0“0 w1+ —m%
X (Y + 0Oy (?mp_2)8a85p“ . 7'1 YN+ op + hoc, (A.10)
A, (1700)Dss  _ 1700
2 _ TINA* aa .
m,pNA* YN Z—mﬂ V50T X
.
+2220,,0"0%p" x| ha, + hec., (A.11)
p
N5 _(1700)Dis  _ 1700
CW,ENN* =ty |1 TN N Y T
gi7oo
+ Pnsz 00" 0% pH - T] Yne g + hoc, (A.12)
P
LT I SO X
mpNN* My MN* + MN
X (7,0% — 9 9) p* - T] YN+, +hoc.. (A.13)

We use the convention of Bjorken and Drell [26] in defini-
tions of v matrices and the spin matrix o,,. The expres-
sions, eqs. (A.1)-(A.13), are based on [18].

reactions... 227

Appendix B. Invariant amplitudes

Here we list the explicit expressions for the amplitudes
AL (N*) = APK(N*) = Agp)#(]\/*) - Aq(f)”(N*) (expres-
sions for w production follow from them in a straight-
forward way) and A*(A*) = APH(A*) = A§”>“(A*) +
AP (A% in eq. (12),

TP (—q) Alpr, My-)vs ¥Fx (s)
y x
S — mN

425 ¥ A(pr, MN*)F(p)(
u—m

) Fn (w)

, (B.1)

AH(A1232) —
B 5(q* Y — 95 @) Aap(pL, Ma)KPFA(s)
(MA —+ MN)(S — MZ —+ iFAMA)
kP Aga PRy MA)Ys (40 — 95 @) Fa(u)

. , B.2
" (Ma + My)(u— M3 +ilaMa) (B.2)

A#(N1440) _
(vt %%)A(pb M+ )ys K Fn(s)
—14
s— MZ. + il My~
4 s K A(prs M=) (v, + ]\/[,j\,p*NN]\}N @) Fn-(u)
U—Mlzv*—FZFN*MN* ’

A (N1520) —

0" 4" Aap(pr, M+ )ysk® Fy- (s)
mg(s — M%. +il'n«Mp~)

sk Aas (PR, M+ )0 47 4% Fn- (u)
m2(u — MR +il'n-Mpy-) ’

_|_

A (N1535) —

75’}’#/1(}7& Mpy-~) ¥Fn+(s)
s — M%. + il N+ My~

+7/]5/A(pR7 MN*)’Y5’Y;LFN* (’LL)

; (B.5)
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AH(N165O) _

_Z.%%A(pu My~ ) K Fn+(s)
S — M]2V* +ZFN*MN*

H’VA(PR,MN*)%%FN*(“)

(B.8)

A,u, (N1675) —

Sud PR <’YV/1aﬁ,vé(PL, Mpy+)Fn+(s)

_ Ays,a8(PRy M=)y Fin+(u)
’LL—MJQV* —‘F’LFN*MN* ’

.AH<N1680) —
KK (a5 (pn, M) 35 P (5)
mam? s—MZ. + il N My~

~ BAys,08(PR, MN+) Fn-(u)
U*Mzzv* +’LFN*MN* ’

A#(A1700) _
_U,uuquqa/loc,@(va MA*) ’75kBFA* (S)
m2(s — M. +il'a-Ma-)

775ka/1aﬁ(pR,MA*)UW(]VQBFA*(U)
m2(u — M3, +ila-Ma-) ’
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A, (N1700) —
_ququaAaﬁ(pL»MN*)’YBkBFN* (s)
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Y5k Aap (PR, MN+)0,0q" ¢° Fr+(u)
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(B.11)

AM(NN%) _
5(0% v — g5t @) Aap(pr, M+ )k? Py (s)
K Aga(pr, M)y (4%, — g5 @) Fv-(u)
(My-~ —|—MN)(U—M]2\[* + N« Mp~)

(B.12)

with pr, =p+k, pr =p—q and

K
I (k) = Yo + iﬁam K- (B.13)

For completeness, we display also expressions for prop-
agators and Rarita-Schwinger spinors. The resonance
propagators in eqs. (B.1)-(B.12) are defined by the con-
ventional method [27] assuming the validity of the spectral
decomposition

uee)= [P
N* = [—
(2m)3\/2E,
x [ap, - ()e P 40 v (p)et ] . (B.14)

The finite decay width 'y~ is introduced into the propa-
gator denominators by substituting My+ — My~ —5In+.
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Therefore, the operators A...(p, M) are defined as

T

A(p, M):%Z ( (1—&-2—2) u"(p, Ep) ® @ (p, Fo)

—(1—2—0) o' (~p. Fo) @ff(—p,Eo)) —y/+ M, (B.15)

Aaﬁ(p7 M) = %Z ( (1 + %Z) u;(p7E0) ®Z;[g(vaO)

T

- (1 - Zw_oo> ng(_pv EO) ® Vé(_pwEO))a (B]'G)

1 _
AapAs(p, M) = 3 Z <<1+Z—Z) 0p(Ps Eo) @ Uy s(p, Eo)

r

_<1_§_?)) gcﬁ(_vaO) ®V'7y‘5(_paEO)>7 (B17)

where Fg = y/p? + M2, and the Rarita-Schwinger spinors
read
Ui (p) = Z 1/\l s §r X (p)u®(p) (B.18)
: A,s 2 2 : 7
i 13
AN st
3 ! 5 A A s
X iﬂ)\ o7 ea(p)eg (P)u’(p). (B.19)

The spinors v and V are related to u and U as v(p) =
iv2 u*(p) and V(p) = iy U*(p), respectively. In our cal-
culations we use energy-dependent total resonance decay
widths I'yv~. However, taking into account that the effect
of a finite width is quite different for s and u channels,
because of the evident relation |u| + MZ. > |s — M%.],
we use I'y~ = I'y. for the u channels and

k

2J
Iy =TIy |1 — B%. + BY. <k—> ] (B.20)
0

for the s channels, where I'}. is the total on-shell res-
onance decay width and BJ. stands for the branching
ratio of the N* — N7 decay channel taken from [20]; k,
is the pion momentum at the resonance position, .e. at
/8 = My, and the factor (k/ko)?’ comes from a direct
calculation of the N* — Nx decay width using the effec-
tive Lagrangians of eqs. (A.3)-(A.13), where we keep the
leading term proportional to k2.
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