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ABSTRACT
We have extended the partial-wave analysis of the reaction

K N- A+ from our data in the energy region 1660 to 1900 MeV to

the data at higher enei'gies (1900 to 2215 MeV) from other experifnents.‘

This analysis has established the resonant nature of YT(1910) and.
measured its spin and parity as st = 5/2+. The carlier assignment

Py 7/‘2+ for Yj:(2030) by Wohl et al, has been confirmed. Th;e

mass, width, and Ag branching ratio were measured as 1902 +11 MeV, '

52425 MeV, and 0,08 +0.04 for Y’:(wm), and as 203246 MeV,

160+ 16, and 0.41+0.03 for Y';(2030). In addition we found a sug-

P

gestion for the existence of a J° = 1/2+‘ resonance at 1880 MeV with - .

a width of 220 MeV.
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1. INTRODUCTION"‘~

The study of the reaction K'N -+ Ax has. proven to be a useful '_

oxethod for learning more about the quantum numbers and resonance
"parameters of Yi resonances. We have pubhshed the results of a :
partial-wave analysis of this channel, between 1660 and 1900 MeV
center-of-mass (c.m.) energy, which y1e1ded information on scveral
Yf resonances. 1 Wohl, Solmitz, and Stevenson identified Y:i(2030)
) from a study of the re.action K-P‘;’Ano betweeo 1900 and 2100 MeV and , o
made the spin parity assignment JP = 7/2+ 2 |

The I = 1 total KN cross section measured by Cool et al. > and o

Davies et al. ~ shows a shoulder which is consistent with a resonance

at 19410 MeV with a width of 60 ‘MeV. In addition, the I = 1 total cross : Do ‘

section at higher energy shows a peak at 2252 MeV with a width of v_
1200 MeV. Our earlier work1’ > suggested that the shoulder at 1910 MeV
_' was due to a J¥ = 5/2 resonance. ' |
This study, which combines our experimental daté (1660 to - .v : N
1900 MeV) with the data of Wohl et al. 2 (1900 to 2100), Trower? "(1945'
MeV), and Dauber (2151 and 2215 MeV), was undertaken pr1mar11y to ;
establish the resonant nature of Y (1910) and to determine its spm- o
parity ass1gnment. Other goals included: ver1£1cat1on of the spin- par1ty |
3.551gnment for Y (2030), measurement of the mass, w1dth and A'rr -
~ branching ratio for both the Y1(1910) and Y1(2030); possible study of
' YT(ZZSZ); and determination of the behavior with energy of tho non-
resonant parts of the partial-wave amplitodes ‘in the Ax channel.
This partial-wave analysis of tile reaction K—N-*Aﬁ establioho's ‘

the existence of YI(i‘)iO), determines its spin-parity assignment as



o J = 5/2 ,‘ and measures 1ts mass, w1dth, and A1r branch1ng ratlo as’

'v_.R

i "",“‘w1dth Fc in channel ¢ to the total W1dth In add1t1on, the spm panty

fjij_::abssignment JP = 7/2 for Y (2030) is ver1f1ed and thc resonance

o

W1th the avaﬂable data; however, we find a suggestlon for the ex1stenc

- _'-—d1str1but1ons and polarmatmns for the- f1rst ten energles 11sted m the,,':_
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: E 1902:!:11 MeV F 52:1:25 MeV and xA 0 08:!:0 04 The

»branchmg ratlo 1n channel Ci X_» is equal to the rat1o of the part1a1 :

parameters measured as Ep = 203216 MeV, F = 160:!:16 and o

_=0. 4“:0 03, No conclusmn regarding Y. 1(2250). could be reached

. of Y1(1880) with a width of 220 MeV and J¥ = 1/2*. The nonresonant.
parts of each of the partial waves up to G9 can be adequately de-scribe:d"
» » _over the energy region 1660 to 2215 MeV of the data, by no more than

" osix parameters, A, B, C, D, E, and F B o
e 1(D+Ek+Fk) P 2 0

- (A + BK + ck®y e if A+ Bk+Ck®>0, (1a
‘T=0 i A+ Bk+CkZ<0, "(1b

. where k is the incoming c. m. momentum.

1L DATA' ‘

Table I summarizes the data. used in th1s analys1s.v The angularh

'-'table came from our study of the reactmn K n-*Atr in a deuterlum

1.5 S
! The cross .sect1ons for these ten energ1es.are

bubble chamber.
tw1ce the cross scctxons for the reaction K p->A1r0, obtained from a.

compamon run w1th hydrogen in the bubblc chamber. 8 Conservatroni
of 1sotop1c spm requires the cross sect1on for'K n-—>A1r to be tw1ce‘
that for K p-*Avo. | |

The cross sections, angular distributions, and polarizations at @

the remaining eight energies came from three studies of K p 4>Aﬁ'o-in
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2,6,7

hydrogen b'ubbie éhambers. The cross section.s.'-at these eight

energies were also normalized to K'n ~An” (i.e., the I =1 cross e

section). The data were rebinned so as to have at least 10 events or so':
in each angular distribution bin and 40 events in each polarizé.tion bin, . -
In a bubble chamber experiment the shape of an angular distr‘i'bu‘:-i'

tion is determined easily (after correction for biases) from a histogram

of tﬁe number of events vs the cosine of the c. m. production angle.

For measuring a croés section the beam must be normalized, and
chafnber density, séanning efficiency, and booking losses determined',"j
eté. Thus the cross-section measurement is open to considerably
more errors than the measurement of the angular distribution. 'va an
angular distribution of 20 bins is converted to a differential cross sec-"

tion by using the cross-section measurement, any error in the cross

section is introduced into 20 data points, rather than the one data poin’c'._ : :

it actually represents. To avoid this problem we fit the cross sections

and the shapes of the angular distributions separately. Because this

analysis uses data from four different experiments, this procedure was g

particularly important,

The angular distributions were expressed as a function of the . .
cosine of the c. m. meson scattering‘angle (f(- #); the polarization‘Wa..s..uj
calculated from the observed A—decay asymmetry relative to thelrpro—
duction normal fi = f(xﬁ/[f{x -?r-[, according to the formula
. ?A . fi = (3/aA)(f5. fi) where p is a unit vector parallel to the momen-

tum of the proton in the A decay, and ay is 0.66. 9

omen e g e ey,

e e o

i o yrr——
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. III, THEORY AND FITTING PROCEDURE

vThe reactmn K N-—>A1r is one of a. large class called formation
L oxpenm_ents, in which a resonant amphtude is exc1ted_ whon the cm
energy of the K'N system corresponds to the energy of the re._sona‘nc‘er‘-.fj
If other amplitudes are small corﬁpared with the resonant ampvl‘ivtuvd'e:',‘
its existence is clearly demonst1 ated by the rise and fall of the total L
"cross section as a function of energy for the reaction. Unfortunately,
in the channel K N- Ar the nonresonant amplitudes are not small and

a more detailed examination of the angular distributions and po_]_.ar;zahon.s_”,
‘must be made to determine the mass, width,v and branching ratio ofthe g
.v.i'resonance. Also the total cross section gives only a lower limit_ for :
the spin and no information on tho parity of the resonance.i |

To obtain the more complete information available in a forma-:

tion experiment, it is necessary to measure the angular distributions

_and polarizations of the final baryon in addition to the total reaction

~-cross section, and then decompose the amplitude into partival-wva.v'e”{
‘amplitudes, i.e., eigenstates of angular momentum and parity. Amore
comprehensive discussion of the theory of partial-wave analys‘vis. m g3
formation experiments can be found in an article by Tripé.
In a reaction with spin 0 + spin 1/2 ~>vspin 0+ spi'n'i/Z (such
" as K'N - Ax) the transition operator M is given by del
. M=a(9)+b(6)g-ﬁ.
v.There are two amplitudes: a, the non-spin-flip, and ‘b thé sp1n-—f11p
amplitude If we define K to be a unit vector along the 1nc1dent K |

. c.m. momentum and # along the final % c. ‘m. momentum, the a.

‘and b amplitudes are functions of O(cos 9 = K. #); 0 is the Pa»ul_l L y
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.

._spi'n operator,,' and fi =»(f{x?r)/([f(xﬁ|) is the normal to the production . . ..
. plane, The relations between é;(O) and b(0) and the complex partial-
wave amplitudes T;% (¢ is the final orbital angular momentum,

J=4+1/2) are

a(6) = x z [wtnT, + 07,7 P, (cos 0) N a)
7 .
and
b(o) = ixz [Tj - T[] P, (cos 6), | (2v)
T |

where k is the incident c.m. wave length divided by 2w, Pl is the fth-
- order Legendre polynomial, and 'Pﬂl1 (cos 8) = sin 6 c_lP2 (cos 0)/d (cos 6) | :
is the first associated Legendre polynomial. The differential cross B

section I and polarization P are given interms of a and b by

1= 92 = [a]? + [b]? - (Ga)
and _ |
IP = 2 Re (a™b) A | o _(3b'.)'-‘: .

The polarization is restricted to be along fi by parity conservationin -
strong interactions. In order to obtain a more direct relation betw een
the measured distributions I and IP and the partial-wave arhplitudes,

it is customary to make the expansions

I=x% Z Am Pm (cos 6) » » _ (4a)
’ m=0 P o
and v _
=) B P! (coso) )
- ' n n ! R



the various notations used. The par1ty P of the two part1c1e system

_'the usual case of a pseudoscalar meson M and even- part1y baryon B

B over all decay channels of the resonance.

| 1mpl1c1t in Eq. (5). F1gure 1is an Ar5and chaaram, which dlsplays

6 UCRMW%6

4 '”-"'v.'-and then refer to tablesi-'o-’, 1, relatmg the A and B coeff1c1ents to the '

- partlal -wave amplltude T Table II is useful in convertlng between "_‘

: '1n-the fmal state has been calculated from P= (-1) PBPM = -(~ 1) for
The variation with c. m. energy of the partial-wave amplltud_e s
o " is, in general, unknown, However, in the special case of a resonant
lamplitude, it is governed by the Breit- Wigner formula NS

Lo )Y e w2 N O

where E is the c.m. energy, Ep the energy of the resonance, l"e the

" partial width in the incident (elastic) channel, T _ the partial width in ..

the final (reaction) channel, and I' = Z I‘. where the summation 1s )

A careful study of Eqs. (2) and (3) shows that the transformatmn
+ ot P
¢ -> £+i R Tz T,_4 (i-e., changing the pacltles of all amplltuclee);‘
leaves I invariant but changes the signof P . Also the tfans‘fornl_av.tion-f:

S
Ty, =T,

il has the same effect. The first is called the Minami ‘trﬁa'rie -'}f‘."
~ formation; the second is the complex- congugatmn transformatmn. 25
Measuring the polarization removes two of the four p0551b111t1es, but

- ‘additional information is required to completely specify the solutmnr.;;
| _v Making meesurements at several energies and thenvap‘plﬁng the W1gner
" 'v'_c'onclii:ivoni'1 to a resonant amplitude is sufficient to rémove the am- o

biguity, Thls condition requires rapily varymg resonant amphtudes to

traverse the complex plane in a counterclockwlse direction, and’ is .

the energy behavior of a partial-wave amphtude in the complex plane.

Note that there are two possible tra3ector1es for a resonant amphtude,‘; R
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dej:ending on the sign of the numerator in Eq. (5). The choice of tr’a";.'.'a : RAESFS

jectories depends on the SU(3) assignment for the resonance and has . ik

~ been discussed previously. 1.5 ‘The circle at 'ra.dius 0.5 is the unitafv;
| limit for pértial-wave amplitudes in a fea’ction channel. , )
Equations (2) and (3) also show that I and IP ‘are invariant i
under the transformation Tzi. - éiq)T;:. In the elastic channel this‘*":'i‘\" -
- degeneracy is removed by the optical theorem
Im a(o°)=;1-1:-r 0o | " (6) |
which réla.tes the imaginary part of the forward-scattering amplitude
to the total cross section. However, no such relation exists for an
inelastic channel, so that the degener#cy is usually taken into ac.co‘unt"‘g
- by defining the phase of one of the partial-wave amplitudés.
| At one energy there is sufficient inforl;natiqn in the expefirhéntaﬁ_i
: distributions' I and IE to just determine all the partial waves (but not "-
to resolve the ambiguity discussed above, or to remove the degeneracy
"in the inelastic channels). If only the first n partial waves are pygéent,

then the expanéions (4) require terms up té order (n-1).
determine 2n quéntitie‘s to describe fhe n complex partial wé,ves; The_a_ ”
differential cross section I providesl n (AO" A1 vee, An-i) of thes’e:v '
quantities, and the polarizatién measures n-1 (B'l’ BZ’ see, Bn-.i) :

more, For the elastic channel the optical theorem provides the re-

maining relationship to completely determine the n partial waves; for -

the inelastic channels the one undetermined parameter corresponds to h

the overall phase degencracy. Since precise data, particularly for the -‘

polarization, are often not available, one must make assumptions to

reduce the number of free parameters to be determined from the dété..:.,:



:: /T'he large amount of accuratc data 1n the 1rN elast1c and charge
: ‘ :_.n‘_)exchange channels has perrmtted several authors to pubhsh detalled
’ "?v;‘,i‘*‘:phase Shlft analyses up to c.m, energles of 1600 MeV These analyse
~”"’7“-»-":'-;._:‘-vfd1ffer bas1cally in the method used to ensure smooth energy depcndence

of the phase shlfts and absorption parameters as a functlon of c. m. a

v energy in the absence of any general theory for th1s dependence.

: Roper.12 used a power -series expans1on in k (the c.m. momenta), »

~ plus .Bre1t—W1gner.resonance amplitudes. Bransden'13 uses a d1fferent'
" _-.vparametenzatlon based on dispersion relations and the ana.lyt1c proper

v: vtles of the partlal wave amplitudes. Bareyre’14 finds a unique solutlon.
by f1tt1ng data at each energy separately and then selectma the solut1on ,’

: ”that_jmns smoothly to the lower-energy solution, AuV11 d Y .
?:l)t.)n.na'chie16 require smooth behavior of single—energy solutions plus
'dlspersmn relat1on calculations for the smaller part1a1 waves. - -
All these phase-shift analyses used two advantages of the 1rN

-elastic problem not available in the inelastic react1on KN - An. g The,_l
optmal theorem, Eq. (6), removes the phase amb1gu1ty from each Ven
ergy solution in the elastic channel, To match the phase of solutzons”

at d1fferent energies in an inelastic channel requlres an assumptlon f

" ‘the energy dependence of one partial wave., The nN channels have_
"accurate data for a wide c m, energy range, 'from threshold to‘ a.t'._' :_:‘
least 1600 MeV, permitting a smooth continuation of the le'ssr complex
. low- -energy solution to higher energ1es where 2 - 3 or 4 amphtudes
are r.eqmred v

| To do a partial-wave analys1s on the data of th1s expenment

the energy bchavmr of each amphtude was parameterlzed and then all :

- the data were f1tted together, This procedure overcame the two,___
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| difficulties discussed above and also ihsure_d'that the Wignef condition ‘

was upheld, "This was basica‘lly Roper! s approach, '12 but far fewer -
- pa‘rametér‘sv for energy dependerice were required.fo 'a.d‘eq'ua.tely fit the
K'N-Ax data;. |
The éa;tial Waves were paraméterized by combinations .ofv
Breit ~Wigner resonances and»po'wer series expansions in k. Thé"

'resonant.part of the amplitudes was given by

1 idp p y1/2 _ .
s Z°€ (Fe r) , , . | ()
E, - E -il'/2 -

R
where ¢ is the phase angle of the resonant amplitude at resonance
energy; for ¢ = 0 the amplitude is pure positive imaginary at reso-

nance., The energy dependence of the partial widths has been apprdxiQ .

mated as
K2 1l g - | S
T, « —_ 8) -
1 k2+xz E } | o

by Glashow and Rosenfeld, 17 Where X is a mass related to the radi;u"sv-_ )

of interaction and ki and Ii are the momentum and orbital aﬁgular mo; .
.mentum of the decay products of the resonance in the ith channel.

Glashow and Rosenfeld found X = 350 MeV from a study of the SU(3) - -
predictions for the partial widths of the y (JP = 3/27) octet, 17, Deans.'j‘_:;l‘,’.‘- v “
and Holladay found that X = 175 MeV gives a better {it to the A(1236) :
‘resonance, 18 Blatt and Wci»sskopf19 derive (nohrelativeistically) an g
expression for the energy dependence of Fi w_hiéh is identic'gl in form

with Eq. (8) for £ = 4, but differs somewhat for higher. 2 .values. o




P : and Welsskopf form for the energy dependence of r ‘were tried in
'v‘.l__j-,f1tt1ng the data. In both cases the best fit was obtalned w1th X = 0
o 1 e. a simple ki/E dependence. The Glashow and Rosenfeld form- .

iy [Eq. »(8)] with X = 175 MeV gave an almost identieal fit; in view .6f'

o D, E, and F were either varied or set equal to zero. For the re_'_s_o-“ [-'f-

I - added together.

! for each parameter, These starting values were used to calcula‘.te__-:th'e'.

o-t0- o '_UCRL;1_79'5_6

Both the Glashow and Roseni'eld form [Eq (8)] and the- Blatt

‘the work of Deans and Holladay, 18 this form with X = 175 MeV was :'
used for the results quoted in this article, ,
o _The nonr_esonant part of each partial-wave amplitude was -

par.ameterized‘ by

. 2 | ,
i +EkFFKY)  ya Bt ol >0, (1a)_

‘T=0 o - .1fA+Bk+Ck2<0 (1b):j‘

T = (A+ Bk + Ck)e

where k is the incident c.m. mdrn_ent-um., The parameters A, B,, C,

,_ ‘nant part of an amplitude [Eq. (7)] (xe 'xr)i/z[:: (I‘el"r)i/}i"], ER’ )
i I', and ¢ were variables. If a particular partial wave contained both

 a resonant and a nonresonant part, Eqs. (1) and (7) were sirnpiy

For each fit a hypothesis was made as to which partial waves
were resonant [Eq. (7)]. The nonresonant part of each partial'Wa'v_e
. was approximated by Eq. (1), A set oflpa.ra.mete.rs was chosen to’ :

~ describe each hypothesis and reasonable starting values were gueSs’_ed

' cross sections, angular distributions, and polarizations. The calcu.
lated quantities xic were compared with the observed data points x?

and their errors Ax? to find xz
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c _o\?

. where the index .i runs over all the expeArimevn_'tal data points. The yx
function was then minimized with respect to all the parameters by th_e'
: _‘valv'ia‘ble metric method?0 using the program VARMIT written at LRL
by Beals, 21 o | o

| VARMIT is a generabl fitting program forA determining the local
minimum of a function of many parameters;‘ It requires the calculation
of the analytic partial dérivatives of the function with_respect.'.to veach : o :
parameter. It then uses an iterative procedure to find a local mini-. o
"mum of the function. At each iteration the minimizing program was - !
" supplied with the value of XZ and the analytic derivatives of xz with
réspect to each parameter, These partial derivatives define a gradient;
direction for the most rapid variation of x 2. A matrix cbn@éining |
approximate second-partial-derivative information was used to modify
the gradient direction. In this modified direction the XZ and gradientA '
values of another point were calculated. Then a XZ minimum iﬁ this. g .
direction was found by using a cubié approximation. A quadric .é.lppros.(ii-.l N
mation to the second derivatives in this direction was used to correct - :
the matrix, and a ne;w iteration was started, | |

After a satisfactory minimum was obtained, the values of 'thve'- :

parameters were displaced randomly from their minimum values, énd
~ the above pfocgdure was repeated as a consistency check. Approxirfia;tely B
© 20 minutes was required to complete a fit for 50 parameters to 440"dat';é.
point§ on the CDC 6600 computer if a reasonable set of starﬁng values’

was chosen.




‘}_: '_eterlzatlons, the xz values for each can be compared and param.__»‘..

: - S1tuat10n. Here n is the number of degrees of freedom, i.e., the
o number of 1ndependent data points minus the number of free parametersa

. The‘»equatmn is valid for n > 30.

" at 2025 MeV.  The lower bump corresponds to the Y (1770), S

-12-

A.t'ter solutmns have been: obtamed for several dlfferent para.m-»

etenzatmns that do not fit the expenmental data. can be reJected ThlS

. 1s done by companng the confidence level,

vCLz(Z'rr)'i/Z/ e_‘V/ dy;t=(2 “/2 (Zn 1)/ :
A |

. 'whlch is the probablhty that another experiment would g1ve a worse f1t

"A‘assummg that the parametenzatmn accurately descnbes the actual :

IV. RESULTS OF THE PARTIAL-WAVE ANALYSIS .
Figure 2 shows the experimental cross-section éointe and
o _their'errors for K'N = A7, The curve is calculated from fit number 5

. wh1ch is descnbed later in this section. The cross sectmns were

plotted in units of 0/41rk . X being the incident K c. m. wavelength,;

" divided by 2, These units correspond to A, the flrst coeff1c1ent of ~

- the Legendre expansion, since integrating the expansion Eq. (4a.) ol

over all angles yields | ..
aa

The major features of the K N - Aw cross secti_on'in thlS
energ'Y region e.re two broad peaks, one eentered at 1 77.0'MeV a.ndone
Jp = 5/2 s and the results of the partial- wave ana.ly51s of thlS energy
‘regxon have already been published. 1.5 The peak at 2025 MeV cor-

.reéponds to the Yi*(2030)’ JP

2

= 7/2+, reported by Wohl, ‘Sol-m1tz,'

- and Stevenson,
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‘

' Asa cbnsistency check, the parity ass'ignmerit for the

s Yi- (2030) was verified in fits 1a and 1b, Only the data for the six .. " /"

LT ' : ) % ' e
- highest energies were used, in order to isolate the Y1 (2030). In fit :,5,_' .

4a a single 7/2" resonant amplitude [ Eq. (7)] was hypothesized, in- . ' .

fit 1b a 7/2” resonance was tried instead. In each case the remaining . B

eight partial waves were assumed to be independent of energy; i.e, ‘,v .
Eq. (1) with B=C=E=F=0 and only A and D variable. In both fits the 8
overall phase ambiguity was removed by defining ¢=7 for the J = 7/ 21
resonant amplitude. The mass ER’ width I", and the magnitude at |
the' resonant energy ( XNE war)i/z of the resonant amplitude were als'é
~allowed to vary, for a total of 19 parameters.
The solutions that minimize XZ for the 1a and 1b hypotheses

are shown in Fig. 3a and b, and the final ¥ 2 and confidence levél.s'
are listed in Table II. The J' = 7/2Jr assignment of Wohl et al. fofl o
Yi* (2030), fit 4a, is seen to make a reasonably good fit to the data, -
"(C. L. = 0,007) while the alternative 7/2 assignment is totally in-
~adequate to fit the data (C. L. = 10'24). Both solutions ai:e plotted
against the experimental Ai/AO and Bi/AO coefficients in Fig. 4,

| The next step, fit 2, was to attempt to fit all the data at the '

b
18 energies with the well-established Y," (1770}, J°

P

=5/27, and -
Yi* (2030), J° = 7/Z+, resonances plus energy-dependent nonres'onantj'iv‘.'} B

amplitudes. The number of parameters varied in the nonresonant p'art‘lv_

_of each partial-wave amplitude is shown in Table III. All six paraméte:r.é._l,"-'}'f' v

in Eq. (1) were allowed to vary for the first six partial waves,'exc_:ep‘tl

~ for the D5 wave--where only A, B, and D were nonzero--in addition .- o

to the resonant Y, (1770) amplitude. Only three parameters (A, B, and



‘descnbed entlrely by the Y1 (2030) amphtude. : In th1s and all re—'

: energ1es at wh1ch the, expenmental data were available (Table I). The

E ThlS resonance was tried in the P3, D3, D5, F5, F7, and G7 waves,

- : the Yi (1910) included could not be obtained with the power' ser1es ;l :

o expansmn in' k [Eq. (1)] used in fit 2, even though the same number

-44- . UCRL-17956

o ‘_ D) were used for the G? and G9 amphtudes . wh11e the F7 wave was

v-irnarmng f1ts vthe overall phase degeneracy was removed by defmmg_
¢ =0for Yi*(1770). The partial-wave arnplitudes that best fit the

) daia ’are‘ shown in Fig. 5. The points along the curves correspond to

o XZ and conf1dence level for fit 2 are shown in Table III, The c0nf1denc
level of 0.8% shows that this fit to the data is not unreasonable,

- Since the I =1 total cross section shows. a shoulder that is. =~ L

| L ‘ 3, 4 L

' cOnsistent with a resonance of mass 1940 MeV and width 50 MeV

'a resonance of this mass and width was tried in the series of flts 3

1n each case {except F7) the number of parameters ‘used to descrxbe th
| i_'background in that partial wave was reduced, from 6 to 4 (C=F=0)or
from 3 to 0. The mass and width of the new resonance were held flxed
at 1910 MeV and 50 MeV; only the magnitude and ¢ were allowed to
vary. The only hypothesis that was an improvement over fit 2 was o
fit 3a, which establishes the Y::(1910) as JP = 5/2.+ The conflden.c.e
B level for f1t 3a has increased to 7.7% compared with 0.8% for fit 2, The
.' vsame number of parameters (six)describing the F5 partial wave'were.‘;

| allowed to vary in each case, The only change was to allow part of the
F5 parnal wa e to come {rom Y1 (1910) in f1t 3a, Itis easy to seevi‘:'i'

that the comphcated energy dependence of the F5 wave (Fig. 6) w1th

of pararneters were allowed to vary in each case. The next most




probable fit in the series was 3b, which is for a 3/2 ass1gnment.v The 'i'

cc_)nﬁdence level of 0.4% for this fit is -less than the 0.8% for fit 2, F1t 3b .‘;:-4,

is included in Table III to show that J© 5/2 is the only spin- panty

o ass1gnment for Y,1 (1 910) allowed by the data.

Fit 4 (Table III) is the same as fit 3a, except that mass and w1dth -

of the Y, (1910) were allowed to vary as well, The slight decrease in
' conﬁdencellevel,v from 7.7% in fit 3a to 7.1% in fit 4, indicafes that . |
- the mass and width for Y:l-* (1940) measured by Cool et al, 3 and Davies |
et al, 4 arc within errors of the values measured in this analysis.

| Fit 2 was found from our earlier fits to the lower ten energiesi’

by adding the higher-energy data one energy at a time. While doing this

we noted the solutions for the P1 amplitude went through violent changes"

. vas. i:he data from 1900 to 2050 MeV were added, This suggested the
possible existence of a resonance in the P1 partial wave. vv

In fit 5 a Breit-Wigner resonance amplitude was added tél'the P1 .
partial wave and the number of parameters used to describe the non-
resonant part of the P1 wave was reduced from six to four, The resultlﬂg
fit has a confidence level of 16.1% and is the best fit to the data, and
is shown in F1g. 6, The Pl resonance had (xexr) /2= 0.11:!:0.03, Er

= 1880440 MeV, M = 2204150 MeV, and ¢ = 27426 deg. In going from

fit 4 to fit 5, two additional parameters were added, and the x; dr'bppe‘d--; . |

by 16, Clearly the parameterizism of fit 5 is a better approximation- :

, _15_." - - UVCRL'-17956_,_:~_;‘_:

to the partial waves; the question is how seriously to take the existence

*
of a Y, (1880) with ¥ -1/t

Probably the most encouraging fact for the existence of this

resonance is that the fitting program could find a ¥ minimum with




o . tirﬁes as broad as the Yi* (1910.). Another channel, such a's 2, Woul&:

é.mplitude with E
" ‘to the Y1 (2250) discovered by Cool et al, in the K N total cross -

- section, The overall {fit to the data is poorer; any mformatmr; abouvt'_;""'

" . cludes higher partial waves.

16- ' UCRL-17956

rééé“bnahle valu;es-of (x x )1/2 I‘. and ¢ The effect of such a Piu.'
resonance on the total KN cross section would be. extremely small
assuming the same elast1c1ty as the Y1 (1910), one would find the

' contribution to the cross section only 1/3 as much and the width four .

'be the 10g1ca1 place to look for conformation of this resonance, Th1s
analys1s alone can only suggest the ex1stence of Yi (1880), W1dth 220 |
. MeV and iF- 1/2 The Ai/A0 and Bi/AO cocfficients calculated

' ffom fit 5 are shown in Fig., 7, plotted agéinst the experimental co-,"
N éfficients. |
_ Fit 6 srhows the effect of addiﬁg the P4 resonance to fit 2, ‘butA
leavmg out the F5 Y1 (1910) resonance. Fit 7 is the same as fit 5,
. gxcept that the G9 nOnresonant amplitude has been replaced by a resonéﬁf -

R and I fixed at 2252 and 200 MeV, corresp0nd1ng

Yi (2250) must await data at higher energies and an analysis that 1n-



\
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V. CONCLUSIONS

_;I'he.major result of this analysis was to establish the resvonazraii;i_v S
'vc;ha’racter of the Yi* (1910) reported by Cool et al. 3 and to. m;ke thé R
. spin-parity assignment g 5/2+_. Other results include: the vex;if.i;'._f S
cation of JP'= 7/2+ assignment for Yi* (2030) made by Wohl et al. 2;
' the measurement of the parameters of the 'Yi* resonances in this energy _A _
region; the general behavior of the nonresonant partial-wave amplitude:s.. ;v:_
énd the suggestion of a new resonanc‘e, Yi* (1880) with JP = 1/2+. ' |

Table IV summarizes the parameters of Y, (1770), Y, (1880),

Y‘.l* (1910), and Yi* (2030) determined in fit 5. The quoted errors are
“the statistical errors calculated in the fitting program, increased by a

, 'factbr of two. The statistical errors have beeﬁ doubled in an attempt R
to include uncertainties arising‘ from the particular parameterization
chosen for the nonresonant partial-wave amplitudes and from the some‘-'_‘.i |
what ad hoc energy dependence used for I' in the Breit-Wigner resona'lh(”:le
formula. With twq e.xceptions [in fit 2, for Y;:(2030). XNK XAw
(1.40) and I" was 182 MeV (1.5 0)], the corresponding resonance

was 0,041

‘parameters found in fits 2, 3a, 4, 6, and 7 agreed to within the Quotedi
errors of the parameters from fit 5, Since a study of a reaction channel ,
measures only the product of the elastic and reaction branching ratios,

.has been calculated from the measured product, XNKXATr’ by

2z
NE'

There is at present no general theory to explain the behavior of

Xpm

using the latest world average values for x

nonresonant partial-wave amplitudes. However, this partial-wave

~analysis yields rough measurements of these amplitudes in the reaé;ti'on"jh.’ R

K 'N-» Am, The sum of the nonresonant and any resonant part of each’ S



e '_:_{parameters for th1s f1t are g1ven in Table V. Only the d1agona1 elements

i '7‘_,'_,of the error matnx are quoted for each parameter. However, the form

‘of Eq (1) 1ntroduces large C01‘1'<313~t10ns between the Parameters. __ The"'

' "'v‘prec1s1on to enable. one to use them to reproduce the part1a1 waves as

o on its SU(3) assignment; detailed d1scussmns of this have already been »
' '.\"_pubhshed for Y1 (1770), (1910). nd Yi (2030) Since Y1 (1880)

' is in phase with Y (1770), the restr1ct1ons 11sted in Ref 23 for Y1 (1770)

-18- . UCRL-17956:

- :amphtude is shown in Flg, 6 for £1t 5 The A. B, C, D, E, and F

A B, C D E, and F parameters are given in 'Table \' w1th suff1c1en

C shown in Fig. 6.

The measurement of ¢ for each resonance yields 1nformat10n

5, 23

i ,also a.pply to Y1 “ (1880).
; I W1sh to thank Professor Robert P. Ely, Jr., for h1s helpful
: ) suggestlons and his support and Dr. Anne Kernan and Dr. Charles G

Wohl for their encouragement. I am indebted to Dr. Wohl, Dr. Solm1tz,

* . _and Professor Stevenson, Dr. Trower, and Dr. Dauber for prov1d1ng

~ their data in a conveniént form for this analys1s.-
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7 Table I Summary of the data used in this analysis, -

© ., . Number Binsin Bins ~  Experiment
o TET . cof - angular in . - . (Reference . .-
" (MeV) . events distribution polarization = number) .~ .Targe

1675 144 9 6 . Smart(4,5 D

1705 394 14 . Smart (1,5)"

6
4730 463 45 6 Smart(1,5) . D
4750 632 19 8 . Smart(1,5) .

 Smart (1,5)

o

11100 626 . 20

C 1790 . 598 - 20 " Smart (1,5)

smans) D

e e

D
D
D
D
| D
o asto a8y 17 | D
agdo a9 47 1 . smart s D
1855 468 46 7 Smart(,5) © D
4885 f08 .71 o0 . Smart 5 D
'-:_’_.‘-1896 .79 - 20 o 12 'wdhl (2) | H
© 1945 281 45 6 Trower (6.) . m
1986 553 20 : '_8 Wohl (2) | H
| -2026  3412 20 20 - '_‘wom (2) H
2065 388 ";zo BT T "~ Wohl (2) H
‘2109. 520 20 8 - Wohl (2) H
Cast 394 % 1 »]_-_’_j’Dauiae_r (7). m
» H

2245 . ‘214 45 _ 6~ . Dauber (1) - I
" Total 40959 . 300 . ' 440 . .




- .-Table 1L, Vanous notations used for part1a1 wave amphtudes. .

The pa.nty P of the two-particle system in the
final state has been calculated from
P= (-1) PgP), = - (-1)! |
for the usual case of a pseudoscalar
meson, M, and even-parity baryon, B.

& + - + -t - + -
T, Ty, T, T, T, T, Ts T, T, T,
123 s1 P1 P3 D3 D5 F5  F7 G7 G9

P 1 gt 3t 3" 5" 5t YAl 7 9~




Table III Summary of the parametenzatmn used for each part1a1 :
-~wave amplitude used in the fits described in Section 1V, The
- number under each amplitude indicates how : many parameterse
[Eq. (1)] were allowed to vary, in the order A, D, B, E; C
~ F, while the remaining ones were kept fixed at zero. The
“letter R indicates that a Breit-Wigner resonant a.mphtude .

-sulting x “, number of degrees of frecdom (n), and conf1dence:

24 . UCRL-17956

[ Eq. (7)] was added to Eq. (1) for that partial wave, The re-

level are also given,

. _Fit_

1a

i :

S 3p

o oo oo o o

- 44R

4R

: Amplitudes © o X.
'PL P3 D3 D5 F5 F7 GI G9 ‘
2 2 2 2 2 R 2 2 1494

‘2 2 2 2 -2 R -2 316

4R 6 3. 3 464 -

4R 44R 3 3 435 3¢

3+R 6 3 .3 472

3+R4+R 434

4R 3+R  4+R 3 3 alg

4R 6 3 3 455

vow{_“o~'o~ .c~ o o o
® % " W ™ P W
w
w

O =)} (=) B o}

34R 44R 3 R 429
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‘ Table IV Pa.ra.meters and quantum numbers Y (1770), (1880)',
*(1910), and Yi (2030), The quant1t1es measured or
. 'ver1f1ed in this analysis are underlined with a solid line; -
' quantities suggested by thlS a.na.lys:.s are 1nd1ca.ted by a
broken line. :

'.’Ma'ss Width Spin Parity XRNxAﬂ ' XEN . *Aw
Ep r J P ‘
. . (MeV)
0 {MeV) -
. 4775x7 146+9 SLZ _(2_._07‘1:I:.009 _ 0._45 : 0.16.-!:,02 - 0 ,
1882240 2224150 1/2 4 0.012£.007 o ame2e

1902841 52425  5/2 ' 0.006+.003 0,08  0.08+.04 . 34224 .-

|+ l+‘ 1+ |:

20326 160416  7/2

0.045+,004 0.1  0.41£,03 17428

S—




z:vTable v., The A, B. c. D,‘E, and F parameters [Eq. (1)] determ

. ~ in fit 5,  Only the diagional elements of the error matrix are’

" quoted for each parameter. However, the form of. Eq. 1y m_
“.troduces la.rge correlations betweenthe parameters. The param
eters are given here with sufficient precxsmn to be. used to re- v
R produce the partial waves as shown in Fig, 6, R

f;:f,e . (BeV/o)? (BeV/c)-Z (radians). (radians) "'(radians-)“’
W ' ' ' o (BeV/c)— (BeV/c) _
oSt 1,29840.3 -3,271#1,0  2.263%0.8 -1.8132.8 11.27a9;7 -14, 69:};8 0.

© 0 PL -0,00820.16 0.32120.3 C2.7320.9  -4.438.3
. . P3 -0.34330.3  1.364#1)0 (1.07420.8 4147445 -2049414.4 41,8011, z‘f"fr‘.j.z
D3 -0.18740.3 0.75841,0 -0,51440,8 -10,7424,4  36,47+14,5 30 30*11-‘7»“
D5 -0.45120.2  0.683%0.2 5,2440,2 -
F5 -0,084£0,04 0.188:0,06 R X -2.7443.5 iy

" G7  0.01840.03 -0.00620.04 -o.1éao,35

. G9 -0,055£0.02 0.1180.03




Fig. 1, Argand d1agram for a resonant partlal wave amphtude in a
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FIGURE 'CAPTIONS

v

| . reaction channel. The circle at radius 0,5 is the umtary l1m1t. S
) .-_’Fig. " 2, The 1= 1vtota1‘ cross section for K N -+ Aw, obtained by.
L doubling tixe cross section measured fof "‘K-p ~ Aw° . The
- curve is calculated from fit 5, which was thé best fit. to thé :
l' combined data. | .
' F1g. 3. Argand dlagrams for the partial waves (real part vs.
1ma.gma.ry part) which best fit the data above 1950 MeV with the
hypotheses of constant S1, Pi, P3, D3, D5, F5, and G9 partia_l.
waves pius (2) resonant F7 and constant G7, and (b) resoriaﬁt '
G7 and constant F7 partial waves., Fitla has a.'Canidence
" Level of .007; for fit 1b it is ,10'24. ‘
‘Fig. 4. Comparison of the Ai/AO and Bi/AO coefficients ca..lculat'edv. |
| from fit v1a (solid curve) and 1b (dashed curve) with thos;e'ob-ﬁl o
tained from the experimental data. |
Fig, 5., The partial-wave amplitudes from fit 2 with resonances in the. .

D5 and F7 waves. The dots indicate the energies at which data e

were available, as listed in Table I, The solution for the G7 _' ; R
wave was essentially constant, even though the parameterization - '~ :
- permitted energy variation,

o Fig. 6. The partial-wave amplitudes from fit 5 with resonances in the -

Pi, D5, F5, and F7 partial waves. -

.Fig., 7. Comparison of the Ai/AO and ‘Bi/AO 'cv_oeffi.cients calculated

from fit 5 with those obtained from the experimental data. The

values for the cross section (A;) are shown in Fig., 2.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

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

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

As used in the above, "person acting on behalf of the
Commission™” includes any employee or contractor of the Com-

mission,

or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee

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






