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Meson model forfy(980) production in peripheral pion-nucleon reactions
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The Jilich model for 7o scattering, based on an effective meson-meson Lagrangian, is applied to the
analysis of theSwave production amplitudes derived from the BNL E852 experimenp— 7°x’n for a
pion momentum of 18.3 GeV and the GAMS experiments performed at 38 GeV and 100 GeV. The unexpected
strong dependence of ttf&wave partial wave amplitude on the momentum transfer between the proton and
neutron in the vicinity of thef ((980) resonance is explained in our analysis as an interference effect between
the resonance and the nonresonant background.
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Meson spectroscopy in the scalar-isoscalar channel hasteraction between the produced mesons. In a peripheral
received increasing interest motivated by the search for norsharge-exchange reaction, only isovector mesons have to be
qq mesons, such as gluebalts]. The large number of ex- considered. Thep-meson cannot contribute because ®f
perimentally observed 0" resonances suggests that some ofParity. This leaves the pion and tgafil—meson as the only
those resonances may have a more complicated structuf@levant mesons with parity=(—1)""" to be exchanged in

than the conventionaijq structure[2,3]. The f4(980) has thet-.chan'nel. Theaz for example cannot +contr|bute in the
) — reaction since it has quantum numbéFs=2". However the
been a candidate for a n@g meson for more than two

a,;-exchange is known to be important in peripheral
de%ade@rl?]]' lar-i I il litud 7N-reactiong 10,17).

ecently, the scalar-isosca m paf“a wave amp |t'u €S The final state interaction of the produced mesons is de-
have been deduced from two pion interaction obtained vig . ipaq by an improved version of the'lidh meson-

the dcharge—exchange reacftifgfspg @Ogonhmtlazass%recd I];OL exchange moddl6,18]. This means we use the Blankenbe-
Incident pion momentum of 18.3 GeV by the E852 Collabo-¢, Sugar scattering equatiph9] to generate our pion pion
ration at the Brookhaven National Laboratddd]. In the T-matrix.

vicinity of the invariant two-pion mass,,.=980 MeV, a
peculiar behavior of theSwave amplitude has been ob- .. .. . ..
served. Such an effect has also previously been reported by Tij(K',k;E)=V;;(K",k;E)+ >, f d*k"V; (k" K" E)
the GAMS Collaboration for a beam momentum of 38 GeV !
[12]. While for small momentum transfers between the pro- " Nt
ton and the neutron-{t<0.1 Ge\f) the scalar amplitudes XGKE) Ty (KVKGE).
show a dip around 1 GeV, a sharp peak is seen at the same. ok andKk’
energy for large momentum transfers {>0.4 Ge\f).

This observation has been interpreted as evidence for @ 50000 o

hard component in th&y(980) which would make the inter- i Cox ' "o ' v
pretation of this scalar meson ak& molecule unconvinc- [ K« Ew:
ing [13-14. Here we want to show that the strong depen- gt -, g N

dence of thef,(980) production on the momentum transfer 10000 3
between the proton and the neutron is not in contradiction

with a strongKK contribution to thef,(980). Actually we
will show in the following that thist dependence is due to 1000 g br = 10.0 Gev—2
the interference between the resonance structure and the no i bo, = 5.0 Gev~2
resonant background and does not depend on the detaile [
structure of thef;(980). 100 L L L L

For ultrarelativistic beam momenta in the present kine- 0 0.2 0.4 0.6 0.8 1
matical regime the reactiom™ p— #°#°n is a peripheral —t in Gev?

one. This implies a relatively simple reaction mechanism G 1. Then®#° production events as a function of the square
which suppresses especially the excitation of nucleon resq-f the momentum transfer between proton and neutron. These data
nances. The relevant Feynman diagrams are displayed #te used to determine the slope factdrs Solid line: meson-
Fig. 1. In a peripheral reaction one assumes that the incomexchange model including final state interactions between the pro-
ing pion interacts with the meson cloud of the proton onlyduced mesongsee Feynman diagrams of the insetrosses: the
once. On the other hand one fully considers the final statBNL-E852 datg11].

are the momenta of the initial and final par-

ents

Ev
0.0126 GeV'
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ticles in the center of mass frame a&ds the total energy of
the system. The propagat@rhas been constructed in a way
that ensures unitarity for th&matrix and is given by

w1(K) + w(K) 1
(2m)%2w1(K)0o(K) E?~[w1(K) + wp(K)]?

G|(k;E)=

with wq,(K) = Vk?+m2,,. FurthermoreV is calculated in the
one boson exchange approximation includirsg and

t-channel graphs. The subscripts to the transition matrix
the propagatoiG and the potentiaV indicate the coupled

channels used in our analysis. They are the and theK K
channel as well as the newly adde@, reaction channels.

When adding the latter we used the Wess-Zumino Lagrang:

ian [20] for the a;p-coupling.
We also investigated whether oiK-molecule was arti-
ficially generated by the independent choice ®f and

t-channel form factors. Correlating the form factors by dis-

persion relations we found no hint in this direction. In the
original model, only one scalar mesdi(1400) was in-
cluded. Now we consider both thé,(1370) and the
fo(1500) mesons as-channel diagrams. The couplings of
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FIG. 2. The contribution of th&wave to the total cross section
is shown as a function of the invariant two-pion mass_. Solid
line: the meson-exchange model; dotted line: contribution generated
by pion exchange at the proton-neutron vertex; dashed line: contri-
bution generated by, exchange at the proton-neutron vertex. In
the upper part, th&wave contributions to the cross section from
[11] averaged for 0.0& —t<0.1 Ge\? are shown as a function of
the invariant two pion mass, while in the lower part the correspond-

these mesons to the three reaction channels considered weiig data averaged for 0<d—t<1.5 Ge\? are shown. The data are
adjusted to reproduce the two-pion decays of the resonancestaled according to the limits given [&21].

We found gf0(1370)K§=0.551, gf0(1370),,a1=0.268, and
9, (1500)m = 91 o(1500K K = 0.188. These are effective cou-

plings which also simulate the influence ofrddecay chan-
nels. This is a minimal extension of the originalida model
which allows to discuss the structure of thg980), which

is our main point of interest. To analyze the decay structur
of the f4(1370) and thef,(1500) mesons, the inclusion of
47 decays would be required, howeV&]. The == phase

shifts obtained in the new model are very similar to the oned"

of Ref. [6].

In Fig. 2, theS'wave contribution to the total cross section
is shown as a function of the invariant two-pion mass. In the
upper part, the data integrated over the momentum range
0.01<—t<0.1 Ge\¥ show a broad strength distribution
rom threshold to about 1.5 GeV, interrupted by a dip near
80 MeV. Our microscopic meson-theoretical model is able
to reproduce this behavior nearly quantitatively. The model

includes thewrm, KK, and mra,; reaction channels, but no
coupling to thepp-channel. For the small momentum trans-

Given the large beam momentum, we describe the initiafers displayed in the upper part of Fig. 2, the contribution
7- and a;-meson exchanges by the corresponding ReggéUe to the exchange of a pion in the initiathannel is domi-
trajectories. In ultrarelativistic two-pion production reac- Nant. For invariant masses,,, ranging from threshold to
tions, the cross sections decrease exponentially with the m@Rout 1 GeV, the experimentalr phase shifts in th&wave

mentum transfet. In the partial wave analysis of the data,
one therefore attaches a slope faabrt ™). The analysis
of the BNL data required the introduction of two different
slope factors. We interpret the two slope factors as effectiv
form factors of thepnw- and thepna;-vertices. Choosing
b,=10.0 GeV ? and b, =5.0 GeV ?, the model can re-

produce the experimental slope up tot=2 Ge\?, see
Fig. 1. The fullt-dependence is given by

Po —t
=An 2,2
(S’I‘nﬂ"rrat (t_mﬂ_)

-

+A (1+C) %P | Ty rr(Myr D% (D)

Please note thak andAe11 are not constant and that adding

rise almost linearly to about 100°. The corresponding partial
wave amplitude therefore becomes negative in the vicinity of
m_..=980 MeV. This implies a destructive interference with

éhe amplitude which describes ttig(980) meson and gen-

erates the dip seen in the data. At even higher energies the
fo(1500) shows a similar behavior. At larger momentum
transfers, the broad bump has disappeared in the data and
one observes a narrow peak around 1 GeV. In that momen-
tum regime(lower part of Fig. 2 the contribution due to the
pion in the initial t-channel is negligibly small within our
meson exchange model and thegexchange gives the domi-
nating contribution(This can be traced back to the different
slope factor9.Due to the spin structure, interference effects
betweena;- and mr-exchange can be neglected since the
a;-emission mainly conserves the helicity of the nucleon
whereas ther-emission dominantly flips the nucleon helic-

the absolute values squared is to account for the helicitjty. But since the resonant contribution is now in phase with

structure as will be explained later. Furtherm@rshould be
considered a free parameter as explainefilli where our
value of C=—4.4 Ge\f was taken from.

the nonresonant background we observe the opposite behav-
ior compared to the upper part: tfig{980) resonance shows
as a peak.
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FIG. 3. The contribution of th&&wave to the totakra cross FIG. 4. The upper kinematic limit of is plotted against the
section is shown as a function of the invariant two-pion mags. invariant mass of the two pion system,_. for four different beam

The transition potentials which couple to th€K-channel via energies corresponding to GAMS 100 GeV, GAMS 38 GeV, BNL
meson-exchanges in thehannel are multiplied by a scaling factor, 18.3 GeV and KEK 12 GeV. For comparison also the upper and
long-dashed\ =0.0, dottedA =0.75, dash-dottedk =0.88, solid:  lower limit applied in the experimental low momentum transfer cut
A=1.0. The data shown are taken from the BNL E852 Experimentare shown.

[11]. The upper and lower part refer to small and large momentum

transfers, as in Fig. 2. . . . .
g analysis ofrN— 77N scattering data e.g22], is essential

In contrast to an empirical analysis which assumes ao the low energy part of the high momentum transfer case.
smooth background to which parametrized resonances are One should further notice that a cross check with data
added[10,15, the present approach derives the backgroundrom other experiments with differerttbinning and beam
in a consistent way within our model. This is essential forenergy is of course interesting but can only contribute lim-
interference effects. To illustrate this point, we performed &ted information in our case. To arrive at this conclusion let
series of calculations in which thgtransition potentials cony,s have a look at the influence of the beam energy on the
necting themm channel and th&K channel viat-channel  production. Firstly the beam energy enters as a factor of
meson exchanges were multiplied by a scaling fadtor 1/q2 . s, which cannot be observed by us, since the data
which we changed from 0 to 1. Thechannel meson ex- are not normalized. Secondly it enters by limiting the range
changes within theKK channel were scaled by the same of thet-integration. This is shown in Fig. 4 for several beam
factor. Forn=0, the 7 andKK channel can interact only energies together with the cut (00%+t<0.2) applied to
via s-channel diagrams. The corresponding contributions téhe momentum transfer in the analysis. One observes that for
the Swave total cross sections are shown in Fig. 3. the beam energies for which experimental data are available,

For small momentum transfetsbetween the proton and the limits ont are essentially determined by the analysis and
the neutronupper part of Fig.  one finds a broad strength not by kinematics if one looks at invariant two pion masses
distribution extending up to 1500 MeV, if titechannel cou-  below ~1800 MeV. This is strictly true for the data under
pling to theKK channel is switched off(=0). Allowing a conS|derat|on_ here since we do not consider the_ 12 GeV

KEK data which are only available as an extrapolation to the

small coupling to th&(K channel § =0.75), the cross sec- pion pole. This means that below an invariant two pion mass

tion decreases in the energy region between 1000 MeV an ) ; ”
the onset of thd,(1370) resonance at about 1250 MeV. As §|f| ls?:g(l)inl\gev the data sets should be identical up to an over

the scaling strength is further increased, a dip develops The invariant mass range to which our model is appli-

nearm,, =980 MeV. For large momentum tran;fetrsbe- cable extends up to at most 1.5 GeV. This means that the sets
tween 'the prot.o.n 'and the neutrgower part of Fig. 3, a of data stemming from different beam energies should be
bump in the vicinity ofm,,, =980 MeV appears when the jjantica) in our invariant mass region of interest. Thus we
coupling to theKK channel is switched on. compare the two sets of GAMS data at 38 GeV and at 100

Nearm, =500 MeV, a calculation without coupling to GeV and the 18.3 GeV BNL data as is shown in Fig. 5. The
the KK channel overestimates the data. With increasing coudpper panel shows the BNL daffled circles together with
pling strength\ the shape of the experimental strength dis-the GAMS data at 100 Ge\trossesand at 38 GeMopen
tribution and the relative size of the bumps centered asquarep for the low momentum transfer case 0<0%tt
m,,=500 MeV andm_,=980 MeV are reproduced. It is <0.20 Ge\f. We see that the data sets and our calculations
important to realize that this feature emerges in a natural wagre up to scaling in good agreement. Only the GAMS 38
from a model for themrw phase shifts when proper Regge GeV data deviate in shape from the other two data sets in the
production amplitudes are used. Here for example thénvariant two pion mass region 0.8—1.0 GeV and above 1.2
(1+tC)? part of Eq. (1), which already appears in early GeV.
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F_IG' _5' The contributior_l of thé}vyave _to the tOt‘f"h” cross FIG. 6. The contribution of th&wave to the total cross section
section is shown as a function of the invariant two-pion mmags . is shown as a function of the invariant two-pion mass, . Both

The upper panel shows our prediction for 0:03t<0.20 GeV¥ panels show the BNL datdcircle) [11] and the GAMS data
together with experimental data from different beam energles(square}s[lz]. The GAMS data have been derived as the difference
C_rosse.s: 100 GeV GAMS$23], squares: 38 GeV GAM$12], of two data sets and errors have been scaled down by a factor of
circles: 18.3 GeV BNL[ll]', The Iowgr pangl compares ,tW(,) four to guide the eye. The curves show the results of our calculation
t-ranges and our corresponding predictions: Circles and solid l'ne(solid line) and of a model with thé,(1370) coupling taken from

0.3<—t<15 GeV [11] squares _and inte_rr_upted lines: .3t the GAMS case in Fig. Sdotted ling. The upper panel shows
<1.0 GeV [12]. The dashed line is the original model, the dotted momentum transfers 03— t<0.4 Ge\? and the lower panel mo-

line shows a calculation wittiy(1370) couplings adjusted to the mentum transfers 0=2—t<0.4 GeV® (no data available from
GAMS data. GAMS).

Comparing the sets of data in the case of high momentursions on theKK contribution to thef,(980) stand firm for
transfer is not that easy since BNL only quotestanning of  both sets of data but only the parameters for the admixture of
0.4<—-t<1.5GeV? whereas GAMS quotes 03—t  thef,(1370) need to be questioned.
<1.0 Ge\?. Nevertheless a comparison might be more re- To come to the conclusion that the GAMS and BNL data
warding since looking at differettbinning means looking at  are inconsistent we looked at the highest momentum transfer
a different ratio of the two production mechanisms. To haverange where data from both GAMS and BNL are available,
at least a common upper limit we join bins for the BNL case0.3< —t<0.4 Ge\?. We show these data in the upper panel
to get a momentum transfer range of €.3t<1.5 GeV¥  of Fig. 6. The GAMS data needed to be derived from the
and plotted it together with the GAMS 6:3-t<1.0 GeV data published i112] by subtracting two sets of data. The
data and our calculations for botlranges. Having a com- resulting errors have been scaled down by a factor of four so
mon upper limit and knowing that production mainly takesthat the errors shown here roughly correspond to the spread-
place at low absolute momentum transfétls makes this ing of the data. We believe this to be a more realistic estimate
approach justifiable. This comparison is shown in the lowernf the error. Already at this momentum transfer range the two
panel of Fig. 5. The data coincide up to 1.05 GeV, at whichsets of data start to deviate in shape at about 1.05 GeV even
point they start to deviate strongly. It is tempting to assignthough they should be identical up to a scaling factor. Our
the difference to the production in the momentum transfecalculation again reproduces the BNL data whereas the
range 1.8C—t<1.5 Ge\? and to interpret this as the GAMS data are overestimated. When using the coupling pa-
fo(1370) being a very compact object which can be prorameter for thefy(1370) which has been fitted against the
duced at large momentum transfers. Our calculation shows laigh momentum data of GAM&otted lines in Figs. 5 and
different behavior: The BNL data are reasonably well de-6) instead of the parameter fitted to the BNL data a good
scribed(solid curve compared to circlesut our model pre- description is achieved, however we find that our model re-
dicts a much too strong production above 1.05 GeV in theroduces the-dependence in the data very well, both if we
case of the GAMS data. The dashed line is our prediction ifook at the BNL data only or at the GAMS data only. Of
the case of the GAMS data which are shown as squares. lcourse we cannot resolve the discrepancy between the two
the following section we will point out that the BNL and data sets.

GAMS data are inconsistent and that we are not in a position A comparison of our model to the intermedidteange is

to judge which one is correct so we also introduce a fit to theproblematic since our predictions in this case are very sensi-
GAMS data(dotted ling by just varying the coupling of the tive to the slope parameters faranda, exchange, which in
ma,-channel to thef ((1370) and thus not changing the low turn cannot be fixed to a sufficient accuracy by the fit to the
momentum transfer behavior. The good agreement of thida/dt plot. This problem arises because our predictions
second fit to the GAMS data also at other momentum transstrongly depend on the point where the production mecha-
fers (as can be seen in Fig) 8emonstrates that our conclu- nisms become equally important and this point changes rap-
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idly with the slope parameters. Fitting the data in this case ' LS
would mean stronger fine tuning of the parameters than S
would be appropriate for a microscopic model like ours. In
the lower panel of Fig. 6 we nevertheless show our results
for this momentum transfer range (8:2-t<0.4 GeVf). In
order to demonstrate that there is also a strong variation witf,
the coupling to thefy(1370) we show both the calculation §
with an f(1370) as demanded by the BNL ddslid line)

as well as the calculation with thigy(1370) which has been
fitted to the GAMS datddotted ling. Even though there are 2000~
no GAMS data available in this momentum transfer range
we can infer from the data shown in the upper panel in Fig.
6, which displays a subset of therange shown the lower O e a0
panel, that above 1.05 GeV invariant two pion mass the date mgoge in MeV

points of the GAMS experiment should be lower than the I )
BNL data. Keeping in mind which size of discrepancies has F'G: 7- The contribution of theSwave to the production
to be expected between the different experiments we cor@ P—K°K’n is shown as a function of the invariant two-kaon
clude that even for the medium momentum transfer rang@wassng. Dashed: our modgl with Qverestlmatlon due to missing
our calculation reproduces the main features of the data ag”-decays, solid: model with additionato-channel. The data

well as one might expect from a microscopic model Iikezhgm are taken fronj24] with the bin width of 50 MeV not
ours.

Finally, we compare the results of our model for the re- _ £ th . .

_ _ 0k with th blished datd24]. Th 4m-decays. A good description of the data is obtained even
action 7 p—K"K"n with the published datd24]. The  pheyond 1200 MeV where the partial wave amplitudes are
model works satisfactorily from threshold up to about 12005trongly dominated by resonances.

MeV. Beyond that energy, our model strongly overestimates \ye conclude that the llah model which predicts a strong

the production of neutral kaorislashed line in Fig. )7 This — L .
is understood when comparing our effective couplings to theKK molecule contribution in the,(980) can explain the

; . §trong dependence of tt&wave production on the momen-
decays of thefo(1370) andfo(1500) resonances as listed in tum transfer between the proton and the neutron near

[25]. We used a strong coupling to tieK to simulate de- m._.=980 MeV by an interference mechanism.
cays which in reality go to #-channels thus naturally over-

estimating the kaon production. The solid line in Fig. 7 The support of this work by the Deutsche Forschungsge-
shows a version of the model where this shortcoming haseinschaft(DFG 447AUS 113/14/Dis gratefully acknowl-
been removed by a mockro-channel to account for edged.
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