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K p INTERACTIONS AROUND 1 BEV/C AND THE YO (1815)

 Jack Yacoub S. Sahouria

, , _ )
Lawrence Radiation Laboratory
University of California
Berkeley, California

November 1968

ABSTRACT:
The_reaction Kfp - A ﬂ+ﬁ- in the eenter-of-mass energy rahge 1700

to 1850 MeV is analyzed under the aseumption, which is weil suﬁstantiated
'%ty the data, that the reaction proceede maiﬁly by tﬁe production.of the

intermediate state Yl*(l385). A good fit to the preductien and decay
~angular distributions and the mass plots of the Yi*t(l385) and the lambda
polarization is obtained, showing the well known resonances Yl*(l770)

and the YO*(ISQO). ‘This fit also requires a possibly resonating state
with iso-spin, spin aﬁd‘parity QK}/QT) and mass at or below 1700 MeV
which is the lew end of,the energy range in this experiment. The branching:

fractions of the states Yl*(l770) and YO*(1820) into the final state
Yl*i(1385) + 5" are found to be (S.G.i 3.3) per cent and (8.0 * i.u) per

cent respectively; and‘the phase between these two states is (201 + 1k4),

(136 + 19) and (167 + 25) degrees at the center-of-mass energies. 1803,

1821 and018h6 MeV respectively. The masses of the Y "+ end Yl*_(l385)

1
% :
- Y ") are obtained as (1384.2 + 1.L4) Mev,

and the mass difference (Yl
(1§87.8vi 1.2) MeV and (3.6 £ 1.0) MeV respectively. The interference

between the isefspin states O and 1 explains the differenee between the
production rates of the Yl*+(l385) and~the Yl*_(i385) in the above reaetion.-
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" results have emerged;’

.._1_

I.  INTRODUCTION

L e la
The cross-section measurements by various investigators of the

‘reactions in the K p and K'n system showed structures which were not

completely understood at first. The K-p,tOtal cross-section showed a

b3

rise near the center-of-mass energy 1815 Mev, and the elastic differential
cross- -section could only Be fit by u51ng Legendre-polynomials up t0 Sth
order in a partial wave fit.la This motivated the-Powell-Blrge group at

the Lawrence Radiation Laboratory to perform an experiment at the Bevatron

in l96h Approx1mately 250 OOO pictures were taken in the 25 inch

Hydrogen Bubble Chamber with the K momenta ranging from 820 to lll3iMeV/c.

- Other groups at C.E.R.N. and the Univérsity of Maryland started similar

experlments at approx1mately the same time. As a result, these reactions
have been closely studied during the past several years and a number of
34_new resonances were discovered and others which.
had.been suggested previously were confirmed, in particular the Yl*(l765)
and the YO*(lBlS).

In this experiment oneIOf;the event-types scanned for_was the three-
particle final state K_p - A n+ﬂ-}. This channeiscontains’the iso-spin
states O and'l, and can be the final state.decay product of both YO

and Yl resonances produced in the K p collision. Indeed the distribution

of events on a Dalitz plot'shows.an asymmetry in favor of the'negatively

charged An state. Thisvasymmetry,can'onlyrcome from thevinterference of

the two iso-spin amplitudes in the final state. A systematic study:of °
this channel should resolve‘some of the ambiguities that arise in studying
partial cross-sections,'or channels which are only in one isotopic spin

state. Moreover, the branching ratios'of established resonances into this

:channel would be useful in theoretical considerations.
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This report will bé 1n .thr-é_e major parts. First, there will_ be a
description of the expe’r’iine‘ntai arrangement, écanning, me'aéuriflg and .
selection of the data. Then there is a formulation ‘of the model-use‘d
to mé.ke a fit to the »dat,a and finally the "meééuz"ed quantiti_es. and the

fits to the model will be discussed.
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| II. DETATIS OF EXPEEIMENT AND DATA PROCESSING -

A. Experimental Procedure

1. The beam

In the Fa11 of 196373 two stage, vafiabie momemnh separated K# bean
was constructed at the BeVatfon, using a.coﬁpef:target'0.35'inch wide,
4.0 inch long and 0.15 inch high placed in the éxternal prqtnn beam.l

It was capable of being tuned for the range of momenta 800 - 1150 MeV/c

for K and 800 - 1600 MBV/c for K# giving a reasonable flux at the bubble

chamber. The beam consisted of nine quadr0polevmagnets, four bending
magnets, two parallel-plate spectrometers, tﬁo mass-separation slifs_and
a Uranium collimatorlwith?variable horizoﬁtal'éperture 0.0 to 5.0 inches.

Some of the features of the beam are: (under the mode of operation-

‘for this experiment)

a. - short length, 1115 inches target to chamber (3.15 K decay
| 1engths at 1200 MeV/c K momentum).
b. Lérge horizontal and verfical acceptance of 130.6 and 6.8
milliradians réspectivély. |
‘¢, Large ratio of K-n separation to image size: 0.25 inches/0.09
inches at the first slit; and 0.28>inches/0.09 inches at the -
second slit. (These numbers are for 1200 MeV/c K momentum).
a. Rélatively small total momentum bite of 2%. |
" The 25 ihéh LRL.hydrogen bﬁbble chamber was used as a detéctor.'
Expoéures wefe mgde at.éeven noﬁinal valuesvof K— momgntum: 850, 900,
950,.1000,:1050, liOO;%l;SQ MeV/c. “The averagevnumber of tracks per |

picture ranged fromv8_t6 15 for a low intensity exposure and from 15

£

to 25 for a high intensity exposure. .The total number of pictures taken

" was approximately 0.4 miliion. Two short exposures of approximately

10 000 pictures each were made at the nominal momenta 925 and 975 MeV/c.
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;The'ﬁggnefic field in the bubble‘chamber‘ranged from 16 443 to 18 531

.
-

! Gauss.
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-

2. Scanning and Measurement

We scanned 14k rolls cbntaining apbroximately 3;02vx ld6 tracks.
The scannérs were instructed to-recérd all interactions wheré a neutral
decaying into a (V) isrpoiﬂﬁing towards an origin with two'outgoihg
prongs, sée Fig. i. df course the same-V may be pointing téwards two
diffefent origins, or two V's may pbint'towards the same origin. All
“of these were reco?ded; This ambiguity‘will be discuséed in the section
‘oni bookkeeping. Wevhave4ré§canned 141 rollé'and_any differences.between
the two scans wére chééked‘on the scan table by a graauéte’student léading
to an éverage scan efféciency of 9%.9 per cent. L

We used the Flying.Spot Digitizer (FSD) to measure 133 fblls,2 the
rest and‘any event that failed a second remeasure on the FSD was meésﬁred._u
on a microscope or a Franckenstein. The most common failures on the FSD
are the events obstructed by other crossing tracks, and events which‘have
tracks or fiducial- marké fainter then a cerfain lével. Events that
failed a third méasurement (1.2% of the total) were rejected. The
Fog—CloudyfFair_system was used tQ reconstruct tracks in space (FOG) and )
consﬁrain the evénts-to the following hypotheses (CLOUDY):I |
Kp> An x

A 1 o

> % x”

In this reportiwe are concerned with the first hypothesis only
(A a7

For the purpéses of constraint, we editéd'the beam momeﬁfa;; This

was done by measuring long beam tracks to determine the central value
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of the momemtum distribution andtits width. The editea values obfained

were 822, 878, 900, 92& 950 975, 1020, 1058 lll3, for the nominal

values of the momenta 850 900, 925, 950, 975, lOOO 1050 1100, 1150 =
respectlvely. The L€TTOr on- the edited momentum was assumed to be ~3%

in the constraining routines.

3. Bookkeeping
We have mritten a series of.computer programs te'do the bookkeeping
on these data. The method is the followiné:
as Put all the events scanned on tape ordered by roll and frame
_ [ .

number (scan tape).

b, Compape‘the scan tape with a list of the events that have passed

the reeOnstruetion proéfam -ané- with"a list of the events that o

passed . the kinemafical constraining-program,'end make é fimei :v

"~ list that contains all this iﬁformapian
c. Scan fhis'finaliliSt and extract the following information:

1) Gaps in frame number that centain’no recorded events and
verify on seanvtable, end fhe beginning and the end of rolls
to mage sure that no events have been lostvdufing the data
handling operation. |

2) Evenﬁs on one frame that have a common interaction origin_
but with different V's or vice versa.

.3)v Cheek;if there afe more than one entry fof the same event .

(remeasures) and savevthis information on the'fimel list.

d. The final list is scanned again; rolls or section of molls that:
contain events shat got lost in the.system are mecorded (for
purposes of cross;sectioﬁ measurement), ambiguouslevents (see

c above) are resolved by choosing the one that gives lower

chi squared in the kinematic constraint.
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b

Bean Normalization‘

a.

‘magnification of the scan tables on which the templates‘wére

Beam track couﬁt: We .counted the number of tracks per frame

‘every 25 frames on 141 rolls of film. As opposed to the usual

way of measuring track length by counting T (Kﬁ3) decays, this

method though lengthy gives a higher precision. Our purpose

was to eliminate tracks of particles_which passed through an

vobstruction, did not pass through the thin beam window or

interacted outside the chember.in order to meke a partial

cross-section measurement. The decision that a certain track

'is or is not a "beam track" was madé with the aid of ‘a template

made for this purpose. Fourteen templates were-made, one for

each setting of the chamber magnet and eaéh value of the
used.' These templates were made (based on a small sample of
film) by measuring the difference in lateral position in the
beam plane (the horizontal plane) between two different points

on a track. If we imagine that the beam-axis is a Z-axis and

' the X-Z plane is horizontal, then the region of "good" beam

| tracks on thése templates correSpOhdS'to a range in_azimuthal‘

angle‘lbér— 14° projected on the X-2 piane; An éverage of 3.6%v v‘
of fhe tracks are rejected.as non—beém tracks. The beém counts |
made by different scanners are 99.5 - 99;9% consistent. The
éverage number of tracks per frame rénges from.8 to 27 on different
rolls of film. See Table I. |

Pion and Muon Contamination - The K~ beam in the chamber is

contaminated with pions and muons that are products of decay or _;wf

interaction of K 's outside the chamber or pions coming directly

from target. ‘A simple method for estimating thisicontaminatiOni.



‘Table I. Data for partial cross-section measurement. The correction

for scan effigiency and ¥° contamination in K'p = Annt is 5.6%.

Momentum (Mev/c)
invariant massl(GeM)f
Weighted events
Contaminatign %

Total K~ tracks x 105

" Attenuation correction

o(An+n_) mfb-

+
. o + -
Estimated number of I °n n events

(=% x") m.b.

<+

1.710  1.7%6

822 878 901 el

209 k70 ‘ A276 1301

9 5.0 6.3 6.0

86;27 190.75' 106 .60 548.28
1.053 1.042 1.052  1.053

3-32 .3.33 3.79 3.25

23 0 .15 .25 .09
18 58 30 - 167
.2 .21 .25 .28

07 .05 .07 .03

950 975 1020 . 1058 1113

243 1595 1375 828 Shh
6.6 6.0 5;3 . §;2' 9.2
94.031‘591.05.»482.40 270.40 1 200.65
1.053 1.053 1.0%  1.052 ‘\1.047

3.53 3.70  3.89  4.18 3.69

.23 09 .11 .15 .16
ol 219 168 110 97 |
23 .34 32 .37 bl

.07 .o ok Los o7
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is byjcounting-delta-rays (resulting‘from elastic collisions of

incident particlé§ with atomic eléctrons)‘ The basis for this

#

- procedure 1s that at incident momente in this experiment pions

oo
s

and#muons.can produce delta rays with momentum larger than. the

4,5 We have.

mékimum of delta rays prodﬁced by K~ particles.
chosen 28 rolls of film representative both of the differént

- momenta and the span of time over which the film was exposed,
and we have scanned these for delta-rays inside é suitable
fiducial volume. The delts rays are recorded if they have a
diameter (momenpum) on the scan table which is larger than the
maximum that arKf.can ﬁroduce at Ehe‘incident momentum of the

',beam. We find thaﬁithe contaminétion‘ranges from 3.87 to ll.ih%

and consists of 15% pions and 85% muons. See Table I. |

B,,'The_Partial Cross-Section

1. Selection of Sample

In selecting our sample of“K-p-—>.A n+n-‘events'from all thé“measured
V-and a-préng events we maske chi-square cuts on the V which correépond to
a 3% pfObability level that the V is a lambda independent:of its production:
'ofigin, and 1% probability fhat theblambda points to the interactign origin.
(See Appendix A). :

- T : ' | 0
To eliminate contamination from events that have an extra'n , we

. used the measured momentavof the traéks, and a lambda mass of 1.1154 BeV,

to study the missing mass s@uared (MMl)2 in (X' p > AT+ MML), see
Fig. 2a., This distribution peaks below zero as is well known and shows
the x° peak. We accept events that give a value for (MMl)2 in the rangei 
-0.012 to +0.016 (BeV)E. |

Similarily to eliminate the 5° contamination from the reaction
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- + - + =
Kp— bt TR = Ay nxm
we studied the missing mass distribution (MM2) in (K p - o+ MM2),
see Fig. 2b. This distribution shows well-resolved 2° and A peaks at
all momeﬂta. Here again we used the’measured values for momenta of
particles to make these distributions. In order to resolve the =° end

A peaks in the superp031tion region, we have studied a sample of events

which are very well constrained to the hypothe81s K P -9.A L ﬂ ". TFor

'this sample we found the distribution of theamiss1ng mass at the first

originY(MMé)_ﬁSing thermeaéured values of track_moménta. 'This distribufipni
shows a laﬁbda béak with a taiiAin the =° region, but no Zo peak. Usingl‘
this sample distribution (one for each momentum), we made two distributions,
one for the A centered at fhe A-mass and one for the:zo centered at»ﬁhe' |
izo mass éuch that when ﬁe add these two they will correSpond'to the total .

nhmber_of events at each momentum. Figure 3 is a plot of the superpositidn

. of these two curves on a (MM2) histogram for one momentum. An event is

vaccepted if it glves a m1581ng mass (MM2) in the range 1.02 to 1.18 BeV.

Due to this selection we estimate that the Z contamination 1s reduced to

0.7%:and that the A sample is depleted by 1 to 2% due to the tail of A

peak in ﬁpe 2, region.
There is an ambiguity that arises from the reactioanqp =l Kpp .
which for a certain combination of track momenta can be confused with the B

reaction K p -9.A_ﬂ+ﬂ-. Thus we add an extra precaution by accepting

. into our sample events which have a vee that constrains neither to a A

(3% level) nor to a Rp, but converges as a A in the one-constraint fit o

vat.the‘veé vertex, and at the same time satisfies all the conditions.

above. Based on a study of a small sample of data we estimateithezﬁp

contamiﬁétion after the above cuts to be 0,3%. This is small primarily”

.
fan
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because of the small ratio of the cross-sections for the first compared

to the second reactions dn our energy region; we estimate this ratio

to be ~10%.

With the selection criteria described here, 19 of the events selected

also constrained to the hypothesis K_p -2 A ﬁ+ﬁ-ﬂo.

2. Fiducial Volume and Weighting

We require the beam track to pass through the chamber thinnwinddw
(rectangular area normal to beam 22 cm x 6.4 cm) and to have, before
interaction, at least 3.4 cm (in space) of visible track. From chamber

”limitations the maximum usable beam traék lengthvfor the event in this 
‘experiment is 37.4 cm;é The vertex of the lambda must lie inside &
cylindrical volumé 21.5 cm base radius by 15 cm high; the axis of fhis‘
.cylinder is EM.O cm away from the up stream visiblé end of the chamber.
 :This choice'aiiows A decay;particles to have at léést 6 cm of visible *
track to allow momentum measurement.

To eliminate problems arisihg from having the first and second
~vertices too close togethér (scanning and constraining problems), any
event for which the distance betwéen tﬁe:production.origin and lambda
decay vertex was iess than 0.8 cm in space was rejected. This condition
was required on the basis of a study of the_distribuﬁion of this distance.

To account.for events removed»byrfiducial volume,cutS'én the second
origin, évéry event is'weiéhted (inversély) by thé-probability that the
lambda might}decay'inside the fiducial volume. The lambda proper lifetime
used in this weighting procedure is 2.52 x 10-10 sec.7 |

3. Partial cross-section |
: ] ]
: !

Now we have all the information we need to calculate the partial cross-

section for the reaction K_p - A n+n-. The remaining steps are the following:

a. Calculate beam attenvation due to K™ - decay using K~ proper
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lifetime as 1.235 x 10'8 sec.!

b. ‘Calculate_attenuation due to inferaction using thgrtotal cross-
.sectiqniméasurement of Cool et al.8 |

c. Make_corrections for the beaﬁ contamination and the scanner
efficiency and' various cuts made on the data (see ‘Section B-1).

d. The density of hydrogen (0.0608 gm/cm3) is obtained from measure-
ment of ranges on muons from nue deééy in the_25" Bubble Chamber.9

This dénsity leads to a_meanefree—path‘of 435.11 cm for the

natural geoﬁetric cross-section of 62.%65 m.b.

~ For values of the cross section see Table I and Fig. 4. Our values

are in good agreement with values'obtained by other experimentors.lO

C. Biases in Selected Ensemble

1. Bias in beam track count

In Qrder to check the accuracy of beam track count we have measured
thetT-decay (K"x3) branching ratio (K~ = = x x ). We have scanned 66
rolls of film for evepts»with three chgrged,outgoing tracks; with the
same beam tfack criteria‘(templatés) we used in beam track”?ounting.
Scanner efficiency in fhis4scan was 99.3%; Scanners wefe also to identify
eventS'ﬁhere a negatiyely éharged track and a Dalitz ﬁair'(é+ef) leave |
the origin, 3{2%f0f‘the events Were_idéntified as such. We found 2546
T's allmofjwﬁich'wéfe'checked on the scan. table by a graduate student.
Contamination to this sample would come from other K- decays‘that would
ﬁ give rise to a charged ‘and a neutral pion, the neutral pion, convertlng

.at the origin into e+e . On the basis’ of published K branchlng ratlos7
we find that if 50% of the above decays would "poke" ‘@ T then this would

add up to 3. 3% of the number of t's (our scanners found 3. 2%) Using

the publlshed decay llfe—time for K we flnd a T branching ratio
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 with published values.
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7

(5.&611 .15)% which agreeé with published-values.7 Values for contamination

and attenuation used here are the same as in (Section B) above.

2. Purity of lambda sample

As a test of how pure the A sample is, we have measured the A lifetime.

Using A's %hich have a line of flight longer than 2 cm, and a A-momentum
from the fitting procedure that'constrains'thé A-to come from the reaction

origin, we find & lifetime'® of (2.% % .05) 10710 sec. which is consistent -

7

3. Biases arising from éh&mber1geometry

: hFig.‘Sa shoWs the azimuthal distribution of the.A—direc#ion,in the

“laboratory in. the following chamber-fixed coordinate axes: Z-axis in the

beam direction, X-axis in the horizontal plane. Fig. 5b shows the azimuthal

distribution of the A decay-pion in the laboratory in'the“follOWing

~ coordinate éxes:;A-line of-flight as Z-axis, X-axis in the}horizéntal

plane.- In both cases wéiplotted the weighted numbér of events as

deséfibed in Section B. These histograms are flat within statistics.
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IIT. THEORETICAL FORMULATION OF THE MODEL

A. Historical Background

In the past several years there have been many attempts to develop
procedures for analysis of experiments whiéh have three particles in the
final state (two spinless and one sPin-l/Q particles). In 1961 Dalitz
and Millerl3.Aiscussed the effects of Bose-symmetric ampiitudes in their

* .
study of the spin and parity of the Y, (1385). 1In 1963 Olsson and Yodhlh

15

in a model based on the work of Bergia et al. developed a'médel‘for
studying the N* (3/2, 3/2) resonance, and have shown that interference
terms between the iso-spin states 1/2 and 3/2 could account for the shapé
of the mass spectra and for the measured ratio of n+, x° production in
the reaction n+p - n+§_no and ﬂ+p - n+n n+.

Recently Deler and Valladas16 haVe developed a practical formalism

for the analysis of experiments with two spinless and one Spin-l/2

'particles in the final state, and in which only 2-particle interactions

occuf. We find this developmeﬁt most.suitéd.for the analysis of the
present experiment and we shall deécribe'it briéfly below (Section B).
While the above formalisms beaf a sﬁriking similarity to partial
wave analysis for the twd-body final state:caSe; there»aré other methqu
which use weighted averageé of_functions_of kiﬁeﬁatical vafiables to

determine the ‘spin and parity of a formation resonance which decays to a

'less massive resonance and a boson and eventually to a 3-particle final

state.l7’l8’l9

Whereas these methods may be‘powerfulgo in cases where
the formation resonahce domihates and does not suffer greatly from
interferences with other.prdcesses,vthey are not suited fdrjihteraCtions

where many angular momentum states are present, and the intefférence.effeéts

are not negligible.
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B. . Partial-Wave Analysis for a Three-Paftible Final State -

' The.reécpidn under consideration (K_p —avk n+n-) has two iso-spin
states (0) andvtl) present. In each of these iso-spin states the following. o
two processes participate:22

a) Kp —9‘(An+) - Axw Y production
b) - (Aﬁ-) o Axa Y~ production
The subéystem in barehthesis (Ani) signifies production éf an intermediate
st;te Y*i. The complete amplitude for thé reaction is a coherent sum of
the above, symﬁetriZed under exchange of < and x” (Bose Symmetry).A
The amplitude can be ﬁritten in.terms ofithe quantum numbers of the
.?iﬁitial, intermediatevanéifinal sfétes and the_corresponding unknown T-matrix

¥

elemehts, in a+«form similar‘to a partial wave expansion. Eaéh partial wave
is pafaméterized by two letters and a number: L the initial orbital state,
L’ the orbital state betwen the subsystem (An+) or (An~ ) and the spectator _i
pion and twice the total angular momentum;ve.g. DS3, FP5. The amplitudes
for the processes‘a and b must be added therently because the two processes
‘are indistinguishable. Thus the expressions for angular distributions,and
Dalitz plb£ densities (see-Section C below, and Pért‘IV) will show not only
the familiéf:inferference effects between the different partial waves, but
also interferenEés befwéénjthe Y*+ and Y*’ amplitudes énd,between the isoe-

.Spin 0 and 1 amp}itudes.

1

A convenient choice of coordinate axes21 in theA3-pér£icle center of
mass system (3§.m. from here on) is to take the.normal to the 3-particle
'plane as a Z-axis and choose'as X-axis the bisector'of the aﬁgle between
the.momenta of Y*+.and Y*-; thus the two plons are treated symmetrically.
We shall refer to this system of axes as gng—aies Fig. 6. It is well
known that‘we need five variables to describe three particles" We choose

these-to be‘two energies and three angles. The two energies are
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L

* % : :
the center of mass energies of (Ant=Y +) and (Ax =Y ), whose domain of

{ va?iation defines a Dalitz plot. The three angles are choseg to completely

define the orientation of the above coordinate axes with respect to a

fixed reference frame. If this fixed reference frame has it Z-axis along.

the incident direction of the K-, then one of the three angles above is

a rotation around the incident direction and is irrelevant if we have a

.non-pblarized target; the other two are the polar angles of the incident

direction in the Ent coordinate system defined above.

Consider one iso-spin state and the reaction K p —>(Aﬂ2) + nl,'where

-
q.
i

T,M,L

LI

JLL
J2

: *
only one subsystem (An is considered as an intermediate state Y . Let
2 .

relative momentum of K-p in 3 c.m.; E;Cisalong the Z-axis of"

a fixed reference frame.

total energy in 3 c.m.

total angular momentum, its'fhirdhcomﬁdnent, and orbital
angular mo@entum in the initial state. |

projection of proton spin along incident direction.

projection of A spin along the line of flight of (Ane)

subsystem (in 3 c.m.) as seen in the (AﬂE) rest frame.

invariant mass and momentum of (Ane) subsystem in 3 c.m.

spin and helicity (projection of spin along line of flight)

of (An,) subsystem in 3 c.m.

- orbital angular momentum. and its third‘componeht between A

2

" and x, after break-up of (Aﬂg) subsystem.

relative angular momentum of (Ane) andunliaQ.

invariant reduced matrix element connecting the initial

eigenstate |WJLM> to final eigenstate |WJL’M;jgw >

.
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: a;,e:,@; = momentinand polar angles of A in the CAng) rest frame, (Aﬂg)
line of flight in 3 c.m. as Z-axis and the X-axis in the
production plane.

®,9 = polar coordinates of incoming direction in £n{ frame.
Hishp = initial spin of the proton and final spin of the lambda
projected on ¢ -axis. \
612 v; angle between the direction. of the'two Suﬁsystems(angle
: between “the two pions) in 3 c.m. |
'Gl = productlon polar angle of CAn ) subéystem with K in 3 c.m.
| @l = angle between normals of the 3 particle'plane in 3 c.m. and

" the production plane of (Aﬂe)
Let us temporarily ignore the irrelevant rotation around the incoming
direction, consider only one iso-spin state, and one combination of

initial and final spin third componénts Hitpe Then we can write the

_transition between,initial and final states as: (See Appendix B)

25 2J+l JLL’

1
<CAn ) n |T| Kp>= = (W,w,) . (1)
1 2 JIL’ §2 i qﬂgl Tis 1

JILJe 4 65

f (7, =2)

Hibp

where . v ;
P TILE 6 71§ R Lmly
| (6 )= Ve B 2 (-1)072 ¢dIN [1e(-1) 1
f IR 2L+1 20 %% K m -ANO LT ]

I hIK SHIE K (>P(e>(1)

M M; 7\ M;-—?\-V Wp D-pell @, =V

- e
oJ AL +b ' . 12
8,0) exp (i m —=
m “f “-1 mHJ- lJf mui—“f ( ’ ) p ( 2 )



-2h-

The symbols C' '  stand for the well-known Clebsh-Gordan cqefficienté.

At the production origin in this experiment the processes (a) and

(b) in the beginning of this section are indistinguishable. Thus to the

amplitude we have written above for (a) we must add coherently the

amplitude for (b). By inspecting the procedure we followed in Appendix

B, it is’relatively simple to find the amplitude for (b).l6v We find

- 1 3T Lw¢/T2 L’
<(Aﬂl) , 7| K > = & }2: = ) Tij (W,,).
. _ e JLL’ 34 Vi %%
; o JLL'JE Oy,
| - f (-6 -=5)
by

\

The variables with subscript 2 are defined in the same way with

respect to (Ax subsystem as the variables with subscript 1 related to
Sl _

the (Aﬁé) subsystem.

JLL’ jg

C I 0 0, . : «
f '(-62, S is obtained from the expreséﬂnﬂﬁf (91,
- HiMe | | Hikp

: : ) ®. .. ., %
by replacing (61) by (—92).and (912) by (-612). |
In the reaction under study we have two iso-spin channels IO’ I
We can write symbolically uéing the relevant values of Clebsh-Gordon

coefficients:

(2)

12

' . (i T, %- 4+ JEAT ok - % '
<Ampl%tude> =€y§ (Y ,mx )+€ (Y ,=n )f <TIy> ¥ >3 (Y5 ,x )-Jg (Y ,n*)§<ll>

where we let (Y +,n ) represent the amplitude to the:.final state (Ane)

¥ - ‘ _ )
+ oy, and (Y ,n+) the amplitude to (Anl) + n With this we can

2"

Fo *
it~ — Ann where Y has

write the complete amplitude for K p - Y-

viso—spin i=l,'j=3/2 and decays via p-wave (g=1):
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<an'n 7| T|K B> = ﬁ% Y rvEs W
ke JLL}’ Jq_l

1 W, rea/51 JuL3f21 e,
A S LR f (6F, 12)

\ﬁ? Qu* TI=0 hghe
1L ‘/ﬁwe IV 2L fJLL 3/21 (g*, 12y
2 q2q2aE I=0 < v 2 27 2
Myt
L1 iy iJLL‘3/2J_ i) f JLL3/2 1 6" 12
2 g4 * I=l e 12
171 Hikp

W Jur3fe 1, -6
1y, gir3/el (¥,5,) f (-5 —2)

5 T . 2
‘ et Hike

whiéh 3sé'partialfwave expé@éiqn in the variables T l,andtim pareneters [L’J .

120" L1-

By inspection, this amplitﬁde is founid to be symmetric under exchange

of the two pions since it is independent of the vector (El X which

o)
was used to define { -axis:

Thé-parameters T can be simplified by factoring out the dependence

on w, Or w, as a,Breit-Wigner or similar form. We have followed Reference -

1 2

- (16) and set:

JIL’ B N \r o
¥ ’TI (w?wl,E). T TI | (W) ('l 2—w )+i P L‘

‘and used an energy dependent width (see Appendix C)

_ a3

..l.+ a2,n

where 7 is momentum divided by mass of the decay pion n

l,gvinv(Anl’é) rest.



-06-

frame, a.=0.0143 Bev, a2=o.6395.

1

VL' ié a centrifugal barrier factor that depends on the orbital

. angular momentum state between the (AJrl 2) subsystem and the spectator>
o - ’

pion m, 4 (see Appendix C).
J

"C. Mass - and Angular - Distributions

With the amplitude -described in Section (B) we can write down the

expressioﬁ for the angular distribution and mass distribution. . Representing

3

this amplitude by A we have
‘ HiHe

3 3 3

o ¥q ¥, d

= — ¥ Jao |a | Bk
| By & ) bie' By W, 2By
i~f

Q - )

where the-integration over O takes care of rotation around the incoming
direction ﬁhiéh was ignored proviéusly, and Ej and qj (j=1,3) are the
Qenergies and.momenta of particles l-3lin the final state. Performing
changq‘of fariable and ihtegrating over the azimuthal angle & we get

(integratioh over O gives a factor 2r)

-] .
e gy awe d(cos®) 16.16 W Mol Hike
12 | Y v J, -
A ~ contains éﬁalcéﬁﬁlEX“unknown,pargpeters for each partial wave.

uiuf _
We will use the data to fit for these.

. In the above, :if the values for masses and energies are in BeV then
to get the cross-section in millibarn we multiply (do) by the factor

0.38935'(Bév)2 m.b.
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IV. EXPERIMENTAL APPLICATION OF THE MODEL

A. " Propertiés of Angular Distributions from the Model

Using the model we have described in Chapter III, we have written a

computer program to calculate angular distributions and Dalitz plot
. . . A
densities showing explicitly the depéndence on the unknown parameters

JLL’ j2
0y1 |
' Yi-’+(l385) see Section E below. To describe this procedure let us

write symbolically (Chapter III, B,C)

=) (210- 7 2 / | IA“.“ |2 dd’.
uwldwgd(cos®) T [ itf

| @y B LoD ,
A= %; [TO W) {F, g (+) + 7 “;“f(-)} s

T . The intermediate state subsystems (Anl), (An,) are taken as

HiHe itr

RO A O RENINOH

HiHe 1 My

where the superscript 1ndex P represents the quantum numbers (JLL’3/2 1),
the arguments (+), (-) refer to Y and Y- production respectively. Thus

referring to Chapter III, B and C, we see that

JLL’3/2 * 12.'
O " Hf(+) = (klnematlc factors) Vi, Z——!é;jxif-f %9 ,

The subscrlpts (0,1) of F refer to iso- spin states; all other indices being

equal F. and F dlffersonly by Clebsh-Gordan coeff1c1ents The parameter o

0]
., refers to the mass of the Y (1385) The subscripts pip, which refer
to 1n1t1al and final spin progectlons w1ll be omltted for 81mpllclty in
future reference to F.

A computer program is used to calculate the contributions to the

angular distribution dq/d (cos@)vwhich correspond to the following
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combinations of the unknown parameters:

*
a) RL (1,1 TQP2) S =0,1; Q=0,1

*Py o P2
b) Im (TS T )

' where P, P run ovef all the angular momentum states (JLL’), giving

2

contributions from pure waves and interference terms between different

waves. In general‘not all of the above eight contributidns are independent.

When P, =P, and 8 = Q then the contribution of the second combination

above is zero.

2

The differential cross-section can then be written as

do . *P1 o P2 ,P1 P2
an P> 2 Tg TR A9
Pl_<_ P2 5 <Q :

Hwh'e're“the»g ,in_,_t_lge first sum implies ordering only; for fixed values of

P, and P, there are @iéhtvésﬁtributions to the cross-section.i.e. eight
‘ N o Py Po..

functions of kinematical variables corresponding to ASlQ 2; which can be

calculated.

The angular distribution corresponding to each of the above
combinations receives a contribution from terms of the form
*P1 .
1 Pl(+) FOPE(-). These terms are the interference

* * -
between: ¥ T and Y production; thus we shall call these and similar

*P1 Par.
Fy (+)Fl (-) or F

terms'Bose-terms because they stem directly from.the symmetry of the
complete amplitudenunder,exchange of nt_ énd n+'(Chapter IIIeB).

| The compiete amplitude written in Chapter III, Section B, contains
'5pherical.harmonics Yﬁ(@,@) with (L +m+ 1) Q.even, (see eXpressioh-for
| f(e*, é%?) in Chapter III). Thus the differential cross-section will

contain spherical harmonics which have (L + m) even. To see this

remember the addition theorem for spherical harmonics:
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t o » (22, +1)(20+3) £y 8ol £yhpks 25
Yﬁi(e,w)Yme(G,@)= : g hee (22 ,+1) 900 lem w. m (6,9)
121-22|sz35wl+22 3 273 73
512223
CO 00 is the parity coefficient which is zero unless zl + zg + z3 =

even. We remember that @, ¢ are polar coordinates of the incoming direction
in the €n{ coordinate axes in 3-c.m., { is normal to the 3-particle plane

and (-t) is the bisector of = angle. From the symmetry property above,

12
the angular distributions in ©® after integration bver ) are_syﬁmetric with
respect to cos@ ;'O and thus do not receive any dontribution from interferénées
of odd-relative-parity waves (e.g. DS3rand PP3; or DD5 and FP5). However

we can express these angular distributions in terms of the production.

angles éf Y*+; Y*_(cosei=ﬁiiﬁ%, cosee=KiY> "). These angles are more

familiar to experiﬁental phyéicists. Therefore to be more exPiicit we

use the genei'al symmetric form of the amplitude and make a transformation

from (©,0) to (6

* : ' '
1s®,) in the Y * half of the Dalitz plot or to (8,,p,) in

the Y*_ half.of the Dalitz plot,.wheré ¢l'and @2 are angles‘between the .
production\and décay plgnes'fér Y*+ and Y*_ respectively. See Fig. 6,
Chapter IIT. The angular diétributibn coeffiéients of the parameters in
expression 1 abové ére expressed in tefms of these anglesiel and. 62. We
list.here,some of the properties of the production angular distribution.
obtained in the above manner:

a) Distfibutions for pure waves or betweén waves of even relative-
parity are even; those'betweeﬁ waves of odd-relative—parity are odd with

— -cosb - Contributions to the differential cross-

respect to cosel,2 1,2°

section (i.e. integréting over 6 92) are nonzero only for pure waves

l)
and interference terms between waves of the same parity and total angular
momentum (e.g. DS3 and DD3, or FP5 and FF5). These results. are very ﬁell'

known.
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b) For;interference between iso-spins zerﬁ“and one, ?he contribution
to the angular distribution in the Y T region (1/2 of Dalitz plot) are of
opposite sign to the contribution in the Y*- region (the other 1/2 of the
Dalitz plot) but they are of equal magnitudes. This effect can make the
experimental productionbangular distributions. have a different‘character
for Y*+‘c6mpared to Y*-. To see this we remember that the contribution
to the angular distribufion from fhe interference terms between waves of
odd-relative parity are antisymmetric qnder 00591,2 ~a-co$el}2. " Therefore'
~the interference terms between the iso-spin states 0 .and 1 and between
waves of'odd-re;ative parity can méke the production angulér_distribution
lopsided, one way for the Y*+ and the opposite way for the i*_‘proauction.

c) The centrifugal barrier inﬁroddced in Chapter-III hasla small '_
effect (2-10 percent) on the shape of the angular distributions, and is
‘not the same for all waves. 'The effectvis largest néar cosel,2 =*]1,

In Table Ivae give as an example thé functional form of ﬁhe angular

25

distribution for sémé of the wéves and‘theirvinterference‘terms.' These -
are given for pure iso-spin state, no inferference between fhe different

charge states of Y , and ds a function of the production angle of the Y*.

Table II
“Wave or ' ~ Contribution to the Angulaf
Interference Term - Distribution

PP3 1.-080p,(cose)

PP3 DD5 ' 2.146p, (cos6) - 1.87P3(coée)

PP3 FP5  1.20P,(cos6)

DD5 1. + 0.408P,(cos6) - 0.98P) (cos8)
DD5 FP5 0.351P) (cos6) + 1.4P_(cose) “

FP5 1.0+ O.80P2(cos9)
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B. Properties of Mass Distributions from the Model
The Dalitz‘plot receives non-zero contributions from interference
terms befwéen waves of the same angular momentum and parity (e.é. DS3 and
DD3, FP5 and FF5 etc.) only. We have parametrized these interference
terms in the same way as for the angular distributions above.
- Referring to Section (4) above we can write symbolically the Dalitz

plot density for a pure wave: (deleting superscripts P)

xR LT XGRS CNOTREE NN

+

Iy | 3 B, ()12 + 5y ()2 - 2m <F1*<+>Fl<->>f

+

R1 (TO*Tl)'§FO*<+)Fl(+) - B, (), (-) $

+

In (T, Ty) ImgFO*(')Fl(+) - FO*<+>F1(->§

WevaSt remember that Fl and FO, all other indices being equal, differ
only by Clebsh-Gordan coeficients; thus the third curled bracket is real
and the fourth éurled bracket is:pure imaginary. We also see immediately
ﬂhat iﬁ the'first and second curled brackets'ﬁhé interférence terms are
.equal, up to a multiplicétive factor; theée two terms together with the
fourth éuried brackef are the Bose terms, since they are a conéequence‘
of symmetriZation. These terms will vanish if the Y% has zero width.

The Dalitz plot density for pure wavés is parametrized to be the suﬁ
of four terms which are contributioné of four indepéndent combinations of =~

the unknown parameters. Theée combinations are as follows:
1) 1/2 (/4 |1, )% + 1/6 |1, |%)
' 1 _ 0

2) 1/2 f(-l/h v|T1|2 + 1/6 |TO|25

3) 1/\,6 RL (T,'T,)



-

L) 1AF In (TO*Tl)

It is.inféréSting to_note that the second'combination above comes
frém the interference of théutﬁg Y**s.on;y.

We will give some prOpertie$ of the coﬁégﬁéﬁtS“of;the”Dalitz-plot-
distributiongryélevant to the above paraﬁeterization. |

a) Céntribution of comﬁination(l) is avdistribufion s&mmétric with
" respect to‘the line wleg W22 (when we talk about symmetry‘or antisymmetry
of the Dalitz plbt distribution from here on, it is with respect tp fhis
line). 1In fact each of the 2 compoﬁents of l) has the same distribution.
'They also show the‘Y*+'andz¥*- resoﬁance bands as’expected. This |
contribution is élways positive. |

b) The contribution of term(2) abo&e is symmetric and it has the

largest absolute_valuebin the region where the Y* bands come closest
togéther. This term oscillates from negative to positive, énd is zero
Elat leasf ;nce in-each half of the Dalitz plot.

vé) Contributions from £he terms (3) and (4) are always antisymmetric
and dorﬁot contribute tQ the partial cross-section (i.e. integratioﬁ of
these éontributions over the whole Dalitz plot yields zero). The
contributions of tﬁese terms enhance the production of the Y*+ at the
expense of the Y or vice versa. Contributions of (3) is zero along the
};né Q12= w22, buf (4) can be zero at other regions of the Dalitz plot
also. In Fig. 7 we show a sample of contributions to the Dalitz plot
_ from each of tﬁe four combinations’above.

. Proﬁérty b) éould be 6f major consequence. Its effect may be seeﬁ

experimeﬁtélly as an apparent shift in the position of the‘Y*—peak} To
see this let us pick the wave FP5 at ~1058 MeV/c incoming momentum for

the reaction K'p = A ﬂ+ﬁ-. If we project the Dalitz plot density along
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‘the Y*+vaxis for the contribution (1) and (2) separately (direcf term
and Bose term) and plot the region of the peak we get Fig..(8a,b); the
next two histograms (8c,d) show tﬁe position of the peak when the
contribution (l) and (2) are added in the ratio iO:l (8¢c), and when they
are added in the ratio 10:3 (84). This shift depends on the ratio of the
partial'crqss-éeétioﬁ in'thé iso-spin staterzero compared to the iso-spin
state oné; thuslthe shift in the position of the peak can be toﬁards
higher or lower mass. »Thetexﬁerimentally measﬁred mass-diffefence between
Y*+:and X*- can not be‘éxplained by this effect because it shifté both
Y and Y~ in fhe‘séﬁe direction (see Section D below).

Thé’projection of the Dalitz plot density upon an axis parallel to.
the Y*+ (or Y*-) band gives the decay distribution of the Y*+-(or Y*-)'.
as a function of the cosinevof its-decay angle in its rest fraﬁe 61*

, - _
(or 92 ). A downward -concavity in the decay distribution comes. from the

<

,tWQ families of waves: L = L8,= J-l/2 (e.g. PP3, DD5, FF7) and L =IL’ =
7 +1/2 (e.g. DD3, FF5) with the exclusion of the wave PPL.ZY The .
. experimental decay distfibutions are shbﬁn invFig. 9. The lOpsidedness
-of the experimental d;sfributibnsvis pérﬁly'due to the interference between

) _ b %
the different charge states of the ¥ . -

C. Fitting Procedure

We have dividédvthé'data into two parts.along the symmétry axis of
' . o e ' T ¥
the Dalitz plot (we shall refer to these as Y * region and Y - regions)
and plotted the experiméntal'angular distributions as a function of the
' *+, o, ST T : .
production angle 6, of Y (1385) in the Y ' region, and as function of

PRI ¥~
o of Y in the ¥ . region.

the production ahgle,e
‘Wq set the experimental Dalitz*piots on a 30 x 30 grid for each

momentum, the coordinates of the plot spanning the region allowed by
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éonsefvation laws. We bin the Dalitz plots by adding grid points parallelv
to the Y* bands until we accumulate a statistically meéﬁingful number .of
events in‘each bin.(or, as an option, until we cover equal .areas of phase
space). |

We bin the calculated distributions-in the séme way exactly. We
remembef'that the calculated distributions consist of eight contributions
for each wave and interferenée term for the angular'distributions; for
the Dalitz plot dénsity, they consistvof four terms for pure'waves andv
eight contributions for interference terms. |

The fitting is done ih the following manner

a) With a certain hyﬁoﬁhesis for the values of the complex parameters
T, and T ' '

1 0]

plot densitygbinned exactly in the same manner as the data.

for each partial wave we build an angular distribution ahd Dalitz

b)._Conétruct a X2 function for the gooaness of fit of the theoretical -
distributiénL to,the experimental distribution.  This is done Jjointly for
the angular distribution and Dalitz plot.

c) Vary the values of_th¢ parameters systematically to érrive at
& minimum in Xg’ For this we have used a variable metric minimization
program. - |

d) The Values_of thédﬁarameters ffom the_fit.are normalized to give
a paftial cross-section equal to the'éxperimentally measured 6ne.

.We have used the‘partial waves:_PPif'DSS, PP3, DD3, DD5, FPS,.and
FF5. ﬁe do not go beyqnd éngular.momenta of 5/2 since the FF7, if
present, will héve akvéfy-sméli contributidh at our eneréiés because of
centfifugal 5a£rier effects (see below); and the GD7 waves, if pfesent,’
will be negligibly smail at momenta in this experiment.

The waves FP5 and FFS have_thé same total angular momentum and thé'

same initial orbital state, thus we assume that they have the same
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amplitude up to a phase and a centrifugal barrier factor. If their
. amplitudes are equal then their ééntributions to the partial cross-sections
are in the ratio ~19:1. The above is also true for DS3 and DD3 giving
a ratio of ~5:1. (These'ratios are given for K incoming momentum of
1020 MeV/c).
We have ignored the waves SDl, PF3, DG5 on the basis of arguments

similar to the above.

* - ¥+' '
D. ¥ -Y Mass Difference

Many experimentors have measured the mass difference between the

. | * 7,27 .
different charge states of the Y, (1385). Reference 27 gives

¥~

*. . .
(Y " - Y mass difference = 4.3 % 2.2 MeV.

A calculatidn by Soclow and Coleman28 (involving a combination of

. . .
scaler meson tadpoles, an intermediate state involving a Yl and a photon,
and intermediate state'invq;ving'one S and a photon), yields a mass

- *
-yt

o,
‘difference (Y ) 8.5 to 10.8 MeV. .

In our fitting procedure we havé-varied the masses of Y*+ and Y*_

to arrive at a best fit.. This is done by varying the positions of the

_Y* bands in the Dalitz plot in the data with respect to fixed plot boundary
at each momentum. Ordinarily the masses are made variable in the model
used to fit‘the data; however since the bands are mqud by less than 6

MeV (~5% of the width of the Dalitz plot) we expect the difference between

these two methods to be negligible.

E. Charactériétics of the Dalitz Plot Distributions

In Table III we show a summary of general characteristics of the
experimental Dslitz plot distribution at each momentum. The column
" labled (Outside Bounds) contains the number of events that lie outside

the plot's kinematic boundsry for the given values of the mbmentum; this
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‘Table III.

Momentum Weighted Events Average . Back-
of K~ v Y~ oOutside  Weight Ground.
MeV/c Region ' Region Bounds Per Event %

f 822 95 11k 16 1.280 23
878 o3 239 ko 1.2k0 21
01 S5 151 19 1.2k 23
gon 591 710 97  L2m oo
950 120 123 12 1.233 21
975 62 833 i3 1.240 ©20

1020 570 805 Ok 1.%65 18

1058 9. k79 61 ; 1.265 18

a8 | 26 1.260 20

1113

326

-
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comes mainly froﬁ the spread in the beam mohehpum. The backgrouna given »
is estimated by countlng the number of events outside the Y bands region
(i.e. & strlp llh MeV w1de along each resonance band), and adjusting to
the total areavof three-body phase space. Fig. 10 shows the experimental .
Dalltz plots w1th the events out31de the bounds removed.

.The fact that the maJorlty of the events are ‘accounted for by Y (1385)
productlon (Table III) Justlfles the assumptlon made in Chapter IIT in
chooslng a model to describe the. data, i.e. a ‘model whlch considers only
(K'p Sy %rn; ~+A.ﬁ+ﬁ->. The remaining fraction of the events which
Wercail background in Table III, are accounted for by using a 3-body.
s-wave non-interferring background. This adds another unknown parameter

to the fitﬁing procedure.

F. Lambda Polarization’

Ih Chapter III the angular distributions from the model are expressed
as ahsum over_the'values of»ufuwhich is phe component.of the final A spin
along phe quahfization axis (¢)- The eigenstates_of spin of the lambda
in the final state quantized along the production hormal of the Y* (3{*+ or;
Y*-'depending on the region of the Dalitz plot considered) can be obtained
by a trahsformation of the spin state upon rotating the coordinate system
Ent to the system XYZ; where the production normal is taken as the Z-axis,
the Y-axis alongvthe incohing direction and the X-axis in the production
plane. The transformatlon 1s carried out by the operators D / (a 6,7)32
where the angles a,B,y are shown in Fig. 11. The angles & and y introduce
avphase only, and cosp = 7 § In this manner one obtains the contributions
to the (model-dependent) angular dlstrlbutlons from the final states
which haré spin-up (or spin-down) lambda spin projection along the

»production.normal. These angular distributions can be obtained as a -
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funcfion of the'anglé between the A in the Y* frame and the production
normal. If A" is a unit vector in the direction of the A in Y* frame
then the cosine of this angle is (symbols,designatingrunit vectoré, see
Fig. 6 , Chapter III) |

A%+ -7 = sine sing with cos6 = A% Y 5 cosp=¢- 2

» If the values of the parametefs (Sectibn A above) are known then
thevpolarizatioh of the'lambda alongithe Y* production nqrmal cah be‘
calculated as a function of A¥s Z in the usual way.

These polarization distributions are symmétric undér (R*+ Z)- -(R*-2).
This can be seen if we remember that the angulaf distribufions are-simmetric
.ﬁﬁdér.®.—9ﬁ;®,.(@=ﬁ"2), which implies inversion of the direction of the
Z-axis defined above, see Fig. 11, Chapter IV-A and Chapter IiI—B.
If.the lambda has a polarization <§ .- 2) along.the'direction 2, then
its_decé&-pfoton angular distribution will be |
-§¥15;- = 1 +‘a-(§ .Z2)cosa,cosa=p-92
a(P-2) :
where Q isrthe decay asymmétry parametér.of,fhe‘lambd57= O.6h6, and (p)
is a unit vector in the airection of the decayAproton in the lambda

rest frame.

Thus experimentally we have

2.5 _3
p.* 2 = T

<afP-Z>-=
..‘ 1

e

3 .
N cos a;.

M=

where the' sum is over all the data, with weights taken into account; énd

the error on this average is:

{3-@ 8 - £)2 }1/2

A(@B-8)=

S
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The polarization distributions as & function of A - 2, where Z is
the production norﬁai; are showﬁ in Fig. 12 and Table III-A for Y*+ and
Y*; folded-with respect to K . 2 = 0. The unfolded distributions are
symmetric w?thin their errors. These distributions are for the range
-0.8 to +0.8 in the cosine of the pfoduction angle (¥*. K).

‘This polarization information is used iﬁ fitting for-thevunknown
parameters in the same manner as are the - angular distributiohs. For an
initial geuss of the parameters, the contributions ﬁo the angular
distribution for the different spin projections of the A spin along the
- production normal are calculated, then the polarization is calculated .
and compéred’with the expérimental values. - The chi-square is then
systematically minimized simultaneously with the chi-square for the angular

distribution and.the Dalitz plot density.



Table III-A. ILambda polarlzatlon as a function of the cosine of the angle between the
A in the Y** rest frame and the Y = productlon normal for the range -.8
to +.8 in (K-Y**) folded -about (I\. 2y =

Beam Momenta GeV/c
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-.8 -.6 L7041 * - .oh¢.31 - 11+.25 .36%.38 -.07£.23 .17t.25 .34+.30 0.0+.36
- -6 =.h4 * . - ,70+,28 o * ' .09t .27 * -.71t.23 ©.23.25 -.05t.3k  .19t.L5
-4 -2 * o * Q.6&i.28 * - 43+ .26 -.35+.29 .205;33 -.2b 41

.2 0. -iI7£.37 -L.17£.32 -1.06£.35 -.10¢.28 -.92#.35 -5t 08 -.éEi.30_ S.75:.36  -.9h+.41

Tx
‘"*

uoTqonpoxd (SgET)

* indicates the lower limit of an enlarged interval.
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V. RESULTS FROM THE FITTED DATA

o v .
A. Mass of the Y, (1385)
The best fit to thé data was obtained when the masses of the Yl*i(l385)
were as shown in Table IV. The values of the masses were obtained by

*
varying the positions of the Yl

bands with respect to the kinematic
,boundariés in the experimental Dalitz plot distributions (see Chapter IV,

Section D). The errors quoted were obféined from the sensitivity of the

. R H+
chi~-square of the fit tq changes in the Yl "~ masses. The average values
of the masses obtained were

et , . :

Y, 7(1385) @ (138h4.2 £ 1.k4) Mev

and : '

* - S

Y, (1385) (1387.8 = 1.2) Mev

" and for the mass difference
*- * ‘
(¥, " -¥, ") ¢ (3.6 % 1.0) Mev

These values are in agreement with published results.7 For the width

* g
used for the Y, (1385) see Appendix A.

B. Initial Fitting Results

As a first step fits were made with a small number of waves then
progressively'adding more and more waves. As described in Chapter IV,
information from the Dalitz plot density; production angular distribution_
aﬁd lambda polérizétion were used simultaneously in the fitting. Using_
an initial‘guess for thevvélugs of the matrixvelemgnts'TO;l for each
wave included in-the fit, the corresponding Dalitz plot density and Y*+;
Y*_ production and lambda~polarization angular distributions were calculated
from the model, and a chi-square was computed for fhe goodness of fit of

the calculated distributions to the data.' Then this chi-square was

minimized by varying the TO.l; This procedure was followed for every
. , ,
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: *
‘Table IV. Measured mass of the Y, (1385).

Incoming
Momentum . x4 . v '
GeV/e Y,"" Mass MeV Y, " Mass MeV
822 . 1383.7 + 2.0 1387.7 = 2.0
88 f*. 1385.7 + 2.0 11388.7 + 2.0
901 . 1383.7 + 2.0 1387;% + 2.0
g2k 1383.7 + 1.5 1387.7 = 1.0
950 . 1383.7 £ 2.0 1387.7 1.5
975 1383.7 £ 1.5 -1387.7 £ 1.0
1020 . 1384.7 £ 1.5 1387.7 + 1.5
1058 - 1384.7 = 1.5 } 1387.7 £ 1.5
1113 | 1384.7 + 2.0 1387.7 = 1.5
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incoming momentum interval separately.

Three of the nine-energyrintervéls.in'this experiment (corresponding
to the K incOming‘momentévat.SQEQ 901 aﬁd 950 MeV/c) contain very little
data, see Chapter IV, Table III. For this‘reason these three energy
intervals were treated in é manner slightly different from the rest (to
.be explained below).

In the initialvatfempts to fit the data with all ﬁartial waves up to
FF5, poor convergence iﬁdicatéd a redundancy in the fitting expre;;ion.

- To reducevthe number of parameters, waves having the same total angﬁlar
‘momentum (J) and the same initial orbital state (L) but a different orbital
angular moﬁentum state (L’) between the produced Yi* and thévspectator picn
’were'coﬁstrained to have the same amplitude, but of coursé a different
centrifugal barrier factor.(sée Chapter IV, Section c). The uniform
* background was fixed at ~20% (éee Chapter IV, Section E). |

VSince only the relative phaées between:the different partiél waves
rather than their ébsolute phasesvare physically observable, the phase of-
one of the waves must be fixed. |

The nUmBer of unknown parameters (N.P.) is equal to four times the
number of waves minus one. The factor 4 signifies a compiex unknown for
each iso;épin‘stéte, and fhe subtraction of one comes from removing the
absolute phase. The number of data points (N.D.P.) in the fitting procedure
is the sum of the number of bins in the Dalitz plot distribution and the
number of bins in Y%+ - and Y*- - productién angular distributions and the
number of bins in the. lambda polarization for Y*+ - and‘Y*_ - production,
the number of bins in the Dalitz plot was such that.nd bin contains less
than 15 events. The angular distributions are in 5, 10 or 20 equal intervais
(in the cosine of the prodﬁctiOn angle for each Y*) dependiﬁgxoﬁ the daté

P

‘available for each momentum, and the lambda polarization distributions
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I3 . * . ' » * N
were folded and grouped in five bins. for each Y - production. The chi-

square (Xg) from'a certain fit was used to calculate the confidence level

(C.L.) for that fit by evaluating‘the following:

_ |
exp (- =5=) dx

1
Ve )T |
y = \/ bxe - \2(D)-1  for ™ > 30

where ND is the number of degrees of freedom which is equal to (N.D.P.-

C.L. =

_N.P.).  Table V_shows the confidenée levelsobtéined from the initial fits;
The main featureé in this tablé are‘that the léwest momentum interval can
be fitted weil with the waves PPl, DS3 and PP3; and.whéh FP5 and DDS are
included they contribufe little to the cross-section (see Table VI at
878 Mev/c). At the higher momenta, the waves FP5 and DD5 are important
but not sufficient to fit the data. At the momenta 1020 and 1113 MeV/c
the C.L. is noﬁ high enough to be'significant for any.of the trials in
Table V, possibly becaﬁse.of a poor choice of bin sizes or the importance
of high angular‘momentum wavés which are not included in the fit.

Table VI contains the partial cross—sectioné for ﬁhe partial waves
included in frial number 8 in Table V. We note that at the X -momentum
1058 MeV/c the waves PPl and FP5 are the largest contributors to the
cross-sections whereas. at the K momentum 1113 MéV/c, PP1 (I;l) all but
disappearé and FPS (I=0) ié still the largest contfibutor to the cross-'v
section. A-statement similar to the above also holds for the wave ?PS
(I=0) at the momentum 1020 MeV/c. These features will be discussed later
on in this section.
One of the pitfalls encountered in using a minimization program of
the sort‘utilized in this analysis is that the program may select the

local minimum in the X? surface which is closest to the starting values



‘Table V. Confidence levels for the initial fits. Background
- fixed at 20. per cent of the partial cross-section.

'K momentum (MeV/c) . 878 92k 975 1020 . 1058 1113
§ Bins in Dalitz Plot - 3% 43 3% 3% %
g S V -
2  Bins in angular distribution 2(10) . 2(10) .- 2(10). 2(10) 2(10) 2(10)
S, | 7 - : -
ot . N
&4 Waves .
- H : o : o Confidence Levels
PP1 DS3* PP3 DDS FP5 . - | |
1 | x x (1.7 (3.6)107F (1.0)1ofll (1.3)107+ (1.1)1o‘h (%.1)1072
- X X X .092" (5.2)10'-'5 (5.5)1o’u (9.5)10'4 0.021 (u.2)10'5
3 X X X - 0% (7.6)107 (6.1)1073  (5.2)10™F  (1.9)1070  (1.2)1077
L X X X X - 0.0% - (3.2)1073 0.053 - (7.0)1073 0.22 (h-Y)lo‘6
5 X X X X 0.081 (3.2)10*  o.011 (3.7)1073 . 0.0%6 = (1.2)107°
6 x X X X 0.23 . (1.7)103  0.062 (1.7)1073 0.01k (1.4)10°
T X X X o 5' 0.38 (5.6)10'5 (1.7)10'3 (1».8)10'8 (1.1)10‘3 (8.9)10'll
8 x X X X X 0.15  (1.2)1073 0.1k . (2.7)1073 0.41 (3.9)107°

* Indicates that DD3 with the same amplitude is included without increasing the number of parameters.
*¥* Indicates FF5 is included without increasing the number of parameters. '

-G~
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Table VI. Partial cross-sections in millibarn

o(K'p »A n"xt) for the waves used in
Table V trial number 8. The symbols
_Io, Il, indicate the iso-spin.

KfMggyﬁnt“m 878 92k - . 975 1020 1058 1113
C°g£i2§?9?h_ 0.15 (1;2);0'3 0.1% (2.7)1073 0.41 (3.9)107°
PPL I, 0.361.12’ 0.18¢.08 o.2é§;6§“H6§§2fto7 1.o3£:;§ £ 0.05¢.0l
o I,  0.26%.09 o;uo;.og»,o.53i;1o 0.30t.10 0.40r.13 0.het.20
D83  I, - 0.67+.16 0.05£.05 0.27+.10 0.12t.07‘ 0.03+.05 0.10+.0k4
I, 0.11*.09 0.17+.08 0.2k.11 0.09t.06 o.14¢.d8 0.38+.20
| pp3 I,  0.12t.07 0.003t.01 0.00h.02 0.28:.08 0.32¢.17 0.07%.07
I,  0.62t.13 0.42:.09 0.09:.07 0.95:.16 0.11t.1  0.05:.05
op3* 1, f 0.09  0.008 0.005 0.02 0.006 - 0.02
I, 0.02 0:02  0.004  0.02 0.03 0.09
DD5 I 0.02+.03 o.hqt.i3 0.72t.12 0.09+.05 0.31*.17 0.24.08 ’
Iy 0.0li.OE:‘O.lOi.O6 0.008+.02 0.42t.10 o.lsi.oé 0.1k .09
¥P$ I, 0.06£.0h 0.39:.12 o.3ui.b9_ 0,181;08 0.0l .07 0.02¢.03
' I, | 0.0kt .05 o.é6¢.d7 o.;5£.08 0.14t.06 0.61*.17 1.11.28
FFS I, .002 0.01 0.02 .001 0.002 o.bQ1
I, .0007  0.006  .005  ,0005  0.03  0.06
. Background  0.68 o057 0.70 0.8 0.8

0.67

* see Table V.
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"initial gqessV of the ﬁarameters. Precsutions were taken to escape this;
:first by repeating the fitting procedUre wifh different starting values;
and.second by-élLowing'the progrem,'after finding a minimum, to move

V randdmly to another poiﬁt on the chi—square.surface and repeat the
minimization. In every ease wexarrivedvét a solution giving values of
the -parameters which were consistent with the other trials.

Attempting to improve the COnfidence levels, we tried different bin
sizes in the angular distributionsvand Dalifz blots. In some cases the‘
solutions gave a better confidence level than in Table V. 1In Table VII we
givevthe values of the cdnfidence‘levels obtained -in one of the trials’of
this procedure. The contributions to the ﬁartiél cross-section from each
of the @artial waves used‘are listed in Table VIII. Combaring the solutions
in Table VIII with those in Table VI,'one sees that even though the
corresponding confidence levels for some ef.ﬁhe momentum intervals have
decreased slightly the solutions from these two tables are consistent within
errors;' We also notice upon compafison of the twe above solutiens at the
momentum interval 1058 MeV/c that the cross-section for the wave PPl (I=1)
has chanéed by 0.33 m.b. (this will be discussed below).j'The values listed

in Table VIII also sheﬁ.that some of ‘the waves contribute large amounts

fo the partial cross-section but with large errors; for example PPl and

 PP3 at 1058 MeV/c, and DB3 and FP5 at 1113 MeV/c. This implies that the
chi-square surface has_a shallow minimum with fespect to these parameters.
Thus to determine_whether such large values of these waves afe needed or

not, we go back for a second look at the initial~fit shown in Table V.

For example, comparing trials 5 and 6 at 1058 MeV/c in Table V we see that
trial 5 (DS3, PP3, DD5, FP5) is a better fit than trial 6 (PP1, DS3, PP3, |
DDS) by almost a facter of two in the confidence level. . By argumentsesimilarv

“to the above and by invoking contiﬁuity between adjacenﬂ momenﬁum intervals



‘Table VII.

Confidence levels obtained by optimizing
bin sizes in the data.

‘the fit are PPl, DS3; PP3, DD5, FP5, DD3
and FF5. Background fixed around 20%.

Waves included in

K~ Momentum

Bins in

in MeV/c Dafiiz”%iot " "Angular Distribution Coniigzice
878 15 2(10) 0.068
92k 27 2(20) 0.17
,975 32 2(20) 0.16
1020 28 2(20) 0.065
1058 23 2(10) 0.12
1i13v 17 2(5) 0.008
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The partial cross-section o(K'p —»A n'n )
in millibarn for the waves used in the fit-
of Table VII.
the iso-spin state.

The symbols Il and IO indjcate

K Momentum

Mev/ < - 878 924 975 1020 1058 - 1113
Gopfidence . 0.068 0.17 0.16 0.065 0.12  0.008
Pfl I, 0.47+.18 0.11+.07 o.39£.12 0.15+.10 o.7o¢.51_ 0.14+.11
I, 0.37+.16 o.h6¢.68 o.56¢;12 10.57%.18 v9,6hi.hl 0.11+.11
DS3 I} 0.48+.15 0.11+.05 oglgt.14 o.27r.17’o;oo8i.oh‘ 0.10+.10
>IOI " 0.10£.09 0.02+.,03 0.22+.12 0.09t.10 0.20+0.20 0.k44+.19
PP3 11“  0.11#.10 0.01#.02 0.03+.04 0.34+.26 0.26x.24 0.14+.16
I, | 10.65i.27->0.5hi.l3 0.10+.09 0.43+.26 0.40£.30 0.10£.12
D3 I, 007 0.02 0.0k 0.05 0.002 0.02
I, - 0.0L -'o.Oou~ 0.0k4 0.02 o.oA 0.10
DD5 Ii o.oéi.oh 0.50+.10 0.69+.24 0.21+.15 0.31+.2h 0.34.30
IO' 0.01+.02 0.12+.07 0.05:;09 o.u;:.14 0.16+.19 0.13+.12
'Fp5t~1lwéﬂ o.d7i.09 0.25¢.10 o.32¢.1é'fo.12£,o8 0.05.09 0.007+.03
I, 0.02t.0h 0.23t.06 0.08:.06 0.17+.09 0.hkt .25 0;99i;68
FE5" Il‘. '0?062 00009 - - :0.01 'mrwqroos 0.003 . 0.005
I, 0.000k4 _Q.ooé 0.003  0.006 0.02 | 0.05
Background - 0.69 0.57 0.70 - 0.85 0.86 . 0.73

* The amplitudes for DD3
-amplitudes for DS3 and

barrier.

and.FFS aré constrained to be the same as the
FP5> respectively, with the appropriate centrifugal
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we tried to imﬁro&e the fits at the mbmenta 1020, 1058 and 1113 Mev/c by
fixing the values of some of thé parametéfs. The values of the fixed
parameters are not arbitrary, but consistent with previous solutions
(Table VI) and with adjacgnt momentum intervals. Table IX shows the
improved solutions obtained by fixing some of the parameters and the
“values at which.they were fixed; |

In summary, our procedure.forffindiﬁg the best solution consists of
the fdllowing steps; fifét we fit each energy interval using different
-partial waves to find whét waves are needed, second we try to improve
these fits by binning thé data in different ways, and third by comparing
adjacent'energy intervals we-improve theée fits further by fixing the.
values of some bf the parameters; thus having essentially a feedback
procedure which is repeated'until>a satisfactoryvfit.is obtained.

‘Three of the momentum intervals in this experiment (822, 901, 950
MeV/c) contain Very littiévdata (approximately 250 evenfs eaéh, see
Table I, Chapter I1). .These data may be sufficient to do certain types
of analyses, but for the énalysis used here such a small amount of data
leads to inconclusive results. However by using the solutions we'obtained_
for the moménta (878, 92k and 975 MeV/c) which are adjacent to poorly

populated intervals we got plausible solutions for the latter.

C. Properties of the Best Fit

The.set of best fits chosen consists of the fit‘from TaEle VI for
the momentum interval 878 MeV/c, the fits from Table VIII for the momenta
924 and 975 MeV/c and the fits from Table X for thé momenta 1058 and

: 1113 MeV/c. At 1020 MeV/c, of the two solutions included in Table IX
we chose the solution with thebhigher‘confidence level.v At the momehtﬁm
1058 MéV/c, the fit chosen is preferred ovér others,. which may have a

higher‘cdnfidence level, on the basis of continuity arguments between
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Table IX. TImproved solutions obtained by fixing some of
' the parameters as described in the text. The
partial cross-sections in m.b. are given for
. each partial wave for the reaction (K™p — Ax n-).
The values in square brackets are fixed. The
background is fixed at ~20%.

K~ Momentum MeV/c = 1020 1058 1113 1020
Bins in Dalitz -
- 0
1ot 21 28 17 3
Bins in Angular , 5 ' 5(20
Distribution 2(10) 2(10) (5) (20)
Confidence Level 0.08 0.11 10.01 0.19
Waves - Cross-sections in Millibarn
PPL I, 0.19t.14  [0.14]  o0.17#:16  [0.15]
I, 0.16%.10 [0.31] 0.12¢.11 [07'31]
DS3 I, 0.16+.06  0.19+.11 0.08£.08 0.38+.09
I 0.19£.08 0.09t.06  [0.20] 0.39%.1k
PP3 'Il-_ 0.03.05 [0.28]  o0.22t.20 0.27.09
X I 0.50t.20  ‘fo.11]  0.13t.12 = [0.11]
op3” I, 1 0.03 0.0k 0.02 0.07
Io 0.0k © o 0.02 0.05 0.08
D5 I, 0.12:.06  0.19t.11  0.hh+.15  0.59:.13
I, 0.10t.06  0.04t.05 0.13+.13 0.005+.01
CFP5 I, 0.48t.14  0.54.18 0.002t.02 . 0.27+.08
I, [0.87]  1.20£.17 1.11%x.28 0.2L4x.10
FFST I, 0.03 0.03 0.0001 0.01
I, 0.03 10.05° .06 0.009
Background . 0.75 0.8 - 0.70 0.75

¥ See Table VIII.
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adjacent momentum intervals. The same afguments of continuity.apply to
the choice of a fit‘at the momentum intemVal 1020 MeV/c.

It is observed that the values at whidh the'baékground is fixed do
not decrease with increasing momentum as they might if the background
is S-wave phase sPace} However the background is used here to écéount
also for processes, othef than S-V‘Jéve_pha_seISpace,‘22 which were not
considered in the model described in Chapter IiI.

If the background is alléwed'to vary in the fitting pfoceduré it
remains at app‘roxi;nately 20% for Ithe momenta 921;, 975, 1020 and 1058 MeV/c
but increéses to between 30 and 40 percent‘ét 878 and 1113 MeV/c. This
increasé comld'be explained by the small ammunt of data.available at the
two latter moménta.' See.Table III,'Chabter Iv.

Table X contains the confidence levéls and the partial cross-sections
for the waves used in,ﬁhe best solution and Table X-A gives the corresponding
chi-équames. Table X-B gives the phases of the partial wavés in the
momentﬁm intefvalé which contain a large.amount of_déta. One of the
. phases in each momentum interval is fixed in order to remove the ambiguity
of an absolute phase, while all other phéses, including those'belonging
to waves in square brackets in Table X were allowed to.vary. Thus there
is a slight difference between Tables XTI and X-B. In Table XI some phase
differences from‘the best solution are listed, see Section D below.

Figure 13 is a plot of the partial cross-section for each ofvthe
partial waves as a function of beam momentum; the values of the parameters
which were fixed are plotted withmut error bars. The values of the
parameters from the best solution were used.tm calculate the projections
of the Dalitz plot density upon the (Aﬁ+> and (An ) mass squafed axes.

These are shown in Fig. llha,b superposed over the corresponding experiméntal

histograms. Even though these histograms were not used explicity in the



Table X.

Cross-sections and confidence levels for the best solutions.

Quantities

in square brackets are fixed and Il’ IO indicate iso-spin state.

K~ Momentum MeV/c 822 878 9o1. 9k 950 975 - 1020 1058 1113
Bins (Dalitz Plot) = 11 ol 1227 13 32 30 28 17
Bégztﬁﬁgﬁgizg) 2(10) 2(10)  2(10) 2(20) 2(5) 2(20) 2(20)  2(10) 2(5)
. Confidence Level  0.02. 0.15 0.0k 0.17 0.00k 0.16 0.19 0.11 0.01
Waves ‘Partial Cross-Section Millibarn
‘PPl“ I, 10.03t.10 0.36£.12 0.05:.06 0.11+.07 0.h90.48 0.39¢.12 [0.15] = [0.1:] 0.17:.16
I 0.05t.09 0.26+,09 0.49+.36 0.4%.08 :o.16¢;2o 0.5%+.12  [0.31] [0.31] o0.12¢.11
Ds3 I 1 0.47£.23° 0.67+.16 0.02t.05 0.11*.05 0.39t.24 0.19+.14 0.38+.09 0.19t.11 0.0810.08
I, 0.006£.03 0.11*.09 0.79%.40 0.02£.03 0.21%.31 0.22+.12 0.39%.1hk 0.09.06 [0.20]
PP3 I, 0.77+.34 0.12¢,07 0.50t.39 0.0l+.02 0.45t.21 0.03t.0hk 0.27x.09 [0.28] 0.22t.20
| I, 0.80£.30 0.62t.13 0.4h+.18 0.54x.13 0.06:.11 0.10:.09 - [0.11] [o:11] o0.13*.12
DD3* I, 0.05 10.09 0.004 0.02 0.07 0.04 0.07 0.04 0.02
I 0.0007 0.02 0.01 0.004 0.0k 0.0k 0.08 0.02 0.05
DS I, [ 0.01] 0.02t.03 0.008t.02 0.50x.10 [0.80] 0.69r.2k 0.59t.13 0.19t.11 0.4bt.15
I, [0.006] 0.01+.02 0.04.05 0.12£.07 0.00+;01 0.05¢.09 0.005:.01 0.0kt.05 0.13t.13
FP5 I, [ o.06] 0.06% .0k [0.06] 0.25+.10 0.01+0.0k 0.32+.12 0.27£.08 0.54+.18 0.002t.02
I, [ 0.02] o.out.05 [0.02] 0.23:.06 0.08+.10 0.08t.06 0.24+.10 1.20%.17 1.11*.28
FF5 I, 0.001 0.002 0.002 0.009 0.0006 0.01 0.01 0.03 0.001
I, 0.0002 0.0007. 0.0004 0.006 0.002 0.003 0.009 0.05 0.06
Background 0.54 . 0.71 0.57 0.47 0.70 0.75 0.86 0.70

0.68

* Implies constraining the amplitudes such that (DD3=DS3) and (FF5=FP5) with

the proper centrifugal barrier.

&
v
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Table X-A. Chi-sQuares for the best solution.

'~ K Momentum Number of Number = Number of Degrees Confidence

MeV/c =~ Parsmeters of Bins = of Freedom  Chi-square Level
822 'li,' b1 30 k7.5 - 0.02
878 19 e 35 43.5 0.15
901 © 15 hg 2T e 4o.6 Q.oh

ek 19 o | 58 680 oQ17'
950 18 33 15 : 31.6  0.00k

i 975 - 19 . 82 63 7&?0 . 0.16

1020 U 80 56" - 76.0 0.19

108 12 58 46 58,6  on

1113 17 37 20 %.1 0.0




‘Table X-B.
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Phase angles in degrees. The fixed

-phase at each energy is in brackets.

Momentum Mev/ c 878 924 g75 - 1020 1058 1113
Wave Iso-spin
PP1 1 (90) 181+21 820 W37 2h8E35 39£32
| 0 207+11  297+1k  123:21 . 288t37  337:35 56U
D53 1 171x9 270x13 53t25 21835 9328 99t 35
0 304+20 1h9+31 .337i2)+ 35156 215+24 300£20
PP3 1 %+21 196+23 300£40  276£38 12116 16513
0 85:8 (180)  (0) © (0 (0
DD5 . 1 178+49  269:k 6718 319837 355221 TOELS
0 © 51463 15+7 8+ 3k 330+84 28428 | 324+17
FP5 1 358:23 1948 %+19  228+51 38222 73360
' -0 334%10 179+28 15949 159+21 24219

276£30 - -
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fitting procedure, the calculated curves f£it them fairly well.. The reason
that the calculated curves in Fig. lka, b are not shown for parts of the
allowed mass—rangé, was that the éorreSponding regions of the Dalitz plot
‘were poorly populated and were not used in the fitting procedure. Chi-squares
for the goodness of fit of fhese curveé fd the histograms are shown in
Table XII. | |

The experimental anghlar distfibutions are shown in Fig. 15a,b the
smooth cufves:are from the best solﬁtioné. The decay angular distributions
of fhe Yl*i(l385) weré calculated using the values of the best solution,
and were plotted as the smooth curves superposed ovef the experimental-
histograms in Fig. 9a,b. . The results'of_the fit for the lambda polarization
at the différenf momentum intervals are shown as the smooth curves in

Fig. 12a,b.

D. Structure in the Partial Wave Amplitudes

The cross-section for the wave DD5 (I=l) shows the resonant_stfucfure
correSponding to the (5/2i) Yl*(l770)vand the cross-section for the wave
FP5 (I:Oj shows the structure correSpbnding to the (5/2*)”YO*(1820). The'.
cross-section for the wave PP3 (I=0) has a shape that resembles the high
mass part of a fesonance shape. If this wave is fesonating,33_it wili
correspond to a state of mass near or below the lower end of the energy
range in this experiment (1700 MeV) and iso-spin, spin and parity of
o(3/2%).

The relative phases of these waves are meaningful, in the fitting

-

procedure of this experiment, when they contribute a statistically

meaningful amount to the cross-section. From Fig. 13 we note that the
wéves PP3 (I=0) and DD5 (I=l) are both large at the momentum interval
975 MeV/c; and the waves DD5 (I=;) and FP5 (I=0) are both large at the

momentum intervals 1020, 1058 and 1113 MeV/c. _The.phase angle DD5 (I=1)
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Table XI. Relative phases in degrees.

K Momentum _ .
Mev/e 8718 925 o5 1025 1058 1113
DD5(I=1)-PP3(I=0) 93t50 901k 6730  -- - -
FP5(1=0)-DD5(I=1)  -- —- 112t19 2011k 136+19  167+25




‘Table XII.

.";70_,

Chi-square values for thg fit of the mass-

projection on the Yl , Y1 (1385) axes
compared to the experimental histogram.

K; Momentum _. Y*+ Y*-

v/ e oR e
822 16 11 19 23
878 22 20 21 18

900 21 1k 20 17
925 22 21 21 %
950 22 30 20 28
915 22 19 21 ‘_21

1025 -3 37 é; | 35

1058 22’ {ih: 21 16

1113 22 20

16

21
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PP3 (I=0) at 975 MEV/cuié (90:i l4) degfees, and at the moménta 1020,
1058.ana 1113 MeV/c the phasés FPSI(I%O);DDS (I=1) are (201 + 14), (136 = 19)
and (167 £ 25) degreesvréSpectiVely, seeJTablé XI. These phases show that
the resonant states Yl*(1770) and the XO*(lSEO) have the opposite sign
imaginary parts at resonance. |

| The phase between PP3 (I=0) and DD5 (I=1) alsé suggests that the

PP3 (I=0) wave might‘be resonating; for if we remember the Wigner condition
1(that the phaSe.of a resonating émplitude increases counter-clockwise on

a complex plane) then far Felow the mass of the Yl*(l770), the amplitude

for the‘DDS (I=1) wéve will be mainly real; thus a phase of (90 * lh)
degrees.between fhisiwave and the PP3 (I1=0) wave makes the lattef mainly
. imaginary;v Therefore we conclude from the best solution that thé wave
PP3 (I=0) has a large and méinl& imaginary amplitude in the reactioﬁ

Kp = Xl*(1385) + ﬁ-e} Ax'x" at the center of mass eriergy of ~1700 MeV.
. If the contribution to fhe tqtal cross-section of the resonances
'YO*(1820) and Yl*(l77o) in the K p interaction were known, then with the

information we have from this experiment the branching fraction of these

8

two étates into the channel Yl*iﬂ+ could be calculated. Cool et al.
. measured the total cross-sections in the reactions K-prand K d in the
energy region wﬂere the abovebresonances éppear, and by comparison of
these two cross-sections, they found the energy dependence of the total
cfoss—section‘ in the iso-spin states O and 1 separately. Using their
results Qe estiméte that the Yl*(l770)'¢ohtributes (20.0 = 3.0) m.b. to
the iso-spin 1 cross-section and the YO*(182O) contribut;s (30.0 £ 3.0)
m.b. to the isd—spin d cross-section at the respective central mass-values

35

of these resonant states. Using. these values in conjunction with the
results of this experiment for the waves DD5 (I=1l) and FP5 (I=0) we

calculate the branching ratios'as: (K_p is & mixture of I=0 and I=1 states)
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Kp—= Yl*(177o) - Yl*i(l385) + ot

I

—
0]
.O .
i+

3.3)%

- 3 - -
Kp- Y (1770) —» al1

Kp - Y, (1820) - ¥ (1385)

]

(8.0 £ 1.4)%
Kp - Y (1820) —aall '

These values are in agreement with Referenees 37

The varlatlon as a function ef energy of the cross-section for the
wave DD5 (Fig. 13) was fit to a Breit—Wigner_shape curve. (See Appendix
). The mass and width of the'Yl*(177o) from this £it are (1775 % 5) Mev
and (55 - S + 15) MeV. This is a erude fit because there are only a few
data points with large errors. 1In Reference 34, the values of the mass
and width by'Armenteres et al. are 1766 * 4 and 114 + 8 MeV.and those by
Smart are 1775 * 7 ana.lh6-i 9 MeV.b The mass valﬁes are in agreement with
ours, but not the Widthsr However values for the width published previous
to Reference 34 are in agreement with ours (see Reference 7).

The YO*(lSQO) appears near the uﬁper end of the energy region in this
experiment, therefore data are needed at higher energies before one can
fitwthe YO*(1820) resonance shape to a Breit-Wigner curve.

E. Discussion

3k, 36

Armenteros et al. analyzed the reaction K p —ath, K_p —aﬁon

and K p = Zn in the mass region 1.6 to 1.9 GeV. 'They carried out a partial
wave'analysis and found‘thet, in order to fit the data, they needed resonant

states in the S and F together with the previously

01’ Dog’ 13’ Pos o7
* N
mentioned Y, (1820) and Y (1765). 1In some of their fits (Ref. 37) they

also used fixed values of the maéses, widths and elasticities of the

| o |
states 5/27 ¥, 1910 7/ Y, zouo) and 7/27 Y. (2100). The masses of

0
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the 54, » DO35 Dl3’ D05 and.FO7 efetes Were given as 1163 + 3, 169% +3,
1668 + 3, 1807 = 10 and 1864 + 2 Mev respectively. The elasticities were
0.14 + .0k, 018+ .03, 0.09 + .02, Q{o9-z”.01 and 0.12 + .02 respectively.
The In branching fractions wefe 0.45 + .25,v0.60 + .12, O.ﬁ9 + .11 and-
0.25 respectively for the first foﬁr states above.

38

| In.a counterrexperiment by Bugg et al.”, the totel cross~section
for K p and K d were measured for fhe laboratory momentum region 0.6 to
2.65 GeV/c} Unfolding the Fefmi1ﬁotﬂ1;jn'&g’dﬁmeron they separeted the
iso-spin states O and 1. They‘were able to fit their cross-sections using
1 resenant states of constant widths and a momentum dependent baekground.
Beside the established states some>0f these resonant states seem to
correspond tobthoee found ﬁy’Armenferos et ai. above, namely: I=1 state
of massvi665 + 5 MeV and I=0 states of masses 1695 * 4 MeV and 1876 £ 5
Mev. The fit to the date of -Bugg et ai.»is hot unique and some of their
assumptions ere 'simplietic;, to use their own term.

The small elasticities and the large Zx branching fractions for the

. states S and D05 (in the convention of this paper SDlO, DS3O,

01> Doz D13
DS3l and DDSO)lead to the conclusion that the contributions of these
states to the reaction K p —SYl*(l385) + ¢ are small, in fact they are of
the order of magnitude of the errors on the cross-sections in Table X.
Thus if these resonanf stetes exist, the fact that they are not detected

7 beside having a small

elasticity (0.12 £ .02) has-a resonant mass above the energy region in

in this experiment is not surprising. The state FO

R
this experiment, and its decay to Y, (1385) + n must be through F- or
H- wave. Thus more data at higher energies are needed to detect this.

state in this channel.
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APPENDICES

A. ‘Experimental Chi-Square Distributions

Chi-square distributionswigr“kinématically fitted events in bubble

chamber experiments are known to be wider than the theoretical distributions
by a facto,rva2 that ranges between 146—2{0, and have a tail which is ~10%

higher.ll’12

Thisveffect isﬁgenerally due td‘under-estimated errors in
reconst?uction programs. Befofe'aSSOCiating a8 probability level with the
experiﬁental value of chi-square we must take into account this stretching
factor a2. Reference 12 had analyzedrthe same type of event in the propane
bubBle chamber and used the same constraining programs as in this experiment,
and found a stretching factor 2.4 for four degrees of freedom fit. The
stretching factor doés not seem to depend on the number of constraints
(degrees of freedom).L%

We €i§e the following summary of our study of the.experimentai chi-

‘ square distribution: |

1. Fdr'one-constraiﬁt fit”atnthe‘vee decay vertex constrained to A,
8.5% of the events lie beyond the theoréficél"E;S%‘level.

2. TFor three-constraint fit at the vee vertex consfféihéd to a A
pointing to the interaction origin, ll.h% of the events lie beyond the
theoretical 5% level. |

3. For seven-constraint’fit>fof two prong and a vee constrained to
(K-p - A n_n+) 31% and‘22% of fhe evenfs lie_bejohd-the theoreﬁical 5%.

and 2% levels respéctiﬁély.

'B. Summary'of Theoretical Details
Following Deler énd Val‘ladasl6 we will briefly discuss the procedure:
with which we arrive at the form of the amplitude given in Chapter III-B. .

The reader may refer to the above authors for a more complete description.
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- Restricting ourselves to the production of only one intermediate
subsystem, one iso-spin state énd one combination of spin-projections
* . :
' MiMf, and using the definition of symbols as in Chapter III-B, we write

the amplitudé} (T, transition matrix)

Ir

* ¥ ' -'
< ) () T KP >M1M: < aqq Mo [Tf M >

, * % JLLY . -
D < ML |IM, T3 > T U (W, )< JM, LS| M, >
JIL? 15t Je 1 , id

’

since ngL connects the two states ]JM,L’j> and IJM,LS>, whére S is the .
spin of the initial nucleon.

Introducting helicity states, we have

|a,M> =§\‘_‘, |, > < o fg M, >
3 ,
| |'JM,L'J'> - [aMIN > < IMGN |, L0 5 >

A
,23

since eigenstates of heiicity form a basis.
The conection between helicity states and spin total-angular momentum -
-eigenstates is by the following (or similar forms) in the center of mass

system of two particles: -

(-1)25+T-LAN (STL_ 51555

< M, LS|IMA A, > = X %0 c?\l. A

A= N A5 8ys S, are spihs of particles one and two. The C's are

Clebsh-Gbrdan coefficients:
Jqdd
12 . s .
¢, = C (Jlgemlme,J"M)

my



=75

When S, =,A2 = 0 and Sl = %‘we obtain:
C-)Arﬂja dIJ/e L )
' -kiAiO ‘

< JM,LL‘_1/2|JND\:.'L >

J*tN L7 .

< M\ {IM,L7 5 >

Using the relations 2), 3), 4) and 5) in 1) we obtain

<y (Ay) |DIkPg o = D0 3 <qlq |J1\4,3>\><JMJ7\IJM,L'J> (17)
f JIL AN

ﬁL (W, 1) <ML 1/2| 2> < |G >

A ey /2J+1 JLL’ () %)
2 - . , . l
" Ny 99 JLL i °

Jl/ 2L

JIT? C,eJ/EJ z
-MMO

v -0 vM7\ , (67,93 )dy o\

The second form above comes from simplification of the following

}exPressiohs:
ALY L% x| -.A
8) < @M |[IMGN > = < M| 3N > < g A |IMA >

where (g) is the orbltal state in the decay of the subsystem (Ax ), This
s a product of two wave functions in the flnal state, one in the 3 c.m.
the.qtheriin the rest frame of CAnE) subsystem. b) < JM?\ilqiMi >'which is.
the projection of the'initial state on some:he1icity state.

From the properly normalized helicity‘-eig‘ensta*t,es-l'6 we find the’

product b) _ ,u_w 2141 5. 4
’ E 9 L TMA, M.

i 7ii

¥* .
- In a) Mf is the z-component of A-spin in the A rest frame where the
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z-axis is taken parallel to the (Ax2) line of flight in 3 c¢.m. and x-axis
parallel to the (Aﬂg) production plane; A is the helicity of (Ang) subsystem
in 3 c.m.

The proper coordinate sysfem in which to describe the A-spinor is
the A—reét frame, with a quantization axis along the vector that transforms
the A to its res£ frame. Thus to evaluate fhe first part of a) we rotate
the spin state.of the A in order to describe it in terms of the proper

spin eigenfunctions, we obtain:

Lw
¥ ¥, R 1 2 1/235 8 % %
<q Mfier> =Y Co M 2" Y, (61,0)
9 T

To evaluate the second part of a) we project the helicity state of

~(An,) along the g, direction and obtain: (Reference 16, Appendix 1-A)

s T _‘/2J+l W g
< qlMJ_.,M )\"> Yo T pm (0,6,,0)

1

' where eliis the produétion angle of (Ane) subsystem. in 3 c.m. with respect
to the incoming directiqn as z-axis. Gi, @i are the.polar,¢bordihates of
the A in the (Ane) rest frame; with z-axis takeh alOné th¢ (Ax2) line of
flight in 3 c.m. and x-axis in the production plane |

Dim,(a,ﬁ,y) is the angular momentum rotation Operatbr ‘Dim,(O,B,O)= -

L (8). |

It is seen that the angﬁlar dependencé in thé_amplituae eQuation'
(1) is“in terms of 6,, the (Ang) subsystém productiéﬁ angle, and (Gi,wi)
| the pdlar coordinates of thé A in the (Aﬂg) rest frame‘with respect to
(Ané)-119? of flight. It must be remembered that, implicit in the
’deveidpment of the aﬁove; the spin of the A in the final staté is quantized

with the (Ane) line of flight as z-axis, and the initial proton spin.
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along the’ incoming direction.
At this point a transformation can be made to the coordinate system
(gng) that we chose as most convenient in Chapte} ITT, i.e. f-axis as the

1072)

angle. We must transform the spinors and spherical harmonics by the use

normal to the 3-particle plane (t=n,x13), (-§) axis as bisector of (x

of angiilar momentum rotation operators D ,(a 5,7) We require this
transformation to produce an amplitude in_which all spins are quantized
along the (-axis and-in which the independent variables are the five

variables we chose in Chapter IIT-B namely: e, 9, Wy s W

5 and the angle of

rotation around the 1ncoming direction. We obtain:

JLL’Jﬁ HyiHp

53+l bW ' L] JLL  gp, % P12
< | - 'J 1v 6
ﬂl(An2>‘T|KPﬁiuf qlql Ty (w, l)f (81,—5)

.+ exp (iuf Ql)

whefé ﬁi;”“f are the projection of proton and A spins along the. {-axis,

Q

1 is a relativistic rotation of A spinor obtained when a Lawrentz.

transformation (L.T.) takes A from 3 c.m. to A-rest frame on one hand, and .
L.T. of A from 3 c.m. to (Ar,) rest frame then to A-rest frame on the

other.eu This rotation is needediin principle in order to make the

amplitude symmetric under exchange of Ty Tpe
% ¥ - .% '
: ok (Byry % By )y )
As given by Stapp 51n|Ql| = — :
- (1+77) (14, ) (A )

where 7y = Vl+6272 as usual and El is the velocity of (Aﬂz) in 3 c.m., 5£f.”
is the velocity of A in the (Am,) rest frame, y, is for (An,) system in

3 c.m. and y, is for A in the 3 c.m. system. (At incident K momentum of_'

A
N v
1000 MeV/c and for Y, (1385) production, the momentum of the spectator

pion in 3 c.m. is 339 MeV/c.-‘Thu§~7l=1jo3, Biyy=.25, 71*=l'017’

7
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* %
171
radians: The effect of this rotation will be ignored.) By definition |

B = .18, and 7, has the largest value of 1.09%. Thus, [Ql|= .0217

we have written:

£ 0 _— |
R I N i e I

, .
Thghe L7 2 0 M K “ANO
) C£1/23 Cl/zJuK Cl/2 JK Ky gV opl (ei>

el ' VM A M*-K-v TR

12

R 1/2 L (8,0) exp (i g

. C o _
'Hf H m'ufﬂl m+|J-l Hf

L - * *
© where A, K, Mf are now dummy indices, Gl

S ¥ * -
is the angle between ¥ and Y in 3 c.m.

is the decay angle of (Ang)

system 1n 1ts rest frame, 912

11:® @ are polar coordlnates of the incoming dlrectlon in the &n¢f system.

2%The cosine of el

plot. The expression in squere brackets.is a parity;conseration coefficient;

dﬁ v is a reduced angular momentum rotation matrix element. The rest of

is_equivalent to one of the codrdinates of the Dalitz

the symbois.are defiﬁed.pfeviously. |
. If we now restrict'the.(Ane) subsystem to bé Y;(l385) i.e. allowed
values of g=1, j=3/2 and parity determined by restricting the values of
Vs then fJLL 3/2 can be reduced censiaerably,'and it'takes a'form that
can be ea51ly used in a program for dlgltal comﬁuter.
- By inspection of the above anduusing.the prOpertles df.the'spherical
harmonics and Clebsh—Gorden eoefficients we find: o
JLL’ §2 11 5 %

% | :vuiuf $ .
f;i“f (67,012) = (-) 7~ f;uiuf | (67,610)

where the * on the curled bracket implies compiex conjugation. For other
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properties see Reference 16. We giﬁe a table of values for the function

/2 /ol ;
(IIL’3/2 (6,6,
My | -
' Table B-I contains values of the function for H{*i/g; uf=l/2 "(8F) and

% .
) that correspond to Yl(l385) as intermediate state.
‘ui=l/2;_uf=l/2(NSF)- The dependence on the angle 6, (angle between
‘the two final-state pions in 3 - c.m.) is omitted. The arguments of
Yj (8,0) which are omitted in the table are the polar coordinates of the

incoming K~ direction in the £n¢ coordinate axes.

. *
C. Centrifugal Barrier Effects and Parameters of Y, (1385) Resonance Shape

The rate for the decay of a bound state into two particles depends on
centrifugal‘barrier factors which are different for different values of
the orbital angular momentum state (g) between the decay products. Blatt

and Weisskopf (Theoretical Physics, Wiley (1958) p. 361) give these factors

vﬂas:
vb = 1
L l+(k‘r)2
N =5
2 9e3(kr)P ()t
. (i)

3 2054k (kr )26 (kr ) e (kr )°

1wheré (hk) is the relative momentum of the decay products of a resonant
state and r is an inﬁeractiqn radius, usgally of the ordér of a Fermi. Ve
usevthese factors forfintroducing centrifug;l barrier in fdctoring T iﬁ
ChapteriIII Section B. |

The width of a resonance into a certain channel may be parameterized

as (Blatt and Weisskopf p. 390 op. cit)

r ~y (kr vz)



Table B-I. Values of the function fil/2,l/2 (9)612=O)

NSF? fl/2,l/2‘; 53‘111/2{1/2

Wave -
PPl NSF  .2887 (i sin9*+20089*)Yé
sF .h083 (i sine*+2cose*)Y_%
SD1 NSF 0 '
SF - (.51 siné +cose*)Y : :
DS3 NSF \Ek 2739{(i 81n9*+cos9*)Y +(1 s1n9*-cos9 )Y } :
SF \ﬁg{ 5478(4 31n9*+cose*)Y 2+ 2236(1 sinf -cose*)Y }
PP3 NSF -.1291 (5i sin@ +cos9*)Y ,
SF - .0913 {(51 sin6é +cos9*)Y l+3(1 31n9*-cose*)Yl}.
~DD3 NSF  .2738 {cosG*Y 2 -(21 51ne*+cos9*)Y2}
SF 5477 cos6™Y_ 2‘- 2236 (21 siné +cos9*)Y
PF3 NSF  .3873 cose Yl
SF .2739 {(21 sin6*+3cos0 )Y L coso*y i}
DD5 NSF  .1195 {(21 sin6 +cose*)Y2 (5i sin6*+cose™ i} »
SF .2988 {( i siné +cose*)Yg (i siné +.5cos9*)Ygf(i sin6*+.20056*)Y_g }.
DG5 NSF  -.0732 {(1 sine*+hcose*)yl+(i sin6* -lkcose® )Y i} |
SF .08% (i siné +hcos9 )Y2+ 0366 (i siné’ —hcose*)Y o
FP5 NSF 43 {-.2315(1 sin6*+cose™ )Y_g+.2535cose *¥3+.2315(1 sin6™-cose™ Jy3}
‘SF .

_\/5 {-.5669(i siné*+cos9*)Y+§+.2928cosG*Y_%+.lh6h(i siné*-cose*)Y%} v

_08_



Table B-I. continued

Wave

" ¥F5 NSF .OW72 (111 51ne*+ucose*)y3 .0518(51 siné +ucos9*)y3+ 0472(-i sin6*+hcose® )Y

_ SF .0299 (11i 5iné +hcos9*)Y3- 0598(51 siné +hcose*)Y 3+ 1157(-1i siné *ihcose™ )Y g
FF7 NSF -.10% (5i 5in0*+coso )Y 3+ 1157(31 siné *tcose )Y3 1056(1 51in6 +cosd )Y3
SF -.3018;(-1_51n6 +cosé )Y3+ 1670(i sin6*+cosd )Y3 1002(31 31n9*+cose*)Y 3+ Oh3l(51 sin6*+cose )Y 3

' GD7 NSF .3951 [(1 sin6™-cos6 )Yé+(1 sin6*+cos6™ )y h] 4+, 1&9&&1 sin6%3cos6™ )Y +(1 sin6 *+3c0s6™ )Y M]

SF -.2113 [(1 sm@*-éose*)YZ (1 sin6®+3cos6 )Y ]-+ 1336 (i sin6*- 3cos€*)¥)+ 5589(1 51n9*+cos6*)Y
GG7 NSF - 0295 (161 sin6é +500se*)Y4+ 1670(21 sin6*+cosd )Yi- O33h(h1 s1n9*+5cos9 )Y b, 0295(-21 siné +500s9*)Y '
v -3 o
SF -.0157 (161 51n9*+5cose*)Yé+ 5976 (21 siné +cose*)Y -.ok72(bi s1n645c056*)Y A+.8333(-21 sin6*+5cos6% )Y ﬁ e

FH7 NSF  .Oh72 (2i 81n9*+5cose )Y3 2588cos9*Y3+ 04k72(-2i sin6*+5cos6™ )Y 3
SF. 4050 (L1 51n6 +50056*)Y3 2241 (24 s1n9*+5cose*)Y3+ 6723cos6*Y f 0579( 21 sin +50059 *)y %
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with vz as above, r’ is of the order of the nucleon radius, and y is a -
factor which depends on energy and interior properties of the resonance.
* N
For the Y, (1385) we may thenwrite -
gkr)3
'~y .
1+(kr)?
If we measure r in units of pion radius and use the momentum (p) of the

* * . o
decay pion (Yl - Axn) in the Y, rest frame, then

kr ~ 2 = 2 a2 an (a: unknown parameter)

and ' :
3 ' Aln3
l" ~ 7 _(E‘_D.l_ = B =
l+(a1])2 1+An
' *
which is the parameterization for the width of the Yl'(l385) thus making
-y independent of energy which is plausible for a narrow resonance.
' : : - * -
To.find values for Al and"A2 we have used data (K p —>Yl L ¢ -}Aﬁ+n )
at K momentum (1.45 - 1.6) GeV/c from D. O. Huwe® ! (Ph.D. Thesis, unpublished
UCRL-11291 (19%4)). We chose high energy data because interference effects
that may change the shape and position of the resonance pesk are smaller
at 1.6 GeV/c than at our momenta (.85 - 1.1l GeV/c).
N X | ¥ey 2
We fitted the (Y +Y ) peak of Huwe's data by minlmlzlng x~ and

varylng A 2, and the mass of the resonance and the c0ntr1butlon of 3 body

l)
phase space background We get ~lO% probablllty for the best flt .which-

gives the followiﬁg»values of the parameters

A = 0.0143 Bev
A, = 0.6395
Mass = 1.3837 BeVv

Background = 31%
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The value of A, implies a radius of interaction (r) = 1.1 Fermi.

2
For representative values from the fit, we give the value of the full

width:

*
at Yl mass of 1.367 BeV I = .032 BeV

at - 1.387 r

I

.0L0 Bev
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The values given in the text for the cfoss-sections of these fesonahces
o o * 3}
correspond to (33.4 * 5.0)% elasticity for the Yl.(1765) and (60.0 *
6.0)% for the Y (1820). The published values for elasticities
(see Reference 7) range from 34% to 60% for the Y, (1765) and from
%, . ' ' '
63% to 80% for the Y, (1820).
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FIGURE CAPTIONS

Fig. 1. Typical vee and two-prong event In the 25 inch Hydrogen Bubble
Chamber.

Pig. 2A. Missing mass squaredkhistogram in'the reac£ion Kp - Aﬁ+ﬁ_ +
missing mass.

Pig. 2B. Missing mass histogram in the reaction K-p - ﬂ+ﬂ- + missing mass.

Fig. 3. Resolution of the A-ZO overlap region.

Fig. 4. Partial cross—éection for the reaction K_p - Aﬂ+ﬂ-.

Fig. 5A. Azimﬁthal distribution of the lambda line of flight in the
laboratory with respect to the beam direction as z-axis.

Fig;_SB. Azimuthal distribution in the laboratory of the lambda decay-
pion with the lambda line.of flight‘in the laboratory as z-axis.

Fig. 6. The coordinate aXes_g-nsg deécribed in the text, and the |
orientations of the Y* production and the 3-particle planes in the
o&erall center ofvméss system. |

Fig. 7.- Cdlculated ¢ompohents(of the theoretical Dalitz-plot distribution

~ for the wave.FPS at fhe.K- beam momentum 1020 MeV/c. The components
labled from 1 to HbcbrreSpoﬁd.to the parametéfizatibn described in
the text.

Fig. 8. Effect of the isérSpin intérferenCe,terﬁs on the-position of the
Yl* resonarnce peak; shown for fhe wave FP5 at fhe beam momentum
1058 Mev/c. | | |

Fig. OA. Decay éngulér'distriﬁutions:fbr;the Yl%+(l385)'wifh.respect to
its line of flight in the overall cehter of mass systém. The smooth
cur&e is from the beétvsolution.

Fig. §B. 'Decay angular distributions for thele*_(l385). |

Fig. 10. Experiméntal Dalitz‘plqts.
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Fig. 11. Rotations and the Euler's angles & B y needed to calculate the
lambda polarization from the model..

Pig. 12A. Experimentalllamb&a polarization, folded about A2=0 and for
the range -.8 to +.8 in éosine of the ﬁroduction angle (K'Y*+), for
the Y, ' production.

Fig. 12B. Tﬁe same as Fig. 12A but for the Y%- produption.

Pig. 13. Partial cross-sections in millibarn, for the partial waves
used in the fitting procedure, obtained from the best solution.

Fig. 14A. Experimental histograms of the events used in the fitting
versus the (Axt) mass-squared, the smooth curve is calculated from
the best solution. . |

Fig. 1L4B. The same as Fig. 1L4A but for ther(An') subsystem.

Fig. lSA._ The experimental prbduction angular distribﬁti@ns'for the
Yl*+ production ﬁsed in ﬁhe.fit%ing-prdgedﬁre;.thé'smooth curves v

are ffom the best éolution. |

*

1 " production.

Fig. 15B. The same as Fig. 15A but for the Y



LEGAL NOTICE

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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