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K™ -PROTON INTERACTIONS NEAR 400 Mev/c

Mason B. Watson

Lawrence Radiation Laboratory, University of California

Be’rkeley,‘ .California -

- September, 1962

ABSTRACT

Elastic and cha,rge-exchange. scaftering as well as hyperon pro-
duction by K™ mesons on protons are reported for a range of momenta
near 400 Mev/c leferentlal and total cross sections for all channels
from 200 Mev/c to 513 Mev/c are examined. For P , Z%7n%, and
An® production, polarization measurements are also ‘available. A res-
onant state of mass 1520 Mev (390 Mev/c K momentum) was found with
components RN, =w, and Awnm. The resonance is found tohave a full width,
I, of approximately 15 Mev, spin 3/2, isotopic spin 0, and parity that

of the KN D, ,, state. By use of the polarization arising from the reso-

3/2

‘nant D3/2- amplitude—s wave interference the KPX parlty is deter-

mined to be odd. The data between 350 and 450 Mev/c are fitted to a
model based on a Brelt ngner resonant amplltude and zero-effective-
range nonresonant amphtude.s,, Two solutions dlfferln_g principally in,
the p waves are found. The s-wave parameters are found to agree quite
well with the Hﬁmphrey‘-Ross values _exoept for the relative phase iﬁ, the

T c.ha.nnel.



-vii

Table A. Summary. Cross sections for the different K~ momenta (in Mev/c) for K~ + p reactions.

Cross sections {mb)

Reaction products ' Py = 293142 350£31 387430  392#30 390730 434326 51320
K-+p 48.2+4.2 34,0+3.2 31.9+2.5 34.0+3.0 32.7+1.8 30.6x3.4 26.5+3.3
K% +n 8.0£1.2 5.1%1.1  8.141.0 10.041.0  8.8%0.7 6.0%1.2 3.60.6
A 13.6+1.4 10.6%1.4 11.421.0 14.0%1.4 12.520.8 8.240.9 7.5%1.1
=+t 10.0#1.1 6.91.0  6.020.6 8.3%0.9  6.920.5 6.1%0.7 4.920.8
=0 4 Tr"b 5.2+0.9 6.3x1.4 6.940.9 6.4%1.0 6.7%0.6 4.9+1.3 1.720.3
A+ w0 5.240.9 4.521.0  2.9%0.5 3.320.6  3,120.3 3.220.7 1.60.4
A+ 04 n0€ 0.320.2 - 1.920.6  1.2#0.4 1.820.3  1.520.2 0.840.4 1.120.3
A+ ot + 0.15+0.10 0.9+0.3 1.240.3 2.420.4 1.6+0.2 1.5+0.4 2.0+0.4
20 4nt 4 nT 0 £0.02 0 %0.09 0.08%0.05 0.0620.06 0.07+0.06 0 0.08  0.3%0.15
sten 4 a0 0 *0.05 0.06+0.06 0.09#C.05 0.21%0.10 0.11%0.04 0.18%0.11 0.2020.12
b 0.050.05 0. 0.06 0.0320.03 0.17£0.09 0.1220.05 0 20.06 0.1420.10
. Total 90.744.9 70.2+4.2 69.633,2 80.6%4,0 73.842.3 61.544.1  49.523.7
(Bmy_g 15.6£2.7 18.924,2 20.7+2.7 19.243.0 20.1£1,8  14,743.9 5.120.9
(), 13.242.5 4,9£3,3  3.6%2,2 9.5#2.6  6.0%l.4 4.512.8 9.0+1.5
™ 35.7 25.6 21.4 20.8 20.9 17.3 13.0

a. Combined runs 387 and 392 Mev/c.
b. Derived from ¢ (Z° %)= ¢ (Z%w% + A =0 w¥) - %- o(A1'r+1r-).

c. Derived from phase-space considerations; as they stand they violate charge independence when

compared with Antnm .




I. INTRODUC TION

Below 300 Mev/c, K -proton inteéractions are strongly dominated

by s waves. Above 300 Mev/c, higher partial waves begin to exhibit

- themselves in spectacular fashion. Previous to this experiment in 1959

~about 140 interactions at 400 Mev/c in the Alvarez 15- 1nch liquid hydro-

gen bubble chamber were analyzed These interactions were mostly
elastic scatterings in which a large cosfZ g term was found in the angular
distribution for the first time. Poor statistics prevented any conclusions
about the other channels beyond their total cross sections. With this
background and by use of the same Alvarez liquid hydrogen bubble chamber,
a general exploratory experiment was carried out at the Bevatron begin- -
ning 'on October 6f 1960. A new highly enriched beam of K mesons was
constructed which could produce K momenta from 0 to 850 Mev/c. Ex-
posures to K~ laboratory momenta at about 300, 350, 400, 440, and 510
Mev/c form the source of the data to be presented here. In this energy
region the interactions observed were '
K +P~>K +P,

-K® +N,

>zt 417 and Tt 774 09,

>S4 and T+ 7 4 10,

- 2% + 1 and =0 + 7% +.5%

A+’ and A+ 2® +x,

- A+ atea.

Section II is devoted to a brief description of the experimental pro-

cedures characteristic of all interactions. Section III treats the problems

and results associated with each of the channels individually, and in

‘Section IV the picture as a whole is examined. It is shown that at a K -

proton. center-of-mass energy of1520 Mev (approx 390 Mev/c labora-
tory momentum) there exists a resonance with quantum numbers corre-
sponding to the Kmp, 3/2 , I =0 state. Furthermore, by using the exist-
ence of this state, a strong argument for odd KPZ relative parity results.

The reader who is interested in results only should skip to Section III for

~ the figures and captions, then, to all of Section IV.



iI. EXPERIMENTAL PROCEDURE

A. Beam

As this report deals only with part of a larger experiment done

under other conditions, the beam was not designed solely for the momen-

tum intervals considered here. Flexibility was one of the chief consid- W
erations in design of the magnet system. This system has been discussed
previously and is described only briefly here.

The K~ mesons were obtained with the maximum-energy proton
beam of the Bevatron striking a copper target. - The beam was taken off
the target in the forward direction at 0°, where the v /k ratio was
approximately 500 to 1. Once the beam was outside the Bevatron magnet
structure, the elements shown in Fig. 1 were employed to select a2 narrow
momentum interval while separating the K~ from the v background.

To accomplish this separation two stages of electrostatic separation
were required. Crossed electric and magnetic fields were adjusted so
that the K~ mesons were undeflected while the n  underwent a vertical
deflection. The deflection of the m image at the first mass-resolving
slit (S1) was about 3 in. from the K~ image. At that point the K~ were
directed through a 1/8x2-1/4-in.opening into the second stage while the
m buried themselves in the lead walls of the slit. The success of this
method depends critically on the separation of the n and K~ images,
which is limited by the electric and magnetic fields obtainable in the
separators.

This experiment was the first to utilize the heated-glass-cathode
technique due to Dr. Joseph J. Murray. This enabled us to reach a 50%
higher electric field gradient than was possible with previous separators.
These cathodes are discussed in detail elsewhereo?) During normal oper-
ation boih of the 10-foot separators held 450 kv across parallel plates
with a 2-in. gap.yielding a gradient of approximately 90 kv/cm. The two
separators were identical. ~

| At the first slit the beam momentum was 800 Mev/c with a spread
of #1% coherently focused across the slit in the horizontal plane. A be-
ryllium wedge was placed in the beam so that the high-momentum side
traversed the thick end while the low-momentum side was only slightly
slowed by the pointed end. After wedging, the momentum spread was
reduced to % %% The second stage was then essentially free of chro-

matic aberrations.
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Fig. 1. 800-Mev/c K beam at the Berkeley Bevatron

(October 1960 —January 1961).
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There were two main causes of K™ -meson loss. The mean decay
distance of K~ at 800 Mev/c is 19.5 ft, while the beam length from target

to bubble chamber was some 75 ft, or 3.85 mean lives. Thus, only 2.1%

of the K starting at the target lived long enough to reach the bubble chamber.”

- The length of the beam was determined by the Bevatron crane limits and not
by the magnet elements. The m also decayed but, having a longer lifetime
and higher velocity, survived to a greater extent. Even those that decayed

contributed to a p background.
The second cause of K~ loss was through absorption in the copper

absorber, which served to degrade the incident momentum. This loss
depended on the amount of absorber but varied between a factor of 4 and
5. This degrading also increased the relative momentum spread as the
central momentum decreased. As shown in Fig. 2, the spreads are con-
sistent with the initial 800 Mev/c * 1/2% determined during the 'tuneup"

period.
There are three factors worth special mention which tended to mini-

mize w and p background. The narrow momentum spread in the second
stage minimized chromatic aberrations which would have allowed ™ to
creep into the K~ image. The first stage may have suffered significantly
from these aberrations, since the momentum spread was actually some

8 to 10% just before the first mass-resolving slit.
A second point was the strategic positioning of the bending magnet.

This magnet, which bent the beam through 38°, also acted as a momentum
analyzer preceding the second stage, Most of the off-momentum back-
ground that succeeded in passing through the first slit was not channeled
down the second stage, but was lost on the collimators that preceded the

second spectrometer or on the walls of the vacuum system.
The third and perhaps most novel point was shifting the final K~

image off center of the second spectrometer gap. . This shift makes it
impossible for pions scattered off the spectrometer plates to enter the K
image. This is not obvious, but refer to Fig. 3. The lens Q (a quad-
rupole doublet) takes all rays entering from the right with a given angle
and focuses them at corresponding points on its focal plane. The dis-
tance between the 7 and K images is the w -K separation previously
stated as 1/2 in. By varying the magnetic field only, both of these images
move vertically and maintain their separation, If an unscattered pion

normally is deflected through an angle 6.“, then a pion scattering off the

A 4
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Fig. 2. Momentum spread of the incident K~ for T decays
at the six exposure settings. The shaded areas are

the relativistic correction (pb'. /P . 1) to give the
relative number of K- at Pbinl'n centra
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Fig. 3. Ray diagram demonstrating that scattered pions could
not enter the off-center K~ image at the second slit.
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plate must enter the lens Q w1th an angle less than or equal to + 9
Note that scattered ray A, Wthh scatters at the entrance edge and barely
missed the exit edge of the plate," has-thls-max1mur_n exit angle.

A second scattering would have occurred if the scattering angle
had been less. A larger scattering angle would ee'rtainiy have resulted
in a smaller final angle. If the scattering occurs further down the plate

as ray B, for example, the angle of bend after scatterlng is réduced,

- since there is less magnetic field to be traversed. The remaining angle

of. bend is (¢/L) 0. < The portlon of spectrometer plate that must be . -
missed to avoid a second scatteringis reduced by the same factor (ﬁ/L)
The problem is the same as that-for ray A, except all quantities are
scaled down by a factor [/L. ' |

At 800 Mev/c¢ the K flux was 15 K~ per 10t! protons ‘strikinhg the

target. Typically, during production running, there were about five K~

entering the chamber on each picture. There were approximately one

or two background tracks, half of which were m , The m contamination
was determined from m -p scatterings observed in the chamber. Since

T are not slowed down at the same rate,as,_K- mesons, the m had a
systematioally higher ,momentum; The difference in'K~ and m mean
momenta rangejd~.f'rom' 100 Mev_ﬁ%c at 510°'Mev/c for the K- hup"v to 200 Mev/c.
at‘ 300 Mev/c K~ momentum. The ac,t;lal,mean K™ moinenta fo.n'the var-
ious exposures were 292 350, 387, 392 434, and 513 Mev/o The two
exposures at 387 and 392 are comblned on occasion as they differed by

such a small amount

B. Scanning _

The film was scanned for interactions and decays by five scanner
technicians. These people were chosen from a group of about eleven on
the basis of satisfactory previous performance on similar film. Of the
193 rolls of film, 84 were second_,,s,canne.d. Seven rolls were also second-
sc_anned by myself, taking gi_'eat pains to reach 100% eff1C1ency ThlS v
effort took about 2 to 3 times as long per. roll (365 p1ctures) as usual,
requiring a typical scanmng t1me per roll of 12 to 14 hours. ‘

When an event was found it was cla531f1ed accordlng to the number
of prongs leaving the production vertex. All V's that could have been
associated and all subsequent decay‘s Were_ recorded,_. There were nine

possible combinations, consisting of



0 prong 2 prong 2-prong V
-0-prong V 2-prong + decay”’ 3 prong
1 prong. ‘ 2-prong - decay . . 4 prong:

The efficiency for detection of an event varies, of course, with
. the type of e\{eht and its po‘sitioh’ in the chamber. To eliminate poorlyv
illuminated areas in the chamber a "fiduciald,volume" was chosen which
provided a margin on all sides. All events found, both inside and out-
side the volume, were recorded

The chamber as seen on the scanning projector was d1v1ded into
four regions.as shown in Fig. 4. . For each event found, an identifica-
tion both by prong number and region was recorded. The efficiency for
finding events in the Z region.was_fodnd to be much lower, and in many
cases events were unmeasurable even though found. Accordingly, these
events were discarded. )

The efficiency for finding events by a single scan:was measured
in two ways. . Scanning results of the seven ro_lls,' which were thoroughly
scanned by rr-iyself, were compared with the normal scan results. Table
I shows this comparison; ’

Table L. Difference between normal scan and thorough scan in CNF
region of chamber Compar1son based on seven rolls

Event Type ) 0 | oV 1 , 2, 2+ 2V 3

;rchaf’rfwgh}“f 95 100 99.7 100 100 100 ~ 100
” Ef;'ssfgerfts 4 0 2 0. 0 0 0
?f;fal} % 94 100 95 " 97.9 100 100 100
lr\ln?'ssi?”s' 50 34 6% 0 0 0
No. events 83 46 662 - 290 103 9 39

found

® Three of these would have been dlsregarded under the acceptance
criteria. :

the two scans combined were assumed»to. be 100% efficient.



Beam “entering chamber -

MU.26756

F1g 4. Fiducial volume ‘delsbi‘gné.fio‘n'é as seen on the sééﬁh‘mg
projector. The + marks are on the top of the glass.
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The 0-prong and l-prong events were not used, and can be neg-

lected. Three of the six 2-prongs missed were found to have very short -

recoils, These were all found to have' cosines of the":'sca,ttering angle =
greater than 0.9, and would have been eliminated under the acceptance
criteria for K-p scatterings. Since these efficiencies are so high for the
chosen fiducial volume, it seems reasonable to a.ssume‘ that two scans
of the normal typevwould approximate. 100%. The comparison of the
results of the two normal-type scans on 42 rolls for O-prong V, 2-prong,
2-prong * decay, 2-prong V, and 3-prong events are shown in Table II.
Table II includes as missed events those misrecorded é.s l-prongs,
or incorréctiy placed in the Z region, since such events wefe never
exé.r_nined and were effectively lost. The efficiency for detecting all the
event tfypeis studied waé extremely high. It is highly unlikely that the
efficiency forl 3-prong detection was actually lower than for 2-prongs.
-Since the number of missed events was .'so small,. the lower efficieméy

-calculated for 3-prongs was probably just a statistical fluctuation. No

~  corrections for scanning losses were made in computing the cross sec-

tions, since all the efficiencies were essentially the same. The path
length, which was computed. from. the number of 7 decays, was subject

tothe same inefficiency as the intéractions.

Table II. CNF region double normal scan c'or'npériscbn of 42 rolls.

Event Type v 2 2= 2V 3
lst % Efficiency 983 971 99.2 100 97.0¢
scan Events missed : : : &

Satisfying acceptance 1 19 1(3)" 0 4
only criteria - .

Ist and , : :
2nd Total events found . 235 662 376 30 133
scan ' : : '

a’- -
If two zero-length Z's missed as two prongs are included.

Ca
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C. Sketching and Measuring :

A sketch was made for each event selected to. be measured This
sketch served to specify to the measurer which two of the four pictures
of each frame presented the best stereo pair. On the sketch card a
record of the date of measurement, measurement number, and the meas-
urer!'s initials was also kept. '

. Once sketched, the event was measured by using one of the -

- "Franckensteins. These rhachines are essentially projection micro-
scopes which digitize in Cartesian coordinates several po1nts along each
. track.of the event in the photograph. These. coordinates are punched on

. IBM cards along with appropriate reference points and event-identifying

information. The cards served as input to the event-reconstruction com-=-

puter programs.

l D. Event Reconstructlon

Eacb event was reconstructed track by track in space from the
d1g1t1zed 1nput cards by the IBM 7090 program PACKAGE. Th1s was
the standard program generally in use by the Alvarez; C}roup for event
reconstruction. - After reconstruction, the same program sub;ected the

measured varlables on each track to the constralnts of momentum and

_energy conservatmn for the entlre event. The measured quantltles were

.adJusted to give the best fit satlsfymg the constralnts as measured by

a X calculated by the program. In most cases each event wa.s subJected
to several dlfferent interpretations.  Usually, the X value would unam-
blguously select one 1nterpretat10n Appendix I dlscusses the X dis-
trlbutlons and examrnes ‘the valldlty of the f1tt1n;z procedure

A more detalled discussion of the PACKAGE program and its pred-

’ ecessors PANG and KICK is presented elsewhere. 4 The output of

PACKAGE was in the form of a blnary magnetic tape which served as
input to a series of short Fortran EXAMIN routines. The se calculated’

and organized the pertinent physical quantities not directly measured.

E. Remeasurements and Hand Analysis

When an event failed to satisfy appropriate, acceptance criteria

“the sketch was resubmitted for measurement. The remeasured event

then proceeded through the system from that point on. 'The acceptance

 criteria for each event type are discussed later. Afteér repeated failure

to get through the system the event was analyzed by hand.
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III. EVENT ANALYSIS

A. 5 Decays and Path Length

Although ¢ decays are not interactions of K mesons, these events

were examined to determine the incoming flux of K . This type of decay
is very spectacular in the bubble chamber, the incident track termina-

ting in a 3-prong star of decay pions. Figure 5 shows a typical event.

Tables I and II support the belief.that the scanning efficiency for these
events was very high. In addition to the ease of detection, the 7 decay
can be well rmeasured, since the tracks of the decay pions are usually
long and have a rea‘sonable curvature. The inciden.t—K’- momentum detér-
mined from ‘these events had a typical uncertainty of #5 Mev/c. The K -
momentum . spectra from 7 decays found in each of the momentum in-
tervals examinéd are shown in Fig. 2. By use of a K lifetime of 1.224
X 10“8 sec and a b.ranching ratio of 5.77%, > the flux of K~ at each interval
is easily determined by simply counting the number of 7 decays. The
momentum s.'preia.d of all incoming K's is identical to the decay spectrum
after correction for time dilation. The shaded areas show the results of
this correction, which.is simply Weighi,rig,the number of +'s in each bin
by a factor (Pbin/ P central) : |

At each momentum interval the shape of the spectrum is as ex-
pected, a.pp,ro;kcimately Gaussian with a long low-momentum _'tail.‘ All
interactions and + decays whovse momenta were determined by fitting to
be lOObMev/c below .the nominal centfal momentum for each interval were
discarded. Such events were usually not part of the low-momentum tail,
but resulted from the irrational'' part of the beam. They usually entered
the chamber at odd angles to the ''rational' beam and often reéulted. in
very-low-momentum or stopping K interactions. The source of these
K's was probably large-angle scatterings in the absorber or final mass-
resolving slit..

Once the + decays for each momentum interval were measured,
the knowledge of the central momentum and spread so determinéd was
used in fitting all other types of events. This was done by averaging the
known central incident momentum weighted by its spread with the meas=-
ured incident momentum weighted by its error. Actually, each event

was fitted both with and without this '"beam averaging, ' permitting truly

~ off momentum events to be fecognized. - The beam-averaging procedure
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'Atypical 3-prong  decay.
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allowed a tighter determination of the incident momentum than possible
by direct measurement only. When the incident track was very short or
hidden by other track.s,v direct measu_rement often gave_absurd values.

~ In addition to being used for determining the _c,r_osvs sections, Iangu-
lar distributions, and ‘polarizations at 293,‘ 350, '3.7'87‘,'»;3;92, 434, and 513 .
Mev/c, the data were merged and reeexamined in detail. All events, |
excluding those from the 513-Mev/c interval, were miﬁced.and'subdj:vided
into -10- or 20-Mev/c bins. The T -decay momentum spectra show the
extent of the overlap between. adjoining intervals. -'(The 513-Mev/c in-
terval shows little overlap and is removed from the reglon most impor-
tant to the conclusions of Section IV. ) ‘

The tails of the T -decay momentum spectra show large fluctua-
tions, as ‘expected when so few events are involved. The errors ass1gned '
to the number of T's in these 1ntervals are approprlately very large.
Cross sections calculated in such intervals would have had very large
errors, since both the 7 decay:s and the number of events were few.
Knowledge of the beam characte_ristics, however, has been ignored by
such,a.procedure:. Accordingly, the.exposure at each momentum was,
fitted to a-curve which may be described as a long-tailed Gaussian. . The
form of the curve was suggested by naively neglecting straggling. “The

distribution of residual ranges then should be
N(R) dR ~ A exp [ (R ‘R ) /A RO] dr.

. Now uS1ng R =~ p suggests a sultable emp1r1ca1 form,
"N(p) dp ~ A exp { B[ (p/C)" 1?}@1@-

The normallzatlon A, central momentum C, and “Wldth" B were the var-
iables of the fit. Since the form of the curve was certainly not rigorous,
a was also allowed to vary. The curve obtained is only the '""best smooth
curve'! throu'gh the data. The net effect of this procedure was to corre-
late the number of events: in each b1n to all other bins and hence reduce
the statistical error. The errors for A,B, C .and o were estimated by
evaluating the second derivatives of the -X-- function at minimum. The error
on the number of 7 decays in each hin was then evaluated by using the
full error matrix of A, B,C, and a. The curves shown on Flg 6 are the

fits obtained for the exposure at each momentum

£

¥
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B. Elastic Scattering: K-+ p = K +p.

Elastic scatterings represent roughly one-half of all interactions.

Those chosen for analysis were found entirely in the "2-prong" events.
Obviously, for small-angle scatterings in which the recoil protons carry
off little momentum -there is some minimum angle beyond which the
protons are no longer visible. Such an event would be classified as a
n]l-prong" and lost among the thousands of K~ dec‘ays. Long before the
recoil becomes completely invisible, the efficiency for picking up the
proton stub drops considerably. Rather than attempting to evaluate the
‘detection efficiency, which varies rapidly with scattering angle, all
events w1th c051nes of the scatter1ng angle greater than 0.9 in the center-
of-mass were e11m1nated -Figure 7 shows the length of the. reco1l proton
versus K~ momentum for .center-of-mass scattering cosines of 0.9 and
0.95. The 0.9 cutoff should guarantee a high scanning efficiency. A uni-

form cutoff for all rnor_nent‘um‘ intervals was desirable to simplify merg-

‘ing the different runs. For the higher momentum intervals the 0_.9“ cut-..

off may seem too stringent F'The pion contamination in the:beam, how-
ever, leads to . -proton scatter1ngs Wh1ch at forward angles cannot be
“separated from K~ -proton scatter1ngs . For cosines less than 0. 9 this

ambiguity essentlally dlsappears Thus, 0.9 was chosen both to ellm-

1nate short recoﬂ scannlng losses and the Ti'_—p‘ scattering contamination.

If the plane of an elastic scattermg were vertical the camera eye

might see only the edge of the plane Thus, we might expect a scanning

bias against detect1ng scatter1ngs in which the plane of scattering is nearly

vertical. There are two factors tending to reduce the effect of this bias.
The bubble chamber has four camera ''eyes. " Whereas one camera ...
might view only the "edge' of the plane, the event should be clearly seen
in one of the other views Also, the magnet1c field in the chamber de-
flects the scattered K~ and protons in opp051te directions. Therefore
even an edge-on view usually appears V-shaped. “Small-angle scatter-
ings with short recoils and little momentum loss by the K would be the
most likely to be missed. Figure 8 shows the distribution of events for
various orientations of the plane of scattering. This distribution should
be isotropic. The cos 9 = 0.9 scattering cutoff is stringent enough to

eliminate this source of trouble.
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Figure 9 shows the dlStI‘lbutIOn of errors for the incident- K »
momentum obtained by fitting. The strange double peaks can be ex- |
plained abs follows. For small angles the recoil-proton momenta are '.
well defined, since the protons stop in the chamber. For very large
angles the scattered K~ stop. Since a momentum from range measure-.
ment is rnuch more accurate than momenturn via curvature, both very
forward and very backward scatterings should yield tighte‘r fits. An
exact correspondence between stopping tracks and the first peak was,
in fact, found. Based. on these distributions the incident-momentum

’ resolutlon is prec1se enough to- Justlfy division of the data into 20- Mev/c
blns Such a division is ‘discussed in Section IV.

Figures 10 through 12" show the angular dlstr1but10ns for each of
the momentum settings 1nd1v1dually These d1str1but10ns were fitted by
a least squares procedure to a. polynornlal of the form

dm , ' n
_CKZ A0+Alcosekk+A cos Gkk+'°'+AnC0's_6~kli°.

_  The results of these fits for orders n =0 ton = 4 are dis.played

in Table III. At 293 Mev/c the flat n = 0 fit is sufficient, .whereas for

the higher intervals. terrns up to ‘cosvZ leé seem: to be both necessary

and sufficient to fit the data. The n = 2 curves were integrated to esti-

mate the number of scatterings at all cosines and hence the cross'sec-.

tions for elastic scattermg. The cross sections determined in this way

are shown in F1g 13. | R
The optical theorem relates the 1mag1nary part of the forward

_scattering amplitude to the total cross section. The square of the imag-

'inary part gives a lower limit to the differential cross section in the |

forward direction. The square of this imaginary part is shown for each

distribution in Figs. 10 through 12. The square of the real part of the

. Vforwa.rd scattering amplitude is the difference bvetween the observed angu-.

lar distribution at zero degrees and the square of the 1mag1na.ry part.

’Table IV displays the real and 1mag1nary parts. for the various’ momentum

exposers . g : . , : o
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least-squares fits to angular distributions.

K™ -P Elastic scattering:

Table III.

Momeht_uin

interval (MeV/c)
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2
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E coeff

B coeff
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j D coéff

C ‘coeff

293 + 42

O~ NP O

O = 48,2 + 4.2
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Fig. 13. K +p = K + p elastic scattering cross section.

Each point.is averaged over the natural spread of the
beam at that momentum as indicated in Fig. 2.
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Table IV. Real and imagi'n‘ar’y parts of the forward elastic
' - scattering amplitud‘e. '
Momentam ; R
293 % 42 Mev/c  0.38%0.06 f°  0.46 £0.05 > -0.08 * 0.06 £°
350 + 31 Mev/c  0.42 #0.07 ££  0.38 + 0.05 f° 0.04 +0.07 £°
387 30 Mev/c  0.54 % 0.05f°  0.40 % 0.04 ° 0.14 % 0.05 £
392 230 Mev/c  0.59 % 0.07 £ 0.62 % 0.06 £  -0.03  0.07 £°
434 £ 26 Mev/c  0.38 £0.06 £ 0.44 + 0.06 > -0.06 % 0.06 £°
513 #20 Mev/c - 0.40 £ 0.11 5 = 0.38  0.06 £° 0.02 +0.11 £°

+ - : - -
C. Z: Production; K + p — Z+ +7T or T + 1r+

‘A brief look at t’hér :kin:emuatics of sigma-hyperon prodﬁctiori for the
r‘ange?;q_f KT »j_rri'eéqn,.lab;_ momenta discussed here reveals a disturbing
fact. .Sigmas of both signs produced in the backwards direction have such
low’ lab. momenta that they stop and hence decay or intefact before
makiﬁg a visible track. Such an event would be’ ‘recorded as a 2-prong
event oij possibly even a l-prong V (K~+pj>2°+11'+;’2_=+p—>A #n ;3 A=>p+7 ).

‘'The protonic decay mode of the =¥ may ap‘pear very similar to
an elastic scattering if the production-pion ionization is not examined
carefully or if the track is dipping steeply..Inthe examination of 2-prong
events, during the search for elastic. scatterings,. a group of events was
found in Whiéh ionization and curvature indicated the outgoing 'tracks
were a 7 and a proton. Furthermore, events in which the outgoing
tracks appeared to be 1T+ and. n~ were also found. Neithér of these groups
satisfied the elastic-scattering requir‘ement that the incident and outgoing
frack's be coplanar. These events may be interpreted as charged sigmas
productions in which the Z went backwards and could not leave a visible
track, or else decayed so quickly after production that no track was
visible. This hypothesis was tested by the computer programs for all
2-prong events. '

A perha.p"s}rsyulr_prisihgly uni_qtig @:dégtificatiOn of invisible X%s was
achieved. In eaéh" (':'a*se yth‘e‘inco'minvg K_ ;a.nd one of the outgoing tracks

was used in fitting to the Z -production hypothesis.

-
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Energy and momentum conservation require.-four constraints to be sat-

isfied in the fit. Since the X was not seen, three of the constraining

. equatlons were used-to calculate the Z -+ productlon character1s’c1cs (its
~vector momentum, -for -exa.mple_)‘.. This left the productlon fit once over-

. d'ete'rsr.n‘ined'.' The X so determined and the third observed track were

fitted to the X -decay hypothesis. This fit was also once overdetermined.

. As é, result of this chain of reasoning the'invisi-ble Z's usually satisfied

the following criteria. :First, they would fail to fit either K p or T p

elastic scattering; and second, both the = -production. and subsequent

: Z-deca‘y'hypothe ses gave vcons-i;ste‘nt fits with the data. - There seemed to

be only two ambiguous cases. . Occasionally m p scatterings:would fit

both invisible .Z+ prvoduction with a subsequent protonic decay of the
+

.2 . These events, 'however,- would invariably show anomalously high

incident momenta. A. scanning table examination:of the incoming. track's
ionization would usually differentiate between these two possibilities.

For those events in which two. final-state pions were observed, the

. second typical ambiguity arose. Both Z:+" s produced in the'v'ery. forward

'd1rect1ons and =.ts produced in the very backward d1rect10ns would fit,

and visa versa. Since a ‘T produced in- the. forwa.rd d1rect10n has a mo-
mentum of the_ order of 800 Mev/c, it is very unlikely that it would decay

before leaving a-discernible track. | ACcdrdingly,f all events of this type

. were classified accordlng to that type which requlred a backwardly

sproduced Z.

. The fract.ion of T's that were truly-invisible was very small, and

the treatment of these events as described above should be as good as or

- better than trying -to compensate for losses by assigning various weights

‘to selected events. The examination of the: 2-prong events for X pro-

duction resulted in detecting many. extremely short but'visible. Z's Wthh

-otherwise would have been lost. Furthermore, forwardly produced Z

of considerable range, decaying via the protonic mode, were also found

classified among the 2-prongs owing to the very .small Z proton pro-

jected angle..:. Indeed at 513 Mev/c. K~ momentum the maximum Z) -p angle

. kinematically possible is only 19°-for Z!'s produced d1rect71y forward.

‘There is one further effect that should be mentioned. Any =

hyperon, once produced, may interact with another proton according to

‘the reactions
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S +p—->3"+n->A+ y+n, |
S +p->A+n.. |

In either case the A produced decays, 2/3 of the time, into a visible -
proton and w. . The other 1/3 of.the time only invisible neutrals result.
- In order to estimate the number of = . absorptions the percentage o

of Z: that would stop and interact was calculated. - The possibility of in-
flight absorption was neglected. - On the basis:.of:the number of decays
observed in any angular region, the corresponding number of absorptions
"may be estimated. Since the number of events considered is so small,
large statistical fluctuations are not surprising.  Table V shows the com-
parison-of absorptions observed and absorptions estimated.: Although
~large fluctuations do occur for the individual intervals,for the combination
of alliintervals agreerentis quite satisfactory. Boththe totalnumber of absorp-
tions and the d1v151on into visible and invisible a.nd N+ "'decay modes
agree with the estimates extremely well.
There are several checks for overall consistency for identifying

the Zi. .Figure 14 shows the distribution of observed times from pro-
duction to decay compared with the known lifetimes. Table VI shows
the comparison of the pionic and protonic decay frequencies for the
various moméntum intervals. This ratio is known to be 0.51 + 0.02.6

.+ Figure 15 shows the distribution of errors on the incident-K~
mo‘mentum for Z'i. Although there is a slight variation with production
angle, thev resolution seems sufficient to warrant division into 20-Mev/c
bins. As We will see, the overall consistency of the results éupports :
th1s assertion. |

‘The angular distributions for each momentum setting are shown

~in Figs. 16and 17. Again, a least-squares fit to powers of cos g was
made to vérious orders. Tables VII and VIII display the results of
these fits.. The curves drawn on Figs. 16 and 17 are the fits of order

= 2. Just as ‘with the elastic scat’cermgs, cos 9 is both necessary and’
~sufficient to fit the data. - ' ‘ ’

. No significant depopulation or overpopulation can be .found in the
‘backwards Z directions due to the '"zero-length' sigmas. This further
confirms the identification of these events. Since no corrections were -

- -needed, the observed numbers of events were used to calculate the
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Table V. Observed and predicted = interactions for backwards T's
Momentum Production cosine ) %E- that Decays Observed absorptions Expected
exposure interval-cos GK- + should observed (visible + invisible A'%s) absorptions
interval . > ‘decay
- . _{Mev/c) _
293 1.0 to 0.9 44 4 3(3+0) 5
. 0.9 to 0.8 83 11 0(0+0) 2
0.8 to 0.7 96 14 2(2 +0) 0
350 1.0 to 0.9 57 1 4(3 +1) 1
0.9 to 0.8~ 94 6 0(0 + 0)- 0, i
1
390. 1.0 to 0,9.. 62 .. 17 L. 8(3+5) ‘10 3
b . . G Y '
0.9 to 0.8 98 . 24 3(3+0) 0
434 1.0 to 0.9 73 . 14 2(1+1) 5
0.9 to 0.8 ©99 9 0(0 + 0) .0,
513 1.0 t0:0.9 . " LT g - 2 (1 +.1) 1 A
0.9 to 0.8 100 .6 0(0+0). " 0 .
.- Totals, - 24:(16 - 8) 24 (16=8) . o Tl v




. Table VI. Decay branching ratios of 2+ hyperons, and the E+ and =~ production ratios

‘ .-.<:MM~Eomentum..interval.‘(.Meif’.f/‘c)

293+ 42 350+ 31 387-:!: 30 .392+30 434426 513+£20 Total

zp (=" =p + x0) 146 78 188 - 158 68 67 705
+ 4+ + S | | B
z; (2T nt ) 126 86 190 169 66 44 681
+ ot + : ‘ ' ' :
zy/EL + 2g) - 0.54 0.48 0.50 0.48 0.51 0.60 0.508
zp + =i 272 164 378 327 134 111 1386
£~ all kinds 199 106 219 194 99 72 889 g
(Zg+ Z)/2 1.37 1.55 1.73 1.69 1.35 1.54 1.56
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TabBle VII. ='n~ Least-squares fits to the angular distributions

Momentum ;
interval (MeV/c)
and cross

section (mb) Order of Fit = A coeff B coeff C coeff - D coeff - E coeff X 2 expected x 2
293 + 42, 0 33.4+ 2.0 3.8 7
0 =13.6=x1.4 1 33.5+ 2.0 -2.0+ 3,5 S 3.1 6
- <2 34,8 + 3.1 -2.0 3.5 4,0 £ 7.0 3.1 5
3 34.8 + 3.1 -2.0+9.8 4.1 7.0 .006 % 15.4 3.1 4
4 33.1 % 3.9 -2.4+9.8 15.7 £28.3 0.6 = 15.4 -24.5 = 34.4 2.6 3
350 = 31, 0 S 19.5+ 1.6 - 7.9 7
o =10.6=%14 1 19.8 + 1.6 . -4:5% 2.9 5.5 "6
2 17.0 = 2.2 -4,8 2.9 9.6 + 5.6 _ 2.6 5
3 17.2 £ 2.3 -11.4 %+ 7.4 9.4+ 56 11.8+12.1 . 1.6 4.
4 16,0 £.2.8 - -12.2+ 7.5 25.2 £21.5 12.9'+ 12.2 -20.4 + 26.9 1.0 3
387 * 30, 0 34,9 x 2.1 ' 98.8 7
.0 =11.4=%1.0 1 36,0 £ 2.1 -14.3 £ 4.7 o . .89.5 6
= 2 20,0+ 2.7 -21.5+.4.8 81.3 + 8.8 4.7 5
3 20.0+ 2.8 -23.0£10.0 81.2+ 8.8 3,0+ 18.3 ' 4.6 4
, 4 20.0 + 3.3 -22.9 £10.3 80.9 £29.8 3.0+ 18.6 . 0.5 39.6 4.6 3
392 + 30, 0 30.9 £ 2.0 '80.0 - 7
0-=14,0 = 1.4 1 31.0 = 2.0 -5.0-% 4,4 : 78.7 6
2 17,5+ 2.5  -10.5* 4.5 69.4 + 8.1 4.9 5
3 17.4 + 2.5 2.5+ 9.6 70.4 £ 8.1 -26.1%17.1 2.6 4
4 15.7 + 3.0 1.7 £ 9.7 100,0 £28.1 -24.4%17.2 -41.0 = 37,3 1.4 3
434 + 26, 0. 13.8 + 1.3 . . 23.9 7
o =8.2+0.9 1 13.8'+ 1.3 - -0.6 £ 2.7 23.8 6
. 2 9.1+ 1.8 1.9+ 2.7 20.0 £ 5.1, ‘ 8.5 5
3 9.2 £ 1.8 3.4+ 6.0 20.0+ 5,1 '-10,4+10.3 ~ : 7.5 4
) 4 8.4+ 2.3 3.0 6.0 31.2 £19.8 -9.6+10.4 -14.6 = 24.9 7.2 3
513 + 20, 0 S 11,0 1.2 23.3° 7
0=75%1.1 1 11,6 £ 1,2 -5.1% 2.4 18.6 6
2 8.6 £ 1.6 7.3+ 2.5 12442 - 9.8 5
3 8.3 1.6 -0.8 + 6.2 13.7 + 4.3 -11.4%£9.9 . : 8.4 4
4 6.2+ 1,8 -2.0+ 6.2 50.3 +16.8 -8.4£10.0 -48.8 + 21,6 3.3 .3

(Units are number of events per bin for 8 bins.
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Least—sq{xares fits to the angular distributions

-+

Z

Table VIIL

Momenturmn

interval (MeV/c)

and cross

2

A coeff

expected ¥

E coeff

C coeff

D coeff

B coeff

Order of fit

gection (mb)
293 + 42,

0 =10.0% 1.1

350 + 31,

0 =69%1,0

-36

OO ~OoNFHN oWV H O

AN M E OO 0N
NAAON Qo8 =3RS

—

(=]

387 = 30,

— -

13.5
13.5 -30.3 + 32,1

39.5 £

22.4+26.6 39.3 %

-5.2+6.1
-2.0 £ 6,2

— 3o <H

o =6.0%0.6

uny D
o o
[ -
+H H
o wy
< ~

~

<+ H
e ]
— - oo
H4H HH
nn — )
% o o~
- —
o~ A
N N
o N o o
HHH HHH
—<H - o O~
0 oS —~ S gl
.I.A NN -
— -0 0 Nt
ERLTSICIR PR
HHHAH HHHH
- OO W00 O
—_aa Suaa

23.0 £ 1.7

[}

392 + 30,

~OWBYE OO M MO
AN -
HHHH HHHHAH
~O00¥ HOM~~O

MO O 0w

AP O~ AN

8.3+ C.9
6.1 % 0.7

[0}

434 + 26,
o

18.5 £ 3.7

18.8 + 3.8
- 24.8+£12,7

O N ™M <H

513 + 20,

o =4,9+0.8

(Units are number of events per bin for 8 bins.)
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':E productlon cross sectlons for each momentum .exposure .\Th’ei‘value.s
found are shown in the summary Table A(page v11) e

- The polarization of the =t hyperons was obsérved through the
up- down asymmetry. of the protons in the. decay Z >p+ 1r A normal
‘to the Z- productmn plane was defined by the unit vector _ , -
n= KKXK /IK X K | where K and K are umt vectors in: the K™

K-
and L d1rect10ns The angle ¢ .is the angle between n _and. the proton

directio,n», K i
cos ¢ = K -n .
‘ P
Tne distribution of events verSus the plon productlon angle 6 and

the proton angle ¢ may be written

2 : .
d-g = +o. cos¢(D51n
dcosf8dcos ¢ ~ A+BCOSG+CCOS 9

+ E sin 6 cos 0).

. For the other decay modes, Z’+‘—>'rr+ +n and. S~ +n , the
asymmetry parameters a, and a_ are too small. to allow a polarization
measurement. Beall et al. have found the value dof = - 0.75%,17 for this
parameter in the E' - p + m? decay. " To measure the coefficients D

‘and E, the average of cos ¢ is calculated:

_ '(__S—T I(B)Jrcos ¢ (1 +a P(9)cos ¢)d cos ¢
co 4’9‘ I(G)I (1 Fa PO cosg) dcose

Here I(B) and P(O) are the usual angular d1str1but10n and polar1zat10n
as functlons of the product1on angle 6. ' . , -

. The average. of cos ¢ for all productlon angles measures D only,
since the average of sm@ cos 6 vanishes. The E coeff1c1ent wa s
. measured by Subtractmg the average of cos ¢ for cos 9 between -0. 95

‘and -0. 30 from the average of cos ¢ for cos 7] from 0 30 to. O 95 That is

[Z cos ¢ ]_ T cosd :l
(cos ) . _ L0.3<cos 6 <.95J7 L-0.95 <cos 6 -0.3
o ¢ E term.” - . - -Number of events .

The $in 6 term averages to zero in this case.’ The interval from

70.95 to 0.30 was chosen to eliminate regions where the polarization is
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known to be low but Where scanmng and measurlng difficulties are greatest.

Including these reg1ons does not alter the results S1gn1f1cant1y

D. 0-Prong V Events:: K- +p—=K° +n; Z% 4 ;A + 1% & + 7%+ «f

Dur1ng the many months of event analyS1s, a logical d1v1s1on of
the labor separated the 0- prong V events from the other channels
The\ ‘analysis of these events presents many d1ff1cult and unique problems.
Most of this work was done by Dr. Massimiliano Ferro-Luzzi. The
author does not intend to claim credit for this worl%, and hence the fol.-
" lowing discussion is for completeness only. _
There are several interactions leadmg to the 0- prong v topology

As llsted above they are

K +p ~K°

+n;l{1~>Kl—>ﬂ++w-,

— _:_-‘4‘0 J v<0 i . o . . n -
Zo4m ]> ZOA+ yv; A—-p +' T

30 ¢ + 11'9J

A + 70 )

T (A Pp +m

A + w0+ o

‘The ‘Z%7w? 7% cross sections are so small at the energies con-

sidered that these events were completely neglected. - Although each of
the interactions listed leads to the same topological appearance, the
K°n events may be easily identi-f'ie‘d at theks-canni‘ng‘ table. The m' pro-
duced in the decay can be d1st1ngu1shed from the protons of a A decay
because of its’ llghter ionization. Since measurements on these pions are
usually very prec1se, these events produced fairly tlght computer fits.
The average fitted K~ momentum error was 4 Mev/c Nevertheless, in
order to obtain detalled Cross sectlons, a computer program wa's employed
wh1ch constructed an 1deogram of events versus momentum Each event
‘was assumed to have 1 unit of area under.a Gaussian curve which was
centered at the fltted momentum and whose width was the fltted error.
By this procedure the cross:sections to be shown in Sectlon IV were
calculated in lO-?:and;:ZZQ-Mev/c intervals over the resonance region.

. No finer division was made, since only a limited number of events was
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available. The summary Table A displays.t-h:e average. K°n cross

- section foreach of the beam,-mome-ntum' BXPOSUTES: -, %y gt e

Th_e Z0 w0, A 7% and A 7% n® events were easily separated

- from:the ’_'K—on event s by the.presence of the proton in the decay.,' The
s'epar'atiOn of one type from anothe¥ was not so simple. »The_-‘s,e_paration
.-was based on the 'mis sin'g mass'distribution. The measured incoming
K momentum was beam-averaged as described in-Section A. ,No event,s
whose measured momentum was 1.5 standard deviations away from the
ndminal beam momentum were used in the separation. . Once the separa-
tion was accomplished on the selected events, the entire sample was
divided in the same relative fraction.:.The A momentum and energy '
-were determined by the computer program. . The square of the ‘missing
mass of the unobserved particle or particies was .computed by using the

‘expression ' - Loy .
‘ 2 , 2 = - 2

ko= (EKP N EA)‘ - (Pg - Py)
L , : , o
where -~ is the mlss1ng mass Squared EKP and EA are the K -p
and A& energies; and _PK and 'PA’ are the K ,and A momenta.
2 0

~ For the AT channel p is unlquely the square of the m° mass.
.These events produce a peak centered around (M 0 ) w1th a roughly
) Gausman d1str1but10n due to meaSurement errors. For the ATF TTOeventS
Vthe two P ‘mesons do not have a “umque mass, " since they may have a
wide range of relatlve energ1es Thus, p; is a distribution Wthh begins
at (ZM o) where the plons are at rest relat1ve to each other., It extends
up to a maximum value determlned by the total energy avallable

~For the Z° % events pz_ also has a contlnuous dlstrlbutlon
The measured V is the A resultlng from the decay of the )
=0~ 4+ y) Here |J.2 varies because the A has dlfferent momentum
and energy dependlng on the angle of 1ts decay relatlve to the =0 di-
rection, The shape of the A Tr o spectrum mlght be expected to follow
phaseuspace pred1ct1_ons° h 20 T spectrum can. be shown to be

_ rectangular.
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Figures 18 through 22 show the distribution of |.L2 at each mo-
mentum interval, along with the allowed limits for each type of inter-
- action. ® : : '

The &m° peak may be reconstructed on the high side by requiring
symmetry with the low side. The A7° 7% distribution extends beyond
the =°n° distribution, which provides a handle for this division. If the
A% events are distributed z;.ccording to phase-space predictions such
a curve mayisbe normalized to those events beyond the | =% n%1imit. All
: the.rémainingk events are then attributed to the =°w° channel. This process

‘was carried out at each of the momentum intervals.,

0 .
0 T Ccross sections

At each of the momentum intervals the A°
obtained in this way were found to violate charge independence when
compé.red with the. A n'n” cross sections. For ‘A nm production from

°7%to Antm cross sections is 1/2.

~the I.= 0 state the ratio of the A 7
From the I = 1 state only Av'w” can be made. Thus, the maximum
allowable cross section for A’ n°is one-half the AT m cross section.
Table VI s-hov;)s these cross sections. v

This violation can probably be attributed to a relatively few poorly
measured T° 7’ events which fall below the =° n°limit and are thus mis-
identified as Am? 7, Nevertheless, the persistence of the violation at all
momenta indicates that the Amm channel proceeds predominantly through
‘the I = 0 state. .In order to better estimate the =% 7% cross section,
the Aw’ w%cross section subtracted was assumed to be' 1/2 ¢ (A"‘rr+1'r'=).,
The Aw° n° phase-space curves on Figs. 19 through 23 are normalized
in this manner. ' ' '

% are seen _direcﬂ;ﬁ' or indirectly

Since neither the X%nor the w
in the X° =°

considerably less reliable than in the other channels. The =° has a typical

channel, ° .. angular distribution and polarizations are

momentum of 265 Mev/c in the K'p center of mass. Hence the & re-
sulting from the decay may be expécte.d to deviate from the X% direction
by at most 70/265 radian or approx 15°. All the angular distributions
and polarizations recorded for Z°#%assume the A and Z° directions
are identical and are thus slightly smeared out. The polarization of the

Z% is deduced from the A polarization. The relationship is
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| : 293+ 42 Mév/c 97 events
—I_' =1 event :
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Missing mass squored,/.Lz(IOSMeva)

MU-26769

Fig. 18. Missing-mass-squared ideogram at 293 Mev /c

o K~ momentum for the O-prong V events with an
identified A. Only events with measured K-~ less
than 63 Mev /c away from 293 Mev /c were accepted.
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Fig. 19.

‘Missing-mass-squared ideogram at 350 K~ mo-
mentum for the O-prong V events. Only events
with measured K~ momenta less than 45 Mev /c
away from 350 Mev /c were accepted.
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‘ Fig. 20. Missing-mass-squared ideogram at 390 MeV /c
" ‘ . . K~ momentum for the O-prong V events. Only those
events with measured K-~ momentum less than 45
Mev /c away from 392 MevV /c were accepted.
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 Missing mass squarred, 2 (10° Mev?)

TMU-26772

Fig. 21. -Missing-mass-squared ideogram at 434 Mev /c
o K™ momentum for the” O-prong V events. Only
‘those events with measured K~ momentum less
than 30 Mev,/c away from 434 Mev /c were accepted.
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Fig. 22. Missing-mass- squared histogram at 513 Mev /c
K™ momentum for the O-prong V events. Only those
‘events with measured K~ momentum less than 30 Mev /c
away from 510 Mev /c were accepted.
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- 0 . . . .
QAPA = (1./_3) 'QAPZO"- Measurement of the X% polarization is very
difficult sincethe polarization is reduced by the 1/3 factor, in addition
to the angle uncertainty. Thq angulaf distributions for =% % and

- Amo are shown in Fig. 23.

E. 2-Prong V Events: K+ p~A + '"+. +m

As with _the Onprbng V' events, the 2-prong Vi s were analyzed by
Dr., Ferro-Luzzi, énd.this discussion is included for completeness. . This
class of events, like'the T decay, is usually quite spectacular in the
~ bubble chamber, -Since all.tracks are measurable .dii'ectlyy such as the
n* and m, or'indirecfly like the A, the computer fit for each event was
: éubject_to four constraints. Thesé fits are quite tight, with the average
K momentum error after fitting only -7 Mev/c. Table IX shows the
average cross section for each of the beam momentum settings., = To
obtain the cross sections in ,10._=Mev/c bins (discussed in Section IV)/,-
-all events were fed into the Guaésiah error ideogram routing used forv
“the I?’—n events,

For each two .A.'IT+1T-'B events observed there should be one event
in- which thé A decays via the neutral mode and is not seen. Such events
will be 2-prongs. . All 2-prongs were subjected to this hypothesis during
the fitting procedure. Since both final-state tracks are piéns, candidates
for these events may easily be separ.ate'd from K'p and T p scatterings,
‘Table IX also shows the cross sections obtained from those events in
which the A decay was not seen.’ The most troﬁblesome ambiguity in
this class of events is the very short tor productions with subsequent
pionic decay. The consistency of the tw_é :ATT+TT= cross sections (from
visible and invisible A's) and the lifetime curves for =" ana =~ support the
assignment and division of _Z-prbng ‘events into these channels.

Figure 24 shows a Dalitz plot of events in the 390-Mev/c runs.
The other intervals have too few ev.entsto show any effect that might be
present. If the distribution of pion energies were to follow phase-space
predictions this plot would be isotropic.‘ _The points are certainly con- .

sistent with this hypothesis. In addition to the Dalitz plot the effective-



N "Table IX. A-m -'rr-_cross sections from visible and invisible A-decay events
Momentum interval 293 + 42 350 + 31 390 + 30 434 % 26 513 + 20
: (Me_v/c) . o . o
o(AnwT); :
A-+p+w” (mb) 0,15 = 0,10 0.9 £ 0,3 1,6 £ 0,2 1.5 +' 0,4 2.0+ 0,4
0(Ai1+11-,); 0, . ) : ‘ ‘
) A-»n+ 7 (mb) " - 0,9+ 0,3 1.3 £ 0,2 0.7 £ 0,3 . 1,9 £0,5
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Fig. 24. Dalitz plot of AT'm™ events from the combined 387-
: and 392-Mev /c runs. 87 events. :
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mass-squared for several distributions was examined. .Figure 25

shows the effective-mass-squared of the atn” system and the . equivalent
c.m. kinetic energy distribution of the A These distributions would
indicate any deviation from phase-space predictions due to 7T correlations.
No such effect is evident. Figure 26 shows the distribution of T +/Q

and T Q/Q, where the kinetic energy of each m is divided by the total

energyﬂavailable to normalize out the incident momentum spread. Such

ate

%

a plot should indicate mA correlations such as Y1 ‘production.

Although it is tempting to dismiss these distributionsas being in
accord with phase-space predictions, this is probably not quite correct.
As mentioned in Section III-D, the Amw channel proceeds largely from
the KpI=0 D3/2 state. Consider the two-pion system and th_e. angular
momentum state of the A relat1ve to this system. Bose statistics re-
quire the 71T system to be an .S or a D state, since the I =0 state
is symmetrlc If odd KpA parity is assumed the A- (1'r ™) state is then
P3/2 for ihe ('n ™ ) S state and Pl/2 or P3/2 for the (n m") D state.
‘The A-(m 7 ) state must be a P state. High A energies will be favored,
If the KpA parity were even the A«('rr m") state would have to be a D
state, favoring high A ‘energies even further,

 Figure 27 shows the angular distribution of the A inthe K p-
center ozf mass. For pure P3/2 (or D3/Z) this dlstrlbutmn should be
143 cos 6. There are two explanations for the missing high- energy A
enhancement. . Flrst, such an effect may indeed be present, but a suba
stantial background from other K p states obscures the picture. Second,
there may be still another effect present enhancing the low-energy A's
On Fig. 25b‘ the dashed curve represents an artist's conception of the p-
wave 'TA : di-stributior;. The alternate dash=dot‘curve at low [\ energies
represents a m 7 interaction in the I =0, S, or D state. Evidence
for such a state at approximately this energy has recently been found.

In either case the net effect is to repreduce a phase-space-like distribution.

The use of a phase-space curve in the 2% - A 1% 1% separation of Section

III-D is then justified.
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Fig. 25. a. Effective mass squared of the 7' and « from
“the, AnTw™ events in'the 387- and 392-Mev /c runs.

' b Distributions of the center-of-mass kinetic energy
of the A for the Awtm™ events in the 387- and 392-
Mev /c runs.
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and 392-MevVv /c runs. These are projections on the axes
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‘Fig. 27. Angular distribution of the A's for the K +p—A+nt4n”

events in the 387- and 392-Mev /c runs. The curve
shown is the least-squares fit: _ ‘
do : 2, .

= (9.0+2.3) + (2.943. .Ox0. .
r (9] (90.23)+(933)cosGKA+(18569)_cosOK_A
The XZ‘ for this fit was 2.7 where 2 was the expected
value. '
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At this point the question of VYT production might be considered.
' sk
The threshold. for Y1.
which is nearly in the center of the region considered here. We might

ask how many of the events can be attributed to Y'll< production. On the

*
Dalitz plot the Y1

and C. Near threshold the simple band structure should not yet be

production is 410 Mev/c K laboratory momentum,

will.appear as bands parallel to the axes at points A

distorted by interference effects. The data do not prohibit or demand
sk b .
Y1 production. The question of Y; production in this region and at hi gher

energies is considered in detail in the Ph. D. thesis of J. Peter Berge. 9

"The reader is: ;'eferred.to that source for further discussion.
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Iv. INTERPRETING THE RESULTS

~A. Resonance Hypothes1s

In Section III the emphasis is c")n;results-and possible biases for
each of the different channels. The results were averaged over the
natural momentum spread of the six momentum exposures making up
the experiment. In the discussi’ons of each channel@ithe. determination
~ of the incident K~ ‘momentum was indicated to be sufficiently precise to
merit a more detalled examlnatlon of the momentum- dependence of the
data. ﬁIn most cases 20-Mev/c momentum lelSlOnS were justified pro-
vided there were enough events to still give feasenable statistics. Near
’ 390 Mev/c the ATI'+1T- and K% n events were further subdivided into

10-Mev/c bins. Both these types of events are so well determined that
‘an even finer division would be justified were there a sufficient number
of events. . Figures 28 throﬁgh 32 show the cross sections derived from
the combined data as a function of K~ lab momentum:- '

_ It is obvious from these curves and also from Ta.ble Athat some
sort of anomaly occurs near 400 Mev/c. Not only are significar;t bumps
found in the R%n, =tn™, = '

variation in the differential cross sections for K p also occurs. An ex-

, and Ante” channels, but a marked

planation of the effects seen is hypothesized to be a resonant state near
400 Mev/c_K_ momentum. This feseﬁant state would have components <
of Kp, Zmw, and Aww. Production of this state would enhance ‘each of
these channels in proportion to the respective decay Branching ratio.
The principal task in the following discussion is to determine the prop-
erties of both this state and the nonresonant states that make up the
background upon which the resonance is superimposed. |

Some of the properties of the resonant state may be crudely de-
termined without further analysis. Each of the bumps in the different
cross-section curves is centered.at approximately 390 Mev/c lab mo=-
mentum. The center-of-mass energy at that point and hence the mass
of the resonant state is approx 1520 Mev/c. The width of the bumps. is
about 40 Mev/c, which implies an energy half-width of approx 10Mev

for the resonance.
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Fig. 29. K +p _»EO’( n charge-exchange cross section
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Fig. 31. K +p—-A tat e m cross sections versus . K laboratory
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‘To determine the resonant isotopic-spin the. 20“0 and A7’
channels should be eXa.mined - The Z%7% .is-entirely I=0, ;while the
AT0 g entirely I= 1. Neither of these channels can be accurately sub-
-.divided into ‘small: momentum intervals. The incident K momentum

was determined almost completely by a direct curvature measurement

. which does not-allow such a division: More importantly, the difficult

-separation problem does not allow an accurate separation into 2%n°
An® event-by event. This separation was made within each of the mo-
mentum settings on a selected sample of events (Section iII-D) and the
relative fractions were applied to the whole sample.

For the Z%r? events the cross’ sectiens é.fe certainly consist-
ent with a peaking which appears more as a shelf on the fa.lhng non-
. res_onant cross section. No dev1a.t10n at all from: a smooth fall 1n the
Ao cross section is seen (Fig. 32). As indicated prev1ously, the
Amm channel proceeds largely through the I=0 state and the ATT L show

0 channel (pure 1=0)

a very sharp peak. If the I spin were 1 the'ATr ™
- would not be fed through the resonent etate. The populatmgn) of this
channel might then be attribute\d to a fnisinterpretatton of % 0n 0 events.
- But this would further peak the Zo m cross section, which ivs pure
,' 1=0. The isotopic spin is then I=0. ‘ o
Additional support for I1=0 appears in the d1fferent1a1 cross
sections for ATr and =0q0. F1gure 23 shOWS the def1n1te presence of
. cos! % terms changing with momentum for Z)°Tr while ATT _is quite
. consistent with little or no cos .9 terms up to 513 Mev/eﬁ; B
The analysis of the angular distributiohs indicates the. spin of
- the resonant state. Tables III, VII, and VIII_Fshow no indication that
- powers of cos 6 higher than 2 are required to.fit the dlfferentlal Cross
sections. This indicates a resonant. .spin of J = 3/2 ngher J would be
. revealed by the presence of hlgher -power. terms of cos 0 1n at least one
of the distributions. Lower J would not produce the large cos 9
terms observed. . Spin 3/2 is st.ron‘_g_:ly ;pdlcated. TheJ = 5/2 p0531bility

is discussed more completely later.
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: The‘only quantum number still to be determinediis:the parity.
The parity of the resonant state may be defined by the K p state that
-feeds it.. To deternmine the K p orbital:angular momentum state, the
"I nonresonant states must also be examined. The interference between
" the resonant state and background state or states should show up in the
:an.guiar distribution, . although not in the total cross sections.. Figures
33 and 34 show the coefficients A, B, C for.the angular distributions in
- the elastictscattering and charge-exchange channels. A;B, and C are

. defined by the.expression . : e .

2 :

Jx [A+Bcos6+Ccos 9]

a0

' In both'chanhels A dips while' C peaks near the resonant energy.

Thls would occur if the’ K P resonant state were to interfere with a
';nonresonant state of the same parlty * Of course, there may be more
than one nonresonant staté. The different sizes of the peaks in the
| K p and R%n “channels also 1n5di'cat‘e"':"ti1at:é.n'int'e';'i'fe'rence phénomenon is
'respons1b1e " The' K~ P peak is'roughly twice the R’n peak, which would
be very difficult to reproduce with a smgle resonant amplitude. The
‘siwave contributions in K7 P a.nd R%5n are well known to differ consider-
ably, and an s-wave interferen'c:e coiﬂdeaéily ‘account for the difference
i ""51n size of the peaks. e
' The B coeff1C1ent arises from 1nterference between states of
oppos1te pa.rlty Slnce this termis relatlvely 'smiall, one nonresonant
state (w1th the samé’ par1ty as the Tesonant state) is probably dominant,
”"w1th a small admlxture of ‘an oppos1te parity state.
At 16wer’ momenta, up to 250 Mev/c, s waves are known to be
stfongly domlnant in the KN ~channel. Humphrey and Ross have de-
‘rived two sets of zero- effective-range parameters which describe all
" the low-ehérgy data. 6,10 Althon:g"’l'i'tne”zero‘ effective-range hypothesis
‘may not be expected a pr10r1 to remain valid-at 400 Mev/c, and
extra.polatlon to this' reglon should not be too far’ ‘wrong. Figure 35
shows the extrapolation of the two solutions to the’ 400—Mev/c'region.

In both cases sizeable s-wave cross sections are still present.
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Fig. 33. Momentum dependence of the coefficients A, B,
and C for K~ + p - K~ + p elastic scattering. Where

d°-—"k2”[A4-B 0. +C cos?6
o Bl cos 0 ', cos KK] .
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" Fig. 34. Momentum dependence of the coefficients A, B, and -

C for K™+ p,- K +n charge-exchange scattering.

do _

Where o =

nkz‘
4

. 2
[ A+BcosBKK+Ccos GK

xl -
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F1g 35 Extrapolatmn of the s-wave Cross sect1ons using the
Humphrey-Ross solutions 1 and 2. .Charge- -dependent
- . corrections have been 1gnored These correctlons are

. neghg1ble near 400 Mev/c o
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It seems reasonable, then, to assume that the dominant nonresonant

KN state at 400 Mev/c is sfill s wave. The spin of the resonance has
been established toibe J=3/2, and we wish to know whether P3/2 or .
D3/2 is the proper choice. The angular distributions indicate a resonance
with the same parity as the Sl/Z state, which is- D3/2. The oppos1te-

| parity P3/2 and Pl/Z backgrounds are presumably small.

* The angular distribution in terms of all of the amphtudes up to

J= 3/2 may be ertten

%Tz— T {[‘P Pyt +lS } f’r[ZRe ﬂP)(SJFZD J+6Re (S-D ) 'P,] cos6

2. 2 12 3
+[[s+.2D3 L —tS-~D3| + [P1+2P3. —‘PI-P3' ]cqs 0+[18ReP3-D3]cos 6

Herleeforth the wx 2/41T factor will not be expressed although the ampli-
tudes will be in unit's‘corresponding.to the aboyve’equation. Since no
cos terms are seen, the P3’/'2:, amplitude must be small and will be
neglected until later: v

At thisvpoint a fairly simple pictu’rc of the region seems to fit
all the data qualitatively. The s waves of lower momenta are still large,
with small amounts of Pl/Z and p0551bly some P3/2 entering slowly.
In the D3/2, I 0 state a resonance occurs near 390 Mev/c with com-
ponents of Kp, Zw, and Amm. The mass is about 1520 Mev with a half-
width of approx 10 Mev. . A more qUantitative bﬁt preliminary deter-
mination of the .amplitudes.involved was carried out in the following
manner. 11 The s-wave amplitudes were first approximated by \using
the Humphrey-Ross extrapolated Valuesfas a guide. In the D3/2, I1=0

state a Breit-Wigner form for the resonant amplitude

D - 2x was added, where x_:PKN , e:z.(—&_l. Here I
2x = - RN

is the partial width for decay back into the KN channel, I' is the total

" width I‘—F ~+I‘ -t I‘A

ER is the resonant energy From the total’ cross sections all the param-

E is the total center of-mass energy,.and

eters were determined, thus. leav1ng the angular distributions as a con-

sistency check. .Figures 33 and 34, which correspond to Fig. 2a,b of
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Refere‘nce 11, show the excellent agreement wifh this simple model..

The fitting process in this work was entirely by hand. The curves shown
on Fig833 and 34 are actually the solutions discussed in section IV-C and
not the hand-analysis curves. By use of a very informative graphical |
technique this analysis was extended to the Zm channels. 12 Figure 36
shows a typical graphicval picture of the s-:and d-wave relationships.

An angular distribution may b'e_w:“'vit-ten for s and p waves,
g—% =l.S + (ZP3+.P1) cos 8 IZ +‘[ (P3 —Pl) sin 6 ‘2.
_Applying a Minami transformation.S —~ Pl’ P1 -+S, P3 - D3, one has

%g=5P+(S+Mﬂcoseﬁ-h“S-D)Mneﬁj

The Breit-Wigner d-wave amplitude may easily be shown to be a circle
in the complex plane. . The quantities S+ 2D and .S -D may be constructed
on the graph,ﬁ thus yielding the two principa\l terms in the angular distri-
butions. -The positions on the circles are determined by the energy,
whereas a clockwise direction of rofaﬁion is required by the Wigner
fheorem..13 This theorem states that the phase shift must increase with
energy wheri'going through a resonance and decrease only in'very special
circumstances. = i N |

The magnitudes for each amplitude were determined from the
cross sections observed. There sfill remains a freedom of orientation
. for the s-wave amplitﬁde relative to the d-wave amplitude for each ab-
sorbtive channel. This orientation was determined solely by the angular
distributions, which leaves the polarizatioﬁs completely predicted.

- Measurement of the =" polarization not only fits the predicted
curve extremely well, but also leads to a determination of the KpZ
parity. The arguments leading to this'determinafion are consideréd in
the next section. The results of the hand analysis described (which also
introduced small Pl/Z amplitudes) were so succéssful that a more elab-
orate search procedure using the IBM R7O9Q was undertaken. The for-

mulation of thi_'s;p'roblerri'a'.nd'tHeA Tesults are 'discussed in Section C.
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395

- Fig. 36

MU-25383

.. "Graphic'construction of the:S+2D .and S:D amplitudes

.. for the Zm channels. The orientation of the amplitude

D is indicated for several K~ momenta. The s-wave
amplitudes vary in magnitude according to the zero-
effective-range prescription. The s-wave phases are
assumed constant. The zero-effective-range variation
in the s-wave relative phase is less than 5° over the
region of the data.
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B. The KpZ Parity

- In the preceding section the = -w final orbital angulaf momentum
state was assumed to be the same as the initfia-l Kp state feeding it.
This, of course, impliesAtilat the intrinsic parity of the K p system is
identical to that of the .Z T system orodd KpZ relative parity. To
- justify this, éonsider_-all possibilities open to the K +p =2+ 7 reaction
amplitude M. Specifically consider the J = 3/2 case. Both the K p and
the Z stateis may be either P3/2 or D3/2. Depending on the parity,
the K p, P 3/2 state may feed either the Zw P-3/2 or D‘,)/‘2 but not both.
Slmllarly, the D3/2 K p state may go to either the P3/2 ZW or. D3/Z
Z 7w state. This is a generalized fourfold Minami ambiguity. The
operator-M may be constructed for -each of these cases as follows.

Define M for the P3/2, Pl/Z’ .51/2 Z m final state by
M=A(0)+B(6) 0o 4,

—_
K. XK. L L
~ in out = = . R .
where # = — and 'Kin and K are unit vectors in incoming

IR, xK__| out
in out

K~ and outgoing ™ directions, and

[(P,-P)) sin 6).

A(e)_—W[S+(2P3+P1) cos 6] ; 3

ZK

To obtain M for the D3/2, S 1/27 1/2 final state, applf the Minami
transformatlon M= o - Kou M. To change the parlty of the initial

t >
K p state only, use the transformatmn M—-Mo - Kin . To change

both parities use M~ 0 K M g- Kin. Table X lists these possibilities.

The angular distributi-ons are derived from M through the relation

1 0) =35 = (o o)
1(6) P (6) - (o [ be)
where: _— ) o Lpf' Z MLPl ‘

Here LIJf and LLJ are the final- and initial-state wave functions including

spin. Table X llStS the expressmns for I'(0) in terms of 1(0) and P
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where 1(0)(1(0) = IA ﬁz + |B tz is the angular distribution, assuming
-zero initial proton polarization‘and P_;bn\ is. the initial proton polarization -
For the experiment considéred here P, in was zero, hence-1'(08)=1(0).
"“The arguments of Séction IV-A utilize the interference with the known
s- -wave background to restrict the initial K p state to D3/2 'Thus, the

knowledge of the'background state through its interference with the

© - resonant state reduces the fourfold ambiguity to' a twofold ambiguity

(lines 2 and 3 -are still allloWed) . The an-g'ula-r distributions are identical
for these cases, but the polé.riiaa"cions are-of oppdsipe;sign,_. ‘The problem
s ~’redﬁceq to detérmining the absoluté sign of the polarization. .

B 'To measure the absolute sign of ‘the polarization two things must
be determined. First, since the polarization is measured through the
asymmetry of the PR p+ w° decay, the sign of the decay-asymmetry
parameter a, must be found. This parameter (the proton hel_ic_ity) has
recently been found to be -0.75.17. 7 The second requirement is the
_ phase of A*B Only ‘A]Z. and ‘B|2- cah be measured from the angular
‘vdi;sti'ihﬁtion‘é However, the express1on for I(6) P(G) correspondmg

to lines '2.7 and 3 of Table IX are;:

line 2: 1(6) Pt(‘;":) = [ZIm(S_--D3) (P P )sme] +[6Im(S D -P, “p 5)

o sin 6 cos 9]
-PIISDS',—) PlSD3 . _ _
‘_ line 3 I‘(G)‘P (9)=_[ZIm (vS;DV3)>'<>(P1-.P3)sin 9] ;['611":1(>S*D3LPi=:<P_i,;)'sin9cose]
. P. SD - SP1P3
The s1n6 term is generated by both pd and ps 1nterference, both
of which -are expected to be small. ' The most striking difference is
found in the sinf cos 8 term, where a marked momentum dependence
should be observed. The. relatlve phase of D3/2 and S must be deter-
mined.. It is impossible to determlne such a phase by any one observa-

‘tion, but by invoking the ,ngner vtheoreml?’{:the change in this phase as

the momentum increases is determined.
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The phase between the s-wave and d-wave amplitudes was de-
termined by examination of the "A' and "C'" terms of the angular distri-
butions. The sinf cos 6 polarization term was then predicted for all
energies in the resonance region. The e_Xpressionsrfor A anc C show
the dependence on this phase: - _

A=ls|?+]D,|% - ZRes™D ; C =3|D,|% + 6Res*D.

Figures 37e.nd 38 show both the sin 8 cos 6 and sin.@ polarizations
versus momentum for the combined data. The curves for even and odd
KpZ parlty are essentially reflections of each other -Section C de -
scribes two sets of parameters found to fit the data almost equally well
assuming odd KpZ parity. ’I.‘hev polarization data were included in the
fitting procedure, of course. The even KpZ parity-curve is not a true
reflection of either odd parity curve because when the input polarization
data were reversed in.sign, the final par_arheterizatiou was altered
slightly. Since the data excludin’g the polarizations are very restrictive,-
the solutions were altered very little. Odd KPZ par/ify is very strongly

indicated.

C. Parameter Determmatmn by the Computer -

_ There were several reasons that justified the effort put into a
computer analysis in addition to the hand analysis already published. -
The data upon which the first analysis was based were reahalyzed by use
of the beam-averaging feature, which gives a better measure of the
incident momenta. Furthermore, the hand aualysis did not consider
the momentum dependence of the s-wave amplitudes, and introduced
p waves only at the end. Of course, the computer approach by its
nature must also have a precise quantitative measure of the goodness
of fit which the hand ana1y31s lacked.

In order to program such a problem much more attention must
. be pla.ced on un1mportant background than is really _]ustlfled An example
of this was-the ATr T nonresonant background Since this amounted
“to 1l mb or less, d1v1s1on into s and’ P waves does not significantly affect

the hand- analysis estimate of the nonresonant amphtudes Of course,
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F1g 37. Momentum dependence of the ZO polanzatlons from:
the reaction K- + p—> =0 4 ‘ITO ‘The polarization is ob-
served indirectly through the A - ‘polarization after the
‘decay ZO»A + Y. The A0 polarization is washed out by
a factor of 3 and changes sign. The curves are solutions
‘A and- "B’ of Section IV=C." S T
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Fig. 38. Momentum dependence of the =t polarizations from
the reaction K™ + p -7 + m° . The polarization is .
~determined from the decay =t - p + 70, The decay
asymmetry parameter (proton helicity) has been taken
as a, = - 1.0. The curves are solutions A and B of
Section IV-C,



Table X.

The generalized Minami ambiguities

. . Parity of Cross section 1(6) _1;(6) Example
Transition matrix M M 10(9) ” . Initial . Final
* bd A % - c
. (A+BT-8) + 1(0) + 1(6)B(9)-P._ 2Re(A'B)a SP. P, - SP P
” in 1”3 173
+. LO)+UB(6)»B, -2Re(A"B)A P sp, - P,SD

.- K [{A+BT -n)0 -R’m

.

 (A+BT-a)0-K
- in

_— -
.0 “out(A+B° n)

3

1(6)-1(6)B(H)- B_ 2Re(A"B)A P SD, ~ SP P

1°73 173

16)-1(8)B(6)- B -2Re(A'B)A SP,D, — P SD, .

-

—vL—



the computer had to consider this background quantitatively, which
required several additional free parameters. The determination of -
these parameters was as difficult as the determination of the resonant
width, resonant energy, and other important quantities. |

Several .simplifying assumptions were sﬁggested by the data
which reduced the number of parameters to be determined. The Aw
channel was assumed to proceed entirely through the S and Pll
channels. (Throughout this discussion the subscripts indicate, as
Vusual, I and 2J respectively.) The Amnm channel was assumed to proceed
o1 2rd Pos

these aséumptions 27 parameters were chosen to represent the model.

entirely through ° P ~with no I =1 contributions. With
These 27 parameters along with the final values for the two solutions
found are listed in Table XI.

The first five of these parameters are those characteristic of
the s-wave zero;éffective_—range approximation. This approximation
consists of assuming that the cémplex scattering length AI :a.I+ibI is
energy-independent. The scattering and reaction amplitudes then have
a well-defined: momentum dependence as a function of the initial-state
momentum only. These first five parameters are identical to those
discussed by Dalitz and Tuan and measured by Humph’fejr and Ross.é’. 10,14
Although Humphrey and Ross have already determined those parameters
at lower energies, all five parameters were allowed to vary freely and
were in no way constrained to approximate the low-energy values.

There were two reasons for this procedure.

Following the notation of Dalitz and Tuan, the relation of the

scattering length A, to the K-matrix elements is

2 2 2L+1
B2, vy, 22 B q
P A Y by L4 _
I I'e 1+ 4T+2 2 14+ 4142 2
q YI, e : q YL J)

where SWE BI 2 ‘and Yy g4 2are the K-matrix elements for I-spinl
‘'and KN angular momentum £, K and q are the initial- and final-state
moinénta,; and L' is the final-state angular momentum. For s waves

q is 186 Mev/c at the K p threshold and increases to approx 265 Mev/c



Table XI.

Parameters with the final values,

Symbol

Solution A

Parameter Meanin, Solution B Parameter Symbol Meanin, Solution- A Solution B
g : . Y g -
No, No. -
1 ay s-wave zero-effective -0.90+0.25 -0.96+0.14 15 T Full -width 15.4+ 0,3 17,7+ 0.3
range scattering length fermi fermi ’ Mev . Mev
2 b " 2.50£0,20 1,71%0,17 16 T K-n partial width 4.71%0,23 5.26+0.25
0 K P
fermis fermi Mev Mev
3 a " -0,03+0.06 0.14+0,05 17 T = -w partial width 7,95% 0.‘26 9.524 0,29
1 z iR
 fermi fermi - : ) Mev Mev
4 b " 0.41+0,03 0.42+0,03 18 S -D relative C-1.77x 0.06‘ -1.96+0.07
1 : . SD 21
} - fermi fermi . phase radians radians
5 LT '(aﬁ(%ﬂr) 0.3140,03 0.31£0,03 19 455 5,-P| phase A-m  0,11%0,44 0.10£0.43
1 : 5, . i 1 . radian radian
channel .
6 bg ‘so-sl T orangle - -2.0840.05 1.9420,04 20 ZT (azl(%f)?(r))‘ 0.9940.13 0.940.15
- radians radians 01 K o POl .
7 ag) p, -wave zero-effective -0,12+0,02 0,07+ 0,02 21 R 243 Py -wave zero- -0.085:&0.013 -0.006x0,011
rdnge scattering »1ength ferrhis fermi3 i effective raﬁge fermi3 - fermi3
. scattering length .
8 b, - 0.0154 0,005 0.01240,004 22 bos " 0.004+0,001  0.0004+0,0003
‘ fermi3 ferriu'3 ’ fermi3 férmi3
9 a2, " -0.05£0,03 '  0,20£0, 02 23 2, " -0.016+£0.012°  0.066%0.011
fermi3 fermi3 ~ - fermi3 fermi3
10 by " 0.016+0.003 0,008+ 0,003 24 b AL 0.0004+0,0004 0.00003+0,00010
.3 .3 - - .3 - )
.. fermi fermi - fermi fermi
1 A (F(A_U(S%%T—) 0.33£0.11 0.650.19 25 ZT GraZt ) 0.97:0.23 0.79+ 0,67
- 11 Py, 03 TRATT
) ; 03
12 P POl phase ‘angle 3.11£0,12 - 1 -2.6340,12 26 bp 1503 phase angle 2,16+0,12 2.92+0.40 .
-7 01 radians radians 03 . . radians radians
13 b "P . phase angle . 1,81%0,19 0,804 0,26 27 - & P, . phase angle 2,24+0,28 1.49+2,11
P 11 P 13 P2 g
TT1l radiang radians 13 radians radians - -
14 Ex Resonant energy 1520.5+ 0,5 1520,5+ 0,5
Mev Mev

—9L—
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in the 400-Mev/c region. It would be mildly surprising if the Humphrey-
Ross low-energy parameters were not al.t’ere.d in going this far up in
‘enefgy, Since the magnitudes of B and y are unknown although
probably const ant, it is-'impos sible to predict the extrapolated values
for a; .and bI° '
- Most of the well-measured data points fall into the K momentum
‘range from 350 to 450 Mev/c. If only these points are considered the
approximation that ar and b are constant should be valid, since ¢
varies only from about. 250 to. 280 Mev/c. The AI found in this way
should then be related but not identical to the Humphrey-Ross values.

The second reason for not correlati_ng‘ the -AI to the Humphrey-
Ross values was concerned with the hand-analysis indications of the sixth
Humphrey-Ross parameter. The eixth s-wave parameter must relate the
S0 and .Sl relative phase in the Zmw cha;nnelo . For both the solutions found
by the computer and ‘also for the hand-analysis solution this phase approxi-
- mates -110 deg. Such a value is not far from that predicted by the second
solution of Humphrey and Ross. Both A0 and A1 as Well as eé‘ﬂ
approximate the values of the first solution, where the same phase is
approx +9O deg. The s-wave zero-effective-range parameters seem to
change suff1C1ent1y to prohibit correlating the high- and low-energy values.

The p-wave amplitudes were modeled after‘the s-wave amplitudes.
For p Wavesl,‘ follow1ng Dalitz and Tuan, the ’initial-state momentum
dependence is obtained by replacing K by:K3 in the expressions for the

scattering and reaction amplitudes. .For example, the expressions for

the I=0, KN channel S, and P_. amplitudes are

0 0l
v ,
2K(a . +ib ) . 2K> (@, + ibn.,).
= 00 01 01
S~(RN) = . i Py, (RN) =
0 - (T#Kb)-i(Ka,) (HKTOI) i i(K3a01) |

_Appendix 2 contains the complete expressions for each of the elastic
and reaction-channel amplitudes used in the computer program. In
.addition to the parameters corresponding to the s waves, three additional

parameters are needed to specify the phases between the s-wave, the
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Solution A( at resonance) : . Solution B (at resonance )
 Scale - ¥4 » Scale 224"

So

’ 'Res‘ononf ol P O

MUB-I1139

' Fig. 39. Graphic definition of the phases used in the computer
"~ ... fit to the data. Note all phases are defined relative to
~ the resonant d-wave amplitude except for the S0
" amplitude. o B ‘



1/2, and P3/2 amplitudes. Actually, in the Zm channel each p-
wave amplitude was related directly to the resonant d-wave phase.
The s-wave amphtudes differed in that the s1 phase was defmed relative

to the d- wave,,phase and the s_ phase was defined relative to the 54

: 0
phase. Figure 39 exhibits these phase definitions. Since there was no

d wave in the AT channel and only I =1 amplitudes are involved, a
single phase relating Py and sl' was used. _
_-fAs in the hand analysis, the d waves were introduced through a
Breit-Wigner type of amplitude. .No nonresonant d ‘waves were allowed
in:ithe I=0or I= 1 states. The parameters required in the Breit-
Wigner expression are as listed in Table XI.
The. angular distribution for each 10- or 20- Mev/c bin (some bins

‘were larger if there were few events) was least—squares fitted to the series

do
IT A1+A2 cos: 9+A3cos 6

The values of - Al" AZs and A3 along with the complete error matrix

served as input for the computer. The cross section at the center of
each bin was also read in. The polarization data for Z+1T“, =% 2%, and
- A7° were introduced through coefficients A4 and A5:

2

m— 1 cosf + A cosZG + A, sinfcos¢ + A

2 3 4

5sin@cos@cos ¢.

The errors for A4 and A5 were uncorrelated with . Al’ A A3

As a measure of the goodness of fit a x 'functlon was constructed.
The X funct1on consisted of two parts. The A coefficients were first
renormalized to the form
dzo ’ Trkz

2 .
Idcoss = Ew _[al + a,cos6 + a3cos“0 + a,sinfcos

+ assin9cosdcos¢] ,

by usmg the calculated cross section in the program. The calculated
2
and observed coefficients were compared and the x~ contribution was A

calculated by N
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Xsnape = {f 7% Myt

where o,IiVI_ and M are th_e’fneasdred coefficients and inverted error

" matrix. _:'6Since the integrals of the measured and calculated distributions

are re‘la.te"d‘, there were not five independent degress of freedom. The

calculated and meaeured cross sections contributed the second part of

the XZ function: =
: XZ- _ _ (OM:'.,-Ucalc )2. ﬂl
_ cross section 6.0M .

With such a .c.o'mplex function of the unknown _p‘aramet‘ers an
analytic solution was impossible. .The method employed was similar
to the methods used in phase-shift analyses. A random search in x
space was carried out with the hope that the minimum Y 2 would be found
if the search were continued long enough. The search procedure in ,;che
- 27-dimensional space used the "method of r.avihes, wl5 Briefly, .this
procedure involves the following steps. .Pick a point A and compute the
g:radi""e_’rit-,' Move along the gradient direction a predetermined distance
to point B.. At B move in a direction perpendicular to the original
gradient to point C. Using the value at point B,,th'e derivatives at B, and
-the value at point C, calculate the distance to a m1n1mum, assuming a
'parabolic d.eﬁen,dence of x 2 as a function of distance .along this new di-
rection Move, to this minimum and begln the process agaln

- This method tends to move rapidly along ravines toward minima
rathef than spendlng large amounts of time rattling back and forth be- .
tween the ravine walls. The progr_am continued to wander.ln X space
_even after a minimum was found. From any etafting point the search
moves toward the nearest- m1n1mum indicated: by the gradient, past
this m1n1mumy up the far s1de of the X 2 well and-s-one hooes-=1nto the -
neighboring well: of another minimum. Given enough computer time,
‘such a procedure, should locate all minima at one run on the mach1ne

To beg1n the search a p01nt was ChOSen which was beheved to

correspond to the fmal s=- and d-wave amphtudes as determ1ned by the



-81-

hand analysis. During this run several points were detected as possible
minima based on rapid.changes in the gradient:dir'e’ct‘ion."' Each.of these
points was investigated, only to find that each ev'eritually"'-_'led’ tb the same
minimum (solution A). . During these runs the A.é,_earc-h,procedure seemed to

have a great f'deal of trouble varying any of the phases by more than 90

- deg in -eitheridirection. ~Accordingly, several new starting points were

explored. .In particular, the region for which both the Zw so-"sl re-
lative phase (parameter 6) and the s-d relative phase (parameter 18)
were near +90° was explored. No new minimum was found.

A set of four starting points was also chosen in which the principal

~difference was the p-wave orientations. During these runs a second

solution (solution B) was found, but each of the other starting points

.eventually arrived at either solution A or B. The exploration of these

regions was greatly impeded by,the constraint walls built into the

. program. ;These constraints required the set of parameters used at

.every step of the search be a physically accessible set... No cross

sections were allowed to be negative, and no calculated polarization was
allowed to exceed unity. , . .
... Table XI lists the values for both solution A and sclution B. The

~errors:for each of these parameters were determined by inverting the
' e . 2 . :
-second derivative matrix of the x function. Let G be the complete

- error matrix., . At the minimum,

2_ 2 1 _ 8%y ° ’ o
' 1 13/ min
derivative terms.
By association we approximate '
G.=(MY.. ; m.= ,
AR R R ij 2 Ja.da,
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.D. Discussion

‘1, ‘The Solutions

" The two solutions A and B are very similar in their gross
characteristics. . The brincipal*'di-fference is found in the p-wave
l-amphtudes, “especially the Pl/Z amplitudes.” The s and d parameters
are nearly'identical except that the B solution w1dths are slightly larger
and’ b0 is sh‘g‘htly( smaller,  Figures-28through ,32 show the predicted -
cross sections for both solutions. Figures 38 and 40 through 43 show
the coefficients. A; of the angular distributions and the polarizations.

’ The*r"é‘a‘.-dér‘-"'s}rquld remember that each angulat distributién:was normalized
by the computér to'the calculated cross section and not to th"e;fneaSured
¢ross section. ‘The data points shown are normalized to the measured
tross sections. ‘By use of thé'measured value, any error made in the
magnitude of the cross section will be reflected in all three of the co-
" efficients. There is actually better agreement between the curves and
the data points than the figures show. S

" Table XII displays the d1v151on of the contributions to c-ha.n;iel
- By channel., The value of- X for both. solutions is higher than was desired.
'There are several possible reasons for this.” 'The initial assumptions
' ‘made to reduce the number of parameters required may have béen too
restrictive. The highest momentum pdint f_o"r-t’he Aﬁ+ﬁ°’ cross section
~contributed 8 .to.the x 2 function out of a total of 13 for all the points in
this. 'éhanr}él—?_ ‘This data p_o‘iht_ is quite believable, indicating that the
assumption that ovn-ly_the I =0 p waves. contribute to the Afrf'rré background
is not correct.  If this‘-poibnt.v alone is eliminated the x 2 values drop to
approx 110, .where 95 is now the expected yalue, This is less than 1
.standard deviation., | v

: The momentum dependences assumed for each channel may also
be somewhat inco-r.re:ct, Only the ,inifial—state dependence was included.
The final-state momentum changes by some 12%. . When this change is

cubed, as for the p-wave amplitudes, a reasonably large effect may arise

in the interference terms, such as the cos 6 terms of the angular distributions.

i
#



-83-

<« | -
~ 06 _ ' 18—
c
@ B
- O 04 Solution A |4
»‘0—
v .
> n
8 0.3 1.0
K . o M
. : Msolution B -
0 1 1 1 ! i L £ 06
| o
£ 0.2 -
@ S
o 0
= -0.2
2 N
o [T
,% Solution B\I -06 B
Q B : i . . I
) —oal : olution A -1.0 ,
’ | 1 1 | ] Ll 1 1 | 1 1 | I
200 300 400 500 - 200 300 400 500
K~ momentum ( MeV/c)
. ' MU-26888 )

Fig. 40. Momentum dependence of the coefficients A, B, and C
for the reaction K~ + p—~> =t + 1.6 . is the center-of-

mass angle between incident K~ an Qutgoing . A, B,

, - T e .. do_ kT ‘

~and C are the coefficients in g = z— [A+ B cos Oen

2 -
C cos GK“]. :
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.. .. do 7wk
A,B, and C are the coefficients in (v BT

2
[A + B cos GK“ + C cos GK‘rr]'
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Fig. 43, Momentum dependence of the coefficients A and B and

the polarizatio% of the A 1in.the reaction K™ -+ p—~A + w0,
do _ mk .

Where F vl [ A+ B cos GK."]. 6K1r |

center-of-mass angle between the incident K~ and outgoing

m-. Since no P;/, or D3/, contributions were allowed by
0 3/ 2 Soove

the A7Y channel|, there id no cos 9K1r angular distribution

coefficient or sin6 cos 6 polarization. The sinf cos 8

is the

- polarization was experimentally consistent with zero.



_Table XII
' ' SOLUTION A SOLUTION B
L 2 Expected Standard % 2 Expected _ Standard %
Reglon . X XZ deviations level Region : X 'XZ deviations level
Fitted region only - . Fitted region only . . )
350 to 450 Mev/c = 1182 9% 1.6 7 350 to 450 Mev/c 117.8 % 1.6 7
Merged 293~ to - : ' Merged 293~ to N
434-Mev/c Runs 313,7 196 6.0 <0,1 434-Mev/c Runs 300.6 196 5,2 <0,1
(210 to 470 Mev/c) : . (210 to 470 Mev/c)
Z Polarization reversed . T Polarization reversed . -
(even KPZ parity), 190.8 96 7.0 <0,1 (even KPZ parity) 189.3 96 7.0 - <0,1
350 to 450 Mev/c 350 to 450 Mev/c
= Polarization re- ‘% Polarization reversed .
versed, parameters . ‘Parameters read- :
readju;ted to near - 188.1 9 7.0 <0.1 justed to nearest 18170 9§ 6.3 <0.1
est minimum_ ~minimum
Channel xzshape #Data chross sec, #Data xz # Dgta Channel - xzshape # Data XZ cross sec. - #Data x2 #Data |
points points points points points points
K+p~K+p 7.9 12 7.7 6 15.6 18 Kp-KTp 8.8 12 7.9 6 16.7 18
KT+ p—»K°+n 4,7 5 9.0 12 13.7 17 K'p—»ﬁon 4.6 5 6.7 12 11.3 17
K +p-ztin™ 238 30 5.5 6 ' 29.3 36 Kp-sta™ 25,9 30 5.3 6 312 36
- S I S - ‘ Lo ) A ‘
K+p->-Z +1w 8.1 12 11,2 6 . 19,3 18 K’p-»E'vr+ 12.4 12 11,9 6 24,3 18
- 0, 0 ‘ e - ' '

K+p->Z +m° 20.6 15 3.7 3 24.3 18 K p-z040 15.0 . 15 3,2 3 18,2 18
K+p>A+m 1.6 . 3 1.1 3 2.7 6 Kp+An’ 1.6. o3 1.1 3 2.7 6
. " _ ) . ) G *_ . . . , ;
K+p>An+7m 0 ) 0 13.2 10, 13.2 10 K<p-*A1r+1r- o 0 13,2 10 13,2 10

—L8-



Also listed in Table XII are the ¥ 2 values obtained when the
polariz,afions are reversed, | corresponding to the even KpZ parity
assignment. . After the polarization signs were reversed the program
was allowed to reconverge to a new minimum. In neither case did
the ¥ 2 values decrease significantly. - The odd parity solutions are
very strongly required.

Obviously, neither of the two odd parity solutions can be chosen
as the correct one to the exclusion of the other on the .basis‘of the data
between 350 and 450 Mev/c. Both solutions A and B give almost
identically good fits to these data. Both solutions were extrapolated to
fit all the data between 210 and 513 Mev/c,. Even after this.extrapolation
no preference for one so.lu,tion,seems warranted. Of course, in this
extrapolation the ‘fin'al-state momentum dependence must become quite
significant. Further analysis, using a wider momentum interval for
fitting, is being carried out.

- Finally, the similarity to the Humphrey-Ross solutions should be
" mentioned. . Table XIII lists the corresponding s-wave parameters. The
first fix;e parameters of solutions A and B are very similar to solution 1
of Humphrey and Ross, The complete reversal in sign for the sixth
parameter is quite puzzling. ' ‘

The possibility that a completely different assignment of partial
waves can be made seems to be..very remote.  Of course, there is always
the possibility that soms peculiar and uﬁnatural behavior may be present
or that some complex combination of J = 5/2 or higher angular momentum
states is the correct solution. Other partial-wave possibilities with J = 3/2

have been painfully examined,’ only to be discarded.

2. Yang Ambiguities

In addition to the Minami ambiguities which the preceding sections
have ''resolved' as D3/2 - D3/2 for the resonant channel, there are
several other ambiguities or possible alternatives. One is a generalized
Yang ambiguity which has been discussed by R. H. _Capps in this particular
context. 1(_) All angular distributions and polarizations are unchanged if

1, e

the transformation A - A*s B--.-B "is applied to the transition operator



Table XIII,

Comparison of the s-wave parameters with

the Humphrey-Ross values,

' Humphrey-Ross solutions

400-Mev/c Region Values

Solution B

Solution 1 Solutiop 2 Syinbols - Solution A
-0,22 + 1,07 -0,59 + ,46 a, 0,90 + 0.25 -0.96 + 0,14
2.74 + 31 0.96 + .17 b, 2,50 + 0,20 1.71 + 0,17
0.02 + .33 1,20 + ,06 a) -0,03 + 0,06 0.14 + 0,05
0.38 + .08 0.56 % ,15 by 0,41 £ 0,03 0.42 + 0,03
0.40 = .03 0,39 + .02 2T 0.31 % 0,03 0.31 + 0,03
= 90 = =90 o5 -119 3 -109 & 2
(deg)

® This angle was not actually used as the 6tk parameter by Humphrey and Ross. -
The values shown are rough predicted extrapolations for this phase based on

their solutions,
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M=A+B g-n ., In terms of the amplitudes discussed above such a

transformation is

1 * *
D322 3 1Dy +25 )]

[ 4D>3k/.2 - S_T/z ]

wn
ot
~
38
)
W] —

[—

Pyaz 3 [Py t2P )]

1 £ b .
Pijaz 31 4P3,,- P )]

The Yang solutions for this case would imply a resonance in both the

Sl/Z and D3/2 states. This solution would give identical angular
distributions.and polarizations at some momentum but would imply a
different momentum dependence because of the different centrifugal
barriers. The best handles for resolving this é.mbiguity are the inter-
ference terms with the p-wave amplitudes at energies surrounding the
resonance. Since the p-wave amplitudes are small, it is very hard to
measure any difference in the two soiutions because the total effect is
so small, No convincing argument based on the data has been found to
resolve this ambiguity. However, simultaneous resonances in two

angular momentum states are very unappealing.

3. The J = 5/2 Possibility

Since d waves have been accepted as the angular momentum state
involvéd with . J = 3/2, there is no reason to discriminate against d waves
with J = 5/2 beéause of energy considerations. Furthermore, if the
KpZ? parity is odd the K p - Zm is DS/Z - D5/2 and no F Wa;’es
are required. If the resonant state were J = 5/2, however, cos 0
and cos49 terms would be expected to show up in at least one of the
angular distributions. None of the Zw distributions indicates any need
. for such terms. These distributions contain only a few hundred events
each,- however, and such terms might not express themselves forcefully
~enough to be detected. Indeed, the pure J = 5/2 angular distribution is
(1-2 cosZO +5 cos49), which is only slightly different from the pure J = 3/2
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distribution (1 + 3 cos’ZG). This situation is worse than the actual case,
since there is 100% certainty that more than one partial wave is present
in signifi.canvt amounts.,
| None of the elastic scattering distributions indicates any terms

higher than cosze (see T_‘able,III).' .Although it is conceivable such terms
are present, any justificatibn would have to come from anot};er source.

There is one additional handle which seems to rule out J = 5/2.
This handle comes from the restrictions of unitarity. Perhaps the easiest
way'to.see how this restriction applies is on the familiar bell-shaped
- curve relating the elastic and reaction cross sections for the resoénant
channel. Figure 44 shows two such curves for the J = 3/2 and J = 5/2
cases. At resonance the points actﬁally on the curve- apply.

\Limits‘ may be placed on both the elastic and reaction.amplitudes
from the data. .These limits are - | v

2

0.3 < <0.5,

o ela'stic/nk

~

' 2
0.,3‘ < G;eaction/"" <0.9.

- The shaded area represents those points that satisfy -both of these re-
strictions. Only the J = 3/2 curve cuts through the allowed region. . With-
in ithe> statistical uncertainties, this argument seems more convincing
than the absence of cos39 or cos49 terms in the angulavr distributions.

%

1 Cusp Explanation

4, The Y

- There has been some speculation that the 1520-Mev phenomena

ot

<

are not due to a resonance at all, but rather are cusp effects at the Y1
threshold. . Whether or not the observed effects can be _reprodu_ced.as
a result of this new channel's opening up is of no concern here. Such

.an explanation seems to be doubtful for two reasons. . First, the width

3

associated with the 1520-M_ev~bump.s is only 15 Mev, whereas the Yy
width is closer to 20 Mev. It'is very unlikely that the threshold for pro-
-ducing a resonance of 20 Mev width would produce the much narrower

1520=Mev phenomena of only 15 Mev width.
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‘F1g 44 Relatmn of oreactmn a_n‘d Qelastlc for J = 3/2 and

5/2 resonant spin assignments. At resonance the cross
S sect1ons are related by the points actually on the curves.
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Secondly, the lSZO-Mev resonance has also appeared in other

- reactions at different ener-gies One such reaction 1s the Z7mm pro-
..-" \17
- duction:by - K mesons on protons at 850 Mev/

A group of these

.events, reasonably 1nterpreted as poit decays“of Y led to an
7 _.;._anomalously hlgh branchlng ratio for such:. decays However, the 1520-
.-Mev resonance allows these events to be re1nterpreted el1m1nat1ng all
: 1ncon51stenC1es o . _
.. There" are other 1nd1cat10ns of the 1520-Mev resonance as yet

: unpubllshed - One such example is the react1on K +p-— K+ p + w0

in which the K~ and p effective mass peaks near 1520 Mev. 1 These
data, further estabhshlng the 1520-Mev phenomena as resonance rather

.than cusp, should be published shortly. ,
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APPENDICES

]

1. Dlstrlbutlon of x and the " Pull" Quant1t1es \
for Event Reconstruction

Each event reconstructed by the IBM 7090 program PACKAGE

- was sub_]ected to the constraints of momentum and energy conservation.
A x function measuring the goodness of fit to these constraints was
minimized in each case. The assignment of errors to each of the meas-
ured quantities is a nontrivial task with some arbitrariness involved.
The variables chosen to represent the measurements in the fitting pro-

cedure were

: _¢i = azimuth angle for the ith track,
Si = tan )\icor the tangent of the dip angle,
K. ="projected curvature' of the ‘ith track.

In this app endix the distribution of the -XZ function and the distribution
of the ""pull" quantltles on the above variables will be examined.,
- To study the X distribution a large group of elastic scatterings
‘was chosen randomly. Since usually all tracks are measurable in such
events, the constraints of momentum and énergy conéervation left the
""fit" four times overdetermined. The XZ for such a case should have a
mean of 4, Figure 45 shows the observed xz distribution and a theoret-
ical curve normalized to the correct numb'ervof events for four degrees
of freedom (solid curve), The observed distribution is seen to be too
spread out. The dashed curve corresponds to the case in which the error
assignments aré about 20% underestimated., This fit is quite good, in-
dicating that no serious distortions exist but oniy a.misassignment of
error magnitudes, _
As'a measure of the contribution to the )(}2 discrepancy by each
measured variable, the '"'pull" quantities Pi('xi) were examined, The

Pi(x) are defined by

* meas measZ
P;(x) = Xi - /K >
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where x'i*visv the adjusted value of a variable corresponding to the
measured value ximeascl The .pull quantities should have a mean value
of 0 and a standard deviation of 1 if no systematic errors are made and
if the measurement errors are correctly assigned. These quantﬁies

are discussedijldetailin“connecﬁonjwiﬂlfhe predecessor program to.
PACKAGE called KICK. 19 Figures 46 through 48 display the distribu-
tions of the pull quantities corresponding to ¢, S, and K for the incident
and scattered K~ tracks and the recoil protons, The curves shown are
normal distributions with the standard deviations approximating those
of the histograms. In each case the mean is slightly shifted, but in.no
case is this shift alarminglylarge. The widths of all of the distributions
indicate a slight underestimaté of the measurement errors by about 207,
On the basis of'these curves it would be possible to readjust: the error
assignments for each measured variable. Hdwev'_er, since none of the
curves indicates any serious trouble with the existing assignment, such
a procedure would probably gain nothing of‘reval value, . At no point in

- the experiment was a.major dependence placed on the proper distribution
of XZ; only on relative values,. The errors intrdduced.by deviations in
-the distribution of the XZ function and the pull quahtities were Bglieved to
be negligible compared with the statistical uncertainties inherent in the

data,
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- Once these amplitudes were calculated the proper Clebsch-Gordan co-
efficients were used to calculate the complete s, Pp» Pa and d3 ampli-

tudes. For example: ‘

_ 1, KN
Sk, Tzl FS5)
1, RN RN
SKFN = 5 (8, -5,
Sy - = 4L s?“ S slz"),
- NZ N3 N2
SZQTT+ P Sg:” + =L SIZ”),
| N2 W3 N2
- 1 1 =
Ss0 0 =— (/" SOETT )y
b_ 1 ’2 Anm 5 o
SA‘IT+TI'_ —'\f—_z_— ( '3' SO . )’
1 AT
S =— (S ).
A gz 1
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_-II. Equations for GENERAL DUKE

. . The €quations use a by the Cg;'in-ﬁutgr “_pro’grafﬁ called GENERAL "
DUKE which detérmined'-the paraméters ofu's'blutions A and B were as
Denote the amplitudes by the usual symbol s, p, or d sub-
The parameters used to construct

follows.
scripted by I and 2- 'J respectively.-
these amphtudes were those of Table }C[

For the KN channel the amplitudes were

__S'KN  2Klaptib) RN 2K (aI 25401 25
- TIFKb)1(Ka;) * _12J,‘ 3 .
S o (K by )= 1(Kay )
_ . . -
I v E ‘;-_- E— i _ . e N - S P PR

For the absorption channels the squares of the amplitudes were

calculated by using

4|sz" 2 _ 4Kby Sz'w-z,:: - 4Kb,(l-e57) -
0 (1+Kb)*+(Kay)® 1 _(1+Kb1)2 + (Ka)) 2
3 Z'n' f:gl o - 3 : Am -
| K 1 |
ng:T;J 2 _ 4Ky, ZJ €Po 27 |PZ“ 2 E Py ;Pl, 27 ,
, 3 2 If1,230 ~ . 2’
- (1#K7by ZJ) + (K3 2g, ZJ) o _ (lngbl, 27 +(K3a1,2J)
0,3/ = —2 Tz’ P13 §

(Eg ~E)°+ (3)

-~
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" The coeff1c1ents A A A3 A4, and A5 then used these
" -amplitudes: :

| Al o : Is - 53- 2. +lP1 — P;"‘Ia
_-A'?‘_' = ZRg' [(Is+2D3),* (Pl-P3)v+‘3(S-D3)* ?3] ’ _'
Ay = |S+2.D ]{ |s-D, ]V {P +2P | 4|P .P3VI
A, - zx’n; v.[(plz-'P3>*.(s--p3..)] | |
Ay = 6Ir%; [153”* s - P3*P1]

' The real and imaginary parts of s, pl’ p3, and d3» in the

.. absorption channels were obtained by using the phases described in

- the text. (S‘e'ct1on IV-C).
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