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Quasi-two-body peripheral reactions at a
few GeV, involving the production of one or
more unstable particles or resonances, are
discussed in terms of the one-meson-exchange
model, modified to include the absorptive
effects of competing processes. The specific
formalism, patterned after the original work
of Sopkovich [1], has been described in detail
elsewhere [3]. The spins of the particles are
included in a consistent manner, enabling
us to discuss the decay correlations of the
resonances as well as the production angular
distributions. In Ref. [2] application ol the
model was made to the reaction n”p — @7p at
4 GeV/c incident momentum. The theoretical
production cross section was found to be in good
agreement with the data [3], in both angular
dependence and in absolute value. In the pre-
sent paper the model is applied to the g-pro-
duction reaction at other energies and to the
K*p— K*p and K*p— K°N* reactions at
3 GeV/e [4].

1. ¢-PRODUCTION

The cross section and decay correlations
for the reaction n*p — o*p hasbeen calculated
as a function of incident momentum from
1.6 to 4 GeV/c assuming one pion exchange
as the mechanism. The absorptive effects
are deduced from the elastic m*p scattering
data at each energy. Since the coupling con-
stants are known (gpax /4 = 2.0 for T, =
= 100 MeV, G?ppn°/4n = 14.5) there are
no adjustable parameters in the calculation.
The calculated angular distributions of pro-
duction are in generally good agreement with
available data. The comparison at 4 GeV/c
for m~ is given in Ref. [2]. The data at 1.59
GeV/c [5] for i~ are compared with the theory
in the top half of Fig. 1. Similar agreement
occurs at other energies.

The total cross section for e-production
is shown as a function of incident momentum
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in the bottom half of Fig. 1. The difference
between the theoretical curves for n* and n-
is due to the differences in the n*p and np
elastic diffraction scattering (which determines
the absorption). This difference is largest in
the neighbourhood of 2 GeV/c. The agreement
between theory and experiment cannot be said
to be excellent, but the general energy dependen-
ce seems roughly the same and the m* cross
sections appear to be larger than the m~ cross
sections, as expected theoretically. Two remarks
can be made. Firstly, the theoretical descrip-
tion breaks down at low energies where not
a large number of partial waves are involved
and the outgoing center-of-mass momentum
is much different from the incoming momentum.
The theoretical curves are beginning to become
unreliable below 2.0 GeV/c . Secondly, the
experimental problems involved in determining
an absolute cross section for production of a reso-
nance (usually sittingon top of a sizable back-
ground) are not trivial. Theorists may therefore
double, at least in their minds eye, the errors
on the points when looking at Fig. 1.

The decay correlation data can be expressed
in terms of the elements Qgg, 01,-1 and Regy, of
the o-meson’s spin density matrix [10]. The
simple one-pion-exchange model gives ¢ = 1,
01,-1 = 0 = Regyy. With absorption the theo-
retical values depart from these simple predi-
ctions, especially at large production angles,
as shown at 4 GeV/c in Fig. 5 of Ref. [2].
The experimental average values for 4 GeV/c
nt from Ref. [8] are {(gp) = 0.70 = 0.08,
(01,-1) = 0.17 £ 0.14, (Repy) = —0.074 =+
+0.070, in reasonable agreement with the theore-
tical members 0.65, 0.06 and —0.18, respe-
ctively.

2. K* PRODUCTION AT 3 GeV/c

The CERN data [4] on decay correlations
of the K* produced in the reaction K+*p—
— K°n + p indicate predominantly vectors



02 Fig. 1. o-production. T op: Comparison of the
1.59 Gel/c theoretical and experimental distributions for a7p - @
TN —— o N at 1.59 GeV/c. The smooth curve is theoretical and
has arbitrary normalization. The solid histogram
represents the data on ®™p — p”p; the dashed histo-
gram is one half of the cross section for a~p — @',
The data are from Fig. 19 of Ref. [5]. Bott o m:
Total cross section for the reaction @ p — o p as
a function of incident momentum. The theoretical
curves are actually the cross section for production
into centre of-mass angles with 1.0 < cos 8 0.7,
representing the bulk of the cross section and certainly
its peripheral part. The lowest three m* points are
from Ref. [6]. The =™ values at 2.34—2.90 GeV/c are
from Ref. [7]; the n* point without errors at 4 GeV/c
is from Ref. [8]. The n~ cross sections are from Ref.
[5] (1.59 GeV/c), Ref. [9] (2.756 GeV/c), and Ref.
[3] (4 GeV/c).
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meson exchange when interpreted in terms
et of the simple peripheral model [11]. The
7{,/‘\ \ e angular distribution of production and decay
20 / o correlations have been calculated with the
[\ oft" present model using the elastic diffraction

scattering data [12] to infer the absorption.

A mixture of pion exchange and vector meson

I exchange has been taken. Purely vector meson

exchange gives much too broad an angular

distribution, although good agreement is of

10 course found for the decay correlations.. The

} \ relative amounts of pion and vector meson

(0 or ®) exchange, their relative sign, and the

. ] ratio of tensor 'to vector couplings in the vector

t . meson exchange, were varied in an attempt

{ ‘ J to fit the absolute cross section, its angular
4

&, mb

dependence and the decay correlations. The
0 1 2 J y pion exchange diagram is fixed in absolute
Pine6eV/e magnitude by the K * width of 45 MeV and
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Fig. 2. K* production in K¥p — Kt*p at 3 GeV/ec.
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Fig. 3. N* production in K*p — K%™p at 3 GeV/e.
T o p: Angular distribution of production. The theo-
retical curve is normalized to the data at the peak.
Bottom: N* density matrix elements relative to
the normal to the production plane. The dashed cur-
ves is that of the g-exchange model of Ref. [11]. The
solid curves are for the same model, with absorptive
effects. The Stodolsky — Sakurai model [13] gives
044 = 0.5, 03~y = 0 at all angles.

the known nNV coupling constant; this provides
a severe restriction on the allowable variations
in the vector meson exchange amplitude. A pos-
sible fit is shown in Fig. 2, where the theore-
tical angular distribution is compared with
the data [4] and the elements of the K* density
matrix are shown. The coupling constants are

PKHOK*An=0.75,  Gppno/dn = 14.5,

G ., P
i X am T
where the notation is that of Ref. [11]. The
relative sign of the two amplitudes is such
that they interfere destructively in the forward
direction.
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Fig. 4. The canonical density matrix elements for N*

in the same reaction as Fig. 3. The solid and dashed

curves have the same meaning as in Fig. 3. The Sto-

dolsky — Sakurai model gives Q33 = 0.375, Q3,-4 =
= 0216, 03,4 = 0.

The angular distributions are qualitatively
similar, although the experimental one seems
more sharply peaked than the theoretical one.
The density matrix elements reflect the mixtu-
re of pion and vector exchanges; for example,
Qoo has a sizable value at zero angle where pion
exchange is most important and fall towards
zero at large angles, as is appropriate for vector
exchange. Preliminary analysis of the CERN
data as a function of angle gives experimental
density matrix elements which show the same
trends as in Fig. 2. The average values,
(Qoo) = 0.07 == 0.06, (@i, 1) = 0.32 == 0.06,
(Regig) = —0.10 4 0.05, already published
[4], are in reasonable accord with the theore-
tical averages of 0.13, 0.31 and —0.07, res-
pectively.



3. N*-PRODUCTION IN K*p AT 3GeV/c

Figures 3 and 4 show the theoretical results
calculated with our model for the reaction
K*p— K°N* at 3 GeV/c, assuming the
mechanism is the g-exchange model of Stodol-
sky and Sakurai [13]. Figure 3 gives a compa-
rison of the theoretical and experimental angu-
lar distributions and the theoretical N* density
matrix with respect to the normal to the pro-
duction plane as z-axis. In the angular distri-
bution there is evidence that the data are
more peripheral than expected from the theory.
The experimental decay correlations [4] rela-
tive to the normal give () = 0.45 40,06,
in good agreement with the theoretical results
in Fig. 3.

The density matrix elements shown in Fig. 4
are those with respect to the incident nucleon
‘as z-axis, as seen in the N* rest frame. The
experimental average values [4] are (g33) =
= 0.28 & 0.6, (Re 03-4) =0.21 =+ 0.05,
(Regs,;) = —0.04 4= 0.05, as compared with
the theoretical averages of 0.27, 0,21 and —0.10,
respectively.

4. REMARKS

The comparison of theory and experiment
on N — oN, KN — K*N, and KN — KN*
reactions in the few GeV/c range presented
here shows that the peripheral model, modified
to include absorptive effects due to competing
processes, can give a reasonable account of
the absolute value of the cross sections, the
angular distributions of production, and the
decay correlations. The absorption of the low
partial waves provides a collimation which
accounts well for the momentum transfer
dependence previously attributed to ad hoc
form factors, without destroying beyond recog-
nition the angular correlations of the meson
exchange model.

The model works least well (as far as the
angular distributions of production are concer-
ned) in reactions involving N* production.
This is shown in Fig. 3, where the theoretical
distribution for K*p — K°N* at 3 GeV/c is
seen to be broader than experiment, and also

occurs for the analogous reaction n*p — n°N*
at 4 GeV/c [14] (not shown here), and in the
K*p— K*N* at 3 GeV/c [4] (not shown here).
It appears, that it is necessary to include the
N* spin in an explicit manner in evaluating
the absorptive effects and(or) to be more rea-
listic in treating the N* as a broad resonance,
rather than a slightly unstable particle.

REFERENCES

1.Sopkovich N. J. Nuovo cimento, 26, 186
(1962). Recent applications have been made
by Durand L.and ChiuY. T. Phys. Rev.
Lett., 12, 399 (1964) and Ross M. H.,,Shaw
G. L. Phys. Rev. Lett., 12, 627 (1964). A somew-
hat oversimplified version has been discussed
by Dar A. et al.,, Phys. Rev. Lett., 12, 82
(1964) and Dar A, Tobocman W. Phys,
Rev. Lett., 12, 511 (1964).

2. Gottiried K.and Jackson J.D. Nuovo
cimento (in press); GERN, Preprint TH 428
(21 May, 1964).

3. Aachen — Birmingham — Bonn — Hamburg —
London — Miinchen collaboration. Nuovo cimen-
to, 31, 729 (1964).

4. Lynch G.R.etal. Phys. Lett., 4, 359 (1964);
Ferro—Luzzi M. et al. Proc. 1963
Sienna International Conference on Elementary
Particles, Vol. 1, p. 189 (Sept. 30 — Oct. 5,
1963); and private communication.

5. Saclay—Orsay — Bari — Bologna collabora-
tion. Nuovo cimento, 29, 513 (1963).

6. Foelsche H.etal Proc. 1962 CERN Inter-
national Conference on High Energy Physics,
Geneva, 1962, p. 36.

7. A1ff C. et al. Phys. Rev. Lett., 9, 322 (1962).

8. Aachen — Berlin — Birmingham — Bonn —
Hamburg — London — Miinchen collaboration.
Paper submitted to this conference.

9. Saclay — Orsay — Bari — Bologna collabora-
tion. Preprint, April, 1964.

10. Gottfried K. and Jackson J. D.
Nuovo cimento (in press). CERN, Preprint
TH 397 (15 January, 1964).

11. Jackson J. D.and Pilkuhn H. Nuovo
cimento (in press). CERN, Preprint TH 409
(4 March, 1964).

12. Debaisieux J. et al. Paper submitted to
this conference.

13. Stodolsky L. and Sakurai J. J.
Phys. Rev. Lett., 11,90 (1963); Stodolsky L.
Ph)}rs. Rev., 134, B1099 (1964); see also Ref.
[11].

14. Aachen — Berlin — Birmingham — Bonn —
Hamburg — London — Miinchen collaboration.

Phys. Lett., 10, 229 (1964).

319



