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Abstract

The data on the forward reaction K-d — Apr~ at 700 MeV/c are compared with calculations using
semi-phenomenological one-boson-exchange hyperon-nucleon potentials and KN — 7Y amplitudes
deduced from two-body data. This gives a new test of these potentials, since only the spin-triplet
potentials are involved, in contrast with all other scattering data, which depend on a spin-weighted
average of singlet and triplet contributions. However, this comparison does not yet provide an
empirical distinction between Potential 1 of Brown et al. (1970) and Potential F of Nagels ez al. (1979).
The KN — 73 and KN — nA amplitudes interfere in this reaction, so that its analysis can yield new
knowledge of them; the present work requires a phase for the KN — #A amplitude different by
about —135° from that deduced from partial-wave analyses.

1. Introduction

Little new data have become available on low-energy hyperon-nucleon cross
sections in the past decade and it has therefore been natural to turn to consider
the strangeness-exchange reactions

K™ +d - Y+N+n, ' )

Y being the generic symbol for (A,X) hyperons and N that for nucleons, since their
characteristics must also reflect properties of the YN interactions, effective in the
final state. Many groups have reported data on these reactions, both for K™ capture
from rest and for the K~ — 7~ strangeness-exchange reactions in flight. It is known
(see e.g. Toker et al. 1981) that KN multiple-scattering effects are large in the initial
K~d system for K~ capture from rest or at low energies (say, for lab momentum
Px < 200 MeV/c). We therefore confine attention here to the simpler case of inter-
mediate K~ momenta, of order 1000 MeV/c, where multiple-scattering effects
(Glauber 1959) are believed to be of secondary importance, especially for a deuterium
target.

The bulk of the data on deuterium has been obtained in bubble chamber experi-
ments, and the reaction

K-d - Apn~ )
* Dedicated to the memory of Professor S. T. Butler who died on 15 May 1982,
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has been particularly well studied by Cline ez al. (1968) at 400 MeV/e, by Braun et al.
(1977) over the range 680-840 MeV/c, by Sims e al. (1971) over the range
670-925 MeV/c, by Alexander et al. (1969) over the range 900-1100 MeV/c, and by
Eastwood et al. (1971) at 1450 and 1650 MeV/c. These data all show a sharp peak
at 2129 MeV in the Ap mass distribution, essentially coincident with the X*n
threshold mass 2128-93+0-06 MeV (note that the X% threshold mass is
2130-741+0-08 MeV). This striking phenomenon is clearly pertinent to the properties
of the YN interaction in the nonrelativistic region (say, below myn = 2200 MeV).
Indeed, because the peak stands out so well, these data are especially pertinent for
the mass range 2129 + 5 MeV, which is little known otherwise, there being no relevant
data at all just below the Z¥n threshold (or the charge-symmetric £~ p threshold)
and rather little just above this threshold, owing to the short lifetimes for X+ decay
and the difficulty of measuring the short tracks appropriate to the study of IN
interactions in hydrogen bubble chambers for momenta below about 100 MeV/ec.
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Fig. 1. Comparison of the calculated m,, distribution for the NRS-F YN
potential (Nagels ef al. 1979) and the 700 MeV/c Gopal amplitudes (with added
phase ¢ = 135°), for cos bk, = 0-9, with the experimental data of Braun ez al.
(1977) (see text).

In the near future, we can look forward to new data on these reactions (1), from
counter experiments giving good energy resolution and high statistics, and we expect
that these will be very informative concerning the AN and IN systems in their
threshold mass regions. One such experiment has already been reported (May et al.
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1982), aimed specifically at the question of 7 = 3 N bound states*, and another
is in preparation (E. V. Hungerford and H. Piekarz, personal communication 1982).

In the present paper, we shall focus attention on the experiment on reaction (2)
by Braun et al. (1977) at 700 MeV/c, which is especially favourable in both statistics
and energy resolution. The m,, mass distribution they have reported is reproduced
here by the histogram in Fig. 1. Their data include only events where the final proton
was measurable, having a track with projected length at least 1 mm. This corresponds
roughly to a cut on the proton recoil momentum at p,,, = 75 MeV/c. The effect on
this distribution of increasing the cut to p.,, = 150 MeV/c is shown by the shaded
region in Fig. 1.

It has long been known (Feshbach and Kerman 1966; C. Rubbia, personal
communication 1969; Bonazzola et al. 1970; Kerman and Lipkin 1971; Povh 1978)
that there are special advantages in studying the reactions (1) near 0, = 0°. Firstly,
at O, = 0°, for total c.m. energy myy of the final YN system, there exists a ‘magic
momentum’ for the incident K~ meson of

Pxo = H(myn—mytm,+ m)}2(myn—m,), 3

at which the momentum transfer ¢ in the transition d — (YN) is zero. Above this
magic momentum (3), g always increases with increasing pg, but with an asymptotic
value (m3y—m3)/2myy. It also increases as py falls below py,, reaching the value

qo = {I(mg+myg £ myy+my)}/2(mg +my,) )

for px = 0, provided that myy+m, < mg+my. In our case with myy =~ 2129 MeV
and py = 700 MeV/c, g has the value 93 MeV/c, so that the baryons are quite
nonrelativistic. Since the wavelength #i/q is then comparable with the deuteron
radius, and the deuteron wavefunction is dominantly S state, the dominant transitions
induced by q are S — S, just those necessary to reach the YN thresholds with nonzero
amplitude. The second advantage is that the amplitude for the interaction KN — rY,
the primary interaction which transfers strangeness —1 to the two-baryon system,
has no spin-flip component for 0y, = 0°. Since the deuteron is spin-triplet, being a
superposition of *S and D configurations, the final YN states are therefore necessarily
also spin-triplet, and the characteristics of the reactions (1) thereby reflect the properties
of the spin-triplet YN potentials alone. This simplifies the interpretation of data on
reaction (2) and, further, it gives a means of making some empirical distinction between
the spin-singlet and spin-triplet YN interactions, thus allowing a test of the spin-triplet
YN interaction independent of the spin-singlet YN interaction.  Otherwise,
at present, the YN scattering and reaction data give us only the spin average
1{36(S=1)+0(S=0)} of their cross sections. Some further information distinguishing
between Vyn(S=1) and Vy\(S=0), especially sensitive to their S-wave components,
is obtainable from the binding energies of states of the light hypernuclei, but these
are not two-baryon systems, so that there are other uncertainties which act against
drawing clear conclusions from them.

The characteristics of the K™ — n~ reactions (1) near 0° also depend on the
amplitudes T(KN—rY) near 0°. We have based our calculations on the tabulation

* A related counter experiment has been carried out by D’Agostini ez al. (1981) using the 0° reaction
n~d —» K+(nZ™) at 1400 MeV/ec.
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of partial-wave amplitudes, published first by Gopal et al. (1977) and then updated
by G. P. Gopal (personal communication 1981), which were based on an energy-
dependent analysis taking into account all of the KN two-body data available at
the time. In order to avoid the rounding errors inherent in the use of the printed
tables, a table of all the 0° KN — nY amplitudes was constructed versus momentum
Dx» directly from the partial-wave analysis tapes (G. P. Gopal, personal communica-
tion 1981). The relationship between the isospin amplitudes, M; for KN — (nZ); and
N, for KN — An, and the physical amplitudes is given in Table I, together with
the Gopal values and the observed cross sections. Itis clear that an energy-independent
partial-wave analysis, i.e. an analysis using the data at 700 MeV/c alone, can determine
directly the magnitudes of M, and M,, and their relative phase (again, in magnitude
but not in sign), but the input data carries no information bearing on the phase of
N relative to those of M, and M,. Consequently, in attempting to fit the 700 MeV/c
data on reaction (2), we have multiplied the Gopal amplitude N, by a phase factor
exp(—i¢) and explored the variation of the predicted cross sections with ¢, since
the amplitudes (Mo, M, Nyexp(—i¢)) necessarily give precisely the same fit to
the input data at 700 MeV/c as do the amplitudes (M, My, N;). This situation will
be discussed further in Section 3.

Table 1. Amplitudes and cross sections used in the present work
The 700 MeV/c KN — Y amplitudes at 0° are expressed in terms of the isospin amplitudes Mo, M;
and N;. The values used in this work, by G. P. Gopal (personal communication 1981), but normalized
such that da(0°)/dQ = | Amp|?, are used to calculate the 0° differential cross sections, which are
then compared with the input data (Armenteros et al. 1970)

Cross K-p— Amplitude Gopal (do/dR) |o° (mbsr—1)

section (fm) Gopal Exp.
o, g~ —JiM, +iM, 0-0245+0-0481i 0-029 0:09+0-04
go X070 L1 M, 0-1215+0-0145i 0-149 0-20+0-04
o_ X-g*t —JiM, —iM, —0-267—0-080i 0-777 0-50+0-08
N An° —-JViN, 0-267—0-0215i 0-718 0-59+0-10

The fact that the ZN threshold peak in reaction (2) is a cusp has been known for
a long time, following the work of Karplus and Rodberg (1959) and Kotani and
Ross (1959) on K~ capture from rest in deuterium. A few calculations have been
reported for the in-flight reaction (2) in our momentum region by Satoh et al. (1975),
Satoh (1976), Ryang and Saito (1976), Kimura et al. (1981) and Kimura (1982) for
400 MeV/e, and by Nishimura (1978) for 700 MeV/c, these calculations all being
made on the basis of simple central separable potentials for the (AN, ZN) systems,
as well as by Dosch and Hepp (1978) for 700 MeV/c using dispersion-theoretic
methods, and by Mizuno (1979) for 700 MeV/c using OBE potentials developed by
himself. However, the physical situation at 400 MeV/c is somewhat special since this -
is the momentum at which the narrow resonance A(1520) is excited. Calculations
using realistic YN potentials are very desirable, since there is now a good deal of
knowledge about these potentials, and Hemming (1978) carried out the first such
calculation, using the BDI-1 and BDI-2 potentials of Brown et al. (1970), with some
success but with some unintentional omissions. In the present work, the aims are
to improve the computational program, so that the F potential of Nagels ez al. (1979)
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can be tested, to rectify the omissions, and to extend the computations to include
other reaction channels.

In Section 2 we shall set up the formalism, explain what has to be calculated and
what physical input will be used, and lay out the calculational procedure. In Section
3 we shall discuss the results of these calculations, in relation with the data, choosing
the optimum value for ¢. An alternative procedure for carrying out such analyses
in future will be discussed, which may be helpful for the planning of further
experiments on these deuterium reactions.

K~ T
Fig. 2. Triangle graphs
for the process
(A.3) A K~=d~ Apm—.
d N P
~J/ S

ky
Fig. 3. Kinematics of
the final YN system
in the lab frame. q

_kY

2. Kinematics and the Calculation of Reaction Amplitudes

With the neglect of multiple-scattering corrections, the essential reaction mechanism
is as depicted in Fig. 2. The K™ — =~ transition transfers an energy £ and a momentum
q to the two-baryon system, giving rise to the strangeness-changing transitiond — YN.
Its kinematics are depicted in Fig. 3. By definition, the energy transfer ¢ is

e = (mg+pR)* — {my+(p—q)*}*. )

The total c.m. energy in the final YN system will be denoted by myy. Its relationship
with the c.m. momentum ky for this system is given by ‘

myn = (My+kF+(my+kH*. (6)
In baryonic variables, the energy transfer may be written alternatively as
e = (min+q>)—my. @)

Our interest is in forward scattering (cos 0y, = 0-9) and the momentum transfer
is then sufficiently small for nonrelativistic approximations to be made. For 0, = 0°,
a plot of g as function of pg and myy has been given by Dalitz (1979), where it will
be seen that, for py = 700 MeV/¢, g varies from 37 MeV/c for the AN threshold,
and 93 MeV/c for the N threshold, to 120 MeV/c for myy = 2160 MeV. When
O, # 0° but cos O, = 0-9, q has also a component transverse to px, with magnitude
of order pysin0y,, which is less than about 200 MeV/c. With the nonrelativistic
approximation the above relations (6) and (7) reduce to

myn X my+my+k32uyN) s ®
& & my+my—my+kiQuyy) +4°/2(my+my), ©
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where iyy denotes the YN reduced mass. The lab recoil momentum given to the
nucleon is then given by

Pn,= Amn/(my+my) }q —ky, (10)

and an empirical cut-off py = p,., such as holds for the data of Braun et al. (1977),
corresponds to the constraintf

cos 0 < [{my/(my +mN)}2512 + k/21 _pgut](mY +my)2my gky, (11

where 0 is the angle between q and ky.
The reaction amplitude for K™d — Apxn~, corresponding to Fig. 2, has the general
structure (Dalitz and Deloff 1982)

T(K~d—>Apr™) = f (= J3 N, $EA(F) +ZERO @) +PLUS g ()]

X Yy(r)exp(i Q.r) dr, (12)

where r denotes the separation between the two baryons, Q = gmy/myy, and the
coefficients are

PLUS = —\/§ M, +iM,, zERO = — /+M,. (13a,b)

The wavefunctions ¢, ;(r) are the components of the YN wavefunction for an outgoing
plane wave in the channel i (here Ap) with ingoing spherical waves in all channels j.
Thus, in our present case, the YN wavefunction is required to have the following
asymptotic form:

¢ 4a(r) exp(ikq.r)+ T (Ap—>Ap)*exp(—ik,r)/r
Vi) = | danelr) | 7= T (Ap—Xp)*exp(—ikywor)ir |, (14)
& 5+(r) T(Ap—>Z*n)*exp(—ikgs r)fr

where T(YN—YN) denote the appropriate elements of the YN 7 matrix. For
brevity, we have written out explicitly only the S-wave components for the deuteron
and the YN wavefunctions, which correspond to S — S transitions in the amplitude
(12). These are, of course, the essential components for the threshold phenomena
we are concerned with. However, the deuteron wavefunction does have a substantial
3D, component, and the YN interactions generally include a strong tensor potential,
which couples *D; YN states with the *S; YN states; the resulting contributions
to (12) from the NN — YN transitions *S;, - *D,, 3D, - 3S, and 3D, - *D,
have all been included in the calculations reported here. The spin variable has been
suppressed in expression (12), but this gives correctly the dominant transition amplitude
(®S; = 3S,). The additional angular-momentum projection operators required
for transitions involving D, states have been included in our calculation. The
tensor component of the YN interactions makes it essential to include the coupled

T The relativistic form for this constraint is

cosf < [{(miy+ g (mE+ k) —myn(mi+p2 ) aky .
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(3S,-3D,) partial waves, since the striking peak shown in Fig. 1 at mass myy & my+my
is associated with the (AN, ZN)?3S, state. For simplicity, YN interactions have
been neglected in all other partial waves, although they might well have substantial
effects in other mass regions; for example, the P YN interactions might well affect
the m(YN) distribution appreciably in the valley between the AN and XN threshold
peaks. The use of plane waves for all states other than (3S,—>D;) means that the
amplitude (12) can be evaluated for non-forward angles without further numerical
integrations—at least for angles 6y, such that the KN — nY spin-flip amplitudes
can be neglected in square—the total amplitude then being given by the impulse
approximation amplitude with the (3S,—°D,) part projected out and replaced by the
numerically calculated (3S,—3D,) amplitude, which does not depend on the angle
between q and ky (Dalitz and Deloff 1982). In general, the 6, dependence of the
non-spin-flip amplitudes My, M, and N; will also need to be taken into account.

The wavefunctions ¢,;;(r) needed to evaluate (12) were calculated by integrating
numerically the six-channel Schrodinger equations (Ap, *n and Z%p, each for
3S, and 3D, waves) for the given YN potential, using the observed baryon masses
in the kinetic energy terms, subject to the boundary conditions (14) at infinity. The
results reported here are mostly for the NSR-F potential, the last and most elaborate
of the one-boson-exchange (OBE) YN potentials developed by Nagels et al. (1979).
The parameters of these potentials were chosen to fit all of the AN and ZN cross
sections known, which pertain mostly to the S waves near the AN and XN thresholds,
with physical meson masses and with meson-baryon coupling parameters chosen to
fit SU(3) constraints, or to correspond with known SU(3)-breaking patterns. For
contrast, we also considered the earliest OBE YN potential proposed, the BDI-1
potential of Brown et al. (1970), fitted to the early AN and XN data but with a simpler
meson-exchange structure, fewer mesons being known at that early time. The main
contrast between these two potentials lies in their tensor character: the BDI-1
potential is dominated by o exchange and has quite weak tensor components, whereas
NRS-F has such strong tensor components that it predicts a broad D, resonance
just below the N threshold. Also, the BDI-1 potential predicts an unstable bound-
state resonance in the AN 3S, wave, about 40 keV below the N threshold in the
charge independent limit (i.e. coincidence of £*n and X% thresholds), whereas
NRS-F does not predict any *S; wave resonance.

With the amplitudes (12), the required cross section is proportional to

Y1 T(K™d—Apn ) |20[(mg +pR)* +my— (mz +p)* = {min+ (P —po)* 1]
% p} dp, dQx, k dky dQy/(mz +p7)*, (15)

apart from constant factors, the sum being taken over both initial and final spin
states. The pion direction is given by 6, (lab frame); p, is then determined by energy
conservation, for definite myy. The momentum ky is fixed by myy and dky is to be
replaced by (dky/dmyN)dmyy, from relation (8). The only integration necessary is
over the direction of ky relative to ¢, and this can be carried out analytically when
only the (3S,-*D,) YN interaction is included, whether or not g is parallel to pg.
This 0 integration is subject to the inequality (11), and it is well known that this is a
strong constraint, in general. For K*-deuterium reactions (Hendrickx et al. 1967),
about two-thirds of the events have a recoil momentum less than 75 MeV/c. In
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the present case, the constraint is especially strong for events with 0, = 0°. The
momentum transfer ¢ is then about 37 MeV/c over the AN peak, so that the event
rate will be zero until k, reaches a value about 57 MeV/c, i.e. for myy < 2057 MeV.
The reason the empirical data (Fig. 1) show a high rate for events in this mass region
is that they integrate over a finite solid angle dQy,, thereby including the nonzero
contributions from 0y, # 0°. Any calculated spectrum must therefore integrate
over the full range of 0, here cos 6, = 0-9, included in the experimental data with
which it is to be compared. Fortunately, as noted above, the inclusion of angles
Ox, > 0° does not require us to integrate any further Schrodinger equations, but
only adds a trivial numerical integration over 6y, at least within the approximations
accepted in this paper.

We note next that N, interferes with the terms zZERO and PLUS in (15), so that the
phase of N, affects the final cross section. If we denote by y the phase of N, relative
to PLUS, the calculated cross section has the following dependence on y:

do/dmyy = A + Bcosy +Csiny, (16)

where B and C approach zero as N; — 0. The tabulations available on M,, M,
and Ny, as functions of energy py and angle 0, (Gopal et al. 1977; G. P. Gopal
personal communication 1981), do specify a definite phase for N;, but we shall
consider here the possibility of arbitrarily varying this phase to find the best fit to the
700 MeV/c data in Fig. 1. In a previous paper (Dalitz and Deloff 1982), we changed
both the magnitude and phase of N, arbitrarily, simply to demonstrate that the
empirical distribution, especially the prominence of the TN cusp relative to the AN
threshold peak, could be fitted for some choice of the KN — nY amplitudes. However,
that choice corresponded to increasing the K™p — An® cross section at 700 MeV/c
by a factor of 4, and that is quite definitely inadmissible.

3. Results and Discussion

The Gopal amplitudes summarized in Table 1 lead to the following values for
the coefficients in the integral (12):

PLUS = 0-0245+0-048i fm, (17a)
ZERO = —0-206—0-0905i fm, (17b)
JiN; = —0-267+0-0215i fm. (17¢)

The phase of N;/PLUS is 67:6°. We change this phase to
% =(67-6—¢)°. (18)

We note first that the AN peak varies very little with ¢, because the intermediate SN
wave is damped like exp(—«r), where k ~ {2us\(ms—m )}* ~ 1:44fm™! in this
region. Its amplitude at the other nucleon is roughly measured by exp(—«R) ~ 1/500,
where R denotes the deuteron radius 1/(my By)®*. Thus, the amplitudes PLUS and
ZeRO have little effect on the AN peak; only N; contributes significantly and its
phase is then irrelevant for the cross section do/dmyy in this region.
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Fig. 4. The m,, mass distribution in the N threshold region, calculated
for the NRS-F YN potential and the 700 MeV/c Gopal amplitudes (with
added phase ¢ to the amplitude N,), as a function of this phase ¢é. (The
curves for ¢ = 90° and 180° are shown as dashed and dot-dash lines
respectively, only in order to make them distinguishable from the ¢ = 135°
curve.)

The distributions do/dmyy in the region of the N threshold are shown for the
NRS-F potential for various values of the angle ¢ in Fig. 4. We note that:

(i) the peak at the X ™ n threshold is higher than that at the Z°p threshold, for all ¢ ;
(if) the sharpness of each peak varies with ¢ (see below);

(iii) the effect of the interference due to N, is complicated, but an increase from
¢ = 0° raises both Z*n and X°p peaks, the effect being maximal for ¢ = 140°,
and of course symmetrical for ¢ on either side of this value. The same is true on the
lower side of the £*n peak; for example, the intensity at 2125 MeV is also maximal
at ¢ = 140°. On the upper side of the peak, the intensity is maximal for ¢ closer to
90°; for example, at 2133-5 MeV, the phase angle for maximal intensity is 95°.
Hence the best fit for the shape of the myy distribution over the N threshold region
would be somewhere between ¢ = 95° and 135°. Indeed, any value for ¢ in this
range would provide an acceptable fit to the data.
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For calculations with BDI-1 potentials, essentially the same remarks hold, except
that at 2133-5 MeV, the symmetry axis for the ¢ distribution is at 102°, a little larger
angle than for NRS-F. Our general conclusion is that any value of ¢ between 105°
and 135° would give an acceptable fit, for either potential. We have not attempted
to find the best overall value for ¢, for reasons mentioned below.

For the purpose of illustration, here and below, we have chosen ¢ = 135°. The
resulting miyy distribution for NRS-F, with p.,, = 75 MeV/c, is plotted in Fig 1 and
compared in shape with the data over the full range of myy; the ordinate scale has been
adjusted freely to give the best fit by eye. The intensity of the AN peak (all
myn < 2070 MeV) relative to the =N peak (myy = 2130110 MeV) is about right,
but the =N peak calculated appears tilted relative to the data, predicting too many
events in the range 2120-9 MeV below Z*n threshold and too few events in the range
2129-40 MeV above this threshold. The remarks in the last paragraph indicate that
a better fit to the shape in the N peak region would be obtained if ¢ were brought
down to 105° (say), but the total number of events predicted for the N peak would
thereby be reduced. It must also be pointed out that the number of events in the
AN peak is quite sensitive to the p.,, adopted and, further, that the constraint applied
by Braun et al. (1977) is probably* |p,| > p..., where p; is the component of the
proton recoil momentum in the plane perpendicular to the mean of the camera
directions, rather than |p| > p.,., as we have adopted in these calculations. The
data also show an excess of events in the range 2075-95 MeV, but this is the region
of myy where the *P YN interactions which we have neglected could be most effective.

For ¢ = 135°, the myy distribution for p.,, = 150 MeV/c is quite compatible
with the data (shaded area in Fig. 1). The XN peak is little affected by the cut, since
the at-rest reaction XN — AN gives a ¢.m. momentum 280 MeV/c to the nucleon.
The cut has a strong effect on the distribution below 2100 MeV but the prediction
agrees tolerably well with the data. There is no uncertainty about the interpretation
of this cut, since the recoil protons have quite long tracks and are clearly visible, even
if perpendicular to the mean focal plane for the cameras.

The detail of the N threshold peaks is shown for ¢ = 135° in Fig. 5 by plotting
the cross sections against (@) the c.m. momentum ky+ for the lower peak, and (b)
the c.m. momentum kjy, for the upper peak. The £*n threshold plot in (a) shows
that its cusp is S-shaped, the slope do(A)/dks+ having the same sign (but different
value) below and above the threshold. At the =°p threshold in (b), the slope do(A)/dky,
is positive below, and negative above, the threshold, so the cusp there (although small)
is predicted to be upward. Plots of o(A) are also given in Fig. 5 for other values of
¢ in order to show that the form of the cusp does depend appreciably on the interference
phase angle ¢. The ¥ n threshold cusp in o(A) is upward for ¢ = 0°, whereas it
is S-shaped for ¢ = 135°; for the intermediate case ¢ = 90°, there is almost no cusp
at all on the lower side of the threshold, and the same remark holds for ¢ = 180°.

The total cross section g(A+all X) for the K~ — =~ transition on deuterium is
plotted against myy in Fig. 1 (dashed curve), and against ky+ and ky, in Fig. 5. For
¢ = 135°, the slope do(A +all X)/dky+ is negative below, and negative above, the
T *n threshold, giving a small S-shaped cusp; at the X% threshold, do(A +all X)/dky,

* This point is not clear in the paper of Braun et al. Their remark on this point (see the second
paragraph in Section 2) does specify the projected track length but in the same sentence they specify
the cut-off as |p| = 75 MeV/c.
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Fig. 5. Reaction cross sections are plotted against (¢) the c.m. momentum kz+ around the Z+n
threshold and (b) the c.m. momentum kyo around the X% threshold, in order to show the detailed
nature of the cusps occurring at these thresholds, for the case ¢ = 135° shown in Fig. 6. The other
plots are for the Apzn~ cross section alone to illustrate that the character of the cusp does vary with
the value of ¢. These curves are all calculated with the NRS-F potential.

is positive both below and above, so this cusp is also S-shaped. An S-shaped cusp
is generally difficult to see, and the dashed curve in Fig. 1 is no exception to this
statement. The total cross section shows a small bump at the £*n threshold, which
could certainly not be seen with the present experimental resolution. This total cross
section can be determined by direct measurement of the K~ — n~ transition rate on
a deuterium target, without observation of the final hyperons; there exists only one
such measurement in the literature, made at 800 MeV/c (May et al. 1982), but we
consider it premature to attempt a comparison of it with our present calculations,
since those data show some inconsistency with deuterium bubble chamber data.

We turn now to the comparison of the BDI-1 predictions for the m ,, distribution
with those for NRS-F. These two potentials are indistinguishable in the AN peak
region. This is not surprising since they involve many of the same meson exchanges
and have been fitted to the same low-energy Ap scattering data. They differ a little
in their predictions for the ZN peaks, shown in Fig. 6. They predict about the same
total intensity over the range 2129 + 6 MeV, but the BDI-1 curve appears tilted relative
to the NRS-F, being lower than NRS-F below the " n threshold and higher above,
in slightly better agreement with the data. With ¢ = 135° both potentials predict
an S-shaped cusp at the =" n threshold; with ¢ = 0°, NRS-F predicts an upward
cusp there, whereas BDI-1 predicts an S-shaped cusp. These are minor differences
in relation to the accuracy and resolution with which these distributions can -be
measured experimentally at present, and we have to conclude that this experiment
cannot yet hope to decide between these two potentials, despite their appreciably
different spin structures. This is perhaps not surprising in view of the fact that both
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Fig. 6. Calculated m,4, mass
distributions in the N threshold region
are compared for the NRS-F and

BDI-1 YN potentials, for the 700 MeV/c
Gopal amplitudes with added phase

é = 135°.
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potentials have been arranged to fit much of the same scattering and reaction data in
the AN and XN threshold regions.

Finally, it is of interest to discuss briefly the relation of the input amplitudes
T(RN-nY) used here with the raw data on KN - KN and KN — Y differential
and polarization angular distributions. The amplitudes tabulated by Gopal were
obtained by making an energy-dependent partial-wave fit to all of these data over a
specified total c.m. energy range, using some definite energy-dependent form for
each partial-wave amplitude as a function of c.m. energy E, each containing a series
of parameters determined by optimizing the fit to this large body of data. In the present
work, we are concerned only with E = 1652-7 MeV, corresponding to px = 700
MeV/c, and the corresponding Gopal KN — Y amplitudes which we have used above
are given in Table 1. The 0° differential cross sections calculated from them are also
given, and are compared with the data of Armenteros et al. (1970) to which they were
fitted. The agreement is rather poor, although the cross sections for this particular
momentum (699410 MeV/c lab momentum) and angle (cos§ = 0-95) are clearly
based on quite limited statistics. It must be emphasized that this energy-dependent
fit is based on about 10* input data, so that a poor fit to one particular momentum and
angle would contribute relatively little to the overall goodness of fit to the total data.

As a result, it would be more satisfactory to use KN data from an experiment
covering just the momenta and angles relevant to the K~d observations, so that the
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elementary parameters needed for the calculation of the K~d reactions are accurately
known. For the KN — nX reactions, a knowledge of the cross sections specified in
Table 1 would allow us to conclude that

|pLUS| = 0%, | zZERO| = (0, +0_—20,)*, (19a,b)
Re(PLUS* ZERO) = | PLUS| | ZERO | cos 0p; = (40— 30, — a_)/2\/ 2, (19¢)

where op; is the phase difference o, —a; between PLUS and zERO. Clearly, this does
not determine the sign of ap,. For the K p — An® reaction, the corresponding
equation is

Nf= — (0 )exp(iv), (20)

where the phase v is undetermined.  If we assume that the YN interaction is known,
the new information provided by the K ~d reaction data is the phase v relative to (say)
the phase of PLUS, at least within two possibilities, one for each sign of ap;.

The present KN — 7Y data at 700 MeV/c do not yet allow a useful determination
of v. The quantity o, +0_—20, has the value 0-19+0-12mb sr™, while
460—30,—0_ is +0-03+0-24 mbsr™'. These lead to |PLUS| = 0-32+0-07,
|zERO| = 0-14%5:0% and cosap, = +0-1+0-8, so that ap, at 700 MeV/c is essentially
undetermined by the empirical data at this momentum. Improvement of this KN - nY
input data will be an essential element in a full understanding of the K ~d reaction data.

4. Conclusions

We have reported calculations of the myy distribution in the reaction K™d - Apzn~
for a K™ lab momentum of 700 MeV/c for two possible YN potentials, BDI-1 and
NRS-F, which show that data with the resolution and statistics available at present
are not sufficient to discriminate between them, despite the very considerable difference
between their detailed structure. This may reflect the fact that the two potentials
have each been adjusted to fit similar data on AN and IN scattering at low c.m.
kinetic energy, but the degree of agreement may also be somewhat fortuitous.

The predictions show greater sensitivity to the KN — nY amplitudes used as
input. At 700 MeV/c the A amplitude is by far the largest but its contribution to
the AN threshold region is greatly reduced by the empirical cut made to exclude
final states where the proton recoil momentum is small. It is pointed out above
that the input amplitudes needed are not fully specified by data on all the K™p —» nY
reactions at one energy, whereas the relative phase between the nA amplitude and
the nX amplitudes appears to be already determined, according to the published
tables of 0° amplitudes resulting from partial-wave analyses (G. P. Gopal, personal
communication 1981). The phase which appears to be determined in this way is
partly an artifact of the energy-dependent partial-wave analysis procedure adopted,
in that the result may depend on the analytic form chosen to represent the amplitude
as a function of energy over the finite energy range covered in the analysis. The
only other phase information which is input into the energy-dependent analysis is
the fact that the amplitudes must have definite relative signs at those mass values
corresponding to £* and A* resonances of known SU(3) character. For the relative
phase of interest to us here, only the £* states carry such information, and these
states are few in number within the mass range covered by the partial-wave analyses
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in question; hence we are led to question the definiteness with which the
(KN-7A)/(KN—(EN),) phase has been so determined. Since the amplitudes from
intermediate TAN and 7nZN states in the strangeness-exchange process interfere,
we have used this interference to determine the optimum value for the phase y to be
assigned to the nA 0° amplitude relative to the nX 0° amplitudes. Although this
interference has a strong effect on the TN threshold region, it does not allow a precise
determination of y; values of y over an arc of about 45° are all quite acceptable.
It appears that it would be desirable to include data on the K~d — Apn~ reaction
as part of the input for a KN — Y partial-wave analysis.
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