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The spin and parity content of the double Regge amplitude for the reaction K*p —
- K*°7tp at 7.3 GeV/c of Chien et al. is determined in the Q region. Only at the lower end
of the @ band does the § wave dominate, so giving J¥ = 1*; at the upper end of the Q band
many partial waves contribute with comparable strength. In the region where the S wave
dominates the amplitude is predominantly real. Therefore, no resonance interpretation via
duality is possible.

1. Introduction

In the three-meson systems (nm)n and (Km)7 prominent enhancements with widths
of several hundred MeV have been found experimentally. Their centres lie about 200 to
300 MeV above the threshold of the quasi-two body systems pm, fr,K*g907 and Kp and
K*, 4507 These enhancements are commonly interpreted as being related to the resonances
A,(1080), 43(1640), Q(1300) and L(1775), respectively. It is clear that any dynamic mod-
el which restricts the transverse momenta of the final particles to small values — as
is observed in nature — will lead to threshold enhancements. Attempts have been made
with double peripheral models with particle [i, 2] or Regge exchanges [3, 4] and also reso-
nance models [5].These models reproduce the general trend of the data, but often differ
in detailed data description (compare, e. g. [5]). For a long time the diffractive scattering
at the proton-proton vertex in a Deck-like diagram was believed to be most important for
the threshold enhancement. However, threshold enhancements are also obtained in pro-
cesses where diffraction dissociation is forbidden [3, 6]. A nice example of this is the
production of I = 2 meson systems, as in the reaction 7~ n — (n~ ¢7)p, via a (n, p) and
a (p, o) double Regge exchange graph {[7]. Here, the peripheral threshold enhancement
strongly decreases with increasing lab. momentum.

It is very probable that on top of the peripheral threshold enhancement more
structure with smaller width is present (see, e. g., [8]). For example, in the Q region at
~ 1270 MeV a strange analogue of the 4, and at 1390 MeV a strange analogue of the B
meson are observed in some experiments [8, 9]; some data, however, do not show any split-
ting in the @ bump [10]. The resonances 4, and Q are also claimed to exist in non-diffractive
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experiments, such as in backward production [11]and pp annihilation [12]. This evidence,
however, is not completely convincing [20]. Experimentally, these resonances have un-
natural parity, the assignment J* = 1+ being favoured (with the possible exception of the
L resonance, which favours J¥ = 2-). According to the concept of duality, the threshold
enhancement obtained in the double Regge model is a prediction for resonances [13].
In this context spin and parity of the threshold enhancement from the model calculation
are of interest. In the double Regge model descriptions reported so far, such as for 4, — o=,
the threshold bump decays vig an S wave [14], thus reproducing the experimentally ob-
served J¥ = 1+ assignment of the A, resonance, in agreement with duality. Because the S
wave also dominates a possible 4; — en decay [15, 6], this decay does not include the 4,
state vig duality [15]. In other models, such as the five point Veneziano model applied
in [16] to the reaction K—p — p(K~n+n~) containing the Q region, and the resonance model
[5], the experimentally observed dominating spin parity and orbital angular momentum
of the decay is included right at the beginning.

We have analysed the amplitude which reproduces various aspects of the data of the
reaction K=p —» K*goonp at 7.3 GeV [17] for its spin and parity content in the region of
small K*goom invariant mass. We work in the helicity formalism and take the spin of the
K*gq0 fully into account.

Our result is: Only at the lower end of the Q band the S wave dominates, thus giving
the expected J® = 1+ for the threshold enhancement. Similarly as in the mo low-energy
region [14, 18, 15] the Argand diagram does not show any rapid variation in the Q re-
gion and therefore does not give support for local duality. At the upper end of the Q band
many partial waves contribute with about equal strength, so not permitting the resonance
interpretation.

2. Double Regge amplitude for Ktp — K*°n*p and partial wave analysis

For the Ktp — K*° nip reaction at 7.3 GeV/c which was selected by a mass cut
from the data on K*p — K+¥n—ntp Chien ez al. [17] have obtained a good fit to the data
when considering solely the Reggeized version of the Deck graph (Fig. 1). They neglected
the strangeness exchange graph where K* emerges as middle particle. For fitting the am-
plitude the following distributions were taken into account:

the invariant mass of m(K*° n*), m(ztp) and m(K*° p),

the momentum transfers #(K+* — K*), ((p — p) and t(K* — =nt),

the CM production angle Oka.,

the Treiman-Yang angle @g., and

the Toller angle w.

The amplitude of Chien ef al. [17] is (for the notation sce Fig. 1)
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with o, = o, (t; —m2); a, = 1.2 GeV~2. The following cuts were used: s, > 2.25 GeV?,
0.02 < |t,] < 1.0GeV?, and {¢,| < 1 GeV2. No explicit functional dependence on the Toller
angle o is included in f3!. Here, pion exchange gives a reasonable description even for
a quite large momentum transfer |¢,]. It populates (mainly) states with A} = A = 0,
where Ags is the helicity of K in the #; channel CMS. Therefore, the amplitude (1) is
denoted f 511’1‘5 - o, it is a function of the subenergies s, and s,, and the momentum transfers
t; and t,. The helicity amplitude Fjﬁ us, i1, iy, 4z in the CMS of the s, channel (that is,
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Fig. 1. Reggeized Deck graph which was solely taken into account for the analysis of the Q region. This
graph also explains the notation used in the text

the CMS of the outgoing ((K*n)-system) is obtained when crossing particle 1(K*)
and transforming the helicities of the incoming particle a (K*) and the outgoing parti-
cle 2 (n) to the s, channel CMS, the undashed helicities referring to the s, channel CMS.
The helicities of the baryons are defined in the CMS of the ¢, channel. We essentially
average over the baryon helicities and therefore do not keep the labels of the baryon
helicities further,

F;%FJAI = Fi‘x -

For 2, = A, = 0 we have [i8]
FR(s1, 82, ty, 1) = AZ di:z';(h)f;t.}f(su S2, by, t3) (2
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so populating 4, = 0, +1 in the s, channel CMS; J; is the spin of particle 1(K*). The
crossing angle in (2) is given by
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and A(x, y, z) is the triangle function.
We obtain helicity partial waves with definite angular momentum J and parity P
from Wigner projections in the Jackson frame [18, 19], where 9 is the Jackson angle and

@ is the Treiman Yang angle. Collecting the contributions to a definite normality N =
= (=1)’P = +1 for fixed total angular momentum J and its projection M along the
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momentum of the beam particle a, we have for the helicity partial waves (4, = 4, = 0)
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Here, A, > 0and N, = n, "By = Ng«, = — 1 (n; is the normality of particle i). If 1, = 0,
only states with N = —1 remain and for correct normalization an extra factor 1/ V2
is needed. The angles 3 and ¢ can be expressed in terms of the invariants [18], and the §
and @ integrations in (4) can be transformed to ¢, and s, integrations. Integrating over the
interval (5)min < S2 < (82)max corresponds to integrating over 0 < ¢ < 7 only. Using the
independence of the amplitude (1) on the Toller angle w and, therefore, also on the Treiman
Yang angle ¢, the helicity partial wave is.
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The Jacobian is [18]
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where 4, is the Gram determinant formed from the momenta of particles a, b, 1 and 3.
Partial waves A7Y(s, 5, t;) with deﬁmte orbital angular momentum L are formed from
helicity partial wave amplitudes a3 N (s, 55, 13) by [19]
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3. Results and discussions

Figure 2 shows the two-fold differential cross-section §2Njds0t, (in arbitrary units)
together with the most prominent partial wave cross-sections. These differential cross-
-sections are given for the parameters 1, = —0.1 and —0.3 GeV? At ng., = 1050 MeV,
that is just above the K*n threshold, the Deck peak is to 80%, an S wave, so that JP =1+
at both ¢, values studied.



At my., = 1240 MeV, the lower end of the Q region, J* = 1+ contributes stiil about
609, at mg., = 1400 MeV the J¥ = 1*S wave only contributes ~30 to 409 where the
larger |t,] value favours higher partial waves.

Another important partial wave is A7" = A2°, which increases inside the Q mass
interval from 5to 10% at £, = —0.1 GeV? and from 10 to 189 at 1, = —0.3 GeV2
The contribution of the 42! amplitude decreases from ~6 to ~29% with increasing mg.,
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Fig. 2. Differential cross-section 0* N/ds; 8¢, of the reaction K*p — K*°n*p at £, = —0.1 and —0.3 GeV?

and the contributions to the cross-section from the most important partial waves

within the @ band. Partial waves with J > 2 contribute 20%, (35%,) at the lower (upper)
end of the Q mass interval at 7, = —0.1 GeV? and 18% (30%) at r, = —0.3 GeV?2.
Inside the Q band, especially towards high invariant (K*=) masses, no single partial wave
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Fig. 3. Argand plot for the S wave at 7, = 0.1 GeV?



dominates; therefore, a resonance interpretation is not appropriate. We still show in Fig-
ure 3 the Argand diagram of the S wave: At the lower end of the { band, where the S
wave is important, the phase of the amplitude stays almost constant; only at the upper
end of the Q bump, where the S wave contributes only 1/3 to the cross-section, a rapid
variation is seen; this however is probably due to the cut-offin ¢, applied, |7,]| < 0.97 GeV2.

Our conclusions are:

— The Deck enhancement is the result of the strong limitations of the momentum
transfers ¢, and ¢, due to double peripherality.

— Deck-type amplitudes lead to strong S waves in two-particle subsystems up to
200 MeV above threshold, quite irrespective of spin and parity of the decay products of
the Deck enhancement. For a particle system containing a vector and a pseudoscalar

particle this gives spin and parity 1%, in agreement with the observed resonances in the
Deck region.

— At the mass of the 1390 (K*n) resonance for which experimentally J¥ = 1* is
favoured, as is the case for the (K*x) resonance at 1270 MeV, the double peripheral am-
plitude does not give J¥ = 1+, Hence, it does not contain this resonance dually.
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