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A Study of the Reactlons K p-4>pK T, K P> pK non , and
K™p >k x x~ from 2.1 to 2. T GeV/e.
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A Study of the Reactions X p—»pK n s K p+pK Tt n , and
Kp—»nK X" from 2.1 to 2. TGeV/c

Jerome H. Friedman

'Lawrence Rediation Laboratory
h University of California
Berkeley, California

ABSTRACT

The reactions K p —»pﬁon' , K'p %pﬁonoﬂ” , and K p > nRor 1" are
studied in detail in the LRL 72-in. hydrogen bubble chamber in the center
of mass energy range 2.27 to 2.51 GeV. Total cross sections for these
reactions as a function of center of mass energy are presented. Copious
resonance production is observed in all of these finel states. This
" resonance production is sfudied with the aid of a maximum likelihood
< technique and the relative rates of the well known resonances are
bresented as a function of center of mass energy. The differential cross
section and decay correlation parameters are measured as sa function of
production angle: and. ceniter:.of- ‘mass. en€rgy for the reaction K p -
| l/2(892) P using the likelihood method. The differential cross section

. and parameters of the J01nt decay angular distributions for the double

:resonance production reaction K p—a»Kl/2(892) N5/2(1238) are also

" measured as a function of production angle and center of mass energy. The
E results of the analyses on the reactions K-p—a-Kl/2(892) p.and K p —p

1/2(892) N3/2(1238) are compared to the predictions of the absorptlve
peripheral model, The Regge pole model, and the quark model. Finally,

the Knx mass spectra dre studied and the structure therein discussed.



I Introductibn
It isdthe purpose of this report to study the reactions

NK— PP X° n—, K P—=D x° ﬁé ﬂ_, and X P—-n EO n+ 1 in the center

of mass energy range.Q.EY‘to 2.51 GeV. Bésides the pOssibilify of dis-
éovering new phenomena, these reactions are interesting because of the
copious production of well known resonant intermediate states leading

to these final states. A study of the production and decay properties

of these resonant states gives conéiderable information about the pro-
duction mechanisms. There have been several theories for thesé production

(2-7)

mechanisms proposed in recent monthé, and this experiment.can tést
the predictions of these theories as well as provide daté for the testing
of future theories. |

The interactions were photographed'in the L.R.L. 72-inch
liquid hydrogen bubble chamber. K mesons from a separatéd beam at
the Bevatron were introduced into the chamber with nominal laboratory
mémenta of 2.1, 2.45, 2.58, 2.61 and 2.7.GéV/cnifor a period of about
two years and approximately 1.7 x 106 photographs were recorded.

The discussion pf this experiment falls into two parts. First
is a discussion of the general procedures that have been developed for
producing,‘obéerving, and recording interactions in the hydrogen bubble
chamber and then reducing the data to a form convenient fPr calculations.(8)_
This includes a description of the beam used to obtain the X~ mesons of
the desired momenta and direct them into the bubble chamber. Also there
is a description of the procedures for scanning the film, measuring and

cataloging the events, spatial reconstruction of the bubble tracks,

fitting the events to reaction hypbtheses, and the separation of these



hypotheses to obtain the events represehting examples of the reactions
studied.here.

The second part will deal with fhe-analysis of these reactions
and a deﬁailed study ¢f their'properties. This will include,kfirst of
a}l, a discussion of the possible biases to the data introduced by the

_data reduction system,'detection of these biases and the procedures
introduced to account for those detected. Next tﬁe'total cross sections
for these reactiéns as a.function of center of mass energy are presented
along with a discussion of'the proceaures used to calculate them.

A maximum likelihood procedure is described which allows the
measurement of the relative fates of the production of sevéral inter-
mediate resonant states leadihg to the séme final state. This method is
then generéliéed to allow measurement of the parameters of the decay
angular distQibutions of these resonances.as well as their relative rates.

This procedﬁre is first applied to the reaction K_p-a P x° T .
The production of non-negligible amounts of Y., (1660), Y (1765),

N*5/2 (1258)’ N*_i in (1520)) N* (1688) and K%l/2 (892) are obgerved at

*

all beam momenta, and production of K (1400) is also observed at the

1/2
higher beam momenta. The total cross seétions for the production of these
resonances are presehted as a function of center of mass energy. The
most coﬁiously produced fesonanée, K*l/2 (892) is studied in more detail.
Its differential cross section and the parameters of its decay angular
distribution are measured as é function.bf production angle and center

of mass eﬁergy.

Next the likelihood procedure is applied to the reaction

K p-rp %° HO n—; where production of the well known resonances:



* * *
L‘. . . . .
N 3/2 (1238), Kk 1/2 (892) and K 1/2 (1400) is observed. In addition
' * *
associated production of K,l/2 (892) N 5/ (1238) is observed. Also
there is an enhancement in the x° ﬂo T mass spectrum at a mass of
1280 MeV with a full width at one half maximum of 50 MeV. The total
cross sections for the production of these resonant states as a function
of center of mass energy are presented. The associated production of
*. ¥ . ‘ _
K (892), N (1238) is analyzed further. Its differential cross
~section and parameters of the joint decay angular distribution are
measured as a function of production angle and center of mass energy.
. - [— + -
The last reaction to be studied is K p-»n K° ' n  where
x (1520) N (1238) ax (892) duced. A iated
Y 0 5 5 3/2 an 1/2 9 are produced. ssociate
* * ,
production of X 1/2 (892),»N 5/2 (1238) 1is alsoc observed but in in-
sufficient quantity to allow a detailed analysis. The total cross sections
for the production of these résonances as a function of center of mass
energy is presentedﬁ
The K n 7 mass spectra in the four particle final states are
-0 0. -

studied, and_the nature of the observed enhancements in K- x° x

investigated.
N N

1/2 (892) p

Finally, theoretical models for the reactions K p — K

- * : * ’
~and K p-o K 1/2 (892) N 3/2 (1238) are considered. The experimental
measurements of the first reaction are compared to the predictions of

. the absorbative peripheral model with pseudoscalar and vector meson

(45) (47)

exchange, and to a Regge pole model. The results of the experi-

mental analysis on the second reaction are:compared to the predictions

(61)

of the absorbative peripheral model with pseudoscalar meson exchange

and to a Quark model.()l>



II The Beam
The béém uséd in this experiment has been described in detail

(9-13)

elsewhere and only itsvgeneral features and those details pertinent
to this analysis will be preéented here.

The beam was derived from an internal copper target in the
west quadrant of thé?BeVatrOn. The beam'fiansport system involved two
stages of separation employiné bending magnefs tb split the beam into
- momentum components, glasé cathode spectrometers to separate it into its
velocity components and gquadrupole magnets to focus the desired compon-
ents through well'defined slits and the undesired components away from
. these slits. In most of its features this beam differed little from
; tﬁose4used in'éarlier K_(expoéures except that tolerances were more
critical since at the higher beam momenta it was running close to the
bupper limit of K 's produced at the target._

An unusual feature of this beam was the use of.tilted mass
slits to account for chromatic aberration; Due to low K flux produced
at the targef_at the higher momentum settings a large momentum bite was

necessary to provide sufficient flux at the bubble éhamber. This in-
troduces severevchromatic aberration which is accounted for by separating
* the momentum compohents with a bending magnet and tilting the mass.slits
~ toward the ho}izontal b;am_line.
.. At the highest momentum settings, the beam produced typicaily
6 to T K mésons per Bevatron pulse with 1.5 x lO12 protong incident on
" the target and a momentum bite of two percent (A p/ p = .02). Both.

flux and purity improved at the lower momentum seﬁtings.

Sem



IIT Data Reduction

The bubble chamber photographs were scanned on the Alvarez
Group SP-U4 scanning projectors. At these energies many different final
states are poéSible and the first classification of events is made as
to the topology of the visible bubble tracks. The reactions studied
here come from the two pronged plus vee topology sketched in figure 1.
The scanners also recorded the position of each event found in the chamber
and other indicative information.(lu)

After the K p interactions are located on the film by the
scanning process, the bubble tracks are measured in at least two views
on digitizedAprojection microscopes. Alvarez Group MP-2c énd MP-24
"Frankensteins" and SMP projectors(l5) were used for this experiment.
The measured points as well as other indicatiye information were re-
corded on magnetic or punched paper tape.

This information is then processed by several cémputer codes,

(16)

First a code called PANAL checks thé measurement information for

‘obvious inconsistencies and reformats the data for the next computer
(17-20)

code called PACKAGE. This program is divided into two parts
which perform different functions. The first part, called PANG,.has
coded into it ; detailed knowledge of the optical system and magnetic
field in the bubble cﬁamber, and makes a reconstruction of each bubble
track in space, and calculates the position, momenta and orientation
of each track along with errors. This information is then treated by
the second part of tﬁe PACKAGE code, called KICK. This routine tries

to fit the event to all possible reactions consistent with its topology.

In the case of the two pronged plus vee topology a hypothesis is made




~for the particle whose decay gave rise to the vee. The alternatives
ére either X° - ﬂ+ﬂ‘ or A eéI)ﬂ:(gl) "For each, a mass is assigned
accordingly to each track, its energy computed from this mass and the
measured momenta,'énd the conétraints of energy and momentum conserva-
tion applied. A least squares fit is performed in which the méasurable,
quantities ére varied so as to be as close as'possible to their measured
values and satisfy the constraints of energy and momentum conservation.
Since the K° (or A)-is a neutral pérticle it leaves no track in the
bubble_chamber so that its momentum from curvature is not known. How-
ever i%s direction is known from the relative positions of the two
" vertices ofvthe'event. Thus one of the constraint equations must be
used to.calculate this missing inforﬁation, and there are three constraints
left to be satisfied. |

Using the fit frdm the vee, various hypotheses made. as to the
production‘vertex; If thefe are no missing neutrals at the production
vertex the fit has four'éonsiraints. if-there is one missing neutral
particle there.is one constraint left and a fit is still possible. If
more -than one neutral partiéle is produéed no fit is possible and only
-the missing momentum and energy can be caléﬁlated.

The reactions studied in this report are:

K pop K : L constraint fit at primary vertex
- - - O ) .

K p-rp K?n T _ 1 constraint fit at primary vertex
- — +_'

K p- Kon x n 1l constraint fit at primary vertex.

The output from the PACKAGE program is run through two more

(22) (23)

computer codes WRING and AFREET which reformat the PACKAGE out-

put. Finally the data is treatéd by DST-EXAMSEA) ' Us1pg'#he information



"~ from PACKAGE, this routine selects the "best" hypothesis for the event,
determines whether this hypothesis is ambiguous with others, and outputs
 the various ﬁhysical quantities for the "best" hypothesis as well as
relevant bookkeeping information. Thus the output from DST-EXAM con-
stitutes the "reduced" data which is used for all further analysis.
Decision making is pefformed by DST—EXAM as follows. For
each hypothesis for each vertex, PACKAGE returns the chi square for the
attempted least sqhares fit. Decisions in DST-EXAM are based on the
confidence level, which is the probability of obtaining a chi square greater
than or'equal to the one observed, provided the hypdthesis is correct.
The confidence level has the prdperty that its distribuﬁion is.flat if

(25)

‘the chi square distribution is correct. Since confidence level

takes into account the number of constraints, hypotheses with different
numbers of constraints can be compared directly. Thevobserved chi square
~ distributions are not correct, however, since PACKAGE underestimates

the errors in the measurables. In order to make the confidence level
distributions as flat as possible, the chi square for each hypothesis is
multiplied by an empirical factor which depends upon the number of con-
straints.(26)ﬂ

DST-EXAM forms a chi square and number of constraints for each

. hypothesis for the entire event in the following manner:

N | N
e
)C;,: :_Z;lk,g Fme) L ooy T ;lm,;



" where %@H is the chi square for the event, N is the number of vertices
(equal to two for the two pronged plus vee .topology), X?& is the chi
.square for each“vertex, F is the émpirical factor for each vertex, and
D, is the number of constraints for theEenti?e event. The confidence
level for *?ﬁ and nH is calculated forreach hypothesis.
| Chi sgquares for missing mass h&pdtheées afe alsd'calculated.

(e17)

in DST-EXAM on the basis of aminimum missing energy. A probability

for a missing mass vertex iS'compuRfd as:

P(M) = §P (E,Emin)-ﬂi(l-ﬂ)
1

_ L A= v _
vwhere P(MM) is the probability for the missing mass hypothesis, f is an

' overall empirical factor (0.2 for this experiment), E is the missing energy
for the eveyt, Emin is the minimum missing enéfgy for the missing mass
hypothesis, Nf is fhe nﬁmber'of successful non-missing mass fits, and Pf
is the probability for egch such successful fit. P (E, Emin) is defined

" as follows:

1.0 for E>E . + O
min E

P (E, Emin

) =

,CE | -
for EX Emin+OE

where_Oh is the error on the missing energy. P (MM) is converted to

. a chi-squaré'by dssuming it has bné constraint.

An event was cohsidered acceptable ifvthere wa.s at lea$t one

"hypothesis for it with a confidehce'level greater than one half of one

percent (.005). An event was considered ambiguous if more than one



hypothesis had such a confidence level and the largest confidence level
was less than three times as large as the next highest. The "best"

hypothesis is defined as the one with the highest confidence level for

the event.



IV Biases

A) The Beam

Contamination of n% mesons in the beam can cause biases to
the data from their'interactions in the bubble chamber. From counting
three pronged decays of K~ and beam tracks, the contaﬁination of non
K™ to the beam was estimated to be around 20 °/o at 2.70 GeV/c and
about 10 9/o at the lower momenta; |

A more accurate determination of 1"~ contamination was obtained
by fitting‘the zero pronged two vee events to the associated producfion
hypothesis n_p-e KOA. This is a four constraint fit. From the number
of fits obtained and the cross section for associated production at these
energies the path length of x_ in the film can be determined fér each
momentum. Table 1 gives the results of this analysis.(28) The =
contamination is seen to increase with increasing beam momentum becoming
most serious at 2.7 GeV/c.v

With the exception of 2.7 GeV/c ﬁhe contaminatioﬁ tq the two
* pronged pius Qee topology from x interactioﬁs is seen (frbmifable 1) to
be negligiblei At 2.7 GeV/c this contamination is marginal but not
serious. Thus, this bias has been neglected in the rest of this
fanalysis.

‘B) Scanning

Scanners can introduce bigses by not finding events that are
on ﬁhe film or by misclassifying those that they do.find. This can bias
total cross sections as well as angﬁlar correlations since events of
certain configurations are harder tovfind or more easily misclassified.

~ To minimize these effects the film is scanned twice at-separate times by

10
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separate scanners. The results of these scans are compared and those
conflicts that are found to exist are resolved. One can estimate the
bias to the totél cross section measurement by comparing the two scans
and detérﬁining the efficiency for finding events on the film,

Scanners are more inclined to miss events with the following
configurations: the production plane of the primary vertex is near the
vertical, or the decay plane of the vee is near vertical. These biases
can be detected by histogramming the angle of the production or decay
plané with respect to the.verticol direction. Figure 2 shows these
' hiﬁt;grams. As can be seen this bias is small in this experiment and
may be neglecfed.

TWO more configurations are mdfe_easily missed or misclassified
. by scanners. These are 1) the x° decaysvvery close to the primary vertex

and ﬁay be confused with the primary vertex itself or 2) the %° decays
far from the primary vertex and might be missed alfogether. Those
events in the first category will be misclassified as four pronged
_events and those of the second as two pronged events.

The first possibility is mosf easily. detected by histogram-
ming:the 1ength of the K°. 1If there is no bias of this type, this plot
should be consistent with the well known exponential decay law. If
there is é bias then the plot will deviate from this exbonential at

- shorter length. Figure 3 shows this plot for shorter length X° events
“in this experiment. As cén be seen the histogram deviates‘drastically
from an eprnéntial for very short X° lengths. Thus this bias is seen

to be serious for this data.
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" The bias against very iong lenth K° can be detected by
measuring the mean life of the K° as a function of an imposed long
length cutoff. If this bias is present, the measured mean iife will
deqrease as the long léngth cutoff is increased. Figﬁre 4 shows the
résults of these measurements. The line band ipdicates the world

(29)

averaged value for the ®° lifetime and its error. As can be seen

there seems to be no measurable decreasé in the meaéured Kol mean life
as the long iength cutofffis incréaéed. - Of course, those events where
the EQ leaves the chamber are misclaSsifigd, but it is possiblé to cor-
_ rect for ﬁhis;‘as‘is described below.

| The effects of the last‘two.biases can be reduced By intro-
ducing é fiducial volume iﬁ‘fhe_chamber for the decay vertex. ALl
events whose decay vertex lies outside thié fiducial volume will be
rejectéd, and all those inside will be weighted with the inverse probability
: that they would have decayed inside the fiducial volume. The fiducial
volume is chosen so as to exclude events with configurations that are
badly biased. The fiducial volume excludes fixed_regions near.the
-periphery of the éhamber, and surrounding the primary vertex of each -
. .event a cylindrical region of radius g capped top and boﬁtom:by sections
of a sphere of radius twicé 4. Figure 5 shows a sketch.of the excluded

region surrounding each primary vertex.

The probability for the Ko to decay inside the allowed fiducial

. 9 L
volume is given by P o e‘m _ 8'47_57’
' . B



where g is the distance from the primary vertex to the inside fiducial
.. volume boundary along the direction of the EO, L is the distance to the
outside fiducial wolume boundary, n is the momentum of the X° divided by
its mass,jc is the speed of light and ﬁ’ is the mean life.of the Kol.
The weight of an event is then W = 1/P and the corrected number of events
M 4

in a sample is N::ZZ\NQ_. where M is the number of events in the
sémplevandvWi is t;glﬁeight for the ith event in the sample.

The fixed outside region was determined from an a ﬁriori con-
éideration of those parts of the chamber that are hard to see, hard to
measure or where turbulence is a problem. The short length cutoff, or

1o

inner fiducial volume boundary;parameter 4 can be dete;mined-by rlotting
the total corrected nﬁmber of events as a function of ”g”: Starting with
a small cutoff length, as it is increased the sum-of weights for the
events should inprease until a length is reached where the biaé:is no
longer present. Increasing it furthér should cause the sum of the event
weights to remain épproximately constant. The nominal cutoff length g,

is that length where the sum of the weights stops increasing.

Figure 6 shows these plots separately for cach beam momentum
exposure and separately for the three and four particle final states.
These plots exhibit the expected behavior described above. The arrows
. show the value chosen for the given sample plotted. Table 2 gives the
value of the nominal short length cutoffvz chosen for each sample as
well as the correction it gives to the total number of events in the

sample.

15
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C) Measurement and Spatial Reconstruction

Biasés can come from measurement since events with particular
spatial configurations are harder to measure than dthers and have less
chance of a successful spatial reconstruction. Vertices near the edge
of the chaﬁber or with short of steeply dipping tracks are exémples. To
hélp'reduce this bias a fiducial volume for the primary vertex was im-
posed to éxciude fixed regions near the edge of the éhamber and where
events are difficult to measure.

An event which fails to be successfully spatially reconstructed
by PANG ‘is remeasured and processed a second time. If the event fails a
second time it is ?emeasufed again and reprocessed a third time and so
on. This procedure keeps the number of these small. = The bias to total
Ccross sections_can be accounted for since these events ére identified
and not lost. The bias to angular distributions is small siﬁcé most of

these errors are due to operator mistakes, and is neglected here.
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D) Kinematic Fitting and Ambiguities

Two types of “biases are introduced to the data by the kinematic
fitting stage of data reduction.

‘First events may fail to fit any reaction hypothesié. This is
usually due to poor measurement and subsequent spatial reconstruction.
These events are treated in the same manner as events which fail spatial
reconstruction. They are remeasured and processed a second time and so

" on. These events are accounted for in the same mdnner as those which
fail spatial reconstruction. The bias to angular correlations here is
aiso small and is neglected.

The most sérious bias introduced in kinematic fitting comes
from everits that fit well a reaction hypothesis which is not the reaction
which gave’rise to the event. This bias can go both WayS. Events may be
lost due to their fitting another hypothesis better 6r events ﬁay be
added to the sample because they fit its hypothesis better than the

correct one. This bias effects both total cross sections and ahgular
distributions since ”faking ability" is strongly correlated to both the
reaction hypothesis and the kinematic configurétion of the event.

Contamination (and/or loss) cam come from two sources:
lambda hypotheses and other %° hy@é%ﬁ%ééé; A contamination can be most
easily detected by'plotting the decay angle of the x° in its rest frame.
If there are no biases from A contamination this distribution should be
consistent with isotropy. Figure 7 shows this distribution séparately
for the one and four constraint reactions. The four constraint events
are seen to be consistent with.an isotropic distribution but the one

constraint events show a sharp peak in the extreme forward direction.
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This excess of events in the forward direction is contaminated from A
events. The four constraint events are seen to be free of»thiS'con—

' £amination. For the events which fit one constraint hypotheses best,

the A contaﬁination as identified in the forward peak, amounts to a?—
proximately 7 ®/o of the total sample.

: Removal of the A contamination can proceed in two ways. First,
one can try to decide which are the A events by looking at the relative
ionization of the positiﬁé track at the vee. It is pgssible to separate
‘a, proton froﬁ a n+ by the jonization of ifs bﬁbble track, if the particle
has a momentum in the laborafory of less than one BeV/c.‘_Apbroximately
one-half of the events in this sample have vees whose positive track is

- less than one BeV/c in the laboratory.

Approximately oné-half of the events ambiguous with A
hypotheses wére inspected oﬂvthé.scén table. Approximately one-half of
thése could be resolved. Of those.eﬁents that could be resolved by
ionization at the scan table, all appeared fo be A‘decays.

Another procedﬁre to try to remove A contamination is to
alter the decision making in DST-EXAM to better separate between A and
io hypotheses. Figure 8 shows the %° decay angle for various deci;ion
ﬁaking criteria;; As can be seen, almosf all of the A bOntaminétion can
be removed while‘discarding only a very few leéitimate EP evehts by.
giving a A assignment to any event which»has a confidence level for a
A producfion hypothesis greater!than .001, even though,it has a higher
confidence level for a one.cons;raint X° ppoduction hypothesis.  This
was the criterion subsequenfly ﬁsed. As Figure 8 shows, thiéllowers

the A contamination to the one bonstraint X° events to less than one



_ pefcent.

Contamination (and/or loss) also can come from other x°
hypotheses. This type of bias is not so easily detected as that from
~the A contamination. The ambiguous eventé provide a clue to the effects
these biases since we expect these events to have higher contamination
from wrdhg hypotheses than the unambiguous ones. The four constraint
events contain less than one percent ambiguities. These are all ambiguous
between the K pP—- P &° 1 hypothesis and either a one constraint or
missing mass hypothesis. Since it is harder to fit four constraint
hypotheses than either one constraint or missing mass hypothesis, these
events are assumed to belong to the four constraint sample. Since there
are <1 o/o ambiguities, the possible biases introduced by contamination
to the four constraint eVents is negligible.

Separation of hypotheses is more difficult in the case of the
~one constraint reactions. Table 3 shows a histogram of the ambiguéus
reaction hypotheses for both one constraint reactions considered iﬁ this
report.{ As éah be seen, ambiguities with the four coﬁstraint hypothesis
are small in both cases. The principle ambiguities are between the two
one constraint hypotheses and the missing mass hypotheses corresponding
to the other one constraint reactions.

These ambiguities can bevinvestigated by looking at the
ionization of the positive track at the primary vertex. Almost_ail
_events in these reactions.have the momentum of this track less than one
GéV/c in the laboratory. Thus all of these ambiguities can be resolved

at the scanning table, in principle. In practice this is a large job,
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since these few events are scattered throughout all of the rolls of film
in the experiment.

In order-to estimate the actual contamination resulting from
these ambiguitiés, all of thesevambiguous evenfs which existed three or
more per roll were looked at on the scan table. This accounted for
afound one-half of these ambiguous events in the sample. Thié scén showed
" that 27 9/0 of the ambiguous events which f£it K pop K n x° were
really examples of the reaction K p - n K° n+ n or K p - &° n+ ﬂ-_+
: missing mass. 33 O/o of the ambiguous events which fit best K_ D —

n X°

77 57 were really K- p - p K° °n or K p-p K> 5~ + missing mass.
This amounts to 2.2 ®/o of the total sample of K p — D ﬁo_no 7 and 3.7-6/0
K" p->n x° n+ i . This then is an estimate of the actual contamination
to these samples from the wrong réaction. |

The next step was to correct those events which had been
-hidentified from the ambiguity scan as having been assigned the wrong
"~ reaction hypothesis and adding them to the correct sample. This re-
duced the contamin;tion to 1.1 %/o and 1.3 ©/o respectively for the re-
. actions K~ p-»pK 7°7x and K p-nK° A

In order to see if this contamination could produce any sharp
effects to the data, the events which were seen to have been’assigned thé
wrong reaction hypothesis as a result of the'special ambiguity scan were
studied in detail. The results of this study showed that there was no
] serious bunching of these events in any kinematic measurable and that

“the above contaminations could produce no measurable effects to the data.

As a final check on the data Figure 9 shows missing mass plots

18



for the one constraint and missing mass events. As can be seen the
possible loss to (or contamination from) missing mass hypotheses is

small.
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| V  Total Cross Sections
One of the most fundamental measurements Concerhing a re-
action is its rate or frequency of occurrence. This may be parameterized
by the mean free path for the reaction, which is the average distance
" a beam particle travels in the target material before suffering ihé
particulaf type of reaction. This average distance may be evaluated by
A=k
| N
where .X is the mean free path, L is the total pathlength the beam
particles travel in the target material and N is the total number of
reactions of the specific type. Reaction rates are usually parameterized

. by the cross section for the reaction, which is related to the mean free

A=

ma

path by

where n is the density of targets in the target material, and O is the

reaction cross section. Solving for the cross section one obtains
O”:_ﬂ.'
- om L

A) Pathlength

In experiments where the beam consists of K mesons, the
':pathlength of the X 1in the hydrogen bubble chamber for each momentum
can be inferred from the number of three pronged decays of the beam K
‘observed in the chamber. An event with a three pronged topology ih the
hydrogen bubble chamber can only result from a beam K~ decay. Thus the
pathlength of K~ in_the beam can be determined in this manner even if

the beam contains other particles.

The pathlength of K in a sample of hydrogen bubble chamber



photographs is giVen by
L =N, R (1)
M- By
'where>L is the pathlength, NJY is the number of events with three
pronged topology in the sample, PK- is the momentum of the incident X~
mesons through the chamber,(BB) C is the velocity of light, Kk~ is
" the mean life of the K meson,‘mK_ is the rest mass of the K meSon,
and B4y  is the branching ratio for the three pronged decay of the K~
meson.
The problem of evaluating the pathlength thus.reduces to count-
ing the number of three pronged events in each exposure and determining
:the efficiéncy for finding events with this topology.

. The efficiency for finding three pronged events was determined
by rescanning samples of film distributed throughout the experiment. This
'reécan was compared to the original scan and all conflicts were resolved
at the scan table. An effiency factor for the original scan can then be

(71)

determined as

N - A
po
po (2)

where E i1s the efficilency factor, NI is the number of events in the

sample that the original scan called three pronged that were actually of

E=1+

another topology, N

M is the number of three pronged events that were

‘missed on the original scan or misclassified on the original scan as

another topology. N_ is the total number of events in the samﬁle found

T

on the original scan. This efficiency factor depends wery little on

incident beam momentum and depends mostly on the individual who performed
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the scan. Thus one average efficiency was calculated fér all of the beam
momentum exposures. The effictency factor for ﬁhrée pronged events on
the original scan was found to be .977 + .016. The error results from
thé statistical uncertainty of the sample chosen to be conflicted égainst
the originai scan.

The pathlength at each momentum is then determined using eqn.
1. Table 4 gives the number of threé pronged events found on the original
scén, the estimate of the actual number of three prgnged evénts,‘estimated
by using the number found on‘the origiﬁal scah and the efficitency factor,
' éand the pathlength for each momentum. Also table k4 gives the values and
_erroré of the varioﬁs quantities entering into egn. .1. The errors in the
pathlength come from the statistical errors in the number of three pronged
‘events at each mdmentum, the statistical errors in the efficiency cal-

culation and the errors in the various quantities entering into egn. 1.

B. The Numerator

Counting the number of events.of a given reaction is more
difficult than counting the number of events of a given topology, since
the complete data reduction system is needed, to separate thé'various
reaction hypotheses, rather than just the scan information. As discussed
in the previous chapter the biases that enter into the data reduction
system are complex and harder to understand than Jjust the scanning biases.
Also there ié a residue of events at each momentum for which no fitted
information exists. AThese are events which for some reason have never
beeﬁ measured, or having been measured once, or several times, fail to

be»successfully spatially reconstructed by PANG or kinematically fitted
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to a reactioﬁ hypothesis in KICK. Since these events constitute a
select sample, their composition among the various reaction hypoﬁheses
may not be the same as the sample of events for which fitted information
" exists.

Since the reactions studied here all come from the two prdnged
'plus vee topology, the number of events with this topology at each momentum
was first determined using the scan information only. Then the kinematic
fitted information was used to evaluate the fraction of each reaction
. composing this topology.

The number of two pronged plus véevevents was determined in
the same manner as the three pronged events described above. An efficiency |
factor was evaluated by rescanning a portion of the film, comparing the
results with the original scan and resolving all conflicts at tﬁe scan
'ftablé. The effieiency factor (as defined in eqn. 2) for the two pronged
plus vee topology was found to be 1.0 = .035. Here again fhe errdr‘re—
sults from the statistical unéertainty of the sample chosen for the con-
| flict.

The.number of pwo pronged plus vee events resulting from
interactions of the n  contamination in thé’beam, shown in table 1, was
subtracted from the total estimated number of two pronged plus vee events
at each momentum.

Table 5 gives the estimated number of two pronged plus vee
events at each mbmentum and the number of these resulting from K inter-
actions obtairned by subtracting the 7 induced events. The errors result
from the error in thé efficiency factor.

Next the fitted information was used to estimate the fraction
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.of two pronged plus vee events that constitute the reactions studied here.
The number of events for which no fitted information exists differs for
. the various momenta. 2.45 GeV/c and 2.70 GeV/c are the most completed
v,exposures in.%hat théy have the smallest fraction of non-fitted events
" and 2.1 GeV/c is the least complete. 2.58 and 2.61 GeV/c are slightly
more'complete‘than 2.1 GeV/c but much less than 2.45 or 2.70 GeV/c. Thié
presents a problem since the passing rate of the various reaction hypoth-
eses, as a function of the number of times the failing events are re-
.}measured and reprocessed, is different. Thus the relativé fractions of
" the various reactions in the fitted events changes as more of the diffi-
" cult to proce;s events finally pass‘and are added t? the sample.

In order to estimate this effect, the relaﬁive fractions of
'the various reaction hypétheses in the passing events were studied as a
' funcfion of the number of measuremenﬁ passes made on the failing_e&ents
for the most completed momenta (2.U45 and‘2.70 GeV/c.). It was found that
each K° hypothésis increased its fraction of the whole two pronged plus
vee sample from the first to the third measurement pass by approximately
7 ©/o. Since this increase is so nearly the same for all three reactions
at both momenta, the average of the six values was chosen to be used for
extrapolating those momenta where less than three pfoceSsing pasées were
made. This avérage value is .0T76 * .013 where the error is taken to be
'the root mean square deviation of the six valués;

Finally thése fractions must be corrected for the differences

in short length and chamber escape corrections of the vee, for the differ-

ent reactions at the various momenta, as shown in table 2.
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Table 6 and figure 10 give the results for the total cross
section for each of the three reactions K pP—-Dp Eon-, K p—=0p K " ﬂo,
and ¥~ p-n K° n+ n  for each beam momentum. The errors result from
combining in an uncorrelated way the statistical errors in the numbers

of events used, the estimated errors in the various calculated efficiencies,

and the pathlength: error. N
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VI  The Maximum Likelihood Analysis
A common érbﬁerty to the reactions studied here is the'copious
produétion'of many different resonant processes all leading toAthe same
final state. An interesting ﬁroblem is to determine.the relafive rétes
of production of these resonanée pfocesses. Also, it is inferesting to
be able to measurevthe rate for associated resonance production as -

. separated from the COrresponding single fesonancé prdduction; for example
K p- K' N as distinct from K- p-% K N and K- p - N'K r. Also it
woﬁld be helpful‘to be able to take into account the effects of the decay
angular correlations duevto the spih alignmenﬁs of the resonances when

.mea§uring the rates, or conversely, take into acéount the effedts of com-
péting resonance production when measuring thevdecay correlation coeffi-
cientsvof the resonances.

These problems are approached here through the method of méxi-
mum 1ikelihood fitting. The method requires the construction of a model

;Twhich predicts the total rate for the reaction. The model’depends upon

the measurables of the events and parameters which do not depend ex-

plicitly'on the event measurables. The proﬁlem is to find the values of
 these parameters that best describe the experiment. These values are

-said to pe the most probable values of the parameters as meaéured‘by the
experiment.i\Let F (Xl...XN; oLy .- c("1 ) represent the frequency
function for eveﬁts of the experiméht as predicfed'by the model.»-This_

frequency function depends upon the event measurables X

1

.f.XN, and t@e

model parameters oy -y,
The first sfep is to convert this frequency'functioh into a

differential probability by normalizing it.
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. | F(X1"'X~3°(1"'°(M)

P(Xr'-x,\,;ql-.-dm) = |
| jF(‘ér“gN;o(l---o(m) ‘7{310’{3&

_where the region of integration is the allowed values of the event
measurables Xl...Xn. Using this probability density function, one cal-
culates the probability that the model would have predicﬂed each event.
The product of these probabilities gives the probability that the model
., would have predicted the experiment. The Maximum Likelihood Theorem(30>
states that those values of the parameters which maximize this probability
. are the most likely values of these parameters, that in the limit of a
very large number of eventé, these most likely values approach the true
values of the parameters, and furthermore there is no other method of
festimation that is more accurate. This is of course provided that the
vmodel is correct and P(Xl,..Xn;'a(l---c{M ) is the true normalized
distribution function for the events.

The problem then is to maximize the function I(c(L'--cdn)

where
| N , o
(et etm) = TIZ‘P(X;--x;L-)D(l. . '°<M)‘
Az .

~
l -
...Xn for the ith event.  Since the logarithm

where N is the total number of events in the experiment and X ...Xg'are

the particular values of Xl

of a quantity varies montonically as the gquantity, one can just as well



seek the maximum of the function
_ ' N P o
AW (ey oy ) = /eOgL(O(l‘ ~olm) ‘-'2:1'803 OG- X oty ofm)

" the error matrix for the parameters Xy Am is given

‘by the inverse of the second derivative matrix of w evaluated at the

(31)

maximum

[SF#&_ZXC*; = .

" where O(;-° -°<; are the values of the parameters at the maximum of
" the 1ikelihood‘function L (or w). |
The problem is then to construct a frequency function which
gives the rate for the final state, parameterized in terms of the
relative ratés of the intermediate state resonance processes. This can

~ be done as followsi:

BW(XsXm)

. M
PO X et ot) = 3% |
| i JBWeg g, gy ol

M | 1 |
+(1-3) - (1)
A,:l_ Solgyolgm
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Here Xl "'Xn are the components of the four vectors for the
final state particles, c(ig -‘c(”1 are the relative rates of the
resonance, processes and BW is a Breit-Wigner function describing the
resonance process. The normalization integrations are carried out over
the allowed regions of phase space pnly. Thus the integral in the
denomihator of the last term is just the total phase space for the
reaction and those of the other terms are total phase space weiéhted with
thé appropriate Breit-Wigner resénance function.

Each term in the sum represents one of the final state
resonance processes and the last term repreéents thevfinal stéte with
no intermediate resonance formation. In order that the entire probability
density can‘pe normalized the constraint is imposed that the relative
rates add to one. This is satisfied by making the fractional rate of
the last term;one minus the sum of all other fractional rates.

Equation 1 is a sum of rates, cne for each resonance process.
This assumes that the amplitudes‘which describe the production of these
reéonance states do not interfere. Thus, this freéuency function can
only be used when interferences are smail. This need not be true in
general, and if equation 1 is used as the‘model to describe the final
staée interactions it must be shown that interference effects are small
in the particular final state being studied.

The mass and width of each resohance process enter as parameters

“in equation 1 through the Breit-Wigner functions, and fhus they may also

*  be solved for, as well as the relative rafes. |

Decay angular correlations of the resonance processes can be

taken into account simply, if it is assumed (and this need not be



a priori true) that the production and decay amplitudes do not interfere.

The total rate for the production and decay of the resonance #ate then
becomes the product of the production rate and the decay rate. This may

be parameterized as

| A(o(;MJQg’I...Q_K)': < BW(M,F) T(ey-ex)

where )\. is the rate for the production and decéy of the resonant.
state, o 1is the fraction of the reéonant‘staﬁe in the whole final
state, M and 7 are the mass and width of the resonance, and I is the
decay’éngular.distribﬁtion which is parameterized by the coefficients
Cl.}.CK. These.Cl;..CK may be the spin density matrix elements or

coefficients of a spherical harmonic expansion of the decay angular
. =
distribution.

The general probability density (neglecting interference

effects) will then have the form

PO X S el i 5 M My Py T € €
” | |

:ZO(,-; BW(M‘;E"SX?'»‘X#)_IACf"-C,f3xl---xM)

1 .

LS | |

gsl 9m) LiCCs ek 1 dn) Ay oY
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where CK) M, rz X and T have the same meanings as above and C

is the J.t& coefficient of the ith resonance'’s décay angular distri-
butionf Again the normalizafion integrations are carried out over the
kinematically allowed regions, of phése space.

Any or all of the parameters may be variables of the fit or
constants. The logarithm of the total likelihood function is formed and
then the maximum is found in the space of the varied parémeters: After
a solution is found the second derivative matrix is evaluated and in-
verted to obtain the error matrix.

The maximum likelihood method allows one to soive fof the most
likely values of the parameters of a model, but gives no information as
to how we11 the model fit the data. There isvno analog in likelihood
fitting to - the chi-square in.the léast squares method. In order to get
an estimate of how well the mbdel fits\the data, one must make projections
of the measurables of the events and compare theée projections with what
the model prediéts for these projections.

The prediétions of the solution for distribuéions of event
measurables may be calculated numericélly or with Monte Carlo ﬁechniques.
Tﬁe numérical calculations are in general very difficult,-so fo? the
general applications Monte Carlo procedures were used. This procedure
pohsists in generating a large number of random events and weighting
each one by its probability as predicted by the probability density
function usiﬁg the solution values for the parameters. Histograms
of measurabies from the weighted Monte Carlo events can then be com-
pared with those of the data upon which the fit was performed; Dis-

crepancies between the weighted Monte Carlo histograms‘and the
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corresponding histograms of the data would indicate failures of the model.
Therevis one very special application where the solution pre-
dictions can be calculated numericaliy. This is for two particle mass
projections in three particle finai étates. Here the Dalitz plot density
can be inferred directly from the probability density function. The mass
projecﬁions can theh be calculated by integrafing this densit& between
thé kinemafic limits of the Dalitz plot in the perpendicular direction to
the projection axis.
| Failureé of the model, as described by equation 2, could come
about by not including all of.the‘resonance effects in the.final state,
b& inserting fhe‘wrong resonance parameters (i.e. incorrect mass and/or
width), by using the incorrect resonance line shape, by using an incorrect
parameterizétion-of the deday;angular distribution or from the presence of
non-negligible interference effects. These poséible failures of this
" model must be investigated by comparing the data.to the predictions of the
maximum likelihood solution, before the solu%ion éan be regarded as a
measurement of the parametersf
This model (as described by equation 2) was used in conjunction

with the computer code MURTIEBERT(BE)

to perform the maximum likelihood
analysis described in thié report. MURTLEBERT constructs the likelihood
function from the frequency function, performs the search for maximum,

calculates the error matrix, and compares the_predictiohs of the solution

to the data for various projections of the event measurables.



VII . The Reaction K p —apf?n_
This reaction has been studied by several experiments both below

(36-41)

and above ‘the energyvrang‘e of this experiment. The total cross
section for this reaction at each beam momentum seﬁting of this‘experi—
ment is given ih table 6 and shown in figure 10. Figure 22 shows the
total cross section for this reaction as a function of K beam momentum
as measured by several experiments (including this one) in the momentum
range :6 to 5.5 GeV/c. The total cross section for this reactionvis
_seen to increase very rapidly from threshold reaching a maximum around
2 Gev/c and then decreasging to approximately one fifth of iﬁé maximum
value of 5.5 GeV/c.

In figure 22 the data points for 2.58 and 2.61 GeV/c are combined
into a single data point at 2.6Q GeV/c. In the rest of-thié-report
data from these two eiposures are combined to form a single sample,
referred to as "2.60 Gev/c'. |

Figures 11 through 20 graphically summarize this final state.
Figufe,ll histograms the three two particle inyariant masses for each
beam momentum sample. Figures 12 through 15 show these invariant mass
-distributions for various cuts oﬁ the production cosinés of the corres-
. ponding particle pairs. Figure 16 displays the Dalitz plots for this
reactign at eéch beam momentum. Figure 17 shows Chew-Low plots fdr
each particle pair at eaéh momentum.

As these figures show, the reaction is dominated by the pfoduction
of fhe K*L {892). Production of this resonance accounts for approxi-

2
mately'sixty_percent of the final state at each momentum. The abundance
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of K*% (892) and its very high signal to noise ratio make this reaction
an excellent ;ne for studying the production and decay propefties of
this resonance. This is the subject of the next section of this report.
The rest of this section will discﬁss the final statevés a whole,
including a,studyﬂof the cher resonant states produced.

"F&gure 18 shows the two particle invariant mass distributions at
each moméhtum, for which events in a mass band about the mass of the
Kf; (892) have been removed. Events were included in the plot only if
their i?ﬁ- invariant mass squéred was less than .64 GeV squared or
greater than 1.0 GeV sqﬁared.' Figure 19 displays the two particle
invariant mass distributions, with K*% (892) events similarly.removed,
for various‘production cosine cuts of the particie pairs. Figure.EO
.shows the Chew-Iow plots for this reaction with the K*% (892) events
removed. |

These figures show evidence for the.production of Y*l (1660),
Y*l (1765), N*B/E

. . =0 - .
There is also a broad enhancement in the K~ = mass spectrum in

(1238);‘N* (1520), N (1680) as well as K%% (892).
‘the region of 1250 to 1450 MeV. ' A study of the four particle final
state reaction K p -»p K 1 n° (diséﬁssed in a later section) shows
clearly'resolved enhancements in the Knx mass spectra at 1280 and 1410
MeV each with a width of approkimately 50‘MeV. This suggests that tﬁe
broad enhancement in the K'x mass spectrum in the three particle final
state‘could Be the two particie decéy modes of these enhancementé, if
they aré resonances. The enhancement at lhiO’MeV has been seen in

(42)

many experiments in both the Kx and Kmn mass spectra and has been

i
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identified as an isospin one-half resonance with spin péfity two plus.
Both of these enhancements are studied in detail in.a later section.

Direct channel partial wave analysis of n p scattering has shown
that the 1520 MeV and 1680 MeV enhancements are complex structures
where several partial wave amplitudes go through resonances.(AB) Thus
it is not known which or how many of them are appearing in the 1520 and
1680 MeV enhancements in the xp mass distributions in this final state.
The narrow width of the 1680 MeV enhancement suggests that it is mainly
composed of the isospin one-half spin-parity 5/2+, N*% (1688). The
The 1520 MeV np enhancement in this final state is not large enocugh to
give any indication of its composition. |

In order to estimate the relative fréctions of the various reso-
nances produced in this final state the maximum likelihood analysis
‘ déscribed in the previous section was applied to the data. A model
employing non—interfefing resonance rates and Lorentz invariant phase
Space was fitted to the data at each momentum. Resonant terms repre-
senting the Y*l (1660), Y*l (1765), N*B/E (1238), N (1520), N (1688),
K*% (892), and K (1280) were included for all momenta. A term repre-
senting the K*% (1400) was also included in ail momenta above 2.1 GeV/c.
Decay angular correlations were included for the K*% (892) only, since
the other resonances have such small rates compared to it.

The decay angular distribution for the K*%‘(892) was parémeterized
Ces 1 () =140 LR+ or T (k) + C; Revy ( ),
where I is the intensity along the diredtion.‘jiwhich is a unit vector

in the direction of the RP in the Eoﬂ— rest frame. The coordinate

\



system in the fpﬂ-rest frame was chosen to have the z-axis parallel
to the final state proton, the y-axis along the production normal,
and the x-gxis chosen so as to have a right handed coordinate system.

The masses and widths of the resonant terms were set to their
world averagefvalues(gg) except for the N* (1688) and K%% (892). The
mass and width of these two resonances were made parémeters of the
maximuin. likelihood fits at each momentum except 2.1 GeV/c where the
mass and ﬁidth.of the N (1688) was set to the average of the solution
values for the other momenta.

Tables 7 and 8 present the maximum‘likelihood solutions at each
momenta. Table 7 gives the solution values for the fractions of. each
resohant term and the K*% (892) decay'correlation parameters at each
momentum. ~Table 8.gives thé solution values for the varied masses and
widths at each momentum. These values should not be taken as attempts
to measure these guantities, since no atfempt was made to include the
detailed systematic effects which could alter these values.

Figure 21 compares the maximum likelihood solutions to invariant
mass projections and " azimuth angle forzeach momentum. This-is the
aéhnuth angle of the plane defined by ﬁhéwioﬁ— about the direction of
ﬁhe i?n— system. This angle is indepeﬁdent of the Dalitz plot density

and can be written as

I(@)-=1+5)c, \r?ﬁ—zo—-cos 2@,

where f (K ) is the fraction of K (892) in the final state.and C2 is
' ) ~ * . .
the coefficient of ReYC2 in the parameterization of the K ; (892) -decay
. . ) .

angular distribution.
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As figure 21 shows, the projected distributions as predi;ted by
the maximum likelihood solutions.represent the data satisfactorily '
at all momenta. Thus it appears that the model of non-interfering
resonances and Lorentz invariant phase space characterize well these
final state iﬁteractions. Any interferénée effects or non-resonant
Tinal state interactions cannot be detected from these distributions.

The solutions show that the fraction of K*% (892) in the final
state is decreasing with increasing beam momentum, while the fraction
of Y*l (1765), K*% (1400), and K (1280) are increasing. The.fractions
of the other resonant states are staying roughly constant. Sirce the
total éross section for this reaction is decreasing rapidly in this
beam momentum range, the total cross sections for the production of
Y (1660), N*5/2 (1238), W (1520), W (1688), and K*% (892) are also
decreasing rapidly. The total cross sections for Y*l (1765), K (1280),
and K*% (1400) production are staying approximately constant or slightly
increasing in this beam momentum range. |

The maximum likelihood solution values for the width of the N*(1688)
reflect the fact that the enhancement seen here seems somewhat narrower
than the corresponding np direct channel effects. However the phenom-
enon seen here is difficult to relate to the np direct channel reso-
nances, and using a Breit-Wigner line shape characterized by a single

mass and width is at best a phenomenological approximation.
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VIII. The Reaction K p ~>K%% (892) P
As observed in the last section, Kf%_(892) production accounts for
approximately sixty percent df the pfpﬂ_‘final state at all @dmenta.
This large sample df_resonance events coupled with the very small
. backgrouﬁd provides an excellent oppﬁrtunity to study the production
’and decay properties of this reSonént state. -

For this study the upper three beam momentum exposures, 2.45, 2.60,
and ér70vGeV/c are combined to form.a éipgle sample with large statistics,
so that tﬁese'production and decay properties could be studied for many
vfinely divided production cosine intervals.

Figure 23 shows the total cross sectibn for thié reaction as
measured by several experiments. The data poiﬁts representing this
experiment were obtained by multiplying the total cross séction for

- the reaction Kp - n” ét each momentum by the fraction of K*% (892)
producéd at. that momentum, as determined by the maximum likelihood
solutions. The total cross section for the reaction X p — K*é (892) p
is seeﬁ from figure 23 to rise very rapidly from threshold to a maxi-
mum value of about 1.3 millibarns at around 1.8 GeV/c incident K~
momentum, and then fall slowly to approximately .2 millibarns at 5.5
GeV/e. |

Figure Eh-shoﬁs the centef of mass production angular. distribution
of the K*% (892) for 2.1 Gev/éﬁand the upper momentum s&mple.. In both
samples this distributipn is highly.peripheral becoming more so at the
higher momenta. Events‘plotteé had Rpﬁ- invariant mass squared in an

interval .706 to .88k4 GeVE. This selection introduces approximately
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' five .percent non-K*- events into the sample,

In analyzing the K* production and decay properties, it has been
customary to use events within a given (Koﬁ—) mass interval aroﬁnd the
K%-%(892) mass. The mass interval is chosen as a compromise between
minimizing contamination from non-K* events and minimizing statistical
errors. One 1s forced to includé some ”background” events. The assumption

" of noninterference of background amplitudes with the K* production and decay
amplitudes is essential for this analysis, but even the "noninterfering back-
" ground” will cause errors in the determination of the K* production and
decay barameters. ﬁ
The arbitrariness of limits on the mass cut has been avoided, and
© the effect of noninterfering background has been accounted for, by using

the maximum-likelihood method described in section VI..

- As in the last section; the decay angular distribution of the

o ‘
- K 1(892) was parameterized as
2 A o o 2 A 14
(k) =¥+ v,  (R)+cRey, (R)rcsrev,” (&),

however; the coordinate system, in the rest frame of the Kon—, for this
A analysis is chbsén differently. The z-axis is chosen along the direc-
tion of the incident K-, the y-direction along the production normal,
and the x-axis so as to make a right-handed coordinate System. This
coordinate system (referred to as the "t-channel" coordinate.éystem)
' reduces the decay angular distribution of the K*-%(892) to particularly
simplé forms for definite spin parities in the crossed‘éhannels. For
example, spin-parity O in the t-channel predicts

I(X,@ ) ~ cosc o, .,

‘ A
where o and ¢® are the polar and azimuthal angles of Ak in the t-channel



coordinate system. The corresponding distribution for spin pa?ity
17 in the t-channel would Be |
I (K,Q) A~ sineo( (L + b cosa@)
whére b is a paraméter determined by thé dynamics of the baryon vertex.
~ The above expression for fhe K*% (892) decay angular distribution
neglects the '"illegal" decay correlations of the K%, i.e., those pro-
. hibited by angular momentum and parity conservation. This assumes
that the'K*_deéays as a free particle and_that there is no interference
between the K% production an& decay and other processes.

T6 determine the production angular distribution and decay corre-
lation coefficients as a function of_productioﬂ angle, the data-was
divided at tﬁe two momentum samples into intérvals in the production
ahgle of thelion—'system. The‘intervals were chosen to include approx-
imately 100 K* events‘in each. Maximum-likelihood solutions were
obtained for each bf these intervals.

Figures 29 throughABE and tables 9 through'll give the resﬁlts of
these solutions for both momentum samples. Table 9 gives the number
of events in each of the production cosine intervals for 2.1 GeV/c,
'.the fraction of K*% (892) in each interval, the differential cross
section, énd decay coirelatidn’parameters averaged ovér the interval.
fable 10 gives the same for the higher momentum sample. Table 11 givés
the aecay cofrelation pafameters avefaged over all prodﬁction angles for
the two momentum samples. Figures 29 and 30-plot thg differential
crosévsection for the two momentum sampies as a function of.center of

mass production cosine. Figures 31 and 32 plot the decay correlation
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coefficients for the‘two momentum samples as a function of center of
mass production cosine.

Since the maximum-likelihood solutions are based on a model not
necessarily representative of the data, the solutions are compared to
the data in figures 25 through 28. Events selected for thesefplots
were required to have an effective ﬁ?ﬂ_mass squared in the range .T06
to .88L Gevg; in addition to thé K°x production angular interval
indicated. This mass cﬁt has introduced an estimated fraction of
background events amounting to 5'0/0 at the most forward cos © inter-
vals and 25 O/O at the most backward; The distributions ;hown refer
only to the decay of the K%, but these distributions should be guite
sensitive to the effects df interference between the K% produétion
and decay amplitude and other amplitudes. Specifically, any asymmetries
with respecﬁ to reflection about ® =0 and 180° or, after averaging
over ¢, about Cos o= 0 are not accoﬂnted for in the model.

Figure 25 contains plots of the decay polar cosine, cos e , and
azimuth angle, ¢ , for all productionlangles at the.two momentum
samples. The solid curves are the predictions of the likelihood

sblutions which take the form

I (cose) = N[l+c:L ‘)—_5;—(3 coszo(-l)]
re) = wfive, B s 20

where N normalizes to the total number of events in the plot. Figure
26 similarly compares the predictions of the likelihood solutions to
the data for each of the production angle intervals at 2.1 GeV/c and

figures 27 and 28 the same for the higher momentum sample.

b1
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The overall agreement between the solutions and the data is fairly
good for both momentum samples. The cohsistency between the data and
the likelihood solutions based on this simple model suggest that the
Kf produced in the reaction_studied here is essentially free from
'interférence,vand can be used to test theoretical models of préduction
and decay which assume production of a free K*.

Quaiitative features of the decay disfributions of figurés 27‘and
28 for the.upper momentum sample show the féllowing:

(a) In the extreme forward direction there is a strong cbs%( -
distribﬁtion and a somewhaf flat azimﬁth distribution. This is
characterisﬁic of pseudoscalaf exchénge in the production process.

(p) In the intermediate and backward directions there are strong
‘.sin%( polar distributions and 1-b cosd@ azimuth distributions,
characteristic of ﬁectér éxchénge..

(c) Between these two regions, there is a relatively flat polar
distribution and a moderate 1l-b cosad@ azimuth distribution, which may
result from a combination of pséudoscalar and vectdr exchange. Although
somewhat more limited in statistiCs, the data at 2.1 GeV/c exhiﬁit the
same general féétures.‘

These Qualitative features of the data have been predictediby

)

using a meson-exchange model with corrections

(15)

jackson'gz al
for coﬁpetiné channels. Donohue discusses, in detail, the results

of a previous report of this experimént(u6) within the framework of

(57) |

this model. Kiadalov and Karnakov discuss the results of the

previous report within the fiamewbrk of a Regge Pole model.
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IX. The Reaction K p —apﬁp 7"

The total cross section for this reaction a£ each beam momentum
setting of this experiment is given in table 6 and shown in figure 10.
As can be seen, this reaction proceeds with approximately one-half the
rate of the corresponding three particie'final state reaction in the
energy range of this experiment.

Figure 33 shows the total cross section for this reactiop in the
energy range, 1.2 to 3.5 GeV/c.as measured by several experiments. The
cross section is seen to be relatively constant at’about 40 microbarns
in the region below 1.5 GeV/c. The cross section begins to rise very
rapidly in £he region of the §$(892) N*(1258) threshold, and continues
tovrisg rapidly in the energy range of this experiment, léveling off
somewhat at the higher.beam momentum settings.' At energies above tﬁis
experiment the cross section appears to be constant or slightly de-
creasing. Thus from the energy spectrum 6f the total cross section
alone it is clear that associated production of B (892) N (1238)

' will be very important in this reaction in the energy range of this
experiment.

This becomes even clearer in Figures 34 through 37 where the
iﬁVariant mass squared of the ten two and three particle combinations
are shown for éach momentum. Copious production of N (1238), K%_
(89?),ﬂaﬁd’kfo (892) is observed at all momenta.

Two small but significant enhancements are élso 6bserved at high
mass values in thewfpnoﬂ— mass squared spectra, cérresponding to mass

values of 1280 and 1400 MeV each about 50 MeV wide. The latter is



Ll

associated with a“thrée particle decay mode of the K*% (1400). The
enhancement at 1280 MeV does not correspond to any well knowﬁ resonance,
and for the purpose of this section is treated in a pheﬁomenological
manner. The Kt mass Qpectra |

are studied in detail in a later section of this
report.

Maximum likelihood fits to this final state were made at each
mdmentum sefting using a model of non-interferihg resonance production
and Lorentz invériant phase spaée. Resonance processes employed were:

(1) associated production of‘K*% (892) N*;/2 (1238), (2)’associated
production oflifg (892) N*g/g (1238), (3) unaséociétedkproducﬁibn of
N*+ (1238), (4) wnassociated production of N*Ov(1258), (5) unassociated
production of §f0(892), (6) unassociated production of K- (892), and
(7) prbduétion of the two Krn enhancements at 1280 and 1400 MeV. At
2.1 GeV/ec, théﬂlhgg; Kur enhancement was not included since this momen-
tum is below threshold for its préduction.

The masses and widths of these resonances were ailowed to vary
as parameters of the fits for each momentum to allow for possible
systematic effects which might cause mass shifts,‘since this feaction
is'only_singlyrconstrained in the kinematic fitting. All masses and
widthskof the well known resonances Wére‘qonsistent with the world

(29)

averaged values. The masses and widths of the XKnn enhancements
were obtained by performing the maximum likelihood fit to the 2.60
and 2.70 GeV/c samples combined, Varying these masses and widths as

paramcters of the fit. The values so obtained are given in table 13
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and were used in the likelihood fits for each separate momentum.

Table 12 gives the results of the maximum likelihood solutions
at each beam momentum, and the solid curves superimposed on the
histograms of Figures 34 through 37 show the predictions of these
solutions for the invariant mass squared projections.

The predictions of the maximum likelihoéd solutions for these
mass squared projections reéresent the data well af all momenta. Thus
from thesercomparisons it 7seems that the final state is weli'repre-
sented by this simple model. |

The R*%'(892) N*B/g (1238) final state provides additional
consistency checks on the model, since it is in a pure isospin one
state. This requires that the rate for K p —;K*g (892) N*g/g (1238)

: . - ¥ *
be one fourth that for K p — K (892) N ;/2 (1238), provided there

1/2
are no interference effects. Inspection of table 12 shows that the solu-
tions at all momenta are each consistent with this requirement, however,
F S —¥p ¥ o
the rates for K © N © are systematically one to two standard deviatiouns
¥o ¥
below one fourth the rate for XK N * production at all momenta. In-
. * ¥ . ' ' (49)
cluding K N decay correlations does not change these results.
This effect could be the result of interference between the two
amplitudes. If so, this would imply that interference effects are
of the order of five to ten percent between these two amplitudes,
which are comparable to the statistical uncertainties.
The results of the.maximum likelihood solutions for the fraction

. ‘ *
of unassociated production of N © (1238) were consistent with zero

at all momenta and are not included in table 12.
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The results of the likelihood solutlons show that the fraction
of ﬁz (892) N*5/2 &1258) in the final state is decreasing rapidly
with increasing beam energy. The fractions of single resonance pro-
duction are all stéying conétant or increasing. Since the total cross
section for this final state is increasing rapidly in this energy
;egion, the total cross section for associated reéonance_production
K* (892) N* (1238) is roughly constant while that for singlé resonance

production is increasing rapidly.
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X . The Reaction Kp < nkom n
This reaction proceeds at a slightly lower rate than the proton
four particle final state at all momenta in this experiment, as is
seen in table 6 and figure 10. Figure 38 shows the -total cross sec-
tion for this reaction as measured by several experiments, both below
and above the beam energy range of this experiment. In the'energy

range below the K 1 (892) N’B/ (1238) threshold, the cross sectlon

2

for this reaction is roughly double that for the FK 17 n final state.

In the region of the K 1 (892) N‘5/2 (1238) threshold, the cross sec-
" 2

tion for this reaction also rises rapidly, but not nearly as rapidly

- —% :
as the pKon'n  final state. Past the K (892) N 5/2(1258) thres-

1/2
hold region, the pﬁpﬂon— final state emerges  with the larger total
cross section and remains so throughout the energy range of this
experiment. Thus it appears from these total cross section measure-
' —% *
ments that the associated resonance production of K 1(892) N 5/2 (1238)
2 .
does not dominate the n Eoﬁ+n— final state to .- the extent it does
the pfonon— one.
As mentioned in th 1 (892) W' 1238) i
s mentioned in the prévious section [ 1/2 (892) N 5/2 ( is.
in a pure isospin one state. This requires that it contribute 2%
times as muéh to the pipﬂoﬁ— final state as it does to the nﬁon+n-
one. This is verified by the energy behavior of thé these two cross
M . .
sections in the K 1 (892) N 5/2 (1238) threshold region.
2 !
Figures 39 through 42 show the invariant mass squared spectra of
the ten two and three particle‘combinations for this final state at

. *0 ¥t
each beam momentum. Copious production of Y o (1520),

570 (1259),
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N 5/2 (1238), and X 1 (892) is observed at all beam momenta. There

is no evidence from these mass spectra of any other pronounced reso=
nance production in this final sﬁate. In particular, the Knn enhance-
ments observed in.the pﬁpnon- final staﬁé, appear to be much less
pronounced in this one.

Maximum likelihood fits were.performed on this final state in

é similar manner as the other four parfiéle final state. The model
em#loyed included associated production of K%% (892).1\1'*;/2 (1238) and

sated T ducti £y © (1520) N (1238) N
unassoc1a eq resonance prodauction o YO ] 5 v:. 5/2 b 5/2

: . .
(1238), and X 1 (892). As in the previous section, the masses and
_ 2
widths of these rescnances were made parameters of the fits to account

for possible systematic effects, but the solution values for all of

them were consistent with the world averaged values.(gg)
- Table 14 gives the results of the maximum likelihood solutions

for the aﬁounts of the resénancé processes at each momentum, and the

solid éurves superimposed on figures 59 through 42 show the predictions

vof tﬂese solutions fbr the corresponding mass squared projections.

These soiid curfes follow the data histograms Qery closely, gnd this

isimple model, representing the above four resonénces, seems to give

a good account of the mass projections. |

(892) N*5 /o (1238)

- —%

As discussed above, the reaction K p - X 1

' .2

must contribute 23 times as much to the pipﬂoﬁ- final state than to
the n ¥° n+ﬁ- one. This allows the prediction of the number}of

—% * - ’
K1 (892) N 3/2 (1238) events in the non 't final state, knowing
> . .

the mumber in the pfpnon- final state. Put another way, it gives a

48
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consisténcy check between the maximum likelihood solutions on the
finai states.

Table 15 allows a comparison betweén the likelihood'solutions
of the two four particle final states for the fraction of %%%_(892)
N*B/2 (1238). 1Inspection of table 15 shows that thg solutions at
each momentum are consistent with the isospin constraint, but.the
number of‘i#%_(892) N*5/2 (1238) events in the n Eon+ﬁ— final state
is about a standard deviation or so less than would be predicted from
the likelihood solutions on the pf? 7%%” final state at each momentum.
This same type of effeét is observed in the pﬁp ﬂoﬂ- final state
between the two decay modes of the f%%_(892) N*5/2 (1238) fhéré. Here,
the effect is approximately the same size, and is comparable with the
statistical uncertainties.

To the extent that these discrepancies are significant, they
represent an inadequacy of the model, énd this model of non-interfering
resonance production and Lorentz invariant phase space should be
regarded as an .approximation, and representing the invariant mass
spectra should not be the only test bf its success.

The results of the maximum likelihood solutions indicate that

he fracti £v 0 (150), W F
the : actions o Yo (152C), N 3/2

. *_
. (1238), and N 5/2 (1238) are
decreasing in the energy range of this experiment while the fraction
*_ _ : v
of K 1/2'(892) seems to be increasing. However, none of these trends
is very marked, and since the total cross section for the final state

is increasing rapidly in this energy range, so are the cross sections

for these single resonance productions.



XI . The Reaction X p - K 1 (892) N 3/ (1238)
2 .
As observed in the preceding two sections, the pseudo-two particle
: - —%_ ¥ _ : .
reaction X p - K N dominates the two four particle final states of
. s = X . o] —0 0 -~
this experiment, accounting for approximately Lo _/O of the PK'n =«
- o -0 + - ) :
final state and 20 /O of the nK'r n one. These final states afford .
an opportunity to study the production and decay properties of this
reaction as a function of center of mass energy and production angle.
Assoclated resonance production has been the subject of considerable
theoretical interest, since these reactions give rise to many experi-
mentally measurable quantities and thus provide excellent tests for

(51-53)

dynamical models of the production process. The reaction

(38,50)

- * ¥ . , o
K p - K N has been studied at lower energies and the corres-

ponding reaction K+p-a K*N* has also been studiéd in several exﬁeri-
ments, at energies boﬁh below and above this experiment.(5u—57)

The total cross section for K—p —>ﬁfN* as measured by this experi-~
ment.at each beam momentum is given in table 16. The cross section at
each nmomentum was determined by evaluating the cross sections for each
of the decay modes observed in this experiment, and performing a least
squares fit to these cross sections applying the constraints of iso-
spin convervation. The results were then corrected for other charged
states and decay modes_hpt obéerved in this ekperiment; Figure 43
éhows the tOtal cross section for K_p —a?ﬁN* as measured by several
‘experiments. The errors are large, but é clear trend is seen. The

~total cross section rises from threshold rapidly, and continues to

rise to a maximum of approximately 1.7 millibarns in the region of
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2.45 GeV/c. The cross section then begins to fall, going to about 1.3
millibarns at 2.70 GeV/c. Figure UL shows the production angular
disfribution at each beam momentum. Events for these plots were
selected by making cuts on the invariant masses of the pno and Kon~
and the background from HOH-K*—N*+ events is estimated to be about

20 o/O at 2.1 GeV/c increasing with higher beam momentum to around

25 o/O at 2.70 GeV/c. These production angular distributions are seen
to become progressively more peripheral as the center of masé energy
is increased. At energies lower than this experiment,(58’5o> the
produgtion angular distribution is seen hot to be very peripheral at
all. . Thus it appeérs that this réaction follows the usual trend for
- two particle reactions, having flat (s-wave) productioﬁ angular dis-
tributioné near threshold and becoming more and more forward peaked
with increasing energy. At 2.1'GeV/c this reaction is already moder-
ately peripheral, and by 2.70 GeV/c almost ail KfN* events have pro-
duction cosine greater than .8. |

(58)

. ¥ % )
‘The joint decay angular digtribution for K N may be written
i
T@P)=1+) (i ZU(EP

A . AzL -0 A .
where € is & unit vector in the direction of the K  and p a unit vector
in the direction of the proton. The coordinate systems for the decay

Tox * A '
of the K 'and N are defined differently. € is expressed in the "t-

v *
channel' coordinate system in the rest frame of the K with the beam
- . A

K direction as the quantization axis. P is also expressed in the "t-

channel'" coordinate system but in the rest frame of the N with the

target proton direction as the quantization axis. The 19 correlation
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functions, Ezk(g'f) may be chosen in a number of ways, and table 17
gives the set chosen for this experiment. Each of these functions
-has the following properties:

SZ@ By dédf 20 5 § |28 p| déddf = 107

The coefficieﬁts of fhese.correlation functions, Ci,-are independent
of the decay.variables, and are defermiﬁéd by the dynamics of the
production process. Thus the qié are in general functions of center
of ﬁass energy and scattering angle. Along with the differential
crbss_section, these coefficients ﬁrovide 20 measurables as a function
of energy.and momentum transfer which any dynamical model muét des-
cribe. Thus, this reaction can provide a -very rigorous test fér any

theory of its production.

With the limited statistics of this experiment it is not possible

to measure all 19 coéfficients as a function of energy and production
angle. Some of the coefficients may be measured independently of the
others by integrating I (€ $) over one or several of the decay angles.

For exaﬁple:

I(E3) = SI(éﬁ)d?dee = 1+ Q1 Z,Cey)

Tep, :SI(é‘{a‘)o{éd@P': 1+C4 2y 0h)
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Lee; ) = §Tcep) clope dop = 1+ CrZ;(e5) + Cy 24 (B)

+ Cy Z—? (&5 14)
T(e) = ST@R) olpoley = 1+ %% cosame

Tep) = S I olE ol

il

1+ C‘f—u_:—qLOSQCDP

: I(CQeCPr,) = Sl(éﬁ) O{eg ol'lg = 1+ Ca-—? (/OS dDe

H

oo V30,
56

+ Ci9 2 z SimPe Sim AWDp

- ’ -1
wheee € =(810,8), F=(RRp), De=tan ()

- amd CPF = £am—l ! )

Cos 2P + Cqy g cos APe Cos AW

25
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Thus Cl’ C,, and C3 correspond to the uncorrelated K decay parameters,

2}

' *
Ch’ C., and C6 to the uncorrelated N decay parameters, and C7 gives

5

rise only to a correlation between the polar decay angles of the two

" resonances. After integrating over all polar angles, 02

“and C. give
5 g
rise to the uncorrelated azimuthal decay angular distributions of the

* * .

K and N , while Cll and 019 serve to correlate these two azimuthal
angles. Thus of the 19 joint decay angular distribution coefficients,
the 9 coefficients Cl, CE’ 05, Cﬁ’ C5, C6’ C7’ Cll’ and 019 are in

. ‘relatively simple integrated distributions, each involving only a few

coefficients. Thus it is possible within the limited statistics of

this experiment to measure these 9 coefficients as a function of energy

and production angle.

In order to account for the baékgroﬁnd in a systematic maﬁner and
avolid having to impose mass cuts, the maximum likelihood technique of
sectionIX was applied to the pﬁpnoﬂ_ final state, however, here thé

¥ ¥
K N resonance process was given a joint decay angular distribution.

The K*QN*O procesé in the same final state and the K*-N*+ resonance
process.in the nﬁon+n- final state aré produced in insufficient quan-
tity to allow an analysis of their decay correlations.

'I’hé decay angular distributions employed were I (é‘ ), T ¢ /p\) B
I (e5 p5) and I (@e @,) as defined above. Maximum likelihood solutions
were obtained at each momentum for each of these joint decay angular
distributions. The rgsults of these solutioﬁs are given in table 18
and displayed in figure 45,  For those coefficients which appear in

more_than one distribution, the solution which gave the smallest
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statistical erfor was used. However in all of these cases the solution
values and errors for the same coefficients in different decay angular
distributions were very nearly equal.

The solution values for most of the decay correlation coefficients
show no marked energy dependence, the exceptions being 02 and.019
which appear to be decreasing with increasing energy.

In order to see if these sOlﬁtion values and, indeed, the model
itself‘répresent the data, the predictions of the solutions for vari-
ous projections of I‘(Q'ﬁ)'are comparedbto the data in figures L6
through 49. The projections chosen are related to the decay correla-

tion coefficients as follows:
Iceg)-:l 1+ cl"_?( 3ei-1)  I(g)=1+ cw’g—ﬂ(&g‘;‘-l}
L(ge) = 1+ Qa—d;:o&sad)e L(py =14 %@85 Cos®Pp
I[<el+e3}/.rzj = 1+35¢e,y -[%?ga e,
| “"’{i(%\ff.ﬁl +%J3‘5‘¢1 \/5.3" )(EJ_J-E)
Iltes-ey) /F’] 1+_rc-. - e, - T

12
+1(3 Js' 2 70, L1 - a

Cs



56

CILegemy/El =1+ - E e+ E e,
+5(30Fey +2 0w 05 - e, ) ( ﬁ*@);
_ v vao

IC (- )/r] = 1+§?$§c&; ~J§?e5 -\"i?'a
a(src"ﬂ' +-—-JE?CS +

I(Pet@e) = (@e+co,o)£i+ (Qm Caa)
+-—,(€1.1.-Cm) cos (Cve+co,=)

;H, (c11+ Ci19) Sllﬂa(q)e +@Pp) ]
- C!?e + @p

‘VI(¢B“@P> =,£Tr/a -( C?e-CQP).JL 1"3%((3114- Clo‘)'_ o

+5(C11-Caq) Simt APe-@p)
/3 e -®p)

+ £ (C113Cy) Co;“(cve-cop> 1

TCes; 1812.5) = 1+3VFC4 +(C1+ 20T ) (368-1)
[(E ;1 R1<.8> = 1-2VF ey 4 (C1-3 /T e,) E(365-1)
I(5;16s]>.8) = 1-:-%"’(:,_ +(cq+lrc7)""(zf’ 1)
Icg; 18512.5) =1- 3.:? ey +(Cy-2 ra,w’“csf“l)-
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Each of the nine coefficients solved for appears in at least
two of the above lﬁ projections. Pigures 46 through 49 histogram
these projections for events with pﬂo invariant mass in a band centgred
at the N* mass and ipn- mass in a band centered at the K* mass at each
momentum.; The contamination to these samples from non—K*N* events is
ieast at ;.l GeV/c where it is around 20 o/o and gets progreséively
larger with increasing beam momentum reaching 35 O/o at 2.70 GeV/c.
The solid curves superimposed on the histograms represent the predic-
tions of the solution for the K*N* decay correlation parameters at that
momentum normalized to the number of events in the plot. Note that all
polar iosine distributions are folded about cos 6 = O,'and all azimuthal

]

éngular distributions are folded twice, first about ¢ = n and then

about @ = % .

The predictions of the maximum likelihood solutions for the joint
decay angular correlation coeffiéients appear to give an adequate

description)Of these projections of the data, considering the large

* X% '
number of non-K N events in the plots. The most serious discrep-

ancies arise in those projections which involve the N polar cosine

at 2.60 and 2.70 GeV/c. There is an excess of events in the region

of small Ps at these two momenta. This is due to the presence of the
=0 o - * ¥

1280 MeV K = m enchancement in the non-K N background events in the

samples histogrammed.

: % .
Any structure in the K = invariant mass will reflect directly
0

' * L
into the N decay polar cosine!distribution and vice versa. A 1230

MeV enhancement in Krn invariant mass with a width of 50 MeV will give



rise to a buﬁp in the N* decay polar distribution at P,2.2 with a
fu1l width of A P5<! .1 at 2.6 and 2.7 GeV/c. TFolding about P5 =0
would cause an enhancement of events from P5 = 0 to P5'= .3 in the

N* polar cosine distribution. Calculations were made to estimate the
amount of the 1280 MeV enhancémenﬁ that would be present in the K*N*
background. The results agree well with the size of the observed
enhancemenp in the N* décay polar cosine distribution ét 2.60 and 2.70
GeV/c. Thé maximum likelihood procedure takesbinto account this effect.
by specifically including it in the model (as well as all other non-
neéligible resonances which ﬁight.distort any of the KfN* decay angu-
lar distribﬁtions). The discrepancy arises only because the events

in fhe mass cut are noﬁ a pure K#N* sample while the solution vaiues
foi the decay correlation parameters are for K*N* events only.

Tn order to study the dependence of the differential cross sec-
tion and decay angular correlation parémeters on center of mass scat-
tering-angle; maximum likelihood fits were made on events in several
production cosine intervals. For this analysis 2.60 and 2.70 GeV/c
e&ents were combined to form a single sample at the higher momenta
whiie 2.1 GeV/c events were used as a sample atAiower momenta. Be-
éausé of its small number of events, the 2.15 GeV/c sample was not
included in this part of the analysis. Also due to lack of statistics,
6Q1y the production cosine dependence of Cl, Ch’ and 07 was studied
at 2.1 GeV/c. However, the produCtion angle dependence of all nine

coefficients studied above, were measured as a function of production

angle for the upper'momentum sample.



Table 19 gives the results of the maximum likelihood fits at
various production cosine intervals for the decay angﬁlar distribution
coefficients at 2.1 GeV/c, and table 20 the same for the uppervmomen—
tum sample. Table 21 gives the fraction df K%N* events in each inter-
val and théfdifferential cross section for K%N* production, averaged
over the production angle interval. These results are displayed in
‘figures 50, 5L.and 52.

The différential cross section for K p ;aR%N* is clearly seen to
be much more forward peaked at the higher‘momenta that at 2.1 GeV/c._
Also the solutions show that f%N*events are much more forwara peaked
than the non-f#N* ones at the upper momenta, while this is not the
case for 2.1 GeV/c. Also, witﬁ the possible exception of CM’ the
decay angular correlatioh coefficients show no marked dependence on
productibn ahgle at 2.1 GeV/c. At the upper momentum several of the
measured decay angle correlation coefficients show a dependence on

the productionwéngle. Cl’ 03, 05, and Cl .seem to show production

9
angle dependencies at the upper momenta, while the ofhers show no
significanf‘change with production angle. The most interesting pro-
duction angle debendence is that of C19 which is consistent with zero
in the forward direction, then decreases to almost -1 at cos Qp = .8
and then 1s again consistent with zero in the region be cos.Qpé 0.

FCl, 05’ and C5 all seem ‘to monotonicéllydecrease with increasing

production angle.
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Figure 55 compares the pfedictions of the maximum likelihood
solutions fbr relevant projections éf I (@'ﬁ), with the data, for the
production'angle intervals at 2.1 GeV/c. Here again, the events were
chosen to_be plotted on the basis of cuts on the pmo and Ron_ invariant
masses (as well as the Qorrespondiﬁg production angle cuts). The back-
ground erm non—K*N* events ‘is ébéut 20 O/O for the forward two pro-
duction cosine intervals, and 35 O/o for the backward one. figure 54
.compares the solutions for the azimuth angle correlations with the
relevant projections of the data at the upper momenta. Here the frac-
tion of non-K*N* events iﬁ the samples plotted is around 15 O/O in thg
most forward production cosine interval, and increases monotoniehlly
with inéreasgng production anglevto about 500/0 in the most backward.
"Figures 55 through 59 compare the likelihood solutions for the KfN*
decay angle coefficients with the relevant projections of fhe data fof
the five prodgction angle intervals at the uppér momenté where Cl’ 02,

CB’ Ch’ C., 06, and C., were solved. vHere again, the fraction of non-

> 7
K*N* events in the samples plotted runs from 15 O/o in the most forward
» directions to around 50 o/o in the backward one.

The predictions of the maximum likelihood solutions repreéent
fairly well the projections of the data fqr most all of the broductién
cosine intefvals. "The comparisons are clearly better in the forward
 production cosipe intervals_where the data plotted contains less non-
K*N* backgrouﬁd, than in the less forward ones, where fhis background

*
is higher. 1In particular the enhancement in the N polar cosine dis-.

tribution near p5 = O becomes much more ﬁisible as the production angle
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and thus the non-K N Dbackground in the samples plotted increases.

61



62

XIT. Theoretical Models
Much theoretical attention has been given to quasi-two-particle
reactions in which one or both of the reactioniproducts are resonances.
*

- ¥ ' - —% '
The reactions K'p - K 1 (892) p and Xp - K 1 (892) N 3/2
2 2

experimentally studied in this report, are examples of these quasi-two-

_(1258_),,

particle reactions. This section will compare the measurements of this
experimenf; oﬁ these reactioné, with predictions of various theoretical
models. |

The two most successful ﬁodels for aescribing the properties of
qﬁasi-two-particle reactions at iﬁtefmediate energies, (2 to 10 deV/c
incident beam momentum) have been the single meson exchange model with
absorptive corrections(l)f (3), (1), () (Loosely termed the absorp-

(5), (6), (47)

tive model) and the Regge, pole model. Both models assume
that the amplitﬁdes responsible for these reactions are dominated by
cqntributions from the crossed or t-channel, and background from s-
chanﬁel effects is small. Both models have enjoyed considerable
success in describing many properties of the production and decay of

unstable particles produced in quasi-two-particle reactions.

A) The Absorptive Periphefal Model

This.model has 1its roots in the analogy of the strong interactions
to quantu@ electrodynamics. The strong interactions responsible for
these reacfions are assumed to résult from exchanges of strongly
interacting parficles in the éamé sense that~the electromagnetic
‘interactions between charged particles can be described by their

exchange of'photons. This assumes that quantum field theory can be



applied to the strong interactions, that the interaction Legraﬁgian
for the strong interactions is similar to electrodynamics, and the
first order terms (The‘Born amplitudes) dominate in the expansionlof
'thevS-matrix. The contributionvof the absorptive peripheral model
is to modify the Born amplitudes by accounting for the absorptive
effects of competing channels, similar to the intr@hcfion of céﬁplex

phase shifts to account for competing channels in elastic scattering.

The prescription assumed by this model to account for the absorp-
tive effects is given by the matrix eguation .
Va Y
My Ss Bsi 515
where Bfi is ‘the urmodified Born amplitude for the reaction, Sii and
S __ are the elastic scattering S -matrix elements in the initial '

ff

and final states, and M_, is the modified or absorbed amplitude for

fi
the reaction. In applications of the model fgff’aﬁd E;ii are assumed
to be diagonal, helicity preserving, and purely diffractive. Egii can
then be iﬁferred from elastic scattering data. Since no experimental
data exist for elastic scattering ofsrésénant states - , it 1s usually
assumed that their elastic scattering amplitudes have slightly larger
range than stable particle scattering, and sufficient strength.so as
to completély gbsorb the lowest partial wave.

Jackson and Donohue (45), (46)
of fhé absorptive peripheral model predictions to thebdata of this
experiment for the reaction K p — K*% (892) p, employing a mixture of

pseudoscalar and vector exchange. With this model, each helicity

*..
amplitude for K 1 (892) production may be written (suppressing the
5 ‘

have performed a detailed comparison
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the helicity indices).

, : AT
Myx- = ke GPPIT°M §|:<“|<\/° (GPPWM + GPPV° M )

where MP is the pseudoscalar exchangé ampiitude and MV and M: are the

exchange amplitudes corresponding to vector and tensor coupling of the

vector meson to the nucleon. o] and(}ppﬂb are the coupling con-

e}K*Kh

o is the coupling

*
stants of the pion to the K K.and pp vertices; fK*KV

constant of the vector meson to the K K vertex and GV o and GT o}
. _ ppV - PPV
are the vector and tensor coupling constants of the vector meson to

the nucleon.

Donohue (45> definés%.
v - ’ T .
X = Siwve Gppyo  ana v = $ietive Grpyo
3“*'\'”" G‘Fprr° gK"KTf° prﬂ" :

The amplltude for K (892) production can then be written

My (ME_x MY-gMT).

= it prm
*
i} * is known from the width of the K ; (892) and G _ o is known
K Kt ™ ‘ F ppm
from pion nucleon interactions. The coupling constants associated
with the vector exchange amplitudes are not known<experimentally, and
must be fit to the data. x and y as defined above appear gquadratically.

in the différential cross section and in fourth order in the chi square

X2 - zu EI (92T B cenry.

The procedure of Jackson and Donohue was. to seleét the values of
X and y which'gave the lowest value of the x2 for the'differéntial
“cross section at 2.64 GeV/c and use thesé values to‘predict the
differential crosé section at 2.1 GeV/c and the decay correlation

parameters at both momenta.



Figure 60 shows a contour map of the x2 for the differential cross
secfidn at 2.64 GeV/c as a function of x and y. Two regions are seen
to have X2 less than 100 (for 16 data points). These have X 4z * 2.5.
positive x corresponds to constructive interference between the pion
exchange amplitude and the vector coupling part of the vector exchange
amplitude, while negative x corrésponds to negative interference. The
différentiai cross section is relatively insensitive to y because the
tensor coupling amplitude'MT is not as large as the vector coupling
term MV at small moﬁentum transfer, and thus cannot interfere as much
with the pion exchange amplitude. .For constructive interference
between the pion and vector exchange amplitudes the differential cross
sec%ion will rise rapi@ly in the extreme forward direction where the
pion exchangé‘amplitude'is large, while‘for destructive interference
the differential cross section will turn over and decrease .in the

extreme forward direction. The data at 2.6k GeV/c clearly rise in the

65

extreme forward direction favoring constructive interference. The region

near x =-2.5 in the X2 contour map shows a dip because it fits the data
at larger production angles where there is no pion exchange ampiitude to
interfer with. The region near x = 2.5 has a much deéper valley because
it fits the differential cross section at both‘large and small mozentum
transfers.

Figure 61 ébmpares'the predictions of the model for (x,y) = (2.5,
1.1) with the differential cross section aﬁd decay correlation para-

(46)

meters as measured in this experiment. The experimental data

points for the decay correlation parameters are given in terms of the
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N ,
spin density matrix elements for the K ; (892), which are linearly
. 2

related tc the decay correlation coefficients defined earlier by:
R A L TPWINUEE ¥ X}
IF 7 i

The predictions of the model represent the production angle (or
momentum fransfer) dependence of the differential cross section and
decay correlation parameters weli at all momenta but predicts too
smali a total cross section at 2.1 Gev/cf This difficulty in predic-
' “ting the absolute cross sections of reactions where vector exchange is
involved is‘well known: The problem stems from the fact that the
exchange of a pafticle“of spih J yields a Born amplitude with an
:energy dependence SJ, where S is the square of the center of mass
energy. The cross section thus goes as SgJ—l. This predicts that the
total cross sections for reactions wheré vector exchange occurs will
increase without bound with increasing beam energy. Absorption as
- used here cannot effect this energy dependence. Since all resonance
production cross sections decrease-wifh increasing energy, models
employing vector exchange cannot hope to give the correct energy
dependencé of the cross section.

The reaction K p —a??%_(892) N*B/E:(l258) is an excellent one to
test pfedictions of the ;bsorptive peripheral médel since its quali-
tative features appear to result from the domination of the pion
exchange amplitude. This is not surprising since the pion and K- are
strongly coupled to the K*Aand the pion and proton are also strongly

*
coupled to the N'. The unmodified Born amplitude for single pion.

- Co* *
exchange predicts no joint decay correlations between the K and N ,
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and only the coefficients of cosgg‘* and 1 + 3 cos2©N* for the

K
individual decay distributioné non-vanishihg. Since the analysis
of Sectlon XI indicates the_existence of joint decay correlations
between the Kf and N* ags well as other non-zero coefficients for the
‘individual decay: distributions, it is of interest to see 1f the
absorptive correction to the one pion exchange periphergl model can
‘account for them. Since all of the coupling constants in the problem
are knbwn, the absorptive peripheral model with one pion exchange is
able to make absolute predictions of the differential cross section
and combined décay angular correlations and no fitting is nécéésary. (72)
Before discussing the detailed predictions of the pion exchange

absorptive model for this reaction it is of interést to compare the
experimental results for the joint decay angular distribution in the
extreme forward direction with the purely kinematical restrictions
placed upon them. In the special case of zero producfion angle there
are in general only three non-vanishingvhelicity amplitudes. This
requires that manygof the joint decay angular distributioﬁ coeffi-
qients'must vanish in the forward direction, and establishes relations
between some that are not required to vanish.

~ These restrictions‘are most easily discussed in the spin density
matrik formalism. The decay.angular distribution of a resonance is

(59)

determined by the spin density matrix. For associated production

of two resonanées a joint spin density matrix is defined which deter-

(60)

mines the combined decay angular distributions of the two resonances.

P ¥ *
Leté;i;ﬂuijZQL, describe the spin populations of -the K and N- each

in its own rest frame and FEN"MJ; nn' be the joint spin density matrix.
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Then :
k¥ NF |
‘fm,_m’ - ;n: R/mm: mm amd’ Soam*= % R””””)’ mm’

The joint decay angular distribution coefficients measured in Section

XIT are related to the spin density matrix elements by:

35K 2 o Kf 12 K¥
Cy= > c,z-12 o™ o,z 12
N A== 3T iF fle $1o
PL ‘ ,
Gy L-4%s o - F gt _ 3 ¥

C’:—'— |
1 5 (Cl C‘I‘) - c:Z'Rc.o 33

Ci = gq ﬁi(ﬂx- 113 +E11 3-1)

_ a4 5 |
'qu—-g-i-—? R&(Rl-l‘,-lj "‘ E1-1;3-l) o

Donohue(52) shows that in general

*
O‘Eoo 33___”»/»1.]__3.? 32’]

and in the special case of production in the forward direction (zero

~ production angle)

Reo22 =0, RRurinszo, 650



K¥ o w¥ N
&-ﬁ.o;o> Rﬁ‘g-lzo HQ f.?l =0 amd

AF

o ‘ ra oF
| R Raiass-1] £ JalL- 850 28d) 5
thus /'/'n. the extreme Forward directiom

Cg';:())‘e,s:o’ 65:09 CG:O’

Cqy = é‘*i\)?(el",(z#) , C137-Caa  amd

&

|Cral €2 1+205 (Cy-cy)-15 CF r10Cacy
Furthermore, if the helicity amplitudes all have a common phase
(as, for example, is assumed in the absorption model) then the
inequality of the last relation becomes an equality. Since these
relatioﬁsVare purely kinématical and do not depend on any dynamical
modei, they can be used as consisténcy checks on the most forward
measurements 'of the joint depay angqlar distribution parameters
Inspéction of Table 20 and Figure 52 shgws_that the maximum
likelihood solutions for the joint decay correlation parameters in
ﬁhe'forward most production angie bins afe guite consistent with the

‘kinematical restrictions above. Cg’ 03’ C., and‘C6 all approach zero
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in ﬂhe‘forward direction. Although "! is on the average much

Gyl

larger than Cll’ in the forward directiion C19 is quite consistent

with —Cll. %Tom the values and errors on Cl

forward production angle interval one obtains 1/5-+J-7§ (Cl 'Ch)'z

~and Cu'in the most

.52 + .05, which is in very good agreement with the measured value
of C7 in the most forward production angular interval .29 % .09.
In genﬁer.al, C7£ % +E (Cl -Cu) at all measured production

angles indgcating a small value of R even away from the

00333
forward direction. The inequaliﬁy limiting the magnitude of Cll and
019 in theifor%ard direction is impossible tovtest in this experi—
ment since'&he expfession under the fédical is the difference of largé
quantities éach ﬁithvappreciabie' error.. Thus the uncertainty in

this upper'limét is too large for its central value to have any
meaning. |

(61)

Jackson and Donohue "have calculated fhe‘predictions of the
one pion exchange absorptive peripheral model for the differéntial
Cross seétion and joint decay angular distribution parameters at
2.64 GeV/c. The results are shown as solia curves superimposed upon
plots of thevmeasuredvvalues from this experiment in Figures 62 and
.63. Figure 62 displays the differential cross section for the
reaction K p —aif%_(892) N%B/2 (1258) at 2.64 GeV/c with the predic-
tion of the‘pion exchange abéorptive modei superim?osed. The agree~
ment*betwéén the predicted and measured values is excellent, espec-

cially since the model predicts both the,shapé and normalization of

the solid curve. Thus the model describes well both the total cross



X

section ané;ﬁrbduction angular distribution.

Figﬁre 63 shows the one pion exchange absorptive peripheral
model predictions for the joint decay angular correlation parameters
measured in this experiment,'superimposed upon the measured values..
Qualitatively the agreement i1s excellent. The model predicts non-
negligible values for Cl’ Ch’ C6’ and Cll’ and 019, and very small
values for 02, 05, and C

. It predicts that C,, cu,'c , and Cy

> 7 1

should have positive sign while C6 and 019 should have negative
sién. The predictions are born out in the data in the forward direc-
tion. Quantitaﬁivély the model also does very well in the extreme

forward direction. The measurements in the most forward angular

intervals agree well with the predictions for all decay correlation

parameteré measured. The model predicts the production angular

dependence of 02, CuJ C6 and C “excellently. The experimentally

11

measured values for Cq, 05’ s C7, and Cl seem to decrease more

C

, 5 9
rapidly with increasing production angle than the model predicts.
Some of the assumptions involved in the absorptive peripheral model

become less valid as production angle increases away from the for-

" ward direc%ionz'so that the minor disagreements between the model

and the experimental measurements at increasing production angle are

not surprising.

(55), (52)

Donohue pdints out that the ability of the absorptive

peripheral model with pion exchange to describe the experimentélly

observed joint polar cosine decay correlations in double resonance

(57), (62), (63)

production in the past, may stem from its ability-
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to describe the indiyidual polar_coéine distributions and from the
fact that.$°°333 (which is kinematicélly éonstrained to be zero
in the forward productionvdirection) is slowly varying with produc-
tion angle. Donchue Suggests'that a stringent test of thejmédel
would be a measurement.of the only tWo joint spin density matrix
and Re R

elements (Re R . ) which explicitly involve joint

10331 1-133-1"

‘decay angle correlations; and are not required by kinematics to
vanish at %Le:fprward production angle. = Such measurements would test
the ﬁodéls ability ts describe Jjoint dé@ay angular correlations
independent of its ability to describé the individual decay angular
distributions. | : L

fhe Jjoint spin density matrix element Re R is measured in

1-133-1

this experiment throught its contribution to Cll and C At small

119.

production-angles

-
. A
19 1 5@ E 1-1)'3_’1
since Rl 1:-13 is kinematically required.to be zero in the forward .

-13- )
. direction.  Inspection of Figure 63 shows that in the most forward

production.angle<interval (1 to.9), the absoprtive peripheral model

predidfion for Cll and 019 agree very well with the experimental

measureﬁents. Thus in the forward direction the absorptive peripheral
‘ﬁodel with single ﬁidnvexchange giﬁes an excellent aécount of the joint
decay angular correlations as well as the individual decay angular
distributions for this reéction at thié energy.

B. The Regge Pole Model
(47)

Kaydalov and Karnakov have applied a model of several Regge



ﬁ"oles to resonance 'production in pion nucleon and kaon' nucieon
reactions at intérmediate energies.

Analytic continuation indicates that the t-channel helicity
amplitudes for the reactions may be put as a sum over the singu-

larities in the complex angular momentum plane as

- X ()
MSoer = 58] g )(5)  r oL ]

Where an )A‘)AM is the t-channel amplitude for AB helicity of the
final state baryon, /\M helicity of the initial state nucleon, and
Am helici”lcy of the final state meson. o (t) is the position of the
,{_ﬂ' siﬂgular'i}:y in the complex é- plane and So is the minimum physical
value of 3. Bi' is a generalized residue function. The sum' is to be
tak;en over all singularities lying to the right of Re;) =V .

In a model accounting only for poles in the;) - plane this re-

duces to

MAaA;S,\’:’ = Zétcf) (1‘:)/5* e) (£ )

where the factorization of the residues of the poles has been taken

°(/$e(-‘£)

into ac%‘gount. o{ﬁ(t) is the position of theﬁﬁRegge pole and
Eettr =-[1+ %/’te-iﬂ”cfﬁéf)]/simﬁ'ofm( )

is the 'sf;gnatufe factor, ij being the gignature of the,kﬁpole.

/6‘&(40) is the res:Ldue function for each vertex. Egch Regge péle has

definite quantum numbers: signature E&’ Aparlty _E 5 isospiﬁ T, and

G—parlty G. Conservatlon of G and P require that the residue func-

tions have the following propertiés:

I =t Rt B (0™ g

>
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.Where P-M’ EB’ SM, and SB are the parity and spin of the final state

baryon and meson respectively. Using these properties and assuming .

that the dominant singularities have a definite value for the pro-

duct 'P—P'J Kaydalov and Karnakov derive for the helicity amplitudes

| Mg -An Sa-/
Morgogan = (1) 8 BB R (-1)% 7 Mag),

Sm+1

Mg M, -Am = (-1 P B By, (-1) Magan,am

while if the dominate singularities have a definite value for the
product ( —l)T _EQG then v
' Tp A5-A M, o
M)‘KDXI\))I\M - (-l) -3 G( 1) -AM. M;/\M,
The possible contributing Regge poles are divided into two
classifications: poles of type a which have the properties E'Ee:
+ 1 and ( l)Tf G=+ 1, and poles of type b which have Ef_ -1
T . ) . _ . B
and ( -1) EQG = + 1. Poles of type a would be, for example, L,
p : : . , '
_E > -?,v Ag,w, and: @ Regge poles while poles of the type b woula
be the = and B poles.
Using the relations above between the helicity amplitudes and
the general relation connecting the final state vector meson's

spin density matrix to the helicity amplitudes

| L (5,8 (s,
fy"(s’i) AZ)\ M/\a)w) MM&A\M/M
: 8

Th



Kaydalov and Karnakov obtain:

5’11:”[]1\’17:/,_1! M e M ] ]

$i1

;L a - .2 a ‘
——[IM,JL,A My, I M 117

See =51 Mw;,o'l S0 75 M/ /z;LM/z/z

a(s) ; ‘ ‘ ,
where P4 - ‘are the contributions to the t-channel helicity
MiAp, A '

amplitudes from poles of type avand b regﬁectively and N is a

normallzatlon factor (EL = 1) which gives

» - oo
N = ZIM)GM,\\ =[s- (/M,u/u)'ﬂfs ("MMy £ )]olt

0"1“ is the %agsaof'the target while p is the mass of the beam part-
icle. These expressions show,thaf 520 and EHL) can only come from
poles of type&g While Szl_ahd,J;_i can arise from both types of poles.
Also, these reiations'imply |

f ("?11'?11)‘&,?10!
for both pole types. ‘
. i

Assuming a small gontribution from the B pole, the behavior of
the spin density matrix elements for the k*—% (892) in the reaction
Kps K*—p, éan be deduced soley from the contribution of the 7®
megon Regge ﬁole even though there is considerable contribution to
the productioﬁ amplitudes from other poles. jzois obtained from

£ 2 (ST) /98

olt It
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where

(jf ’M/L'/zo’ /‘l’m"’

andChT/cit is the experxmentally observed differential cross section.

'E is the energy of the K in the Lorentz system. The helicity

o

amplitudes'for the © meson Regge pole'contribution may be explicitly

expressed as

M/ ’/1. o - C (E)\[:E g——(t)ﬂt (MKf /MK)z][t (’"’KJFFIM )a:{ eA et

(
MY:./:. 1: - C’,,_(E)t gv(*—)dr(ﬁ)[t (mter -, T L& - (it s om )ﬂ@’\l E)t

.',The E- dependence of the parameters is written: _
e = Cf(r:‘,)(f—a)%“’ amd ACE) :,\f<e°>+e/,7'(o>/9ng.°
The ﬂ°pole trajectory is approximated by a straight line and
CECE")- is obtained by extrpolating le/z,o to the n°meson pole t =
.m %, and'using the K-ﬂbK#- and p ﬂ?p coupling consténts;‘ Kaydalov
and Karnakov obtain the other parameters of the‘pion pole by fitting
the diffeféntial Cross section‘fbr the .reaction K#nif>K#§_(892).P

, and fpoles

at 2.5vGeV/c (6A), in which they assume only the =, Ay

contribute.

Using the relation connecting £ . to the helicity‘amplitudes and

10

-

the above explicit expressions for the n® meson Regge pole amplitudes-
. gg

one obtaings: Ar) t

G 0(7,—(1‘:) E e
- - oo
,?"" CTLLE - (M -”ﬂx):‘JL' £ - (e +am)’]
j;d is real if the only dominate pole of type b isvthe 7® meson.

S;-l can then Be obtained from the relation connecting the spin

density matrix elements, which becomes
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Thus, knowing the experimentally measured differential cross
section and the contribution of the nxmeson Regge pole, all of the =

. . g o
spin density matrix elements of the K 3 (892) in this reaction can
‘ 2

be expiicitl&‘calculated. The parameters entering into the expres-

‘sion for the n"meson contribution to the helicﬁty amplitudes have

been determined from other experiments involving different reactions

‘at different energies.

Figure 64 compares the predictions of this mode to the experi-
mental measurements for the reaction Kp *aKf%_(892)f> at 2.64 Gev/c.
Figure 6l4a shows the experimentally measured differential cross
sectien. The solid line ie-just a smooth curve drawn through the
data points. The dashed curve is the pion Regge pole contribution
(%*9::; as calculated by Kaydalov and Karnakov. Figure 64b shows
the'experimental data for j;,and the predietioﬁ of the model; which.
is just the ratio of.%he dashed and solid curves of Figure 6la.
Figures 6L4c and 644 display the experimentally measuredrdeta points
for Re EEO and S?_l,kalong With the predictions of the model as
derived from 5;busing the relations abbdve.

As seen from figure 6k, the correspondence between the data and
the predictibns of the model iS»eXcellent, especially.since these
predictions are notbfifs to this.data. The fact that the parameters

entering into the model were determined with different reactions at

differeﬁtvenergies, and these parameters obviously describe this

data, argues strongly for the general validity of the Regge pole model.
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In order for the model to éredict.the differential cross éection,
the relative contributions to the helicity‘anplitudes from the
various poles of tyne;a must be known. -Since there is a large
number of such polee.fhat may contribute to this react;on, a fit
to the differential cross section would involve too many parameters

to be practial for this data. fHowever, wnen additional data at
dlfferent energles becomes avallable for both K P and K p inter-

actions then these relatlve contrlbutlons can be measured.

C. The Quark Model

Bialis, Gula, and Muryn (51) ha#e considered the problem of
doublevreeonance production in the generalized quark medel of high
energy ecaétefing.' Tney derive the folloWing’form for the joint
rdecay angular dlstrlbutlon of the two resonances

16"“&\’\/(9« @t - PFCPP) - 1+A (&Xo( +Xﬁ) +‘L(""A) X“X/Q
t3(5+A) R Yy &Yg+8£w+x,e)&)’.e PR+ R YR ]
 CImYuxImYe + D 1 2 ﬁo 26 + FIm Zadm Za

where X = 1-3 cosge, Y = sin®o e ,2— sin 20 €% @nd. the index «
denotes the veetor meson While the index B refers to the isobar.

The five parameters, A,.B, C, D, and F depend upon the assumed
1qdark-duark intefaction and are different for different-reactions;
Since this model predicts that the joint decay angular distribution
can be described by only five independent parameters, it_provides .
relations between the 19 joint decay angular ddstribution parameters.

Some of these relations can be tested by this experiment for the



reac+1on K p ~>K21 (892) N 3/2 (1238).

The above’ expre551on for the joint decay angular distribution
implies fhe following relations between the joint decay angular cor-
relation coefficients measured in this experiment: Cl =2 Ch’ C2 =
2 G5 C5 = Cg =0, C; = =1/5 + (1/P Gy, and Cyy = /g - (1/2) Cre
These relations imply that the individual decay angular disfribution
for the K 1 (892) will ve tw1ce as pronounced as that for the N 3/2
(1a58),>that the 6% 6% joint correlation follows directly from the
individuaf*angular distriﬁutions as well as the cos 2 @K* cos 2 @N*
part Qf'the @K Q * JOlnt correlatlon.,Also the JOlnt decay correla-
‘tion coefficiehts Cl’ Ch’ C7,and Cll all depend only upon the 31ngle
quark.interaction parameter A. '

These rather stringent conditions can be testgd by inspecting
Tables 18, 19, and 20 or Figures 45, 51, and 52. 'The model appears
to fail rather badly.at 2.1 GeV/c where Ch is generally larger than

C However, at the higher momenta the model seems to give a better

1
account of the data, especially in the extreme forward direction

where it seems to describe the data rather well; Since the rélati-
vistic corrections nece sary for the descrlptlon of spin are neglec-
ted in‘the quark model, it may be that invthe“extreme forward direc-

tion these corrections are minimal, allowing the quark model to give

- a good deécfiption of the data.

9
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Appendix

The High Mass Kon” and,ionoﬂ_Eﬁhancementé

In the general analyses of the reactions K-p;e P Eoﬂ_ and
K_p-e bﬁonoﬁ-, described in sections VII ‘andIX, two rather ﬁarrow en~
hancements with masses at 1280 and 1400 MeV Wéré included in‘the Ko~
and.fpnon- mass spectra of the respective reactions. This section will
attempt to motivate that procedure.

Figure 65a shows the Epnoﬁ_ mass sQuared distribution for all
P Konon- events in the experiment. The.arrowsiindicate where other
experiments have repOrtédvstructure in Kxn mgss.spectra.(u2> The bin
width of .03 (GeV)2 corresponds to the avefaée resolution over the mass
squared spectrum and repreSents a width of approximafely 15 MeV in mass
for the lower mass values and 10 MeV for the higﬂér ones. Phase space
for 2.1 GeV/c, which accounts for around one fourth of the events, ends
at 1.8 (GeV)Z.

Figure 65b shows the same data with the predictions‘éfvthe

maximum likelihood solutions, assuming no Kmxt enhancements, superimposed.

These solutions were obtained at each momentum. The predictions of these

sélﬁtions for the K° ﬁoﬁ; mass spectrum were then added to construct the
solid cﬁrve of Figure 60b. The sharp discontinuity at 1.8‘(GeV)2 frém
the 2.1 GeV/c.events is evident. The curve systematically oveféstimates
the data.for lower‘mass squared values and underestimates itAin the
regions corresponding to mass values around 1280 and 1400 MeV.

The higher mass region may be more clearly seen in Figure 65c¢

where the Koﬂoﬂ_ mass squared distribution is plotted for 2.60 and 2.70
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GeV/c. Both of these momenta are above threshold for the production of

i/e

of the maximum likelihood solutions superimposed, assuming no Kmxn reson-

the K* (1400). Figure €54 shows the same data with the prediction
ances. The curve is normalized to the total number of events inthe plot.
) Clear_enhénceméntg are observed in the regions of 1280 and. 1400
MeV. Fach exhibits a full width a half maximum of approximately 50 MeV.
These enhancéments were iﬁcofporated into the general ahalysis of the
P %% final St;te'éescribéd in SectionIX. The,@ass_and width of these
two enhancements were solved for at 2.60 and 2.70 GeV/c. ¢ombined, and
these valués were used to soive fof the amounts at each of the momenta.
Tablé 12 gives the SOlution values for the amounts of these two enhancg—
ments at each momenta. Table 13 gives their masses and widths as ob-
tained from the maximum likelihood.solutions on 2.60 and 2.70 GeV/c
events.

Figures 65e and 65f show the data of figures 65a and"65c with
the predictions of the maximum likelihood solutions including the Kor®x”
1280 and 1400 MeV enhanceﬁents. Here again theacurves are normaiized to
the|fotal number of events. As can be seen, the inclusion of the 1280
and 1400 MeV enhancements, results in a much better correspondence to
the K%n x~ mass spectra. |

| Table 12 shows.a lafge amount ('é{ 9 O/o) of 1280 MeV enhance-
ment at 2.1 GeV/c even though no clear cut bump in the Kom n ‘mass spectrum
is observed. Figure 60g shoWs.the Eonon— mass squared distribution for
2.1 GeV/c, ﬁifh the predictioﬁ'of the ma#imumflikelihood solution assum-
ing no 1280 MeV enhancement, and figure 60h the same except including the

1280 MeV enhancement. HClearly the ‘inclusion of the Kxn 1280 MeV enhancement
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in thé model gives a better correspondénce to the data.

étrqcture in the N*(1258).decay polar cosine distribution
couid give rise to structufe in the Eonon- mass spectrum. This could
give rise %o buﬁps ih the 1280 MeV fegion of the'foﬁon- mass at 2.1
GeV/é and iﬁ the 1L0OO MeV region at 2.60 and 2.70 GeV/c. HoWever,
the maximum likelihood solutions of Section XI , which included these
decay correlations for the N*;/g (1238) associated with the k*_l/2(892),
gave nearly the same fractions for the Knm enhancements as did the

N : ' ’ *
solutions of Section X which did not include them. Thus the N (1238)

3/2

decay correlations seem not to.be'responsible for these enhancements.

;Figure 66a shows the Kon°r~ mass spectrum for events in the

Rﬁo(892).@ass region at 2.60 and 2.70 GeV/c. The ehhancements at 1280

and 1400 MeV are clearly observed, and.appear)to ée strengthened by the
ﬁgo(892) mass selection. Figure 66b sﬁows the X%x°x” mass distribution
for events in a mass interval ceﬁtered around the K*-l/2(892). ‘Here

again the enhancements at 1280 and 1400 MeV are seen, but are considerably

' —% .
less pronounced than for the K ° (892) selection. This is to be ex-

1/2

% .
(1400) since the branching ratio

pected for the K 1/2

R(T) =

R(<E KfCg3a> 1T°)

RUKT » K2 tgaay )

is one half for T ¥.% and ‘two for T = 3/2. However, the enhancement at

. : . —¥
1280 MeV is also much more associated with the k%" (892) than the

. . ,
(892). These simple considerations might suggest that, if the
1/2 . ’

«
1280 MeV enhancement is a resonance, then its isospin is one half.

However other effects can cause the two mass plots to differ.




* . .
First, the N 3/5(1258) decay correlations reflect much more in the

* \ .
K 1/2(892) events than the i l/2(892) events since there is four times
.
as much N 3/2(1238) assoc1ated with the K l/2(892), than with the
. %o .
| 1/2(892) Also, since there is more K l/2(892).than K l/2(892)
| * ‘
in the final state, the reflection due to overlapping X is larger for

the X 1/2 (892) events than for the K 1/2 (892) ones. Also, for the |

case. of the 1280 .MeV enhancement,’the J?(750) mass band exactly over-
laps the two K%K892) mass bands where they overlap each other. Thus if
this-enhancement is also associated with -.59(7503, this will further
'compllcate thlngs. However, there isano significant enhancement in the
' ﬁonf mass spectrum in the reglon of the j’ mass.‘ €) In addltlon,
Iinterferepce effects can'further complicate the proPlem.
vIn order to allew for possible_two parficie decay modes, these

enhancements were included in the general analyeis of the p Eon- final
state as Ko resonanees with the same masses and widths of the Eononf
effects. Table 7 shows that theISOlﬁtions.found non-negligible ameunts
for both ephancements in the three particle final state. . The amount of
*1/2(1400) found in the three particle final state is consistent with

(29)

the world averaged value for its two to three partlcle decay modes.
The solﬁtidﬁs for the three particle final state ehow ae much 1280 MeV
enhancement in the K°x mass.spectrum as;the 1400 MeV one.

Clear ?esolution into two diséinct peaks is not seeﬁ in the ‘
‘high-mase regienmof the Koﬁ- mass spectrum of the p Eoﬂ- final state.
' However a broad enhancement is c¢learly visible there. The association

of this broad peak as two narrow enhancements is made solely from the

. . ' -0 O - _. , v
information of the p K x n  final state, and-is clearly only an assumption.



Thus, the Eonon_ mass spectra in this experiment show two
statistically. significant enhancements in the X" mass at 1280 and
*
1400 MeV. The latter is associated with the well known K l/2(]}#00),

although the width observed here is somewhat narrower than observed

(66)

in other experiments.
The enhiancement at 1280 MeV is not easily associated with

reported resonance phenomena. It could gorrespond to the reported

L (67)

* ; ,
K (1320) enhancement appearing at a somewhat lower mass or perhaps

(68)

*
the K (1212) (c-meson) appearing at a somewhat higher mass.

It might also be a so far undiscovered resonance phenomenum

o (69),(70)

or perhaps a "kinematic effec However, it is difficult to
imagine a possible kinematic mechanism that could produce such a narrow

{ bump in the intermediate region of the Eoﬂoﬂ_ mass spectrum.
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Table 1

"« pathlength, ratio of #~ to K~ pathlength and ratio of i~
to X induced events in the two pronged plus vee topology. .

- (%)

Momentum ol pathlength(eg) x [K nx /K

GeV/c. ev./mb. total 2 pronged + V
2.1 L ATRT0 .05+,01 .003

2.45 150477  LOT+.04 . .006 -
‘258 5904165 .15+ .04 .01k

2.61 1040+260 .15+, 0k .04

2.7 1180+260 3408 .031

(¥) The numbers in this colummn were celculated using the central values

of column'three', and ‘the ‘#atio of cross sections for x P —D
(33),(34) . .. .

2 pronged + V in this energy range.



Table 2

Optimum short length cutoff parsmeter "1" for inner fiducial
volume boundry, for the three and four particle final states at

each momentum, and the correction it produces to the total cross

section.
Momentuﬁ 3 particle
GeV/ec. final state
centimeters
2.1 3
2.45 .2
2.58 A
2.61 “ .7
207 ‘3

. Fractional L particle

correction final state
centimeters

No Al .
LOk2 3
.0b2 .2
.060 5
.0k0 .5

Fractional

correction

.059
.058
.060

.062
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Table 3

Distribution of ambiguities amoung the 'I-(o hypothesises for the one

constraint events
- =00 - : .
A. KpopK'nn (5123 events total)

Reaction . Number of ambiguities
| with K"p-p_piouon- -

K—?-yp‘l.(o'ﬂ- ' 16
- -0+ -

K_p-bn§8n_n 217

K popK n + missing mass 5k
- -0 + o

K pdK n n + missing mass 179

B. K P-prkn s~ (4571 events total)

Reaction . : Number of ambiguities
with K p-onkon n-

135

- =0 -
K pdpX 7m = 21k
K‘fp-opioﬂ- + missing mass 298

K'poRox 1~ + missing mass ' 22
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Table &4

A. The number of three prongéd events f‘oundvon the original scan,
the number estimated to be in the sample and -the pathlength, at

each momentum.

Momentum Scanned Estimated Pathlength
GeV/c. three prongs three prongs events/microbarn
2.1 6966 T129+157 6.656+.022
2.45 - 1810 185245k 2.020%.007
2.58 3367 3445486 3.960+ 013
2.61 ‘ 5786 5920+130 6.881+.021
2.7 * ., 288 2951+TT 5.548+.012

. Values of the various constants entering into pathlength
calcula‘bion(eg) (see text).

a;c %.-

m- By

L.:Nq—

R,- = 2097+ .038 &HSt oY , 2. 581 £ 024
' T L.6lok 03"9 Q.70 £, 035 GeV/e.

¢ = 2977925 x10™° om/see;‘., - 2(1.235 +.006) X 16 Sec.
My~ =. 49382 1. 00011l GeV. | 813-057'.‘5.001




Table 5

: The total estimated number of two pronged plus vee events and

those resulting from K interactions at each momentum.

Momentun Total K
GeV/ec. two pronged+V two pronged+V
2.1 29603 . 2951k4+974
2.45 | 9034 . 8980+296
2.58 . 1708k 15845+556
5.61 | 30322 © 29897+987

2.7 X 15868 a 15376+507



Total cross sections for the reactions K’p-»pﬁon' , K-pépﬁoxon—

v T e - + -
and K»p-anon 5w  for each momentum &8s measured in this experiment.

These values include corrections applied to the observed numbers of
: : .
events for unobserved neutral decay modes of the g’ (2.886)&29)

Momentum
GeV/c.

2.1
2.45

" 2.58
2.61
2.7

- -l -
K p»pK =
millibarns

1.96+.11
1.7&1.11
1.50+.085

- 1.52+,084

1.42+.,079

- <0 0 -
K ;pappKon n
millibarns

L T25+.043
1.02+.068
1.11+,066
1.14+.065
1.22+,069

- =0+ -
K p-DnKOﬂ b1
millibarns

.663+.,040
.810+.057
932+.056
1.10+.063
1.05+.061



Table Ta

Maximum likelihood solutions for the reactioq“K'pqppﬁonf-employing the model of non-interfering

. Tesonance prp@ﬁction.and Lorenti‘invariant'plase space. Décay angular correlations were included for the ;

| Kf/'a(892) only.

Momehtum
GeV/c.

2.1
2.45
2,60
2.7

Fraction
y’l’( 1660)

.025+.010°

.011+.013
.008+.006
.019+.011

Fraction

¥} (1765)

.033+.01%

069+ .020

.065+.011

.0T3+.020

Momentum
GeV/ec.

2.1
2.45
2.60
2.7

Fraction
3t
N3/2(1238)

.OkO+.015
.066+.020
.061+,010
.OkT+.015

P

" Fraction .

¥*(1520)

.011#.015

.0k8+.022

©.028+.010
.014+.018

Praction

B N¥(1688)

. JOU3+.013
.026+.015
.065+.011
.Ok2+,017

Fraction Fraction

| K§2(892) ¥¥(1280)

+638+.017 .00+.005
59T+.024  .02T+.0Lk
.569+.011 .014+.007
586+.022  .031+.013

‘K§72(892)-D903V Angular Correlations

1

-.098+,032
-.145+,0kh
-.149+.023
-.179+.0k1

C2
=327+, 04k
- -.420¢,065
- 78+ . 034

" - bT1+.063

dB
-.1b45+,0k0
-.197+.059
-.210+.031
=179+, 054

Fraction

K’f}z (1400)

.016+,005
s034+.011

00T



Table b

101

Total cross sections in microbarns for production of the

" principal resonances in the reaction K-p-»pkort-* as inferred from
the total cross section for the final state (table 6) and the

meximum likelihood solutions (table Ta).

(

Resonance Beam Momenta. (GeV/c.)
2.1 2.45 2.60

¥¥(1660) 49+20 19+23 1249
YP(1765) 65+27 120455 98+17
N,5,(1238) 78+29 115+35 92+15

- N¥(1520) 22429 84+38 - ha2+05

' ¥%(1688) o 8weB L5426 98+17
Kl’72(892) | 1251480  1040+80 859+1+0
K*(1280) 0+10 L7+l 21+11

L7 _
K, /2(1hoq) S mee- 0+10

2u+8

2.7

27+16
114+28
6T+21
20+26
60+2L
835+55
4h+18
48+16



Table 8

Maximum likelihood solution values for the mass and width
of th*e_Kf/z(892) and N¥(1688). The errors are statistical only.

Momentum
GeV/e.
2.1
2.45
2.60
2.7

¥t

Mass
K* gev.

.89+,001

.892+.002
.892+.001
.892+.001

~ Width

- K¥* Gev,
.053+,00%
049+, 00k
.06+, 002
.49+, 003

Mass
¥ GeV,

1.676+.028

1.671+.009
1.667+.018

Width
N#* GeV.

- s -

102



Table 9

Maxlmum likelihood solution values and differentlal cross section for the reaction.K:IFoKi/2(892)p for

the various production angle intervals at 2.1 GeV/c.

Interval Number Fraction [Kl (8925] K{75(892) Decay Angular Correlation
-events l/2(892) mb/steradian ' Coefficients

c, c c

1 2 ’3
.97-1.0 190 .635+.057 ' L5+.05 26+.12 -.13+.1k -.34+.13
.94-.97 163 .870+.051 .52+ .05 ©L07+.10 -.31.1h -.01+.12
.90~ .94 216 =5 N0 L9+, 0k .09+.08 -.16+.10 -.13+.11
.86-.90 . . 206 819+, 045 L6+ . O C o L08+.08 -3+l -,09+.11
.80-.86 218  .768+.046 314,05 014,08 -.5h+.01 -.244.10
70-.80 29k B62+,040 284,00 - 0T#.06  ~.50H.09  ~.09+.09
.50-.70 351 816+, 056 .16+.01 - .28+.06 =.55+.09 .03+.07
.20-,50 287 .621+.052 .066+.007 - .16+.09 -.45+.15 .09+.12
-.20-,20 362 460+, 040 .0k8+,005 - 35407 -.06+.13 .06+.12

-1.0--.2 478 .300+.030 .022+,002 -22+.10  -.13+.15 .34+ ,13

o1

Ay



Table 10

Maximum likellhood solution values and differential cross section for the reaction X p—vKi/2(892)p for

the various prodiction angle intervals, 2.45,2.60, and 2.70 GeV/c.

Interval

.99-1.0 -
.98-.99

.97-.98

96-.97

.95-.96
e, 95

0925“ 09!"_
.90-.925

.88-.90
.86-.88

Number

events

141 |
173

13k

7

136
175
329
213
185

Fraction

7,02

809+.057

JT5T+.052

.692+.050
.7551»051ﬁ'
STHTH.055

.826+.045
~TT8+.045
.T3k4+.033
S71h+.041
-795+.038

dr[ 1/2(892)]

mb/steradlan

.53%.06-
624,06
.56+.06
L8+.05
.51+,06
Sh+,05 -
L354,0h
L6+.03
.36+.03
35+.03

K*-

/2(892) Decay Angular Correlation

1

Coefficients

¢

. k7410
36+.09
.50+.09
.16+.10
16+.11

.08+.09

- .10+.08
.00+, 07

~.11+.08

- .07+.08

22+.11
.17+.10
19+.10
L3+.13
61+.1k
53+.11
39+.11
5T+.09
69+.10
.62+,10

.22+.,13
.Oli+o13
26+.12
.20+.13
J19+.1k
.25+ .10
33+.12
.12+.08
.01+.09
17+.09

0T



Table 10 (cont.)

| Intervau_ ' Number Fraction ‘ ;%‘g: [K{“/‘E(Bgeij | K’{72(892) Decay Angular Correlation
. events Ki’:‘/"(892) | mb/steradian I Coefficients
| g g ,_
.8h-.86 203 T9H.059 .38+.03 A .10+.08  -.524.10 -.21:.09"”%
.82-.84 160 .686+.052 .26+.03 | - .07+.10 - TO+, 1k -,01+.13
.78-.82 2kg .721+.038 21+.02 - 204,07 -.78+.09 -.17+.09
k=78 200 - .683+.060 .16+ ,02 - 224,10 -.52+.15 .0T+.15
| S70-.Th 183 7114045 .15+.01 SR »01+.09 o -.h7+.12 -.15+.11
65-.70 201 | 625+ 048 .12+.01 - 064,10 =.bTH3 L0712
60-.65 167 o .678%.062 ~ .11+,01 'A ;.193: .10 - .69+.16 .05+.13
40-.60 Lhl Sh2+,029 .058+ .00k - 324,05 -b8+.09  -.04+.08
.00-.40 663 hop+.028 L032+.005 ~36+5.07 - -.63+.11  L.03+.07
-1.0-.0 838 151+, 030 .0065+,001 | - 3400 -.50k02  -.17+.1d

GOt



‘Table 11

Maximum likelihood solutions for the .K§/'2(892) decay anguler

correlation coefficients for all production angles.

Momentum _ Kf/'a,(892) Decay Correiation
GeV/ec. \, Coefficients
¢y Ca C5
2.1 | -.101+.050 -.3U3+.044 -.101+.039

2.45, 2.60, 2.7 -.095+.019 -.539+.026 -.122+.02L

106



Table 12a
Maximun likellhood solutions for the reaction K p-»pl( i n employing the model of non-interfering resonance

production and Lorentz 1nva.r1ant plase space.

Momentum ‘Fraction Fraction Fraction .~ Fraction . Fraction Frac'ﬁ;lon. : Fraction
Gev/c. ol ol g0 0 Y% O K pdd K®(1280) 54 /2(1l+oo)
a.i ‘. .397+.048 .089+.029 LOT3+.041 .034+.,033 .107+.047  .088+.023 ————

2.5 Lkor.Oh9  .0R6+.0RT .068+, 0k7 .083+.,037 .023+,04ks .010+,027 .02h+, 02k

2.60 - .308+.021  .051+.013  .067+.020 - .131+.019 131025 7 oos.012 .OU2+,011 -

2.7 | “"‘.ehei.oéé © .039+.021  .086+.,033 155+.032 .165+.033 .027+.,019 - .0b6+. 020

10T,



principal resonance processes in the reaction K'p-bpf(oﬂon' as

Total crbss sections in microbarns for production of the

Tsble 12b

inferred from the total cross section for the final state (table 6)

and the maximum likelihood solutions (table 12a).

Resonance Process

Kf/;_,‘(892)n3 7(1238)
‘;72(892)N*/a(m38)

3/2
1/2

1/2

(1238) K T
(8%2) pr”

7 {(892) pﬂ

K¥(1280) p

1/2

(11;00) P

2.1

Beam Momentum (GeV/c.)

2.45

Khots1

27+28
69+48
85+38
23+45
10428

2h+2l

2.60

| BUTH34
57415

75423
136+21
147424
56414
h7+12

2.7

295+42

L48+26
| 105+40

189+39

201+40 -

33423
5642l
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Table 13

The maximum likelihood solution values for the mass and width
of the 1280 and 1400 MeV. enhancements in the Konon° mass spectra

for 2.60 and 2.70 GeV/c. combined. Errors are statistical only.

Enhancement _ Knn(1280) Knst(1400)
Mass R _ 12,;81:7 MeV: 1411+7 MeV."

Wwidth 51422 MeV, 43+13 MeV.



Table lka

‘ - - + - . o
- Maximum likelihood solutions for the reaction K p«»nKQN'ﬂ employing the model of non-interfering resonance

production and Lorentz inveriant phase space.

N Momentum
GeV/c.

2.1
2.45
2.60
2.7

Fraction

.127+.029
.066+.011

.062+.028

Fraction
K"" Nﬁ*

\151+.0kk
.211+.055

L11h+.025

.118+,062

Fraction
.ﬁ&+'Koﬂ-

.095+.0k0
~.008+.050

.066+.02k

.100+.067

Praction
w0

348+,035
2h6+.047

25h+.023

.230+.059

g

Fraction

4+
nx

.220+,047
.217+.060
-315+.030
.289+.078

0Tt
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Table 14b

‘Total cross sections in microbarns for production of the principal
resonance processes in the reaction K p»rkon «" as inferred from
the total cross sections for the final state (table 6) and the
meximum likelihood solutions (table 1lha). ‘

~ Resonance Process Beam Momentum (GeV/c.)
' 2.1 2.45 12.60, 2.7
Yg(l520) g 55+11 103+23 67+11 65+29
7 (892)N /*' (1238) 100+29 171+45 116+2k 124+65
J2(1238) K n 63+27 6+41 - 67+2h 105+70
- (1238) K 231+30 199+38 258+25 2ha+62

K2 /2 (8%2) nn’ 146+31 176+49 ~ 320+36 505+82
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Teble 15

Number of K /0(892) /2(1258) events in the _pKoiton_ and
nK n . final states at each momentum. '

Momentum Final Fumber Fraction Number
GeV/c. state events EEC I k¥ n¥#
21 OO 1217 ML, 056 5468
001 ¢ onK w o 1070 w151+, 0kk 162+47
2.45 T 57 | k66+.056 246+30
2.5  mKrn 435 | 211+.055 . gesak
2.60 . pKo‘x 2699 ,  .359+.025 970468
2.60 Ko 2363 -~ .11hk+.02k 270+57
2,70 oCn'x 1017 - .281+.038 286+39

2.70 K - 868 .118+.062 . 112+5k
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Table 16

Total cross section for the reaction K-p4>Kf72(892)N§72(1258)
for each beam momentum as measured in this experiment. Corrections

havevbeen made for unobserved decay modes and charge states of the
»* g 2 ﬂ
Kl/2(892) and NB/Q(]QjB) .

Momentum ~ Total cross section

v - 3 3%
GeV/c. | K p=d X7 /2(892)N3 /2(1238)
‘ Millibarns
2.1 1.19+.15
2.5 1.71+.23
2,60 | L o1.s2

2.70 1.26+.20
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Table 17

The orthoglnallfunctlons used to expand the joint decay ahgular
distrlbutlon of the XJ /2(892) N3 /2(1238)

Tép=1+50 2.2
453 -
where e is a unit vector along the dlrection of - the K in the rest

frame of ‘the Kl/2(892) and P is a unit vector in the direction of the
nucleon in the rest frame of the N3/2(1238) The coordinate system used
in each rest frame is the "t- channel" coordinate system described in

the text

Z,=V5/2(3€3-1)  Z={@/4 (el-e
23_:—m 18,  Z4=V5/2(3p*1)
=B/ (g*-?) Zo=-VisA' g4
Z'z = 5/4 (3e5-1)(3g%1)
Zg = EEF/X(3€3"1) (‘f’a fa)
Zq=-J75/7(385-1) g
Z45=V150/8 (& —-ea)(B £21)
Zu = 30A4(el-e2) (gL )
Z1a= -15/4 (es-e3) 0B Z:;s: -W?e,q,(ggil) |
2= -15/4(Rig%) e e Zys = 15/aees R
 Bio=15/2 @283 BB Bay =-15/2€26 07
Z13:-15/2 86 ££ EnT15/2 Q€ RE
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Table 18

Decay angular distribution parameters for the reaction K p-»
§f72(892) N§$2(1238) aversged over all production angles at each . .

momentum.
Coefficient’ Besm Momentum (GeV/c.)
2.1 2.45 2.60  2.70

c, .25+.07 .2l .08 324,05  .29+.10
Co .37_1.09‘ ' L3111 " . =.05+.06 .06+.1k
05 ‘olliolo ’028‘:_.12 . -022'.1".-07" -0084'_01)"‘
Gy, .30+.07 ~ .2h+,08 224,05 . .19+.10
C5 015:009 -.Oli‘.lo "01.5:_006 "ooeiol5
Cg - .12+.10 -.Oh+,11 -.02+.07  -.16+.15
c,( .21+.08 .11+.09 16+.05 .23+.10
Cll - .Oli 016 0231019 . 023i0 ll o25‘:.2}4‘

-.20+.17 204,18 -.b1+.12 - ,61+.2h
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Table 19

Decay angular distribution parameters for the reaction K°p-§
-I_('f(/'e(a%) ij/'e(l238) et 2.1 GeV/c. aversged over several production

cosine intervals.

Coefficient | Production dosine Interval
1.0-.7 .T7-0.0 0.0--1.0
c; 30+.13 .21+.,10 © .26+.12
CL“ L] 50'_':. 11“ . . 17;‘:0 10 . 027:!:. ll
c 22+.1k4 2h+.11 JAT+.12
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Table 20

Decay angular distribution paremeters for the reaction K p—b
E¥72(892)‘N;7é(1238) for 2.60 and 2.70 GeV/c. averaged over several
production cosine intervels. ’

Coefficient | ' , Production Cosine Interval

| 1.0-.96  .96-.9  .9-.8 8-.6  .6-0.0
¢, STHO9 314,08 Lhhk+.10 .15+.09 11+,12
C -.20+.09  .07+.10  -.11+.12 .15+.13 -.02+.16
s O7+.10 L0812 L03+.13  -.26+.1h -.63+.16
Cy, 30+.08  .21+.08  .24+.09 .20+.09 .26+.12
Cs 01+.10  -.04+.10  -,10+.13 . -.13+,12 = 28+,17
Cg -.08+,11 .05+.12  -.16+.15 -.1h4+.13 -.21+.17
c, 29+.09  .10+.08 30,11 .0l+.09 A9+.12
Ciy }— 26+.15— b 3bt 1T i .01+.28
c | b= -.16+.13+ = -.90+.16—) . -.12+,28
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Table 21

Differential eross section for the reaction K'p-oi(ﬁe(B%)Ng()?(lQBB)

averaged over several production cosine intervals.

Production Total Fraction

cosine - weighted ‘ k% m# mb/steradian
interval - events '

A. 2.1 GeV/c.

1.0-.7 362.0 Lo+.08 21+.0k
.7-0.0 k35.5 .51+.08 1h4+.02

0.0--1.0 420.,0 .33+.06 .06+.01

B, 2.60 and 2.70 GeV/c.

1.0-.96 - 3k62 .62+.05 S 122412
.96-.9 - 218.8 65+.06 78+.09
.9-.8 413.5 M+ 06 M1+ ,06
8-.6 k2.0 k5,06 27+.0h

.6-0.0 ~1053.0 | 194,03 .07+.01
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Figures



Figure 1
Sketch of the topology (two pronged plus vee) for the events

studied in this report, as seen in the bubble chamber.
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TF+ ov- P

K' beam track

Figure 1
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Figure 2

“a) Dihedral angle between the plane, defined by the normal to the
two pronged plane and the beam direction, and the plane, defined
by the beam direction and the z-axis in the bubble chamber.

b) Dihedral angle between the plane; defined by the normal to the
Eodecay plane andlthe beam direction, and the plane defined by

the beam direction and the z-axis in the bubble chamber.
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Figure 3

*

. Length of KlO for shorter length Kﬁ events, to illustrate scan-

ning bias against short length Ki e%ents.
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Figure 4

Measured mean life of Kio for various long length cutoffs on the

o

length of the Klo, to test for scanning bias against long length

O
Ky

The point marked o©O represents the results of the calculation

events. - Short length cutoff used is described in the text.

for all events in the sample imposing the outer fiducial volume
as the only long length cutoff. The errors are statistical only.
a) Three particle final state events

b) Four particle final state events

0

The solid band represents the world averaged value for the Kl

(29)

mean 1ife and error.
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Figure 5
Sketch of inner boundry of the fiducial volume surrounding each
event. The parameter " £" is loosely termed the short length

cutoff in this report.
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Total corrected number of events as a function of imner fiducial

Figure 6

volume boundary parameter " f'.

chosen.

2)

b)

c)

a)

'_e)_

f)

g)

. h)

i)

- 3)

Outer fiducial volume boundary used is described in text.

2.1 gev/e.

2.1 Gev/ec.

2.545

2.5

2.58

2.58

2.61

2.61
2.70

2.70

GeV/c.
GeV/c.
GeV/c.
GeV/c.
GeV/ec.
GeV/c.

GeV/c.

GeV/c

5 particle final state

4 particle
5 particle
4 particle
3 particle
4 particle
3 particle
L particle
3 particle

. 4 particle

final
final
final
final
final
final
final
final

final

Arrows point to optimum values

state

state

state

state

state

state

state

state

state
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Figure 7
Decay angle of ﬂ+ with respect to
rest frame.
a) 4 constraint eventé

b) 1 constraint events

line of flight of Klo, in X

1

o]
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- Figure Tb
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Figure &

e}

Decay angle of n+ with respect to line of flight of Klo in Kl

rest frame for 1 constraint events.

a) All events with highest confidence level for X° hypothesis.

b) Same, except events with confidence level for A hypbthesis
greater than .005 removed.

c) Same, except events with confidenée level for-A hypothesis
greater than .00l removed.

d) EventS'with confidence level for A.hypgthesis greater than

. .001. (difference between Fig. 8a and Fig. 8c).
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Figure e
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Figure 9

Missing mass squared plots for one constraint events.

a)

by

c)

d)?

Gaussian ideogram for events which fit best K p —epﬁonoﬂ_
Histogram for same events
Histogram for events which best fit X p —apipn_ + missing mass.
Gaussian ideogram for events which fit best K p —>§9n+n—n
Histogram ‘for: same events

. . G e -0 + - .
Histogram for events which best fit K p - K n x® + missing

mass.

1k
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Figure iO
Total cross sections for the reactions
a) Kp —;p‘ﬁon;”
b) K—p - pKon’n” * N
“¢) Kpo Ko T
as a function of incident K- beam momentum as measured in this
experiment. Points plotted include corrections for neutral decay

modes of —KO
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The three two-particle invariant mass plots at each momentum for

‘the reaction Kp - p Kon .

a)
b)
c)
d)
e)

f)

g)

h)

i)

3)
k)

1)

p-f{-o; 2.1 GeV_/c
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i
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Figure 11
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Figure 12
Invariant mass projections "M" for various cuts in production
1ot

cosine "po for the reaction K-p —>pfpﬂ_ at 2.1 GeV/c.
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Invariant mass projections "M’ for various cuts in production
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Invariant mass projections "M " for various cuts in production

cosine
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Invariant mass projections "M " for various cuts in production

cosine

"u'" for the reaction K_p —>p§?ﬂ_ at 2.70 GeV/c.

Figure 15
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Dalitz plots
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Chew-Low plots for the reaction K p ‘apfpn_ at each momentum.
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Figure 17
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Figure 17
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¥
Invariant mass plots for each momentum with K = (892) events

removed (M2 (K'n~) £ .64 or e (-Korr-) > 1.0)

a)
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Histograms of invariant mass "M" for various production cosine

oo

u

with K (892) events removed (M2 (X°r”) < .64 or Va (X°x7) >1.0).

a)
b)
c)
a)
e)
f)
g)
h)
i)
)

cuts at various momenta, for the reaction K-p —>pfpn-

Figure 19
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Figure 19
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Figu;e 26
Chew-Low plots for the réaction X p ~>pipn_ at each momenta with
the K - (890) events removed (M2 (x") <. 6k or Ve (Xx™) > 1.0).
a) pk>; a.l GeV/c
b) pr 3 2.1 GeV/c
c) pK° ;2.4 GeV/c '
d) pr 3 2.45 Gev/e |
e) K ;  2.60 GeV/ec
f) pr 3 2.60 GéV/c
g) pK 27 GeV/c

h) pr ; 2.7 GeV/c
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Figure 21

Comparisons of the data to the prediction of the maximum likeli-

hood solution for the three invariant mass squared projections

and the K on  azimuth angle for the reaction K p — pﬁon_ for each

momentum.

a)

pK invariant mass squared, 2.1 GeV/e.
pr invariant mass squai'ed) 2.1 GeVle.
K°x” invariant mass squared, &.1 GC_\’/"—-

x” azimuth angle, 2.1 GeV/c.

pKC invariant mass squared, 2.45 GeV/e.

pn” invariant mass squared, .45 GeVle.
Xn invariant mass squared, 2.H5 Gevie.
K~ azimuth angle, 2.L5 CeV/c.

=0 . '
pK  invariant mass squared, 2.60 GeV_/c_
pr_ invariant mass squared, Q.60 GeVle.
-0 -, . /
K'n invariant mass squared, @.¢o GeV/C.

Xx~ azimuth angle, 2.60 GeV/c,

~0

pK invariant mass squared, 2.70 GeV/c,

pr_ idinvariant mass squared, Q.To Gevie.
Koﬁ:‘w'\mmqmt' mass squared, 2 70 €ev/e.

Kon~ azimuth angle, 2.70 GéV/c
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Figure 21d 161
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Figure 22
Total cross section for the reaction K p ~;pfpn_ in the beam
momentum range . 6 to 5.5 GeV/c as measured by several experiments.
o Bastien and Berge (Ref. 36)
Wojcicki (Ref. 37)
Smith (Ref. 38)
R. Barloutand et al (Ref. 39)
(Ref. L0)
This experiment

Schweingruber (Ref. 41)

P 4 o « O o0 b

Alston et al (Ref. k4k)
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Fiéure 23
Total cross section for the reaction K p — K*_p, K*_ efon-,
_from threshold to 5.5 GeV/c beam momentum, as measured by several
experiments..
A Vojcicki (Ref. 37)
O cmith (Ref. 38)
uR Barloutand et: al (Ref. 39)
[' 'V (Ref. ko) ?
© This experineﬁt

<V Schweingruber (Ref. 41) -
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Figure 2k
Productioﬁ cosine angular distribution for
the reaction K p —apfpﬂ— for events in the
interval .706 to .88L4 Geve.
a) 2.1 GeV/c

b) 2.45, 2.60 and 2.70 combined

N

1 particle pair in

x mass squared
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Figure &5
Comparisons of the data to the predictions of the maximum likell-
hood solutions for Kf_(892) polar and azimuthal decay angles in
the reaction X p ~>K*;'(892) p. Events plotted have K x invari-
ant mass squared in the interval .706 to .88L GeVE.
a) K polar decay angle cosine, 2.1 GeV/c
b) K azimuthal angle, 2.1 GeV/e
c) K%’polér deéay angle cosine, uppef momenta

*
d) KX azimuthal angle, upper momenta
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Figure 26
Comparisons of the data‘to the predictions of the maximum likeli-
hood solutions for K%-% (892) decay polar cosine "X" and decay
azimuthal angle "@" in the reaction K p —aKf%_(892) p at 2.1 GeV/c,

. . ¥ m
for various intervals in the production cosine "u" of the X 3
, 5

(892). Events plotfed have Epn-.invarianf mass. squared in the

intervél'.706 to f88h GeVE.
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Figure 27
Compariéons of the data to the predictions of the maximum likeli-
* s . \” 1"
hood solutions for the K ;1 (892) decay polar eosine " o™ and
. 2 ,
., - ¥ v
decay azimuthal angle "9" in the reaction K p - K 1 (892) p at
' 2

the upper beam momenta, for the first ten intervals in the pro-

' S ‘ -
duction cosine ,"n" of the X 1 (892). Events plotted have n

. . L 2

invariant mass squared in the interval .706 to .88.4 Gev©.
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Figure 28
¥
Same as figure 27, except for the second ten X 1 (892) production
2

angle intervals.
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Figure 29
Differential cross 5‘ection as a function of center of mass scat-

- e
tering angle for the reaction Kp - XK p at 2.1 GeV/c.
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Figure 30
Differentidl cross section as a function of center of mass
. . : - e '
scattering angle for the reaction K p - K 1 (892) p at the
2

upper beam momenta.
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Figure 31
¥ .
K1 (892) decay angular correlation coefficients as a function
3 :
of center of mass scattering angle for the reaction Kp -

-K*i (892) p at 2.1 GeV/ec.
1 _
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Figure 32
% o 4.
K 1 (892) decay angular correlation coefficients as a function
2 , :
of center-qf mass scattering angle for the reaction K-p-a

Hoa ' .
K1 (892) p at the upper beam momenta.
2 .f<
a) C,
by €y
c) Cj3
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Figure 33
Total cgc;ss section for the reaction X p —)T(oﬂoj'[-f.) in the beam
momentum range 1 to 3.5 GeV/c as measured by several experiments.
A Vojcicki et al (Ref. 48)
O gmith (Ref. 38)
< (Ref. LoO)

O This experiment
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Figure 34
Histograms of invariant mass squared for the ten particle pairs
Eand triplets in the reaction K p - pK x n. at 2.1 GeV/c. The
solid curves are the predictions of the'maximum likelihood solu-

tion. (See text)

a) pK b) pr° c) prn i) ¥x°
e) Tx” £) 7% g) px® h) pKon”
1) pr’n” 3) B |
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Figure 35
Histograms of invariant mass sqﬁared for the ten parﬁicle pairs
and triplets in the reaction X p —apﬁpnon_ at 2.45 GeV/c. The
solid curves are the predictions of the maximﬁm likelihood solu-

tion. (See text).

a) pk b) pr° c) pm a) ®x°
e) Bx~ £) %x7  g) pﬁpné n) pKon”
i) BoxCx”

1) pr’n”
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Figure 36
Histograms of invariant mass squared for the ten particle pairs
and triplets in the reaction K p »pKx n at 2.60 GeV/c. The
solid curves are the predictions of the maximum likelihood solu-

tion. (See text)

a) pk° " b) pr° -e) pr” a) ¥x°
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1) pr’n” §) Ba”



233

- a - b} ' dJ
dfON T G T N
- e .
- Ko™ T

2

A1

_ =
|

-

o0 8 2 % § t B i

* 4 2 or §F 3

g
H
»
S
ot

2. 60O GeVie
Figure 36 -

K"F -—esf Ko —

INVARIANT MASS Sp. (Gev)™



23h

Figure 37
Histograms of invariant mass squared for the ten particle.pairs
and triplets in the reaction Kp —>p§9ﬂon- at 2,70 GeV/c. The

solid curves are the predictions of the maximum likelihood solution.

(See text)
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Figure 38
. . - =0 + -~ .
Total cross section for the reaction K p — nK'x n in the beam
momentum range 1 to 3.5 GeV/c as measured by several experiments.
A’ vojcicki et al. (Ref. 48)
O Smith (Ref. 38)
V (Ref. 40)

©® This experiment

A
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Figure 39

Histograms of invariant mass squared for the ten partic%e pairs

" and triples in the reaction Kp — nKow n_ at 2.1 GeV/c. The

solid curves are the predictions of the maximum likelihood solu-

tion. (See text)
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Figure L0
Histograms of invariant mass squared for the ten particle pairs
and triples in the reaction K p —anﬂ9ﬂ+n— at 2.45 GeV/c. The
solid'gurves are the predictions of the maximum likelihood solu-

tion. (See ‘text)
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Figure 41
Histograms of invariant mass squared for the ten particle pairs
and triples in the reaction X p Bt nT at 2.60 GeV/c. The
solid curves are the predictions of the meximum likelihood sélu—

tions. (See text)
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' Figuré Lp
Histograms of invariant mass squared for the ten particle pairs
~and triples in the reaction K—pe ﬂﬁon+n- at 2.70 GeV/c. The
vsolié curves are the projections of the maximum 1ikelihood solu-

tion. (See text)
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Figure 43

: . - * —%
Total cross section for the reaction K p —» N 5/2 (1238) K 1/2

(892) from 1.8 to 2.7 GeV/c. K beam momentum.
O smith (Ref. 38)
O Dauber (Ref. 50)

© This experiment
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Figure bl
Production cosiﬁe distribution for the reaction K p — K*—l/2
(892) l\T*;-/2 (1238) at each beam momentum.
a) 2.1 GeV/e
b) 2.45 gev/c
c) 2.61 GeV/c

d) 2.70 GeV/e
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'

Figure 145

Decay angular distribution parameters for the reaction X p —
K e * '

K 1 (892) N ;/2 (1238) averaged over all production angles as

a function of X beam momentum.
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Figure 46
Comparlsons of the maximm likelihood soiutlons for the & 1 (892)
*5/2 (1238) Jo:Lnt decay angular dlstrlbutlonu with projections
~ of the data at 2.1 GeV/c
a) K 3 (892) polar cosine "'65".
b) | 5/2 (892) polar cosine " P ",
c) K 1 (892) azimuthal angle " @e".
a) N*5 /o (1238) azimuthal angle "cpp“.
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Comparisons of the maximum likelihood solutions for the X 1 (892)
’ - =

¥* N i
N 572 (1238) joint decay angular distributions with projections

Figure 47

of the data at 2.45 GeV/e.
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Figure 48

" . *
Comparisons of the maximum likelihood solutions for the K ; (892)
2

N .
NB/2 (1238) joint decay angular distributions with projections
of the data at 2.60 GeV/c.

- ;
a) K 1 (892) polar cosine”EB".

2 " :
* . 11 A2 0

b) N 3/2 (1238) polar cosine 7% .

c) Ky (892) azimuthal angle ”@e”.

=

a) N*5 /o (1238) azimuthal angle ”(pp".

e) (€, +€5) /NZ

£) (e, - &) / ¥2

g) (£ +75) / Nz’

“n) (P =) /VE
1) 9,19, |

-9

k)'.e5 for | Lz > .5

1) e5 for 1"-‘!405; <.5

m) 5 ror le ) >.5

n) 'f’B for Ie3l <.5



s cF 3 2 3 3 @

82 ¢t 8 ¢t 31 r 3
P T T T T S T

lllll

| 2 T A .
I T S T )

s o o2 ot o1

260

2.60 GeV/e.

b

| S S S
P S T

g or o

" A ; .
I U R Y B
. -




261




Figure 49

Comparisons of the maximum likelihood soiutions for the I_{*% '(892)
N*5/2 (123.8)' joint decay angular distributions with projections
‘of the data at 2.70 GeV/c.
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Figure 50
= - —%
Differential cross section for the reaction K p » K 1 (892)
. 2
*
N 3/2 (1238).
a) 2.1 GeV/c

b) 2.60 and 2.70 GeV/c
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t “ Figure 51.

Decay angular distribution parameters for the reaction K p —
¥ .

K1 (892) N (1238) for 2.1 GeV/c as a function of production
2 .

3/2
cosine,
a) c,
b) C),
c) ¢

7
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Figure 52

Decay a.ngui‘a-r distribution parameters for tﬁe reaction Kp -
T(*_é_ :(8.92) N*5/2 (1238) for 2.60 and 2.70 GeV/c ‘c‘ombinedA as a
function of production cosine.

‘a) C
b) C)
c) ¢
) ¢
e) C
f) ¢
g) Ci,
h) ¢

i) o
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Figure 53
. —%
Comparisons of the maximum likelihood solutions for the K ; (892)
2 .
* e ‘
N 3/2 (1238) joint decay angular distributions with projections of

the data for various production cosine (u) intervals at 2.1 GeV/c.v

S
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Figure 53




276

===== TIPS S—

o0 . o
[LN 22 .1_—--“ -_---L |58, 00 : /
----- : T . 8 v o

l2o.

I T B

OSHe-1 Ll otut-L | Ao%f‘iv

1o,
—
*. 0 . 0
.. 0 . .. - o —
3 o0 | .400  .W00 .20 .700  .BO0 .90 1.0~ o.n08  ien 450 800 400 W55 .800 .70 80 .08 1.5 950 L186 eve  .wee 4w T oee s 50
2. 0.

ot A2 B fer (451 4.5 L
T

200

o. ——
160 .#o0 .30 430 .G0C 600 .00 @00 .$00 0.0 5 508 .06 .E00  .B50 .4 00 650 T8 800 %62 1.0 oose res Taee T mai —J
3 B N B +4%6 %00 .ase  .7e0 .#20 %05 1.6

N R T B PP |

Figure 53




A,

277

Figure 5&
: %
Comparisons of the maximum likelihood solutions for the K ; (892)
2
*
N 5/2.(1258) joint azimuthal decay angular distributions with pro-

jections of the data for various production cosine (p) intervals.
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Flgure 55
*
Comparisons of the maximum likelihood solutions for the X 1 (892)
v 2
E'a .
N 5 /2 (1238) joint decay angular distributions with projections of

. ¥
the data at 2.60 and .70 GeV/c. for X ;1 (892) production cosine
1 .
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Figure 56
: —%
Comparisons of the maximum likelihood solutions for the K 1 (892)
3

% .
N’5/2 (1238) joint decay angular distributions with projections of

the data at 2.60 and 2.70 GeV/c for k*% (892) production cosine .
<. 9. '
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Figure 57
Comparisor}s of the maximum likelihood solutions for the k*-é— (892)
N*3/2 (1258) joint decay angular distributions with projections of
the data at 2.60 and 2.70 GeV/c for ’I-{*% (892) production cosine . 9 <
w<. 8.
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Fig'ure 58
Comparisons of the maximum likelihood solutions forbbthe K*% (892)
N*5 /2 (12%8) joint decay angular distributions with piojectiér}s of
the data at 2.60 and 2.70 GeV/c for E*% (892) ;production cosine + 8 <
p<. 6. | -
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Figure 59
' —%
Comparisons of the maximum likelihhod solutions for the K ; (892)
2
*
N 3/0 (1238) joint decay angular distributions with projections of

o —%
the data at 2.60 and 2.70 GeV/e for K 1 (892) production cosine .6 <

L
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Figure 60
Contour map of 2 in the ( X, y) plane for the fit of Jackson and
Donohue(u??’ (A6) to the differential cross section of the reaction
Kp—»K 1 (892) p at 2.64 GeV/c., using the absorptive peripheral
C2

model with pseudoscalar and vector exchange, (See text for definition

of X and ¥y).
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Figure 61

Comparison of the predictions of the sbsorptive peripheral model of

(15), (%)

Jackson and Donohue to the measurements of this experiment,

. ¥
for the differential cross section and K 1 (892) spin density matrix
: _ 2

. ‘v kR : - * .
elements in the reaction K p » K 1 (892) p 2t 2.1 and 2.64 GeV/c. The
2 .

( .

values used for the vector exchange coupling constants are ( in the

hs
" notation of Donohue(+/>) (x, y) = (2.5, 1.1).
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Figure 62
Coinparisdn of the prediction of the absorptivé peripheral model of
Jackson and Donohue (61) to the measurements vof this experiment for
the differential cross section of the reaction K p — .I%*% (892) N*5/-2

(1238) at 2.6L gev/c.
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Comparison of the predictions of the absorptive peripheral model of
Jackson and Donohue
the joint decay angular distribution coefficients in the reaction

Kp _ﬁ{*% (892) N*5/2 (1238) at 2.6k gev/ec.

a)
b)
c)

d)A

e)

f)

Figure 63
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Comparison of the predictions of the Regge pole model of Kaydalov
(L7)

and Karnakov

- - * = '
K 1 (892) spin density matrix elements in the reaction K p — K ; (892) P
3 5 ,
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at 2.64 gev/e.
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Figure 65

. =0 0 - . .
Histograms of K n = invariant mass squared.

a)

D)

c)

d)

All momenta
All momenta, maximum likelihood solution superimposed assuming

no Knx resonance structure.

2,60 and 2.70 GeV/c combined.

2.60 and 2.70 GeV/c combined, maximum likelihood solution
superimpos ed assuming no Knmx resonance structure.
All momenta, maximum likelihood solution assuming 1280 and 1400

MeV enhancemenfs, superimposed.

‘2.601and 2.70 GeV/c, maximum likelihood solution assuming 1280

and. 1400 MeV enhancements, superimposed.

R
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Figure 65 (continued)L
2.1 GeV/c, maximum likelihood solution aésum;ng no 1280 MéV
enhancement, superimposed.
2.1 GeV/c, maximum likelihood solution with 1280 MeV erhancement

superimposed.
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Figure 65 £
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Figure 66
. o0 - . .
Histograms of K'x n invariant mass.
. i =0 :
a) invariant mass K n between .83 and .95 GeV.-

b)  invariant mass K° x between .85 and .95 GeV
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Figure 66 b
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LEGAL NOTICE -z

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: }

A. Makes any warranty or representation, expressed or implied, with

respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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