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K p Interactions at 1.15 BeV/c
William Graziano and Stanley G. Wojcicki

Lawrence Radiation Laboratory
University of California
Berkeley, California

~April 19, 1962

ABSTRACT

This paper contains the conclusion of the systematic study of K p

inter»actiovn‘s.in the Lawrence Radiation Laboratory's 15-in, hydrogen bubble

chamber at 1.15 BeV/c. In particular, we report on the elastic and charge-

E-3 .
- exchange scattering, K N production, and Zm reactions. The procedure used

in scanning, measuring, and computer analysis is described in detail, The

- similarity of total as well as differential cross sections for the three Z

charge states suggests predominant production from the T =0 state for this
channel, The angular distributions for the Zw reactioﬁs, ‘\;'as well as the elastic
and charge—exchange scattering, indicate 'tha.t.paftial waves as high as F 5/2
must be involved. The analysis of the K_p‘iro i'eactions substantiates the
earlier prélimina'ry result of I-spin 1/2 for the K* resonénce. The angular

distributions and correlations in the K-p'rro and K n'n reactions support the

conclusion, derived from the previous study of our KO pt events, that the
sk i .
K spinis 0 or 1, A summary of cross sections for all the reactions studied

in the experiment is given.
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K p Interactions at 1.15.BeV/c
 William Graziano and Stanley G. Wojcicki -
- Lawrence Radiation Laboratory:
University of California

Berkeley, California

April 19, 1962

" 1. INTRODUCTION
. During the fall of 1958, the Lawrence Radiation Laboratory's 15-

in, hydrogen bubble chamber was exposed to a separated beam of 1.15-BeV/c

'K~ mesons., A systematic study was undertaken of the interactions produced
.:by the approximately 100,000 K~ mesons that entered the bubble chamber. -
.. Partial results of this study are reported elsewhere. 1-4 .In this papef,'we

- .present data for the following reactions:

K +p - KN
- KN .
- = ' .
- Aw .

- In Section II we summarize the K~ beam and discuss the scanning,

_ measur1ng, and k1nemat1cal ana1y51s of our bubble chamber events. We also

describe there br1eﬂy the- PANG KICK and EXAMIN system used in this

experiment,

The method used in reselving the ambigﬁities between the different

reactions is discussed in Section III. This section also describes the correc-

tions that had to be apphed to the data to remove: the exper1mental biases.

Section IV summarizes the results of the experlment In addition

to a summary of the cross sectlons for the K P react1ons at 1.15 BeV/c we
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present the angular distributions for the KN, Zm, and Am final states. The
leastrsquares fits to power séries in.cos @ for the KN and =w reactions are
presented in a table form. Fi‘nally, ‘the data on KNw events is analyzed in

terms of K N production,

II. EXPERI»MENTAL PROCEDURE
"~ A. K ‘Beam

. The»'-.K_;r. .beam used in this experiment has, been described in detail
elsewhere;5 thus we will summarize Qn’ly some of its more important charac-
teristics. "A schematic drawing of the beam is shown in Fig, 1. The ‘beam
-was: designed to-accept negatively charged particles from ‘the Bevatron in the
rhorrienttim interval from 1155 to 11:8{5 MeV/c; the momentum of the accepted
particles was reduced by approximately-'-ZO. MeV/c':because. of ionization-los‘s in
‘the walls of the chamber. ! Two stages:of electrostatic separation were used to
separate the K mesons from the ethef parti‘clesvin the beam.

A preliminary analysis of the ratio ovf 7~ to K~ mesons was made by
searching for> incident tracks that interacted‘in the bubble chamber .and which
had a & ray with energy greater than 5 83 MeV These tracks must be T
mesons, since the maximum 6- ray energy that a l 15 BeV/c K~ meson.can
produce, 1sv 5. 83 Me-V The results were that the ratio of m to K was either
50+ 18% or 8:l: 11% depend1ng on the ad_]ustment of the spevetrometers. > The
lower pion .contamination could be obta1ned by a small reductlon in.the K -
meson fh:tx A tnote acc‘hr‘ate estlmate of these ratlos -\K‘/lll}be given.in Section
In o S |

To determine the collimation of the K~ mesons in the beam, we

analyzed our. 'r-decay events. In approximately 93% of these events, the

»

o
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direction of the incident K meson was within *2.4 deg in azimuth and *2.4

deg in dip of a certain fixed direction in space (approximately the avérage
dir.ection of.-our 7 mesons), Therefore, ‘ by requiring that the interacting
track Be within +2.4 deg in-azimuth and dip of this direction, we were able
to reduce the number of events due té) 7~ and K~ mesons that had scattered
in the beam.

- The average méfnentum and momentum. spread of'the K™ mesons
was determined by studying our ~Kp2 decays in which the muon stopped.
Because the direction and range of a particle can be measured very accurately

in-a bubble chamber, we can calculate the momentum of the incident K meson

~with an error of only about 5-MeV/c, Furthermore, this method is independ-

~ent of the magnetic field and thus provides a check on the value of the field

used. We had 46 decays in which a muon stopped; three of these did not

satisfy our angle criterion for beam tracks. The average momentum for the

-remaining 43 decays was 11503 MeV/c, and the spread was 20 MeV/c after

unfolding experimental errors,

B. Processing of Data

Approximately 75,000 bubble-chamber pictures were taken during

3

interacted or decayed. The purposes of the second scan were to find events

missed on the first scan and to estimate the number of events that were rissed
on both scans, ' Since it is. difficult. to determine on the scanning table if the in-

cident track of an: event would satisfy our angle criterion, we retained all

interactions and decays in which the incident particle was within approximately

+5.0 deg in azimuth and dip of the beam direction.; - The.remaining nonbeam

.events were eliminated after the events were measured.: Also, the events were
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examined “by. the scanner to determine-whether they were within a specified
‘fiducial volume, defined by using the fiducial marks on.the -top glass- of the
chamber as reference points. Events outside of this volume-are usually dif-

ficult to analyze and were therefore rejected. The.-scaﬁning effiéiencies for %
‘the -e;/ents within this volume will be discussedin Section IIIL.

Unfortgnately, at this momentum the exact reaction cannot be
identified merely by visual ‘insp_ectio;l.of an event. Kinematical analys';s is
neces’,s-al-'y- for all possible physical inter‘pretationsAbefore the correct one can
- be determined. Thus, during the scanning no effort was made to identify the
reaction. - Instead, each event was placed. according to its topology into one of
eight classifications, called event types. . Some of these event types are illus-
trated in Figs.. 2 and 3, |

From the four stereo bubble-chambér.. pictures of an interaction,
we selected, for eaéh track of an event, 'th-'e two views that would give the
most accurate spatial reco-nstruc;tibn of the track, . ‘A projection microscope,
called Franckenstein, was used to b’btain the film coordinates of several pointst
on each track in the two views selecte;d.

PANG, a program for the IBM 7v70‘4, utilized these film coordinates
to reconstruct each of the tracks in.space.'—{.v Using the event type of the inter-
actior, PANG assigned masses to the particles that produced:the tracks. The
momentum and space éngles;b--alo_ng with:their errors, were then calculated
for each particle..

,Another:pi“ogram, KICK,.S-;J.sed;the data :pf_ovided by PANG on a ..
given event to perform ._agl.eas"c‘-square_'s‘Aﬁt-to:each of the possible interpretations @
- for this -event.’ It used-the four energy—morrienturn.conser'vation-equationsvalms the
constraints, For each hypothesis; KICK calcu-iated the XZ, the fitted momenta

and angles for:the particles, .and the errors. on the fitted d';ata\.‘., If the incident

"\
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particle in a given hypothesis was a K meson, then KICK would average the
momentum obtained from PANG with 1150%20 MeV/c before it performed the

fit. This was done because the error on the measured momentum of .a 1-BeV/c

~ particle is frequently quite large. . A given interpretation was rejected if its

XZ value corresponded to a probability of less than 1%.
A program named EXAMIN performed calculations on the fitted data

from KICK. Since the calculations performed by EXAMIN depend upon the

~.event type, we will discuss them in the section on data analysis,

C. The K Pathlength

- The pathlength for the K~ mesons which satisfied our beam criteria

- was calculated from the number of observed K decays. A correction was

applied to allow for small-angle decays and because scanning efficiency was
less than 100% . The total path length in the entire film sample was such

that one obseryed.eventv corresponded to 12.2 pb, In the restricted film sample

for which the ratio of m to K~ was 8+ 11%, one event corresponded to 30,3 ub.

Errors associated with the above two-cross sections are not given because
they are insignificant compared to the errors associated with the number of

interactions,

II. ANALYSIS OF DATA

- + T
A, K+p—=2 + T,r+

. - - - . c s .
Events produced by the reactions K +p—>Z + TI'+ are indistinguish-

able topologically from Zi+ l1T++'n1rO(n = 1, 2) events, Fortun_ately,l the kine-

matics for these reactlons are sufflc1ent1y d1fferent so that the unamblguous

isolation of the two - body events is relatlvely stralghtforward Of the 171

events that fit the Zw hypothesis, onl‘y; 19 also gave a satisfactory fit to a ZZ'n'
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intex/'_pretation. Furthermore, '_the"‘-’xz"distribu‘tion.fo'r-these 19 events:when
fitted to' the Zm hypothesis agrees with'the expected distribution, ‘whereas
‘the XZ- ‘distributioﬂwfhen the 19 e?e‘nts‘are-wﬁtted'to' 221 interpretations is .
much broader than the expected distribution. *This and the improbability that.
an actual Z2w event would fit a = interpretat-_ion.=.i¢ad-'u's to believe that al-
most all of these 19 events are X events; we consider them as such in .the
following analysis.

For the charged = ev"e.nts.we first fitted vthe; Z~decé,yv»vertex by usin;gi
the PANG data on.the = track and on"ifs charged decay produét. Subsequently,
the fitted variables of the T track were transformed from the decaf to the . |
production-vertex. The event was then fitted to the =w and T2m hypotheses.
Uﬁfortunat'ely, 'in most of the events the Z track was so short that its momen-
tum from curvature was unreliable, FJr these events we were only able vt'o
calculate the momentum of the Z.. ‘This. c-'alculation..frequently' resulted in a
two-fold ambiguity, -'c()rres.pondinig':to forward or backward certer-of-momen-
tum (¢.m. ) decay (fourfold for 21-- events 'because'of-'the ad_ditiénal protonic
decay mode). Thus, for these e‘v-ents.Several production ‘fits had to be per-
formed; one for each & momentum.’ Fértunately’, the production kinematics
are sufficiently constrained so that the ambiguity in the = momentum is a-iwayé
resolvable,

~ In obtaining the éﬁgular Qié'ffibutidﬁs for the =m reactions, we have
to consider the following biases: |

1. The scénnirig ef’ﬁci.e:ncjr':fo:r' Z:‘E‘:ﬂ? ‘éxb}éntls} depends ﬁpon.the angle
‘that the = makes with i'tAs;”char-ged. deéta':)‘r’ fﬁ‘oduct, “ ’]"f‘hi'é" is espeéially'Sérioxis
fér -forward—préduéed h};pefdns wl"i-ichv d‘é;c‘:;yvi via the protc;ﬁic m‘ode',‘ sincé the
decéy, angle in 'the .ié.béf'aféfy (léb)' systemls always lle:'.sisﬂthan. 9.5 deg for these

events. Furthermore, in a protonic decay, one generally does not see a sudden
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change in . ionization, as in avlow;e_nergy Z »n +mw decay.
2, Events with short Z tracks tend to be misclassified as two-

prong reactions more often than do events with longer Z tracks. This is a.

.bias aga.inst 2 hyperons whi_ch_ are produced in:.,’che bac_kwa_r,d. directi()n. ,This

would be a serious bias if not corrected, since the p\robability’ that a-back-

ward-produced Z would decay in the first millifne.ter is about 30%

3. At this energy the escape probability becomes significant,

. since a forward-produced Z hyperon would have a mean path:length of about

6.cm, a relatively large:distance in a 15-in. bubble c;hani‘per‘. To obtain a

. bias-free distribution we imposed the following require_ménts on all events:

,‘1';« The _P‘x;‘gje_.c_ted dgc_a.y angle betwe_gn-the Z_,and its decay product must

- be more than. 10. deg in at least one of the four views.

. 2. The = traqk(.‘mus_tv be at least 4 mm long in spac;é.
3. The Z must be produced and decay inside a specified fiducial volume,
The scanning efficiency for. thé events that satisfiedv._these three require-
ments is'such that it?;'is;tu'ri;li‘ke1:y.l;.t’hé.jf.»',aﬁy;-ieventsqwer-i:e missed in both.scans.: = .. .

All of the Z7 events were processed through our EXAMIN program,

.which checked to see that each of these conditions was satisfied (the events

that did not satisfy these requirements were rejected). The program also com-

puted the probability that a Z emitted at the observed angle 6 ‘with the observed

momentum P:wéuld meet these three requirements. . This probability is given

by

Pdetz(Pis‘Pz) Py

where P3 is the p'roba.bility'of decay within the fiducial volume, PZ

bability of decay in the first 4 mm, and Pl_-_is the proba-bil.ity that the projected

is the pro-

decay angle will be greater than s10'-'£i[eg' in at least one of the four views, 'Each

event was then weighted by I/Pdet .



g -8- - UCRL-10177

This method of treati‘ﬂg‘3thé"Biés‘é's,‘.is ﬁbAt"sati”sfact'o'ry if phy‘éi‘Cél

. states with ':“a‘»veryllbw probability of detection are present. Unfortunately,

the ':forWard‘-'p'r‘oldu'ced' >'hyperons that decay via the prot‘ohié mode ordinarily
have a projected decay angle ‘smaller than 10 dég.’ “Therefore, the probability
that these Z+ e\;ents meet the first criterion is alfh'ost zero, For this reason,
only the events 'in which the =t decayed via ti’le pionié mode were used for the
forward part of the angular-distribution ‘histogram} the W‘eight for each of
these events Was‘“mqlfi.f:lie‘d by 2 to take into account the protonic decays .(t'he'
rates of the two decay modes are experi’r:neﬁtally',.known to be equal).. After

removal of the forward-produced Z+‘hype'rbné that decay via the protonic mode,

‘our method of éorrécting_ the biases becomes quite saf:i.:é.factory_ (the weights for

the events range from about 1,2 to 2,5),

The an'gula«‘r—distribuvtvion{his‘tograms for the 'Z)+v'rr_ and Z-n+ reactions
are shown in Flg 4, THe ordinate rép"r'esehts the sum of the _wbeights for each
interval,

' To obtain'the polarizations of the charged E»vhy'pero'ns, we used all
of the =% 'n'I évents that were found, The abdée-rﬁeﬁtioned scanning biases do
_ not affect the calculation of the pol'ari'za'itions,' since the "up" and "down'' events
are effected equally by these biases, 'Table I shows the polarization results
for the Z:!:'rrI reactions. ‘- |

We use the following sigh convention. The decay distribution of a
spin-1/2 particle in its own rest frame is given by |

1+ aP cosb

1(0) = >
‘Here cos 0 is d'efibne‘d"as‘ B
Py« (PgXPy)
.;\CQS,G_:_» T R
pN l PK X PY]

.

e
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where EK’ 1-5Y, ﬁN: are momenta of the incident K, .the T hyperon; and-
the decay nucleon, .respectiveiy, in either the laboratory or K p c.m::system,

and - PN is the. magnitude of the momentum of the nucleon in 'the hyperon rest

frame,

B. VO- Zero-Prong Events

We discuss next the single-V events found in our film. Topologi-.

. cally, they cioqsist of a disappearance of a beam track (0 prong) associated

with a V (Fig. 3.). . They can be due to the following reactions:

Kp=K+n W
K tntd® W@
K rmea® (3)
- A+ ,,0:__ - " L | (4)

. (5)
) o
- (7)

The evén_ts can be separated relatively easily into one of two groups::

~ .one in which the V-is a K0 decay or one in which the V is a A decay. Decay

- and production kinematics, along with the ionization of the positive track were

used to obtain this separation.
To correct for the bias due to the V's escaping from the cha}.mbe_‘r

before decaying, as well as the immediate decay of the V (the latter would

result in misclassification of the event as two-prong), we require that all ac-

cepted V's decay inside the specified fiducial volume and that they travel at
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least 4 mm before decaying. ‘- Then, just as for‘i‘chairge_‘dfﬁz"s_«, allr'éven’cs R
satisfying these two'criteria are weighted by 'th"ev inverse of their probability
of detection. The scarning efficiency fofathe events that rneet the above two
criteria is approximately 100%.

The procedure followed in classifying the EO events was as follow‘s,
An event was givena Kn 'v-"interpr'eta‘;tion if it gave a Satisfactory XZ to this
hy'I.;)ot'hes:is (The -K—on'- ‘and ‘ATI"IO "hypotheses are the only ones constrained enough
so that a kinernatical fit can be made). It was classified as a Iz(—)-n fro event if
the invariant rhas‘s.vof thé 'rhissin'g 'neutralsgle#ceeded' the fnass of fhe neutron
and a Tro. Tﬂe rﬁomentum of the 126 obtained by fitting its decay is known to
such é high precision that; there was noov'er’laﬁpv_ due to measurement ex;rors
betWéen the above two reactions, We have assumed that there were no
Kon'TrO'rrO_ events, since no ;)pw_ 'rro or K_Ov'hfn-l*rr-l— events were found.

After ;;orrecting for the neufral .\declzay of the ;{—O and its escape
' probé.bility; we find that these 133 events correspond to 432 -;(T)n and 106
;ﬁ.rro events.( The angular distribution of tl;ie- ;)nv éveﬁts (including tile cor-
rection due to escape probabiiity) is sihov»’/n in Fig. 5. -

In the group of events involving the decay of a A (about 200 events),
it~is muvcvh‘“ more difficult to separate the individual reactions. . First, a larger
" number of reactions can produce a A ‘z'e'fb-'p":rofhg:" event than can produce a K°
event. Seéond‘ljr,‘f”tlﬁe‘ "kinvetic“én.erg';r of{he AlntheK-pcm “syrstem does not
' defermine ‘uniquely the reaction responsible, "I-"hi‘ll":dly', in g'ene'ré.l,' the momen-
tum of .the'"'j;\ is ﬁ(v)t‘lxcrvlownﬁa.s a'cc'u'r:ately:»a's is the momentum of fhe ;’ after they
are fitted to their deca:.'s-'lf.

Some faedsure of these difficulties is illustrated in Fig. 6, which

shows the kinetic energy spectrum of the A (including the correction due to

\

®

-«
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., escape probability) in the K p c.m.. system for the A zero-prong events.

~'The Lorentz transformation was performed using the nominal beam momen-

tum; the spre“ad in-the beam momentum corfesponds to a spread on the average

of 3 MeVin T The dashed curves show the spectra of ATTO, Eoﬂo;, and

N »
many-body events normalized to the observed cross sections; the, procedure

used in obtaining these cross sections will be discussed next. S

- We know that the ATrO spectrum is a line and the Zo'rro spectrum

-must be flat between its two limits. To obtain _the - A spectrum for the many-
- body events, we assume -that the A spectrum for the many-body events is the

‘same as the A spectrum for:the A two-prong events. This assumption may

be incorrect, because different isotdpic spin combinations would be involved

~.in the two classes of reactions. However, since there seems .to be no evidence

in favor of a sizable w-w interaction in the A two-prong events (this is the ef-

fect that would alter most drastically the two spectra), it seems plausible to

- assume a priori that the A spectrum for three- and four-body A zero-prong

events is similar to the A spectrum in the A two-prong events,

To determine the total and. differential cross sections for the ZO'rrO

“events, we used the A hyperons that were well outside of the Afi'ro peak. Thus

we limited ourselves to thegeventé in which the A had a kinetic energy between

78.2 and 122.7 M€V (this represents the lower two-thirds of the 20170 spectrum),

In imposing this restriction, we are rejecting events in which the cosine of the

decay angle 6 of the .ZO in‘its rest system is greater than 0,33, This

ZA

‘restriction in no way biases our sample; .because the.Z decay is completely

isotropic-and is uncorrelated with the production process. .,

We assume that the s.am‘p'l’e,of: events selected in this. manner con-

-tains .only ZOTrO along with three- and four-body events. The probability that

an actual ATI’O event would yield a T, less than.122.7 MéV is very small; we

A
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estimate that no more than one oi‘"t\ﬁo”Ain events are included in this:sample,
By sﬁmmihg ’Fheﬁ'W-e‘ight'sffo-f‘-the A zetro-prong- eventsr_with??TA< 78.2
MeéeV and assuming that the ‘A spectrum for ‘the'man'y--bo‘dy'e'vent's'_is-‘thevsame
as ‘for the A two-prong events, we can 'Calci'ulafé_"vthe total number of A many- P
bgay evént's' and also the number \of’A many-body events in the region where
TA is from 78.2 to 122.7 MeV. Using this information on the A many-body
events, we were able to estimate the tot-al"nﬁmber”of' 20“0 events,
The angular dist.riblit.ion' of the sécondary A for events with TA from
78.2 to 122.7 MeV is shown in Fig, 7. We estimate that 2/3 of these A hyperons
are produced in the reaction K + P ~ 3% 70 with =° decaying into A+ y For-
tunately; at this energ.y thé angular distribution of .thes;;e'AQ hyvpero‘l;xs -réproduces
"almost completely the a.ng‘ular distributibn of t-he-‘-Z}O hyperons; the difference is
certainly insignificant in comparison to the statistical uncer:caintie-s involved in
the angular d?l‘stribufion. - The angular. dis‘t.ril;)ution'of the events with TA<-78.2
MeV is shown in"Fig. 8. It is reasonable to assume that the angular distribution
for'fhe three-"and four-body reactions does not 'C»hange drastically wi£h the in-
creasing ener'gy of-vthe'hy_peron.; thus-the histogram in Figj. 8 migiﬂ: be a reasonably
good estimate of'the many=-body ‘contamination in Fig. 7. No subtraction.of back-
ground was attempted because of the many uncertainties involved.-
' Figure 9. shows: the angular distribution of all events with x2< 2.0 for
.. the A‘rr0 interpretation, “This histogram-is probably biased in favor of forward
A hypérons (and thus should not be taken too literally), since the iseconda‘,ry‘ A
" from a forward: 420 'l-'l'yp'eron will"in general"ha:ve. a larger error on its kinetic
energy than a slow A (from a backward 'ZQ)'.~ Thus events with forward 'Z'O are e
‘more likely to g/ive a low --XZ for the’ A‘rro ihtér_pretation'.tha-n ‘are backward Z)O

events, - ' _— e o .
~
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The polarization for the three classes of events. ( Ath; Zoﬁo,- and

.three- and four-body events) was calculated using all the events found. As

previously mentioned, our scanning biases would not tend to favor either the

"up' or '"down' events.. In Table I, ithe polarl'za‘tiovn.v-r_esultsr are given for .

: . . L ' + + .
these reactions. The same sign convention is used as for the Z 7 reactions,

“except that now —P:Y refers.dlways to-the fnomentum of the A. .

. C. Two Prong Events
The analys1s of two prong event is compllcated because of the

relat1vely large number of reactlons that can produce this conflguratlon

At Lonur. momxentumu pf L 15 BeV/c the follow1ng react1ons can appear as

two prong events (Flg 3) in a hydrogen bubble chamber

K +p— K +p : T _(g) ,
R K-_ +' pF TrO R Co (9) -
> +'p+t K0 e S “(10) -
e Kowatim . e e an
- +1T++<A(>+ 1T-O T (13)
: =
/- o +p - - +p P s : © (15)
> "l/'l'r + 1:1'+ +noL oo . .(.1‘7)
e N 43w, . N S (18)

Unfortunately, at this momentum ,if an event fits a given K™ hypo-

-thesis it W1ll usually f1t also the correspond1ng T hypothe51s That is a

K + p— K +p + 170 reactlon Wlll ord1nar11y give a satlsfactory XZ value for
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them +p-w +p + w0 hypothesis. Moreover; the ambiguity cannot be re-
- solved by 'inspectirfg the ionization ,o‘ff-th:e’oiitfgoi'ng ‘partiel’es‘,‘ since the momen-
" tumn of the négativé/track is usually "ihfth'e'. region where both *7” and K™ “are
minimum-iénizing, To réduce this difficulty, wé decided to analyze the two- -
prong events on’lﬁyv in the film sample in whroh the ratio'“of incident m to K~
particles was 0.08+0.11.  This film sample, 'repr"eé'e‘ﬁtiné‘ approximately 40% |
of our data, contained about 900 tWo—prong events,

We fitted each of these events to 1nterpretat10ns (8) through (12) and
(15) through (17) The rema1n1ng reactions had two m1SS1ng neutral tracks,
and therefore could not be f1tted Slnce the f1ts to the elastlc hypotheses (8)

¥

and (15) normally have four constra1n1ng equat1ons it is hlghly 1mprobable

N
N

that an inelastic event Would fit an elast1c 1nterpretat10n Flrst the two out—
going tracks would have to be coplaner with the incident track. This is very
unlikely, because coplanarity can be aceurately checked,; since the directions
of the particles can be measured_very precisely in a bubble chamber. (typical
- .azimuth and dip errors are £0,2 deg). In addition to this, the event would
have to satisfy the other three cohétraining equations, .-Accolrdingly, the evehts
were divided into two groups, elas't'ie, :and inelastic, depending on whether they
- did or did not fit an elastic interpretation, ﬁUsir;g this 'method to claesify our
reactions, we found approximately 600 elastic and 300 .in\elastic events.

For 29 of the 300 events that were classifi_ed as inelastic events,
-the 'momenturn of one of the o'utgoing tracks was unmeasurable, These are
primarily short tracke from events that occurred near one of the edges of the
bubble -chamber picture. - Since these 29 events could not be f1tted and were v
not blased W1th respect to‘ the react1on that produced therh they were treated

as unmeasurable 1n‘e1ast1c eVents ' In addltlon we had 12 events that were
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unmeasurable because of poor film quality or difficulties with the bubble
chamber. All of the cross. sections for the two-prong events have been cor-

rected to account for these two groups of unmeéasurable events.

1. Elastic Events . '

The scanning efficiency for the elastic events dépends upon the

scattering angle and the orientation of the plane‘of the event, For scattering

“angles larger than 5 deg (lab), our detection efficiency is nearly 100% regard-

less of the orientation of the scattering plane.. Below 5 deg the detection ef-
ficiency has strong dependence on both the scattering angle énd the plane of

the event. Therefore we applied a cutoff angle and analyzed only the:events

- with a scattering angle in the lab.. system greater than 10 dég. = This corre-

-sponds to a recoil proton with'a 2.5-cm range and to a cos@ of 0.95 in the

~ c.m, system.

- The elimination of the events with’-c'os 6->0.95 left us with 51'l" events

which fitted the Kp elastic hypothesis and 44 events which fitted only the wp

* interpretation, - Most of these 511 events also fitted the ©_ interpretation, - Thus,

to determine the number of Kp events we had to estimate the number of . wp
events-that ,fit‘ted}fh'e Kp interpretation.

. To obtain an estimate of the total number of =~ elastic. events, we
examined the elastic scatters that had a cos8 less than -0.3, where 0 is the

angle, in the Kp (or mwp) ¢. m. system, between the incident and final directions

'of the negative particle., In this cosine interval, the kihematics of the two re-

actions are sufficiently distinict so that none ‘of these events fitted both 7~ and

K elastic interpretations,’ Nine of the 75 events with cos 6 < -0'.3""-"fi'tted~‘the

7p hypothesis,
Using the fitted data on the elastic two—prong events, we found that

the lower limit for the momentum spectrum of the m contamination was
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approximately 700"MeV/c. The upper limit was about 1150 MeV/c, since our
beam would not accept d particle with a m;éfnéhtum ‘larger than’this, For-
tunately, the angulafr distribution for wp elastic scattering has been measured
at 680,% 730, 740,10 785,'0 850,? 880, 939,11 1000,1% 1030, 1045,'! and 1150
MeV/c. 9 ~Using theg}_é angular di’stri-bu_tions,_‘-we esti.mat'ed_v_t.he value of R, the
~ratio of the number of events with cosd < -0.3 to the number with cos6 < 0.95,
_ for each of the nine momenta at which the wp two-prong events occurred.
This ratio _variﬁesvl vquvite slowly in this ‘mome_ntumainterval (from 0.15 to 0.30).
Using these ratios, >W'e? estimated thé,t there were 38+ 14 mp elastic events with
covse‘_<.0.95. o | . L S /

Of the two-prong elastic, events, 44 fi.tted only the wp interpretation.
However some of these 44 are Kp elastic reactions which failed to fit the Kp
elastic hypothesis because they were produced by a low-momentum incident K
meson. (As m,entioned’earlier,.’the measured momentum of the incident particle
was averaged with 1150420 Mev/c for the K but not the m interpretation).
From the study of our T:.de_c;a,yg,/:wé.‘esti_rd’a,ted that in about 2.5%of the beam
tracks the momentum of the ,Ié"r?:eson_would be low enough that the event
would not fit a- K p elastic interf;retat\ion when the incideht track is b;earr_l—
averaged. Thus apprqximateli 11+ 5 of these 44 gve_ﬁtg are actually lpw-energy
K—p elastic scatters.

Table II summatizes theub_reakdown of the elastic events. Siric,e;we

£

- estimate that only 5+ 15 of the events that fitted the K p hypothesis are actﬁ'ally
cos 8 <. 9

which follows, Figu_re 10.shows. the angular distribution.for the-even-tsvwhich

fitted the K'p elastic-scattering interpretation,
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2. . Inelastic Two-Prong Events

Aﬁalysis of the inelastic ‘eventsnis more difficult_than-ana.lysis. of
the elastic reactions,. sinc.e more ‘.inter‘p.ret’ations,are possible, and the fits.
to these interpretations have only one inde_pendent constraining equation,

- Since an inelastic event has o_nlyv oneconstraint, .it. will usually fit more than
one interpretatic}n. However, more information can. be obtained about an. |
~event by loo,kingf at the ionizati_dnof the outgoing tracks, If the momentum of

- the 'positive track is l-eés: than 800 MeV/c, we can .ordi‘n‘a'rilyvdis,ti__ngui_sh a 1r+
meson from _au;protor; by _the'ioniiation of the track, . Fo.r a negative track with
momentum up tb approximately 400 MeV/c, we can usually distinguish a m
from a K™ meson. . Unfortunately, even after inclusion of the information -

- obtained from the ionization.of the outgoing tracks, we: still cannot decide
upoh an unambiguous interpreta,tiop,for most of-the inelas}:.ic -events. The ad-
: ditio}nvof the ionization .data, however, does enable us to separate the inelastic
two-prong e\}ents_ info two groups, group P and group 'n'+, depending on whether
the positive track is a proton (group P) ofla "n'-l'- me‘so.vn- (group_;wf).,

To. obtain'the cross section -fo1j a given reaction, we must bg Aab_le to
estimate the number of events due to the .other. reactions in the same group.
Accordingly, the following method was used to determine the cross sections
for the final states K'p P and Knn'

1. We removed from group P the events which do not give a satis-
factory fit to either h.ypo,thesis (9) or.(16). From group 1r+-. we removed the
events for Whiéh neither hypothesis (11) nor (17) yield a satisfactory fit.

2. In addition to producing in‘ela}stic two-i)rongv_ev.e_nts, reactions
(10), (12), and (13) also produce VO two-prong events, These,VO two-prong
: évents are much less difficult to anélyze _tha(n_the inelastic two-prong events,

and they have been studied in: detail.z’ 3A The data on these VO two-prong events
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were used to determine the number of events Femaining in group .P.'d‘ue to
reaction (10) and the number remaining in group n" due to reactions (12) and
(13). = *

| 3. 'The number vof 7 p elastic scatters were used to estimate the
number of ei’rehts-in group P due to reaction. (16) and thé'number in group ‘rr'+
due to reaction (17).

4. Finally, we estimated the number of évents in the twog.roups
due to reactions other than (9) through '(13) and (15) through (17).

Step 2 was performed by taking our VO two-prong e(rents, disregard-
ing the data ;>n the \./Ol,"'and fitting thé event to'all the two-prong interpretations
[reactions. (8) thrbugh (13) and (15) through (17)]. For elach VO two-pr-'ong.
event that gives a satisfactory fit to one of the reactions {9), (10), (16), or (17)
there will be C(1-p)/p two-prong events in the -n-+ or P group due to reactions
(11) through (13). - I—ie‘re p is the probability thata given event would be
detected, which takes account both of the neutral decay mode of the Vo"s and
of the escape probability; C is the ratio of the number of K decays in the
reduced film sample .(.11'- contamination = 0,08+0,.11% ) to the total number of

. K™ decays, i.e. C correéts for the facf that these~V0 two-prong events were
taken from the whole film sample, whereas the two-prong events were not,
By this method, we concluded that 47+7 of the events in group P were due
to reaction (11) and 54+8 in group n ‘were due to reactions (12) and (13).

To estimate the number of i-rr=+"p > T +p + Tro events in group | P,
and of 7 +p —~ T+ +noin group aT (step 3), we used the number. of . 7w p

) elastic scatters obtained in the analysis of the twd-“prong elastic events. The

cross sections for w + p—> T + p + no and T +p—>1®w + 1r'+ + n events have
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been measured at. only two points :in t}he momentum spectrum of our .incident
m mesons. Cross sections for T eilastig scattering and for the above two
reactions have bé‘en me.a.sur,ed by Baggettlz at 0.9:39 BeV/_c and by Delano and
Schmidtl3-. at 1.0 BeV/c. The _folllowing ratios we\rev calculated from their

results:

10.30£0.04 at 0.939 Bev/c
0.24+0.06 at 1.0 Bev/c -

\ N
v -{mp—>mpr)
1 - -
. (mp—>7p)

10.76+0,06 at 0,939 Bev/c
0.47+0.11 at 1.0 Bev/c .

_(r"p > n'n)

(r"p = 7w p)

~ Multiplying the value of V1 and V_, measured at 0.939 B_eV/c, by the total

2
number ,_of‘ eiastic p evenfs, we obtained lli 5 and 22+ 9 as the nurﬁber of
1T-p1T0 and 7 n ' n events, respectively.  Using instead Vl and V2 measured
at 1.0 BeV/c, we obtained 14%5 TT-pTTO and 35£12 7 nw'n events, . .Since the two -
estimaltes’f'qr the reactions are approximately within -éach other$ errors, we
: Calculéted the average of them and used these averages (125 and 27+8) for
‘the number of events in gi‘oﬁps P and TT.I.- due to the reactions T p - Trv-pT.rO‘ and
T p—> 'n'fw+ri. . Since ’;most of our }rp events are in the momentum interval from
850 to 1050>MeV/c, these averageé should fe_p_resenf a r’easovna.'bbly accurate
estimate for the number of n~ inelastic events,

Finally (step 4), we had to consider whether there was any signifi-
cant contamination in groups: P and,'rr+ due to special 'configur;,tions of other
reactions. Possible candidates are: |

(a) =

+
(b) =T (7)  with the =¥ decaying outside the chamber

wi (170) ‘ with a short Zi
+

(c) = m (w) with a small angle X decay.
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() A+ nr0 (for n S1) “with a very short A
Ce) Z)Ojr‘ nTr,O‘(fo.r‘ nA'Zl)i: “With ‘a very short A
(£) k% (%) - with a very short K0
) These six categories represent special cases. of reactions that we
have anaiyzed previously (reference 4 and section IIA, B)., Using approx-
_>imately the s.ame method as in step 2, we estimated the number of two-prong
events in groués: P a_ndv TT+ due-to reactions (a) through ().
The riurﬁber. of rea‘c_tions of ty,peb (14) is probab.ly negligible, siﬁce
in the entire film sample we ha\);a o.nly one example -of ,fhe reaction
K~ p;K_ p‘1'r+ T
and no exarlnpl-e's, '-émbc')ng ourv' VO .two—prong events, of thé feaction
- 0 -+ - o 4+ -3
. K+p-K' pm ™ or K p-Knm m .
' Tz‘a‘.blle VIII‘.ccl)nta‘ins a summary of .fﬁe inelastic two-prong data.. In
group 'rr+, 47_6‘xel\.feAnts gaye‘ai »satisf{ac.t.ory XZ to the .Kv_jrr'+’r_1 :interpfetation.,
Fr(;m the above analysis we estimate that 65:1: 15..of these are actual.eXamples
of the K~ Tr_+n -reac‘.cion.b» S'ifnilarly, of the 47 events in group P that fitted
the iK_ pw'l;o hypoth/es‘vis,' ‘3'():*:7"13 are estimated té be genuine K_prro‘events,v
| Thus:these.‘ 76 én_d 47 .éﬁfents vforrn a reasonably pure samﬁle for the K_TT+I.1

-0 . . '
and K prm reactions, respectively.
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IV. RESULTS

A, Zw and .ATT Events -

: : . . - oF :
The angular distributions for the:reactions K +p - X + 'rr+ ‘are

shown in Fig. 4. We fitted these. distributions, usingthe method of least
squares, to a péwer series in cosf. - Goodwin has described the method and

the IBM 650 program that were used to perform the fits, 14 Table IV shows

the results of these least-squares fits. = We d-id nét alfte-mpt to fit the’ ZOTrO
angular dist_ribution,-';shown_'-in'Fig‘.v 7, because of the--large errors that are
‘inherent in this distribution. |

Because .df,limited-statistics on these-r‘eac'tions,r oﬁe canﬁot:estimate
which partial waves participate. However, one can combine the data on the
Z+1r— énd Z,—Tr+ .,reactions to obtain higher statistical sign%fic‘ance. This amounts
to looking only at the intensities in the T =0 and T =1 ;states and neglecting
the possible cross terms which are present in the individual charge states .
- A fit to a power. series in-cosf shows .,that.th.e‘.lcds5_'9_ term is both necessary
and _suffici,enf to adéquately represent t\hevvd,ata (Fig. 4c and 'i‘abie IV). This

implies that at least a mixture of D and F waves in the j= 5/2.' state is present

either in T =0. or T =1 émplitude. .

‘The cross sections for the three = wrreactions are giv'e;’l in Tabl_e V.
‘These cross sections are e'q’ua.l.\within.statistical lerrorsv'. The equality of the
three Zq cross. sections and the similarity of their angular distribufiéns
i(f‘igs. 4 and 7) suggest thatv the Zw events are produced mainly.in the T=20
channel. However, because of the large errors on,the-Zonrov'section'and an-
-gular distribution, a T =.1 amplitude equal to about 80 %of the T = 0 amplitude
cannot be excluded (see also the data on polarization, below). A T =1 am-
plitude of this magnitude would require that the two ‘I - spin amplitudes be

orthogonal for the ‘_Z+1T'- and T~ T|'+ cross sections to-be-equal. Furthermore,
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the similarity' of the charged and neutral Zﬂ"’éﬁtngula.r‘ distributions would have
to be a coincidence., It thus-, '_sefems.likqu;that the Z7 production at this en‘ergy
is dominated by the T = 0 amplitude. -

. In our analysis of the Zd.l-'r'r- reactions, we. found that the Z+ hyperons .
from this.reaction are very strongly polarized, For the Z,fw_ events that
decayed viabtheh protonic mode, aP was found to be -1.02+0.23. "In calculating
this Qalue, we imposed n.o_v cutoff on the production angle, Thus the polarization |
of the Z+.rn_ust éersist_up to very small production angles,

- If the three Zm. reactions are prod_uced mainly thrqugh. the T = 0 chan-
nel. then thé,Zo and = hfperons shoul'd also be very highly polarized. Un-
fortunately, the > polarization cannot be determined, since a for the = decay
"is very small, The ZO polarization, however, can be studied by looking at the
up—dpwn asymmetry of the ~ A produce,ci in the ZQ decay..

Unfortunét"ély, thére arve severéiﬂdiffiéulties in determining the
learization., ‘Firstly, the chain of decays Zo—r,A +ty, A—=-p+ ar washes out
the polarization by a factor of three (it also changes the sign of the polarization).
Secondly, §ve do not have a pure sample of Z)On,o events, Appriximately 30%of
v.vthe_._eye‘ntvs in 'the sample vs}ere many-body events., In addition to these two dif:-
ficulties, .the 20 production plane is not precisely known, However, itis ap-

. proximated quite closely at our energy by the K A_plane. f‘(gr the Zoﬁo sample
we found a value of 0,25+0.26 for aP.

15

Present experimental data indicate ‘aA/aO = -1, Thus, if we assume

production through a pure. T =0 channel, we would expect our -VZZOTrO events to

. = isagrees
yield .aP= - 0,34%£0.08. Even though at first glance the experimental valu Witl’% s
this prediction, we feel that no strong cond‘usions can be drawn from these

data. We must remem'ber,,that ‘som~e~30%10f the events included in this sample

are many-body. events. Evenif they:were unpolarized, they would reduce the
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expected value of aP to = -0.24. A_sm‘allvpola‘rization:-of the opposité
sign would reduce this value even further. v ;Seconvdly,r .t_h¢ present exper -
imental indicqtions are that aaN = qo = Oi.7. rather._fth;an- 1..“ This would
mean that the high value. of aP for Z_+1r- events is to a ;_c;erta‘inAextent a
statistical fluctuation, bu't would also reduce the expected value of :qf? for
Zoﬁo ¢ evgnts‘by-;'anvgth_e.:rﬁ?;O"/'o . We féel, therefore, that one cannot say that
the polarization data excludes, though it certainly does not support,. the

hypothesis_of production dominantly through the T = 0 channel,

B. Kon and ‘Kfp Events

| Flgure 5.>..sl;10Ws the angular distribution »f.orvthev reaction
L K~ tp— -IF)+ n,
We fitted this distribition t6 a power seriés in éo's 6 using the same
method as '_f'ér* =7 reactions. 'For'éa.'ch'c';f"thé fits, Table VI lists the
values of the coefficients of t’hé' polynomials," the ‘x2,< and the probability that
a xz as large as this would have occurred. A cos5 6 term seems to be both
necessary and _suffic,ienjc to.fit the angular- distribution., The curve for the
n = 5 fit, normalized to the.-,.total nui'nber of events, is plot-te‘d with the histo-
-gram for the angular .distfibution in Fig. 5. The cross section for the re-
~action K +p - an- at this energy is 5,3+0.5 mb,
- Figure 10 shows’ .thé cm angular distribution for the
K +p- K +p .reaction. This distribution was also fitted to”a__powvei-
_series in cosf. The order of the fit, the values of the coefficients of the -
polynomials, the xz, the probabi_lity'that a XZ as lé,r'ge. as this would haﬁre
'occurrea, and dcr/ dQ2 atA‘VO‘ 'd.eg"af‘e"g'i‘véln 1n Table VI for .ea‘ch of the fits. °
Here é.gain, - h =5 appears to be "neces'sa‘fy'to f(it\tﬁ—e.:f.a;.ng‘ular distribution,

The curve shown’zin’Fig. 10.".>rep-re"se'nt5 the n = 5 fit, . The point

[ <



-24- UCRL-10177

at cos 6 = 1.0 (11,,0#1.0‘fnb/s'r)";I':elife’sents"'thé squafze'é'f the imaginary part
of the forward-scattering amplitudé; ‘This was ‘calculated from the total cross
section at this energy (see end of section’IV) by using the optical theorem,

To obtain the total nhumber of K p elastic ‘scatters, we integrated
the fitted curve (n = 5.) between from cosf = - 1.0 to cosf = 1.0 and made a
small correction fofr the unméasurable events. ' The K p elastic-scattering

cross section is 18.3%1.5 mb.

C. KN Events

The anal}}sis of our KO' pm  events, with V_O two -prong configuration,
| 3 :
The mass of this resonance

t

showed the existence of a Km resonance, called K .

was found to be 885+ 3 MeV with a full width, after unfolding experimental errors,
of 16 MeV. .This éorr_eSponds to a lifetime of approximately 4><10'23 sec. The

ol 7

K resonanc:e should display itself in our K»_‘;_pﬁ-fv , K-—:rr+n, and Kon TTO- events.
We would expect some of the KNw reactions to have been produced by the fol-

lowing two-step ,pro,c‘es ses:

L %o SRR -0
K +p —>Kd +p KJ‘ -K +7
.—>Kﬂ‘0+n K’"O ‘—>K-+1T+
"—->K’O+1TO

, The characteristic feature of the KJ"< reaction is that the nucleon has
a fixed kinetic enefgy_ of 2014 MeV in fhe K;p c.m. system,

'_Iﬁ‘herldistri.butions of the Km masses for the K'pno and K-n+n réactions
are shown.__in_vE.‘i:gls. 11 and_' 12, "I‘he s~(_)1_'1_d curves in those figures represent the
mass d%stri%bution prvecdicted;‘by' ph_ase" space and nor_rAnal‘ized to the total number
of eVéngs.’ The peak in the'ma;s'sv_g?li‘_s;_vt'_'r‘_-ibiutio_n.s 1n the two figures at 885 MeV in-

dicates the presence of K events, in both of these reactions. The dashed
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phase-space curves in the two figures are normalized in the interval
MK1T < 700 MeV and thus represent the three-body background.

To determine the number:of K*' events, we took the number of
events in.the mass interval 885+ 30 MéV (the error on the Km mass ranges
from 10 to 30 M_:eV.) and, using the dashed curves, subtracted the nuimbet of
events due to bagckground'. The result is 14+ 4 K*- - K + TI'O and 195 K*O-»
K + 1r+ eveﬁts.g These numbers correspond to cross sections of 0,48+,14 mb
and 0.64+.17 mb, "respectively (includirig corrections for unmeasurable
events).

The-isotopic spin of the K*-can be determined fz.'om" the value of the
“branching ratio R, where |

%o -
K —-K +Tr0

R =

R -
K -—>K0+-rr

If the isotopic spin of the K"‘equals 1/2,' R equals 1/2; if the isotopic spin is
3/2, R is 2. In the énalysis of our VO two-prong events, we found that the
. * . . * - . —-_D - .

cross section for K events, in which the K decays into K + 7, 1is

' * - ' SR TN
- 0.9+£0.2 mb, 3 Using the cross section for K events, in which K TLK +Tr0,
we obtained a value for R of 0,5+ 0.2, and we therefore concluded that the
isotopic spin of-the K*.is '1/2. This agrees with an earlier preliminary anal-
ysis which was also based on these two-prong inelastic events,

Since the Komro events cannot be fitted, we could obtain neither the

mass spectrum of the Kmw system for this reaction, nor .informé.tion- about the

e

Kﬂpon reaction.from the KO nTrO events.,
The first pion-nucleon resonance (mass = 1238 and Q =160 MeV)

. could also effect these KNnw reactions, Tts p'r‘esenceWould be indicated by an
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excess of events with -pio'rr‘.'—-:;ri-,uclfeon::-mas-s‘ in thé' region of 1238 MeV. -No

such excess is observed,. but:.this is a rather wide fesonance and would
therefore ‘be.difficult:to dete:ctn:béd:ause'ofithe,:backgroundne\‘r."ents‘? and our

. limited statistics. I O N U O TR R s

' In.,reference 3,Whi.ch discussedthe K™+ p —>E—6+ p“+~‘=1r".>'.eﬂvents; evidence/
was presented for the hypothesi‘s‘;. .thyat‘thewK:*:h'as spin:less than:two. | This. |
- evidence was based on the assumption that the: 'KikN'system is'in ; state of

Zero orbitalﬂang'ular mornentum. There-are two justifications for this as-
sumption: . One is .thé.t the energy re.gion.under study (1.15 BeV/c) is only 35
MeV above the K"N threshold; the o.thei' is that the K*N angular dis;cribution

is consistent with isotropy. If the assumption of S-wave production for the

KN system is vé.lid,\ the following inequalities involving cosZG can be’

derived (see reference 3 for the method):

"

._cosZG = 0.33 . : for K spin = 0
. S .
0.20 < cos .- <0.60 . + for K spin-=1
T L , *
cos 0 > 0.429 - ' for K - spin > 1,

. sk . .
Here 0 represents, in the K rest system, the angle that the ™ meson makes

with the incident K~ direction. Except for the S = 0’ (n:"a-se, the exact value of

00328 depends on. ‘t_h.c.a.; mixture of J = S+'1/25 and J.= S- 1/2. states in the K*N
sy'ste_m (whe‘re S is the spin-of the K*) : -

In our K;p Tro _a.nd,jK-_Tr}n;eVents we had 21 and 29 events, _réspec-
tively, in the K* peak; 14+ 3 of the 21 .and 19+ 3. oé*the‘ 2".9',We1"e. K*.reactions.

- The angular distribu_tions:q_f:__thet2-»1-zand- 29 events.are both consistent withiso-

tropy; this agrees with the: hY'Pvathvesis.:‘of:an;S=—stat"e K'N system, For cosZG
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we obtained 0.39+0.07 for 21 K-p_n-0 events, and 0.43+0,05 for 29 K-Tf+ n

events, In reference 3 we had vcosze = 0,275+ 0,05 for 26 _K—Op T events

(22:!:‘2 Were VKJ"< evventAs)." The. vvaluevof cosZG for the -K—p TT.O evenfs can be
averaged with that for the pr_ events of reference 3, :sinee they are both
examples of K>"< _‘p_ reactions. The Vresult is 0.31=% 004 "I“.hus ‘taking either
. the P-p'rr--' dat‘é, alone or averaging it! with the K-p'rrO dat‘aL,‘ we find a value for
] cosZG which is three standard deviations from the value expected for a K*
with a spin g.re'a".cei"than one. - Since the mixtuvre, of J = S+1/2 éna J ::S-bl/Z
average the vaiu_es .of cos"2 6 obtained from the two rveact‘;lons unless S equals
sero. Averaging the K™ and K*© data yields 0.36+0.3, whi ch is consistent

with S = 0,

From trhelv\‘falue»of coszeﬂ for the 26 Kop-rr— events, we concluded, iﬂn
reference 3, that th’e K* probably' does not have a spin greater than one, |
UnfortuAnately’, from the resﬁlts for the 21 K_p-rro and‘th‘e 29 K_Tr+n events, we
cannot obtain any additional information aboutv fhe Kl>=< spin.. Hewever, the
. additiC‘)l’.lv(\)f the K—p'rrO and K_-n'+n dafa to ’chez0 data doee not alter the conclu-
sion-that the K* probably haé: a spin less than 2. |

U.sing the braﬁching ratios for the K*(I:I), we.:calculated the cross
sections for K + p - K>:< "+p and K +p— K*O+ n. These cross seétions,
includihg coz;z"e"ctions for unmeasurable events, are shown in Table V. The
cross secfions for K—pﬁo, ' K—‘IT.TI-h, and F nn‘o, incv:luding‘K*-eve.nts. (and co:r—
rections‘for unfneasufable everits)la‘t-i'e aiso gij}en'in' Téble V

The total'K-p cross sec'tion at 1.15 eBeV/c was obbtzriined‘by combining
the results of references 2,3, and 4 with the results’v of th1spaper Its value
is 45+ 2 mb, Table V contains a summary of the different K_p_'cross seefiens

at this ene rgy.



-28- ' UCRL-10177

' ACKNOWLEDGMENTS

ThlS work has been part of an experiment ‘conducted ;101ntly W1th
‘.l:3rofs Luis W Alvarez Myron L Good, and Harold K. T1cho and Drs
vMargaret H. Alston and Philippe Eberhard
The authors would like to express.thelr deep apprematlon to Prof
Luis W. Alvarez for his contlnual 1nterest( adv1ce and encouragement
Sinceie thanks are due Profs. Myron L Good and Harold K. TlChO for their
help, guidance, and sugges_tlons at all stages:_of this work, The advice of
and discussions with Dr, Margaret Alston:have ‘been invaluable in the data
~analysis. | The authors have profited greatly from many st1mulat1ng discussions
' w1th Dr. Philippe Eberhard | |
The authors Vvould like to express their Athanks to Profs. Donald H. A'
Miller and Arthur H. Rose'nfeld for many enlightening discussions. "Dr, Frank
-Solmitz has always given freely of his time, and his- advice during the early
part of the experiment has been invaluable, | |
| | This experiment would have been 1mposs1ble without the. hlghly
developed d1g1tal computer data reduction system Drs Frank Solmitz,
W1lliam Humphrey, and Ronald ‘Ross have been malnly responsible for the
'PANG program and Profs Arthur H. Rosenfeld James Snyder, and Horace
Taft Dr. Frank Solmitz -and Mr Jon Peter Berge for the KICK system, Mr,
- Dave Johnson deserves speC1a1 thanks for hlS help W1th the EXAMIN system
| | The cooperation of the Bevatro__n- crew under the d1rect1on. of Dr.
v'Edward_J. Lofgren, and of the bublble chamber crew under t‘he direction*of’
Messrs. Donald Gow, Robert Watt,. andv Glenn Eckman is .ackno_wledged with
many thanks, R o | | |
,l?inally,}special. thanks are due to the ‘s-canners who participated_ in

this experiment, especially Messrs. Joseph Waldman and Jon Folkman.



. =29- ‘ ' UCRL-10177

- " REFERENCES

L. W. Alvarez, P. Eberhard, M. L. Good, W. Graziano, H. K. Ticho,

4

[/™

and S. G. Wojcicki, Phys. Rev. Letters 2, 215 (1959). .
. Alst'qn, L. W, ,Al\farez, P, Eberh:ard; M. L. Good, W, Graziano;

Tich';:;,. and S. Wojcicki, -Phys. Rev.., Letters.év,v 520 {1960). Yf NTT
. 'Als"c-bn,v L. W, Alvarez,> b. Eberhafr._d, M. L. Good,vW. Graziano,

Ticho, and S. Wojcicki, Phys. Rev. Letters 6, 300 (1961).

B EEE E
T R B v

H. Alst;.on, L,_W.__ 'Allvarez; P.. Eberhard, M.: L, Good, W. Graziano,
H. K. Tichgz, and S. Wojcicki, Phys. Rev. Letters 6, 6:98 (1961), 27 );79"“9
P. Eberhard, M. L. Good, and H. K. Ticho, Rev.. Sci, Instr. 31, 1054
(1960).

This microscope was designed by and constructed under the direction of

SRR Mr Jaék V. Franck at this Labdratdry.,

William Humphrey, A Description of the Pang Progrém, Alvarez Group
Memo 111, September 18, 1959, and Memo 115, October 25, 1959
(unpublished); Arthur H, Rosenfeld, '"Digital-Computer Analysis of Data

‘fr'om.Hydrogen Bubble Chambers at Berkeley', in Proceedings of.the

International Conference on High-Energy Accelerators and Instrumentation,

- CERN, 1959 (CERN, Geneva, 1959).

A. H. Rosenfeid and J. N. Snyder, Digital—Computer.Analysié of Data
from Bubble Charribers, IV. The Ki&lema"ci‘c Analysis of Complete Events,
Rev. Sci. Instr, 33, 181 (1962); J. P.»Berge, F., T, Solmitz, and H
Taft, Digital Cornpufer Analysis of Data.from Bubbl.e .Ch‘ambe.rs, .III.
The Kinematical Analysis of Inferactioﬁ Ve_rt'.ices,‘ Rév. S.c.i, Instr. 32,

538 (1961). ‘ ' - BN



9.

10,

11.

12,

13.

14.

15.

-30- | UCRL-10177

C. Wood, T. Devlin, J. Helland, M. Longo, B. Moyer, and V. Perez-
Menciez, Phys. Rev. Letters 6, 481 (1961). | v

John 1. SBOnl'e,’ Di"-’ffe.r-eﬁt\i"-al Elastic "rrq_-—pScétteri-ng at 600, 650, and 750
Mev, Lawrence'sR'a{diainn-'-Labor.ator-y Report, UCRL;'9,362l('Th'esis), |
August 12, 1960, | |

Lee Baggett; Jr., w -p Elastic Scattefing and ‘Single-Pion Production-at

0.939 Bev/c, Lawrence Radiation Laboratory Report (M. S. Thesis),

. UCRL-8302, May 28, 1958.

I. .Derado and N. iSchmitz, Phys. Rev. @ 309 (1960).

S.  Bergia, L.v Bertocchi, V. Borelli, G. 'Bro_utti‘; L. Chersévani, L.
Lavatelli, A. Minguzzi—Ranzi, R. Fosi, P. Waloschek, and V.° Zoboli,
Nuovo cimento 15, 551 (1960).

Lester K. Goodwin, A.-General Least-Squares Pl;.ogram'fo”r the IBM 650

Computer, Lawrence Radiation Laboratory Reportf'UCRL—9263,v :Juﬁ“e 14,

1960,

E. F. Beall, ‘Bruce' Cork, D Keefe, 'P, G.  Murphy, and W. A, Wenzel,

Phys. Rev. Letters-8, 75 (1962).



UCRL-10177

-31-
Table I. . Observed values of aP
Production Channel .Devcl:viagr Mode'o‘fbthe Hyperén ' ; aP
K +p->Zitn ) = nf+»n_ -0.15+0,27
=T \; VA 5t prrd ~1.02+0,23
ax et ) = > T+ n 0.20+0.20
SA + T A~ p+'n'_ Q,O9:t 0,20
3% 0 2% Aty A —»pHm 0.25+0.26
_>>A + 0.11'0 '>'2 A > p+m 0. 12:%0.26
23%an? =% A+y}a/ o |
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Table II, Sﬁmmary_ of data for Elastic Events.®

UCRL-10177

Total number of observed elastic scatters:
Nur}'}Ber of obsevrvvevd. elastic scatters that fitted the
"K'p hypoth'esivs | ‘

Number of observed elastic scatters that fitted only the
| T p hypothesis '
Estimated number of low energy K p elastic scatters that

- . fitted only the m p interpretation - v
Estimated number of 7 p elastic scatters

Estiz_rriated number of m p scatters that fitted the K p

elastic —scattéring intefpretation

N

555

S 511

44

11+£5

38+ 14

5+15

a Events with cosf >0.95 are ot includedin this table.
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: Table III, '-'Surnmary of inelastic two-pr.ong data.

Group P Gfoup 'n'+

- Number of observed events :in each group 100+ 10 160+ 13

Number pf observed events in group P
(group m ) that fitted either reaction (9) or (16)

[(11) or (17)]. ¢ 94+ 10 154+ 13
- Number of observed events in group P : .

(group 7 ) that fitted reaction (9) (11) 477 769

Estimated number of events in group P ‘ :

(group m ) due to reaction (12)[(13) and (14)]. . 477 54+ 8

Estimated number of wnN events . 135 27+ 8

Els»'t'imated number, of non-two-prong events : ]
in groups P and w - ‘ v 42 8+3

. Estimated number o K-_pTrQ(K-ﬁ+n) events '
in group P (group m ). » _ o 30£13 . 6515




Table IV,

Zm angular distributions fitced to f(9) = z Ancoan.
An ‘ _ _ Probability
Event type Order _ B R Degrees of > _ic;fget}}clcizex 3
of fit | 'AO Al AZ A3 A4 A5- A6 | freedom X 1%
= ot 3 0.24 -0.19 1.14 . 3.00 | 6 7.4 29
+0.08 *0,29 +0.28 0,56 -
4 0.27 -0.18 0.57 0.26 0.72 5 7.1 22
+0.10 £0.28 £0.88 £0.54 =+I.17 . |
5 0.28 -1.08 0.80 5.99 0.48 -6.21 4 0.3 99
- »£0.09 +0.39 £0.85 +2.27 +1.10 +2.38 ‘ -
6 0.29 -1.08 0.62 6.05 1.18 -6.26  6.05 3 0.25 96 -
+0.11 +0.45 £1,92 +3,30 46.55 2,41 £5.60 | .
LR 3 0.12 -0.74 _1.32 1.0l 6 8.4 C 21
| #0,09 £0.,37 £0,35 0,71
4 0.15 -0.76 0,78 0.99 +0.82 5 © 8.1 15
+0,10° £0.38 £1,10 0,73 1,56
5 0.17 -1.54 1,16 6.85 0.23 -6,66 4 5.5 24
- +0,09 +0,49 +I.01 =#2,61. 1,40 2,82 o
6 0,08 -1.41 3,08 595 -7.95 -5.71 - 7.10.- 3 0.7 87
£0.09 0,43 =*1.81 #2.24 #6.19 +241 +5.34 o
Combined 3 0.18 -0.51 1.24 0.81 6 15.5 2
z m, and +0.06 0,22 +0.22 =0.44 - S o~
4 0,21 -0.56  0.62 0.77 . 0,94 5 14.6 1
£0.07 *0.22 +0.70 £0.44 '£0.97 o - .
5 0.23 -1.32. 0.92 6.50 0,38 -6.48 4 18 (.
+0.06 +0,30 =*0.62 #*1.67 +0.87 =*£1.81 ' o
6 0.20 -1.31  1.75  6.26 =3.09 -6.19 ' 3,06 - 3 1.1 78
+0.06 +0,30 £1,20 +1.60 4,22 +3.68

+1.73

_vg_

S LLI0T-T¥DN
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Table V. Summary of K p cross sections at 1.15 BeV/c;:.,«' _

'Final state _ 'Nurcr)lfber Cross seetion
_events . (mb)

K +p : ' 511 o 18,3+ 1.5

EO +n R 107 5,3+0.5

K T+p | . 212 11,3503

k*% 4 28® 0.9£0.15

K" +p+1'_'r0 o 302 100, 3bv

K +ni+n - ’ 652 2.120,4°

K +n+ 0 '_ | 26 1.3£0.3°

KO +p+a | | 48 2.0£0.3°

R . 87 1.4£0.2 .

=t 4T - | 84 13202

=0 4 10 | " 50? 1.2£0,3 (£0.45)°

A +10 | - 90% 2,1%0.2 (£ 0.35)

stea+a® - 57 1,0£0,2 (0. 3)C

=4 e . 54 0.8£0.2 (£0.3)°

=0 + 1‘r'+ a - ' 27 1,0+ 0.2 (J_’g ‘ZL)C a

A +nten T 141 : 3;1i0.4c'

%oiizg }x_zz' | 652 1.5+0.2 (:l:O.35>')C>

el s 0.18+0.06 (£0.12)°

s 4T+ a4 10 | 9 0.124£0.05 (0.08)¢

strarate o 19. '0.19+0.06

R I S N £ 0.12+ 0,05

Lot :ii :-:izg}xz oo 39 L o,lizd

% This represents the approx1mate number of events since the separation was
performed on a statlstmal basis, o ’

b *

The KN cross sections-include K events,

H

€ The first error quoted is purely statlstlcal ‘The error in parenthesis allows
for b1ases and ambiguities in the analysis. '

d The data. for‘V0 two-prong reactions come-from reference 3,




K p elastic-and charge-excha

. Table VI nr?e scattering angular distributions
fitted to (6) =X A_cos8,
: n n
Reaction Order - Ay | o do Dew . Probability
of fit A A A A A A A A dQ egrees of exceed;
K" . : ' : _ : ‘ _(mbfs-r) .freedom X % %)
P '3 0,10 -0.01 1.35 1,31 6.580.3 9 33.2 <1
- £0,02 0.08 40,10 +0.16 -
4 0.15 -0.19 #0,36 "1.78 1.53 8.8+0,7 8 13.5 9
. £0,04 0,09 0,28 0,19 0,35 |
5 0.16 -0,01 0.14 0,54 1.85 1.38 10,1%1.0 7 9.6 21
. +0,03 io\.lzi #0.25 £0.63 +0.38 40,70 ' : . ;
-6 0,14 0,03 0.50 0.27 0.37 1.66 I.32 10.9+1.4 e 9.0 BN
© o %0,03 io-._ﬁ 0,51 0,70  £1,84 #0.79 *I.65 : : S
7 0,14 -0.09 0.58 1.84 -0.53 -2.91 1.74 3.51 12.2£1.9 5 8.1 15 "
o 0#£0.03¢ £0:19 #0.51 +£1,84 +1.86 +0.50 +£1.68 +3.81 '
K% 3 %90.28 -0,11 1.08 1.01 6 28.8 <i -
- U#0.09 0,32 40,40 +0.62 s
‘4 .0,46 -0.19 -1.15 1.00 3.29 5 22.1 <1
© . #0,12 £0,33 £0.93 *0.64 =+1.27 . '
5 0.41 -1:67 -0.26 9.50 1.92 -9.21 4 3.1 55
0,09 £0.44 +0.75 2,06 +1.02 -x2,11 . .
6 0.38 -1.61 0.54 9,01 0.38 -8.75 1.28 3 3.0 40
+0,11 +0.43 #1.73 +2,12 +5,85 £2.18 #4.99 -
_

_9€'_' :

LLIOT-T¥DN -
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FIGURE LEGENDS

Fig. 1. Schematic drawing of the K~ beam used in this experiment.

Fig, 2. An example of the reaction:

‘K +p - K + 4
K +p >z 4w
N

T +n

Fig. '3, Illustrations of (a) =, (b)':Vo two-pron'g,‘ (c) 'two—prong,- and (d) V0

zero-prong event types.
Fig. 4. Angulaf diétributiof; of Zi 1n the K—p c. m, system for t};ve< reactions
"x(.a)- K:+ p - Z};++ T, (’b) K + P —>'Z)-+"n"+‘, and (c) forv botbh' reactions com-
... .bined. Tﬁe superimpééed curves »repvresent the. least-squares fit of the
. 'v(viatafto._the:»power series in cos 0 up to cos'.SG. | |
Fig. 5. | Angular disfribut'i?é'n of.the _Izbn ‘events in the K p c.m. system,
The curve shlo_wn in-the figure .repre's_ents a least-squares fit of the data
to the power seri‘ves in cos@ up to cds59. |
Fig., 6. Ki-neti.c-energy_ASpectrum of A in ‘thé K—I.)A c.m, systefn, The dashed

0, ZOTrO, “and many-~body reactionsb normalized

curves are the _spéctra of Am

to the observed crdss sections; Thé Aﬁo peak should be é.bOL'ltv three times

a.é high als indi‘ﬁ:ated. Only the si)read, due tp,the finite beam width of +20

MeV/c i.s‘»,fcv)lded'i-n. Thé ;ur&e for many-body events was draw‘n to re-

produce the A spectrﬁxn of VQ two-pro‘hrgb;events. - The .“eA,r>rors indicated are

median values for the ~bett¢r—rmeasured and worse-measured hélves. of events,
- Fig. 7. Angularbdistribution of A in the K p c.m. system, Inclﬁded are events

-with 78.2 MeV<'TA< 122.7 MeV, i,e.,, most likely Z‘,O-;fo events.. The

right-hand scale is based on the total 201,1._'0 cross sections of 1.2 mb.



Fig.

Fig.

Fig,
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8-.; Angular distributi_ou of A inilthe Kpc. m. system. Included events
have T,A <-78.2 MeV, i.'e. most 1il‘<}e1-yjth'r—ee- and four-body events. The
right-hand scale -isj_ based on-the total three-and four-body cross ‘section
of 1..5 .mb‘.

9. Angular distribution -of A in Kp c.pm, system.’ __Included,ev.ents give

XZ < 2.0.to the K™ + p—> A+ ﬁo hypothesis, . The right__flmahd scale is based’

on the total A ‘ITO cross section, The number of forward-produced A

particles is probably overe'stimatec'l (see text for the d:iscuss,ion 9f this

7

point),

10, Angular dlstr1but10n for the K +p—>KHip react10>n‘1n the c.m. system.,
A cutoff on.the exper1mental data was. 1mposed at cosG 0.95 ‘(see text).
The p01nt at cos@ = 1.0 represents the square of the 1mag;1har‘y part of the

forward-scattering amplitude; it was calculated by.usihg the optical -

'theorem. ‘The curve representsvﬁa least-squares fit of the data to the power

5
- series in. cosB up to cos’ 6

Fig,

.11.,- Mass spectrum of (K 7 ) system from the reactlon K™+ p- K +p+ 11-0.

The solld curve represents the phase space curve normallzed to the total
number of events. .Thle dotted curve is normalized to the background

(see text). | |

12. Mass s_pectr.um ofv (K_ﬁ+)_ system from the *teactiou K+ p—> K—+ wn,
The solid eurve represents the phase-space_curve normalized to the total

number of events. The dotted curve is normalized to the background.

7
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

" A. Makes any warranty or representation, expressed or
implied, with respect to the .accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in-this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. ' ' '

, As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with. the Commission, or his employment with such contractor.





