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ABSTRACT

An investigation has been made into the elastic scattering of =
hyperons on hydrogen. The experiment was based on a sample of 12,000
Z particles formed in a propane bubble chamber by the interactions of
1.15-Bev/c K™ mesons. A total track length of 210 meters in the energy
range 100 to 700 Mev has been examined.

Ten examples were found of the reaction
2+ +p - Z}+ +p
and six of the reaction
= +p > I +p.

The estimates of the cross sections for the two processes are respectively

fii mb and 1'01.2 mb . The scattering-angle distributions in the c.m.

..{.
system appear isotropic for the Z particles, and peaked forward for the

38

Z° particles. The results are discussed in relation to various theoretical
predictions, and, in particular, some evidence is found favoring the Gammel-

Thaler method of treating the triplet odd-parity nucleon-nucleon potential.
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OF £* HYPERONS ON HYDROGEN

. b3
F. Russell Stannard

Lawrence Radiation Laboratory
- University of California
Berkeley, California

Septembevr' 1960

INTRODUCTION

: +
The following reactions are expected between 2 particles and

protons,
step = =t4p, (1)
£ +p » Z +p, (2)
- 0 . _
E 4+p - Z +n, (3)
- 0 i
2 +p = A +n, o (4)

Additional processes become available above the threshold for pion production.
To date only eight examples of interactions in flight on hydrogen

?

have been reported, three being elastic and five inelastic. The reason

for the 1_ack of experimental data is to be found in the extreme difficulty of
accumulating substantial amounts of track 1ength for such short—lived
particles. As an illustration one may point out that the Z~ and Z+ hyperons

formed in this experiment, by the interactions of 1.15 Bev/c K~ - mesons,

travel average distances of only 3.2 cm and 1.6 cm , respectively.

“Address after October 5, 1960: Physics Department, University College

London, Gower Stréet, London W.C. 1, England.
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The 'investigat;io)n'repﬁfted here offers some imprdvement in the
experimental position through a study of 12, 000 Zi hyperons created in
a propane bubble chamber. The presence of carbon nuclei poses cerfain
problems of analysis, particularly with respe_;'t to Reactions (3) and (4),
_for which there is generally no information on the energy and line of flight
of the neutron. Consequently our investigation is limited to studying examples
of Reéctions (1) and (2) occurring onihydrogen, and further consideration

will not be given to the inelastic processes.

SCANNING PROCEDURE

The 30-inch propane bubble chamber, 3 operatingrin a magnetic
field of 13 kilogauss, was exposed to the 1.15-Bev/c K~ - meson beam at
the Bevatron. A total of 100, 000 pictures was taken, there being about
one K-, - meson interaction per picture.

The scanning procedure for finding Z - hyperon scatterings
consisted of following .vafll tracks from K~ stars in order to locate those
giving‘ a éecondary star of two prongs. The two prongs were then examined
cloéely for "kinks, " ’i;’e. , sudden changes of direction. Thése kihks can bé
caused by a pérticle scattéring from a carbon nu;:leus without giviﬁg~~a
visiblé recoil, as well as by a particle decaying. | |

As one needs vadequate lengths of track fo.r anguiar rbeasurements,
évenfs were ﬁot accepted unless the Z particle had at least 3 m‘m of tra‘ck‘
both before and afte;' thé scattering. Because ohe éxf)e?:ts a :divminishedv
efficiency for detecting very-small-angle scattering, ,va cutoff value for thé
proton's range had to be adopted. It was required that the proton's track

be longer than 2 mm.
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The F's are required to be zero. P and P' are the momenta of the
hyperon before and after the scatter; Pp is the momentum of the proton;
g' is the scattering angle of the hyperon and 6p is the angle the proton
fnakes with the incoming track; E, E', and Ep are the total energies, and
Mp the mass of the proton; the £'s, m's, and n's are the direction cosines
of the three tracks.

To invéstigate whether a particular event satisfies fhese conditions,
one may make use of nine parameters: P, P', Pp , a,al, ap, B, B's and
Bp , where the a's and B's are the dip and azimuthal angles of the tracks.
These variables are denoted by x, , with l1£ i £ 9. For all events,
measurements are available for the a's and B's , although, of course, for
exceedingly short tracks these have large errors. Similarly one may
aiway.s obtain a value for Pp from magnetic curvature, and for about half
the cases from range also. The values of P and P' present sorﬁething
of a problem in that the shortness of the Z tracks generally does not allow
direct estimates from'magnetic curvature. P' can, however, be determined
from the kinematics of the Z decay by measuring the momentum of the
secondary particle and the decay angle. The primary momentum, P, can

only be estimated in the approximately 20% of cases for which the hyperon

was formed in a K7 interaction with hydrogen according to the process

K" +p - =z +at . (9)

From the known energy of the K~ beam, the angles of the hyperon and pion,
and the momentum of the pion, one may find the momentum of the Z

particle.

L=
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Some types of‘event could be immediately rejected, from observations
on the scanning table, as not being X - hyperon scattering on hydrogen.
For example, if both prongs were seen to lie on the same side of thé inc;)ming
primary track, transverse momenté could clearly nét be.balanced, .Often when
one of the tracks was sufficiently long for curyvature:and ionization measure-
ments to be made, the particle could be ideﬁtified aé beingla pion instead of
the expected Z particle or proton. Many events could be ruled out becaﬁse
the K star emitted a AO hyperon or K meson, making it uhlikely that it
should have emitted a Z particle also. |
About 60 events could not be zejected on such general grounds and

consequently were measured on digitized microscopes and the resulting

data processed by an IBM 704 computer.

ANALYSIS OF THE EVENTS

All together, 16 examples of 2—>hyperon scatterings on hydrogen
were identified by the analysis programs.
For an event to be acceptable it had to satisfy certain criteria.
Within experimental error, the forward momentum, transverse momentum,
- and energy of the system had to be conserved and the tracks had to be

coplanar. These conditions can be expressed through the equations

F, = P'cos 6'+Ppcos 6,- P, (5)
FZ = P! sin 6' - Pp sin Bp, (6)
F, = E'+E -E-M_, (7)
£ m n
'F4 = VA m' n' (8)
£ m n
P P P




-7- UCR1.-9389

It should be noted that the existence of four equations allows as
many as three of the variables to be unknown and the event still fully
deter mined.

If an event is found satisfactorily to meet all the conditions within
the limits of experimental error, it is then submitted to a constraints
program to determine the bes‘t fit to the parameters. The procedure "’
is to adjust the parameters by a method of successive iteration until the F"s
are zero and the quantity M is minimized. M 1is defined by
B

1 ! +2
AZ =1

1

M(x. , ay )

1

o, Fy (), (10)

i=1

where Ai is the error on LI xni] is the actual measured value of LI
and the o,)\'s are additional variables (Lagrangian multipliers) introduced
in order to simplify the solution of the equations. Putting the F's equal
to zero and minimizing M effectively minimizes the first term on the
right.

Details of the 16 X scatterings are shown in Table I. It is seen
that six were scattérings of Z; and ten of E+ particles. ‘Seven of the
positive hyperons decayed into charged pions and the remaining thmeeA into
protons. Lb and La are the lengths of the hyperon track before and after
the event; Y is the angle of noncoplanarity, i.e., the angle the incoming
track makes with the plane containing the scattered particle and the recoil
proton. Next follows the measured value of the scattering angle, 6'.

The momentum P of the incoming Z particle can be estimated in three
ways, either by using (a) Pp and Bp , or (b) P' and 6', or (c) the kinematics
of the K~ star if this interaction occurred with hydrogen. The table gives

the more accurate estimate of P for each event and indicates whether it
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was calculated from (a), (b), or (c). In the final three columns are the
constrained values of @', P,Iand 6* (the c.mn. system scattering angle);

Two photographs are reproduced to illustrate the appearance of
the X scatterings. Figure 1 shows a K interaction producihg a =
hyperon and a m meson. The hyperon is scattered through a large angle
by a hydrogen nucleus and decays into a 17+ mes.on. The decay pion is
also seen to interact. Figure 2 shows a K interaction producing a =
hyperon, a -n'+ meson, and a proton.:.The hyperon scatters on hydrogen
before decaying into a 7 meson. -

To conclude the discussion of the analysis, mention must be made
of two difficulties that were encountered.” The first concerns pioné and
protons that scatter first off hydrogen and then again off carbon. The
second interaction can sometimes be mistaken for a Z decay, and
consequently the hydrogen scattering may be thought to have involved a
2 hyperon. The pions do not present much of a problem in this respect as
it is exceedingly difficult to reconcile the kinematics of the hydrogen scattering
and of the " Z: decay;' also in some cases there should have been a
visible change of ionization at the "Z:::T decay .'" However, the discrimination
between proton-carbon scatterings and Z; decalys is not always straight-
forward. This is because a proton-carbon scattering analyzed on the assumption
that it is a Z; decay often gives a Z particle of momentum similar to
that of the proton. The value of the momentum calculated from the kine- .
matics of the hydrogen scattering does not, therefore, provide a sensitive
test for many events. However, if the scattering angle (in the c. m. system)
of the hydrogen interaction is large (viz., 6*5 70 deg) , a discrimination
may be made on the basis of the value found for 6p , there being a

sufficiently large difference for the two interpretations. There was a total of
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nine possible p-p or Z+-p sc'atterings. From the kinematics, two Qf
these events were unambiguously »identified as 2+-p (the final two events
in the table), and four as p-p scatterings. The remaining three could have
had either interpretation. However, one of the possible Z+ particles 'lived"
ten mean lives and the other one nine, making them virtually certain to.be
protons, The other possible Z+ particle lived 1.3 mean lives; and is evént
number 079651 in the table. For this event one has to calculate the relative
probability that a particle of such a ''lifetime' might have either inter.-
pretation. A study has been made of the relative frequencies of Z; decays
and p-cé.rbon scattering as a function of distance from the K star.. The
results are described in the section on the evaluation of ti'le total Z-track
length. It folldws from this work that the kink in qﬁestion has a 60%
probability of being a 2i; ~decay and é. 40% chance of being a p-C event.
However, one may argue further by noting that the p-C scattering that
occur very close to the parent K star are generally caused by low-energy
evaporation protons. The particle in question has a very high energy and.
one that is in fact characteristic of Z hyperons. The probability for a'true
2’.+-p scattering is thus considerably greater than 60% and consequently
the event has been included in the table.

The second analysis difficulty encountered concerns the carbon

contamination. This problem is considered in the next section.

CARBON CONTAMINATION

A X particle may interact with a carbon nucleus, emitting a single
proton, and be mistakenly thought to have interacted with hydrogen.

Generally the kinematics of the scattered particle and emitted proton do . not
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satisfy the necessary criteria. However, it is to be expected that some
events will conform to the requirements within experimental error and thus
be accepted as genuine events. |

The general procedure for estimating the number of "quasi=
hydrogen' events is as follows. A variable is chosen,v such as the angle. -
between the incident and scattered particle. The corresponding angle that
the proton should make to the incident particle is calculated and compared
with the observed value. The deviation from the expected value is then
plotted. This distribution usually shows a large peak corresponding to
events with the correctxangle, and a long tail representing background
carbo.n events. An extrapolation of the tail into the region of‘the peak gives
an estimate of the number of carbon events that give angular measurements
indistinguishable from trbue hydrogen events.  Various authors have used
this method and obtained coﬁparable results for both nf—p and p-p scatter-
ing. 6, 7,8, 9‘

Unfortunately, to be able to adopt the procedure one must have a
large numbér of events; this procedure is therefore inapplicable to our ex-
periment. Hence our ap‘proach has had to be one of inferring from another
experiment (one that did involve large quantities of data) the contamination
thaf would appear appropriate in our case.

We usev the results of the m~ elastic-scattering experiment of
Shonle (1960), 9 which was performed in the same bubble chamber as was
used in the work described here. From a study of about 3, 000 pions in the
energy range 610 to 750 Mev it was found that carbon events having the
correct angular configuration, within experimental error, represented 10%

of the true hydrogen events. This figure, however, cannot be applied

«
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directly to our work owing to the difference between the accuracies with
which angular measurements were made in the two experiments. These
accuracies depend both on the track lengths available for measurement,

and on the sizes of the angles themselves. As the tracks of the Z particles

-are considerably shorter than those of the piong, the accuracy is poorer

for our study and the carbon contamination correspondingly greater.
For the same angles at which the proton was emitted in the =~
scatterings, the average error would have been 1.5 deg had the incident
particle been a pion, rather than the actual 2.7 deg that was found; i.e.,
our error is 1.8 times that of Shonle. For the angles involved in the Z+
scatterings, the error would have been 1.0 deg for pion scattering rather
than the 2.8 deg measured. Including ail the background events found by
Shonle up to 1.8 times his acceptance limit in the Z case up to 2.8 times

the limit in the X case, we arrive at estimated carbon contaminations: of

165 % for the T~ scatterings and 23x7%5 for the E+ scatterings.

THE SCANNING EFFICIENCY

From the outset of the experiment it was realized that because
of the éxceedingly small yield of events expected, it would not be easy to
estimate the scanning efficiency. With this in mind, it was decided that the
K™ stars should be looked at solely for Z-hyperon scatterings, and that the
scan should not include searches for additional phenomena, By limiting the
scope of the experiment in this way, it was felt, the risk of missing scatter -
ings would be minimized.

Among the events less readily observed are those in which one of

the tracks is exceedingly short. If there were a bias from such a cause it
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could be demonstrated by plotting the di.stribution of Z - track ier:1gths,
before and after the scattering, in terms of mean decay lengths: (ignoring
the first 3 mm for the cutoff criterion). A departure from the expect.ed
exponential variation would be observed at short distances. Figul_'e 3
shows, however, that there is no evidence for this form of bias. The Zamfn
cutoff for, the proton has also been found to be conservative in that se“'véral |
possible events were found and rejected for having a proton range'.shorter
than thisv minimum length.

A second class of events that could be miss is one in which the
scattering planes were nearly vertical (the cameras being above. the event).
Figure 4 shows the distribution of the angle ¢ between the scattering and
vervtical planes. The distribution is satisfactorily isotropic above 10 deg,
whereas there is some indication of a bias below this angle. Although the
statistics are exceedingly poor and the lack of events between 0 and 10 deg
could be merely coinc’;dental, we shall assume that the effect is real and
take the scanning efficiency to be 89% with respect to this form of bias.

To determine the general efficiency for finding those events with
angle ¢ > 10 deg, a complete rescan of all the photographs would have been
desirable but was clearly impractical. Instead, a selective rescan was made
involving some 5, 000 photographs, the pictures being chosen so as to contain

the 16 events previously located. The two persons involved in the scanning

each rescanned the sample. - One successfully relocated all 16 events, whereas

the other found all but one. No new examples were discovered. It is con-

cluded that the general efficiency is 97%.

Combining this value with the result found for the biases associated

with the angle ¢ , one obtains an over-all scanning efficiency of about 85%.

«
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ESTIMATION OF THE TOTAL Zi - TRACK LENGTH

As a preliminary to deriving the elastic-scattering cross sections,
one must know the total number of Z hyperons observed and their track
lengths. It has been pointed out that not all kinks are examples of decays.
The aim, therefore, must be to separate out those events which are pion
and proton scatterings on carbon. The method adopted is a statistical one
based on the distribution of the track length between the K~ star and the
kink. The shape of this distribution depends critically upon the relative
proportions of true hyperon decays to carbon scatterings. Because of the
short lifetimes of the Z particles, kinks due to decays occur predominantly
close to the K star and hence have véry small primary tracks; those due
to scatterings, on the other hand, are épread out approximately uniformly
over the available track length. The first step, therefore, is to obtain the
expected shape of the distribution of kinks due to scatterings and then to
derive the expected shape of the distribution for X decays. Finally, one
combines these two curves, suitably normalized, to give the best fit to
the observed distribution. The normalized Z-decay curve then gives all
the necessary information concerning the numbers of Z particles and their
track lengths.

We illustrate the method with reference to £ particles; the same
arguments. apply identically to the E+ particles.

The form of the curve due to scatterings can be easily derived.
One measures the track length after the kink as well as before, and adds
the two to obtain the total track length. A histogram is constructed showing
the number of tracks with a total length equal to or exceeding any given

value. On the assumption that a particle has an equal chance of scattering
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anywhere along its track, this histogram .represents élso the shape of

the distribution of kinks due to scatterings. The graph for negative part‘icles
is given as curve S of Fig. 5a, with the ordinate being in arbitrary units.

The validity of the assumption that kinks are uniformly distributed
was tested by observing kinks in tracks from those K stars emitting A
hyperons. The presence of the AO hyperon indicated that suchl kinks were
indeed scatterings and not £ decays. The number of kinks occurring at a
given distance from the K~ star was satisfactorily found to be proportional
to the number’ of particles having a total length equal to or greéter than " -
this distance.

The distribution of kinks arising from decays is somewhat more
difficult to derive because a knowledge of the momentum spectrum of the
Z particles is necessary. The momenta cannot generally be obtained from
magnetic-curvature measurements on the 2Z tracks themselves, for they -
are too short. Consequently one must resort to the kinematics of'their
subsequent decay. The momentum of the decay product as measured by its
curvature or range, when taken together with the decay angle, provides an
estimate of the momentum of the Z particle.  Samples of 42 Z+ and 43 =~
particles were inyestigated in this way and, as they gave essentially similar
spectra, the results are combined in Fig. 6. The events are weighted
according to the accuracy with which their momenta were determine.d.'
Some error is incurred because of the presence of unrecognized scatterings,
but, using the results given later, one finds that these amount t6 no more
than about five events out of the total of 85. Assuming a lifetime of
(1.59 £ 0.1) X 10_10 se’c1 for the Z particle, one obtains the decay curve

appropriate to negative hyperons. with this momentum spectrum. The

result is shown as graph D in Fig. 5a.
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The curves we have derived in Fig. 5a are seen to be very different
from each other. Curve S shows the distribution for an arbitrary number
of kinks arising from scatterings; curve D éhows the distribution for the
same number of kinks due to decays. They have now to be combined in
suitable proportions to give the best fit to the experimentally observed

‘distribution. ‘

Fig. 5b gives this experimentally obtained histogram for a sample
of 242 kinks in negative tracks. In some cases, usually when the primary
track was long, it was possible from measurements on the track to prove
that the event was a scattering of a m meson. There are 26 such events
in the sample and these are shown crosshatched, leaving 216 events of an
indeterminate nature containing decays and scatterings. A feature of the .
graph is the defficiency of events with short tracks, resulting from the
scanning bias .against lengths less than 0.3 cm. The resultant curve is
built up from a combination of 32 events belonging to the S curve and 229
events ascribed to the D.curveg These figures indicate that only $ix of
the 216 indeterminate events were actually scatterings and that 19 T~ decays
were missed in the scanning. It follows that the observation of a kink in a
negative track, that cannot be readily rejected as a scattering, corresponds
to the presence of 1.06 true Z- decays (i.e., 229/216).

Next one needs the corresponding length of £~ track. One must
take into account the criterion that ignores for scattering purposes the first
and final 0.3 cm of the track. A total of 0.6 cm has to be subtracted from
all the Z tfacks, therefore those tracks having less than 0.6 cm contribute
nothing. From the normalized D curve, it is found that the 216 kinks yield

a total of 567 cm. One kink, therefore, corresponds to 2.62+0.18 cm. of
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Z track. The error quoted arises largely from the uncertainty in the Z -
hyperon lifetime, which governs the shape of the D curve.

The final step is to estimate the total number of kinks observed
throughout the experiment. For this purpose, a random sample of 5,500
pictures was selected. On the basis of a scan of these photographs it was
determined that, for negative tracks, the total number of kinks observed
throughout the experiment was 5, 840 % 350. Consequently, there must be
6,200 £ 350 Z particles (i.e., 5840 X 1.06) and a total T -track length
available for scattering of 153 £ 14 meters (i.e., 5840 X 2.62 cm.)

' The treatment of the Z+ hyperons is exactly analogous except
that the particles are separated according to their decay mode. This is
because Z+ hyperons decaying into charged pions need to be distinguished
from pion scatterings, whereas decays into protons are confused with proton
scatterings. The lifetime used for the 2’+ particle is (0.8 0.1} X 10=10 secza1
Figure 7a shows the S and D curves for events that could be Z’; decays
or scatterings of 1'r+ mesons. The experimental histogram in Fig. 7b
contains 15 recognized scatterings (crosshatched) and 114 indeterminate
kinks. The resultant graph is obtained by assuming 116 events for the
D-curve component and 21 events for the S curve. From the graph it is
estimated that one indeterminate kink is equivalent to 1.02 true Ztr decays
(i.e., 116/114) and 1.01 £0.14 cm of = track available for scattering. The
estimated total number of kinks is 3,080 +250, as found from the sample of
5,500 pictures. Therefore, the total number of Z-:T decays .is 3150&5250,

{i.e., 3080 ¥ 1.02), and the 2+-track.1ength is 31.0%6.5 meters (i.e.,

3080 X 1.01).
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Figure 8a gives the S and D curvesdfor events that are Z; decays
or proton scatte;‘ings. There are six recognized scatterings and 102 in-
determinate kinks. The resultant graph is composed of 91 decays and 27
scatterings. One kink is then equivalent to 0.90 true }3; decays and
0.88%0.12 cm of =T track. The total number of kinks is estimated to be
3,030+250. It follows that the number of true E; decays is 2,750 +250
(i.e., 3,030 % 0.90) and the ' -track length is 27.0£5.5 meters.

The results for both T~ ahd Z+ hyperons are ,summariged in
Table II.

Finally it is of interest to note how the track length is divided
between the various regions of hyperon energy. This information is provided
in Fig. 9. Plotted on the graph for comparison are the values of the primary
momenta for the 16 Z’-hyperoﬁ scatterings. With the available statistics
one cannot, of course, say anything as yet concerning the variation of the

cross sections with energy.

THE CROSS SECTIONS

Six £~ andten T scatterings have been observed in 153 £14m
and 58 £8 m of track respectively. The carbon contamination has been
estimated to be 16 +5% and 23 %7% for the two ;:ases, and the scanning
efficiency approx 85%.

It remains to determine the effect of the small-angle scatterings
that were not accepted because the recoilp.r:ot’on had a range less than 2 mm.
This correction affects the number of events in the angular range 0 to 25 deg

in the c. m. system.
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If the angular distribution were isotropic one would correct by
adding 5% to the cross section (i.e., the proportion of thé solid angle con-
tained between 0 and 25 deg). As there aré equal numbers of Z+ events
in the forward and backward hemispheres, isotropy will be assumed for the
Z+ scatterings and the 5% correction employed.

For the £~ events, however, fhere is evidence of a peaking; all
events lie in the forward hemisphere. With so few events it is difficult to
make a meaningful extrapolation of the distribution to small angles. To
assume the distribution to be as strongly peaked as that for w-p scattering
would give a contribution to the cross section of about 25% from the small
angles. 7 On the other hand, we have seen that the assumption of isotropy
would place a lower limit on the contribution of 5%. We shall arbitrafily
choose a value of 15+10%, where the error limits enclose both the afore-
mentioned cases.

If the density of propane is taken to be 0.415 g/cm3 the cross

. + .
section for Z scattering becomes

+18
ot = 38'14 mb (10)

and that for Z  scattering

+6
-&

otV =107% mb . (11)
There is at present very little experimental work with which to
compare these results. Dallaporta and Ferrari studied the ratio of AO
+ T . . .
particles to X particles emitted from K interactions at rest in emulsion

and in hydrogen. 10 They concluded that the inelastic reactions converting
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Z hyperons into AO hyperons had to be large to account for the comparatively
small number of Z * particles emerging from the heavy emulsion nuclei.

This conclusion has been confirmed by the European K' -Stack Collaboration,
which found the probability that a = particle, created in the primary K~
reaction, would be absorbed on its way out of the parent nucleus was approx

11
45% .

with and without accompanying Z particles. The Alvarez group found five

This was determined by comparing the numbers of pions emitted

examples of inelastic Z  interactions on hydrogen and only two elastic

scatters; comparison clearly shows that the inelastic processes compete

very strongly.  This strong competition may be the reason for the rather
(-) |

small value of the elastic cross section 0 ° ' found in this experiment.

With regard to interactions in flight of Z particles on complex
nuclei, a few isolated examples of inelastic reactions have been found in

12,13 A certain amount of data is also available, through

nuclear emulsions..
the European K~ - Stack Collaboration, concerning elastic scatterings.
From charge independence one may deduce that the Z+- pand £ -n
potentials are identical, as are the Z -p and Z}+ -n . In the presence of
equal r;umbers of protons and neutrons, therefore, the ZT+ and Z~ hyperons
should be scattered equally. However, in the heavy emulsion nﬁclei, Ag

and Br, thefe is an excess of neutrons, so that any observed différence
between the E+ and Z scatterings on nuclei can be a;ttributed to the
difference in the Z’+—n and Z -n potentials. Our results indicate that
Z+-p cross section is larger than for Z -p , and hence X - n scattering

is more important than 2+—n . Itfollows that £~ hyperons should be
scattered from heavy nuclei to a greater extent than Z‘+ particles. The

K~ - Stack Collaboration finds 11 £~ and one X' scattering greater than

10 deg. 13



-20- UCRL-9389

Scant though the data may be, one can nevertheless conclude that .
the various sources providing experimental evidence on = interactions

give consistent results.

DISCUSSION

The hyperon-nucleon forces can be transmitted by the exchange
of pions: or K mesons. Exchanging an odd number of K mesons transfers
strangeness and gives rise to an ''exchange' force. On the other hand, if
only pions are involved, or even numbers of K mesons, the forces are
""ordinary. "

Theoretical predictions concerning hyperon-nucleon scattering
have been based upon the global symmetry hypothesis, 14 which postulates
a strong universal pion-baryon coupling and only moderately strong K-meson
intel;actions. In order to couple the A and Z hyperons to the pion field
in the same manner as the nucleons are coupled, these hyperons are

reorganized into two doublets, thus giving a total of four baryon doublets:

leg’szzi’l\%:ZC-) Ng = E(-)
Y z ’ =
(12)
where
yo - (A% - 2% g oge L (A0 - 2%

(13)
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Global symmetry requires the pion-baryon coupling constants to be equal:
G, =G, =G, = G, . ‘ (14)

The hypothesis can, of course, hold only to the approximation that the
Zo - A° mass difference can be ignored. This assumption affecﬁs the
calculation of the hyperon-nucleon potentials by less than 10%. 15

It is readily seen that, in principle, one should be able to pfedict
the hypercﬂ)n-nuc'leo‘n pot.entia;lsv from the experimentally observed nucleon-
nucleon scattering data. In particular, the 2+—p interaction should be
identical to that of the p-p system, apart from the restrictions of the
Pé.uvli exclusion principle. The latter has the effect of forbidding the 3S
state for the p-p system but not for the '2+-p case. One must use,
therefore, the triplet odd-parity nucleon-nucleon potential to derive the ~S
potential for the 2+-p system. Unfortunately, the triplet nucleon-nucleon
potential is not at all well determined at short distances; and una'i'nbiguoﬁs
prediction of the .Y—N potentials from experimental N-N scattering data
is not possible at present.

Bryan, dé Swart, Marshék, aﬁd Signell16 have calculated the Z+;p
interaction, using the semiphenomenological Signell-Marshak potential.
This SM potentilal gives an excellent fit to the p-p scattering data up to
150 Mev. For the Z+-p interaction a ciifficulty was encountered in that
the central part of the triplet even potential was found to be so strong at

3D1 ) state of the Z+-p system

short distances that it led to a (3S1 +
bound by more than 200 Mev. No such state has been found experimentally,
and consequently this central triplet potential had to be cut off. The radius

chosen for'the cut off was such as. to make theibitlding energy zero for the

2 -p system in the triplet state. One result of the calculation is its
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prediction of a strong forward peaking for the Z+—scattering angle in the
c.m. system. Curve SM in Fig. 10 shows the distribution for Z+ hyperons
having a laboratory-system kinetic energy of 150 Mev.

Ferrari and Fonda18 have made a similar calculation, using the

19

Gammel-Thaler potential. ~This:: GT potential, while also giving an
excellent fit to the N-N scattering data, Aiffers markedly from the SM
potential in itsbtreatment of the eentral part of the triplet iﬁteraction.
Instead of the strong attraction at short distances, the GT potential
requires a repulsion. Ferrari and Fonda found that the strong forward
peaking of the ‘Z‘+—scattering angle is not reproduced when the GT potential
is used; one obtains the almost isotropic distribution of curve GTsp in

Fig. 10. The calculation was madeé by using S and P waves, and for
comparison we show the result obtained for the SM potential using only
these waves: curve SMSp .

The striking difference between the predictions for the SM and
GT potentials leads to the suggestion that a study of Z+-p scattering may
provide information concerning the behavior of the triplet odd-parity N-N
potential,

In our experiment we found five Z+ events for which the c. m.
scatteriné angle lay in the forward hemisphere, and an additional five for
which it was backward. There is one other Z+ event, found by Gilbert
“and White,2 and this had an angle of 125 deg. The forward: backward
ratio, therefore, becomes 5:6. Although the statistics are exceedingly
poor as yet, they nevertheless lend some measure of support to the apprbe
imately isotropic distribution required by the GT poteﬁtial, rather than

the 2 : 1 forward peaking indicated by the curve SMsp or the 3: 1 ratio re-

quired for curve SM.
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Whereas the general features of the scattering-angle distributions
are not expected to vary appreciably as a function of the enérgy of the =
particle,.the value for the elastic cross section does change. This makes
it difficult to cdmparé the predictions for the c.ross’ section with the experi-
mental value of 38 ' %481 mb. Calculations ‘Withv the GT and SM potentials.
have been made only up to 150 Mev, whereas the track length examined in
this experiment refers to a mean hyperon eriergy of about 350 Mev. The
GT potential leads to a cross section of 33 mb and the SM to one of 65 mb
at 150 Mev. As both cross sections are decreasing as a function of.in—
creasing energy, it is difficult to conclude strongly that our value favors
either one.

Lichtenberg and RossZO have made a cdmprehensive investigation
into hyperon-nucleon reactions, vusing the Brueckner-Watson potential.
Considering S waves only, they found the E+—p elastic cross section to
be approximately twice that for Z--p ellastic scattering. This conclusion
is qualitatively confirmed by the experimentalily observed difference between
the two cross sections.

As previously stated, these results depend upon the validity of
gloval symmetry. An interesting suggesﬁon has been made by Matrkov2
concerning the possible effects on E+-p scattering of a strong interaction
through the K-meson. field. If the Z+-p interaction is transmitted by the

process

- pl- +’ z+| a’

=st+p = ztiko+z’ (15)

one arrives at a typical exchange reaction and expects the E?+ particle to
have a tendency to travel backwards in the c. m. system after the scattering.
The situation is different for the = -p scattering, in which it would be

: + +
necessary to exchange botha K anda w 1meson:
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Z-+p—>2-+K++Tr++Z‘_'—» p,+2_' . ' (16)

A study of the E+- p angular distribution could perhaps provide an indication.
of the relative importance of 7 - and K-meson interactions. This is
particularly interesting in the light of the present data, which suggest a
significant difference between the Z+-p and £ -p c.m. angular distributions.
The si>x Z- events found in this experiment, together with the two found by
the Alvarez group, 1 all lie in the forward hemisphere, giving an 8 : 0

forward peaking. This is to be contrasted to the 5 : 6 ratio for the Z+=p

scattering.

CONCLUSION

+ . . .
Ten Z and six Z~ particles have been observed to scatter

elastically from hydrogen. These events lead to cross sections of 38;'-%2
2 mb for Reaction (2). The =~ hyperons show

a forward peaking of the scattering angle in the c. m. system, whereas the.

mb for Reaction (1) and 10+:

2+ hyperons give an essentially isotropic distribution. The results have
been compared to various theoretical predictions. In particular, it was
concluded thatif the observed isotropy for ’Z+ scattering is confirméd later
by better statistics, and if the global symmetry hypothesis is substantially"
correct in its description of Y-N interactions, the evidence favours the
Gammel-Thaler method of treating the triplet odd-parity N-N potential,

i.e., this potential should be represented by a repulsion at short distances.
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Table I. Details of the X scatterings on hydrogen e
Lengths . ’ ’ ' ' ;
Event Decay Ly L, X 9 P e P 0 |
number mode (cm) (ctn) (deg) (deg) (Mev/c) - (deg) (Mey/c) (deg) - |
i
\
- +1602 |
005244 z 3.5 43 1.0£1.0 13.7%1.9 8207159 15.8 845 38 -
033796 2. 24 4 2.322.3 12.842.6 13702 40P 12.1 1385 31 - |
044271 ] 3.6 12.9 0.6£2.0  29.240.7 810 +302 29.4 830 71
a
- +500 , S
055253 z; 3.4 3.1 1.0£3.0 14.7£0.7 910’200 15.3 915 37
|
084372 s 0.4 1.2 4.0%12.5 29.5 6.0 1600 % 450° 355 - 1180 88
100987 £ 1.6 1.8 3.723.0 33,2%3,7 870 £ 90° 28.4 785 68
a
019347 z! 0.5 0.8 7.5+16.5  39.0%2.0 7301220 39.0 705 94
033797 z! 0.8 . 2.0 1.2+1.3 22.1+1.6 1250 2 70° 22.0 1220 57
039553 z! 2.3 2.0 1.441.5 26.3£4.0 620 £11¢° 26.6 565 62
044477 z! 0.7 0.5 2.0445 47.6£14.0 720 +140° 46.5 705 117
082443 z! 3.8 . 2.0 0.5£1.0 50.5£0.8 °  133040° 49.8 - 1330 °© 136
083729 =! 4.2 1.0 3.0£2.0 53.2£3.7 1060 +100% 46.5 1020 118
099038 z! 15 0.7 10.0£6.5 15.6£3.8 1500 +120° 19.8 . 1520 51
| . ¢
| 079651 - z; 1.8 1.4 1.0£5.0 6.746.0 1ooof‘fgg 8.5 1000 . 21
086283 ):; 3.9 0.3 . 0.5£3.0 29.4+3.8 760 + 402 32.8 775 78
.
091847 z) 0.4 1.3 8.0+7.5 40.046.3 1250*390 40.8 1125 104

2Momentum determination from Pp and Op
bMomentum determination from K-H interaction

®Momentum determination from P' and 6'
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"Table II. Summary of the total Z-track length observed
Estimated
Particle total number Total track
of particle length (meters)
z" 6,200+350 153+ 14
+ 5, 900 & 350 58+ 8
Total T 12,100 £500 C211%16
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interaction produces a Z
The hyperon scatters off hydrogen

Event 082443 . A K~
" meson.

hyperon, a =

Fig. 2.

and decays into a pion.
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Fig. 3. Distribution of Z - track lengths before and after the
scattering.
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. 4. The distribution of the angle ¢ between the scattering

and vertical planes.
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pected shapes of the distributions due to m -carbon scatterings
and Z_ decays respectively. The curve fitted to the histogram
is a combination of S and D suitably normalized.
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Fig. 6. Momentum spectrum of the Z~ particles.
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Fig. 7. Distrihution of the distance between the K star and the
kink for Zﬂ decays.
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Fig. 10. Theoretical distributions of the c. m. scattering angle
for ¥ particles having a laboratory-system kinetic energy
of 150 Mev. Curves SM and GT were obtained from
the Signell=Marshak and EBmmel-Thiler potentials using
S and P waves only, and curve SM from the Signell-
Marshak potential using all phase shifts.
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