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AN ANALYSIS OF K'p - A" n” IN THE REGION OF THE A (1520)

Terry S. Mast, Margaret Alston-Garnjost, Roger Oq/BanAgerter,
Angela-Barbaro-Galtieri, Frank T. Solmitz, and Robert D. Tripp

Lawrence Berkeley Laboratory, University of California
‘ Berkeley, California 94720

ABSTRACT
. The rate for the/ decay A(1520~ 2(138.5) T has been.measu;‘ed in
a study oft};e reaction sequence K p ->A(152>0)—> z(1385) e
A sample of 9200 events of the type K—.p—'A-rr+1r" has been obtained
\ in the Berkeley 25-inch hydrpgen bubble chamber. . The incident
momenta range from 300 to 470 MeV/c. After correction for detec-
tion efficiency, an energy-inciepehdent partial-wave analysis was
performed using an isobar model. The model included a coherent
¥nixture of six paLrtial waves to de scribe all mass distributions, an-
gular distributi'ons, and the polarization of the lambda. The 2(1'385)1r
decay ﬁqode was found to dorﬁinate the An'n™ decay of the A(41520),
in disagreement with the results of a production reacﬁon study of -
the same decay. The width for the decay was measured to be
1.66+.25 MeV. Mixing 'bet;veen t.he A(1520) and the A(ié‘)O)has_ been
‘used in the past to describe the JF= 3/27 Baryons as SU(3) singlet and
octet. Combining our lrate for A(1520) with a recently vmeasured rate
for A(1690) ~ Z(1385)m, we calculate the mixing angle | 8] = 65 to 85
deg. ';‘his’is in strong disagreement with the mixing angle de rived
. frorr; the two-body D-wave decays of the singiet‘and octet of -25% 6

deg. Thus, some modification of the usual SU(3) description of these

. states needs to be made.



I. INTRODUCTION
Within the framework of SU(3), the known J'p= 3/2” baryons have

1,2 The rates:

been treated as a singlet and octet by several authors.

for the D-wave decays of the: octet disagree with the predictions of

SU(3)" and the massés of the octet members fail to satisfy the Gell-

' Mann Okubo mass relation. These d1screpanc1es have been success-
fully removed by 1nvok1ng conﬁguratlon mixing between the primarily
singlet state A‘(1520) and the primarily octet state A (1690). Data now
are becoming available on'thé S-wave decays of these sfates into
rnembers‘ of the 3/2+ decuplet and the 0~ me s'o'n_ octet.3_6 These
provide a further test of the SU(3) nature of these baryons. For ex-

"arr.lple, if the A(1520) were a pure SU(3) singlet, then its de caf_
through an SU(3)-invariént process to £(1385)w woul& be forbidden.
Consistent with the mixed nature of the A(1520), however, this decay
is observéd'. The rate for the decay.was measured in a prodﬁc-
tion experiment, > and the mixing angle calcuiated from that rate was
cons’isfent with the angle deri;ved from the mass relation and the D-
wave decays. 1,2 .

In this exéerirhent, wé st.\_xdy the decay in the formation reaction

7 K—f) ~A(1520)-= E(.1385)n'.24 An increase in the nurnbef c;f events by a

" factor of 100 from the exper1rnent which d1scovered the A(1520) allows a
very detailed analys1s 7 . In section II we descrlbe the experimental pro-
cedures, 'Fhe bias corrections applied to the data, and the overall
featux{es of the data. The Dalitz plot is dominated by Z(1385) pro-

duction. Th_e angular ,dis'ti'ibutién of the lambda indicates dominance

P . v

‘of J© = .3/27 formation. In.order to extract the modes and

- rates for the decay of A{1520) from the data, we have-performed a

partial-wave analysis of the three-particle final state using an iso-
bar model. This analysis is described in Section III and yields in-
formation abouf the formation process as well as the decay modes
of A(1520). The rate into Z(i385)17 disagrees withthe result from the

production experiment measurement by more than a factor of two.

In Section IV, the. result from our experimenf is combined wi‘th ‘

. other data on the 3/2” baryons to.yield a new mixing angle. This

value for the mixing angle strongly disagrees with the value derived
from the two-body D-wave decays. Appendix A describes in detail

the 1nvest1gat10n made of dete ction efficiences and the Welghtlng ap-
plied to correct for losses. Appendix B gives the detailed formulae

used in the isobar model.

iI. EXPERIMENTAL PROCEDURES

The K~ beam for this experiment was designed and built by Drs.
Joseph Murray and Roger Bangerter, and was operated in con‘junc-
tion with the Be rkeley 25-inch hydrogen bubble chamber. The beam
has Been fully described elsewhere. 8 The beam design successfully
.o;sre:came the two bmajor ‘difficulties of a low-morﬁeptﬁzn K~ beam:
the high background-to-K- ratio at the target (about 1000:1) and the-
aecay loss of K~ in the beam (about 10% per foot at 400 MeV/c). In
an unseparated beam, the background-to-K ratio would increase to
about 50000:1 in thé 40 feet from target to bubble chamber. Two-
stage conventional separation might reduce this ratio to 40:1. A
new electrostatic septum filter was developed for thié experiment
and obtained a background-to-K~ ratio at the bubble chamber of

about 1:5. The filter operates by passing the beam between stacks



of closely spaced high-vo'ltage electrodes which deflect background

bart@cles into uranium bars l.ocate.d'between the etacks. It has a

" transmission of about éS% and’in iess than 7 feet achieves a rejec-

tion of the order of 105 | - |
Dur1ng the period August 1965 to July 1967 an exposure of

» i.3><106 pictures was obtained. Typically each picture contained 6

'K tracks and 2 background tracks. .The backgrot;.nd lconsisted of

pions, muons, and some electrons. Background tracks had c¢lose to

minimurn iohizafion»‘ra.nd were thus easily distinguiehed from the K~

tracks, which has 2. 6 time's minimum 1on1zat10n |

/ By movement of the target and by use of a berylllum bea.:n de -
grader, we were able to obta1n K~ momenta between 270 and 470"

MeV/c. The data were taken with 20 different beam settings.

How-
' ever, most of the pathlength-{Fig. 1) occurs close to 395 MeV/c, the
momentum require‘d to form the A(1520).

The film was scacned for all topologie s‘ in‘cluding_those with a
viérpbcla‘vee and tﬂ}vo charged pions in the final state. ~All of the film
wes scanne.d once; 38v%.v&.1as scanned tWice; and 7% was scann‘ed. three

times.  All evehts within ab restricted ficiucial volume were measured

- with the Spil_‘al Reader or 'Franckenstein measuring projectors. ’The.-

kinematic reconstruction and the fit to reaction hypotheses were per-
formed with the progfams TVGP and SQUAW. Events which failed to
fit a reactioh hypothesis were r'emeasufed until 9{0/0 of‘the total sam-
ple of the laml;da-two-pion events passed._ The remaining failing *
.e\}'ent.s were un‘rneasurable due to the o_b'scﬁration of a track or the
presence of a'very short track. N

A sample of tau decays of the beam was measured and fitted in

ured with an uncertainty of 8 to 12 MeV/c.
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ozlder to determine the bear;l charact’e'ristics for each of the 20 beam
settings. The mean momentum, the rms spread of the mome ntum,
and a rn/ondentum pesition correlation were established for each _se:té‘
ting. The mean momentum from. the tau dece.ys was averaged with
the’:measured momentum for each of the lafnbda-two-pion events |
pfior_fo the fitting to a reaction hypothesis. The rfgagnetic field ic ‘_

the chamber was 18.7 kG, and the beam tracksvwer'e typi;callyir_neas-'

fitting to K-p*'Awaf_, the fina'l‘sample' of events had a mean uncer-

_tainty of 3.6 MeV/c and the distribution shdwn in Fig." 2.

.Only those events: Whlch fit a reaction hypothe31s with a confi-
dence level greater than 0.01. were accepted for further analys1s,
11800 such events satisfied the 7-constraint fit to K- pv->A1r-'n' ‘a'ndv
336 events passed fhe 5-constraint fit to K p - =0ntn Ten @bié-
ﬁous events fit both hypotheses. |
measured and they were eliminated from the sample.

To insure sufficient tracklength for a good measurem_ent of the
lambda momentum, further re strictions were made on the fiducial
volumes for the productlon and decay vertices. These reduced the
sample to 10 296 events. - To correct for a scanning loss of s}}or‘t-v
length lambdas, all e‘ve'nts with a\"proje cted length less than 2.5 rnm
were eliminated and the remaining 9412 events were weighted to ac-;

count for the cut. The weighting also accounted for loss due to es-

cape from the decay vertex fiducial volume. The mean v;/eight was
1.18. Further losses were investigated by looking at the distribu- -
tion of the decay proton in the lambda rest frame. Anisotropy in

this disttibution was found coming from the loss of events with

After beam averaging and

Reinspection showed them be mis-

-



.

'short—leng’c:h -pr.otons and evénts with the iarribda vee seen edge on by
the scann‘eré. These biases were removed by reJechng events W1th a
proton length less than 3 mm and weighting the remaining events.
This reduced the sample to 9227 events with a mean weight of 1.21.
A detailed description of the analysis and application of the se cuts
and welghts is glven in Appendlx A

The 11fet1me dlstrlbutlon of the final sample is shown in Fig. 3.
In order to remove the effect of the cut on short-length lambd}as, the
événts have been plotted as a function of (t -to)-in units of the known

lambda lifetime.  For each event, to is given by 2.5 mm/n é'rA, cos A

" where n is the ratio of the lambda momentum to its mass and X is

-the dip arigle. The distribution is consistent with the line correspond-

-10 sec.). .

ing to the known vlifetir:ge ('7'A =2.54x10 .

'I'he cross section for the reaction was determ‘ined from a path-
Iehgth based oh the téu decays of the beam. The analysis of these
taus has bgen describéd in a previous pﬁblication. 9 The numbers of
both taus a_pd Amw evehts were corrected for unobserved decay modes
and for scé.nning effic._iencies.

The écarining efficiencies were determined from the multiple

. scans using an extension of the method developéd by Derenzo and

10

Hildebrand. The anélysis accounts for the differing_v-isibility ‘of

events by parametrizing a visibility function f(v); f(v) is the fraction

_of the sample seen with an efficiency v, where v varies from 0.0 to

1.0. The extension used for this experiment defines a _different vis-
ibility (-Vi’ Vo, and v3) for each of the three scans. The events

found on each of the scans are fitted to determine. the parameters of

«» the function f(v1,» Vo v3), which is then use_d to ‘qalc‘:u_late the

-6

efficiencies. Details of this analys:is can be found in Ref. 14. V‘The
overall scanning efficiency was 0.96.

The beam-averaging procedure descrlbed above averaged the
measured momentum for each event w1th the central momenturn of the
distribution. For events with large uncerta1nty in the measured beam »
mome ntum, this‘procedur‘e artificially reduced the ‘width of the beam
distribuﬁoh. This then led to._diffe,,rent cross sections for difyferent_
beam settvings.' It ca;n be shbwn that ’Lrue beam distribution is rev—
stored by sp.readin_g out the contribution of each event with a Gaussian
Qith width equal to the fitted momentum uncertainty.. This was done
for both thé tau; and A'n'+‘rr_ events. In the region of high statis_tics,'
this made changes in the crdss section of the order of 10%. ‘This pro--

cedure successfully removed the disagreements between the cross

sections calculated from different beam settings.

1II. SEMIQUANTITATIVE Dﬁ:SCRIPTION OF THE DATA

The 'rnomentt;tm dependence of the partial‘cross section for
K p ~An'n is shown in Fig. 4 and listed in Table I. The A(1520)
dominates the cross section in the region near 400 MeV/c, and a sub-
stantial baékg;ound exists beyohd this region. The two‘data points
represeﬁted by circlesvare results from an experiment at higher ener-
gies.i.2 A qﬁantitative separation of resonance and background contri-
butions is given by the partial-wave analysis described in the following
section.

Dalitz plots as a function of incident momentum are shown in Fig.

5. The Dalitz plot is roughly uniformly populated below 360 MeV/c
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'and above 420 MeV/c. Between 380 and 410 MeV/c, bands of in- .
creased dens1ty at high ATr 1nvar1ant mass correspond to 2(1385)
production. The center of the Z(1385) band occurs at an'invariant
mass squared of 1.92 (GeV)Z, which is outside the kine\matically al-
lowed region for all but the highe st momenta. The -E('1385) ba-nds are
accompanied.bir anvenhanoen.'lent in the low mr mass region. This en-
hancement is éenerated i)y the constructive interference of the |
2(1385)+ and .ﬁ)(1385).-. The presence of the £(1385) bands and the
e‘nhencement of low ™ masses can also be seen in the Dalitz plot
«pi-._‘ojie'ctions (Figs. 6,7, avnd_8:).

 The eonstrﬁctive interference between' ,Z(i385)+ and z(41385)" in;-
A ;i_ic“ates the donﬁinance of syinnietric.v(l = 0) production.: Additional
evidence for'the dominance of ﬁne I=0 amplitﬁde ‘comes' f;‘.om'some

0.0 A
An analysis is in

.prehmlnary results on the reaction K p=An'w
‘progress 6f the zero-prong plus lambda topology from the same ejx}-
posure. In order to separate‘the contributions from AT®, = , and-
Am°n® final states, a fit has be.en made to the angular distribution
and pole_).;'.izati'onvof the lambda as a function of the'mas‘s 'of the miss-
ing neufrals Prehrnmary results indicate a cross sectlon for
Kp—+An®n® whxch is about ha.lf the Antn cross section at all inci- -
dent momenta. - This {rat1o is expected from pure I = 0 production,
so the I = 1. conti'ibutiont’o the A-rr+'n'- cr'oes vse’otio'n must be small.’

A more sensitive measure of the amount of I = 1 productivon is v

glven by the charge asyrnrnetry of the Dahtz plot, shown as a function

of incident momentun} in Flg. 9. . The asymmetryv is defined as

- ) + . i
@ = LN - w
N +N

‘where N~
than a ATr

two effects.

N

introducés an asymmetry even when the amplitudes for their produc-
tion are equal. In addition, the asymmetry can arise from the inter-

ference betwe‘en I=0 ar;d‘ 1=

1nvar1ant» mass.

-8-

1s the number of events w1th a ATr invariant mass larger
This asymmetry can be generated by

A mass difference between 2(1385)_ and 2(1385)

1 ‘produ.ction. In the case of 2(1385)

" production, th1s corresponds to unequal productmn of 2(1385) .and V

2(1385) . If the masses of the £(4385)  and 2(1385) -were equal

the asy'mmetry'would be related to the isospin production amphtudes

as follows:

B )‘ . - * .
) 2Ref M, M,dp

(2)

f[MO+M1|

‘An I =41 amplitude (M’l) about 10% as large as the .I = 0 amplitude (Mo)

is-Suffi‘cient to explain the observed structure. Thus the I =1 con-

tribution to the partial cross section is of the order of a few per cent.

The production angular distribution of the lambda with respect

to the incident beam is shown.as.a function of incident momentum in

Fig. 10. The distribution changes dramatically with momentum. ‘It

is forward peaked at 360 MeV/c, approaches a {1+3 cosze) distribu-

A(1+3 cosze) distribution is expected from a pure J'P: 2/2 state de-
caying into 3/Z+ and 0

polarization of the lambda have been fitted to a Legendre polynomial

states.

. tion: near 395 -MeV/c, and becomes backward peaked at 430 MeV/c.

These angular distr_‘ibﬁtions and the

expansion using a maximume-likelihood technique. The probability

for each event was described by



o.
.4 Az 4
1 +Z —A— ﬂ(cos 9) +a/ cos f3 Z -A— é(cos@) (3)
) = : L £=1 _
Here cosf = KA and cosf = -If—-)S—‘/;\- ‘b ‘where K, A, and p are,
' KX A ’

unit vectors.in the direction of the K' A, and decay proton momenta.

The K~ and A momenta are defmed in the overall c.m. frame, and .
the decay proton is defined. in the A rest frame. The weak decay
asymmetry a, was set equal to 0.645. The AE/AO and Bz/B0 coeffi-

cients re s'ulting from the fit are plofted as a function of incident mo-

mentumn in Fig. 114. The polynomial fits are shown as curves over .

the data in Fig. 10. 'I‘.he‘dra}m'atic changes in the. angular dist‘ribu-\
tions. are reflected in the structure in'A1/Ao and AZ/A This rapid
variation énd the presence of poiarization indicate interference be-
tween sfates of diffe;;eht périt}.r. A quantitative and simultaneous

description of these angular distributions and the mass distributions

"is given by the isobar-model partial-wave analysis.

IV. PARTIAL-WAVE ANALYSIS
In ofder to separa:te the background from the A(1520) production
and to determine the modes of the A(1520) decay, we have fit the data
to an isobar model. The rnodel treats the three- partlcle fmal state
as the production of a particle and an isobar followed by the decay
of the isobar, shown schematically in Fig. 12." The notation is de-
fined in Table II. F'oﬁr types of "isobars'' have been chosen for this

analysis;

-10-

(1) A A and TT resonating as 2(138_5),‘denoted by ”Y*. t

(2) A A and 7 in a relative S-wave, denoted by ""Amw. "

{3) The two pio.ns in a relative S-wave, denoted by '""o."

(4) The two pions in a relative P-wave, denoted by 'p."
The incident and isobar-production waves chosen for this analysis
are shown in Table III. Since the e.ner"gy‘avai'la.ble in fhe final state
is so low, only S and P waves have béen used.

There are many forxﬁulations of the iéobar model; Morgah gives
a nice summary of the assumptions involved and a full list of refer-
ences. 13 For the most part we have followed the practical formu-

lation of Deler and Valladas. 14

The amplitude for the process in-
dicated in Fig. 12, where particles.Z (T\’+) and 3 (A) form the isobar,is
written as a product of an energy-dependent factor and a factor describ-

ing the spin and angular-momentum decomposition:

v

K g K
Ay, t=T,, (Em

i q e 4
23 (8, g @33), (4)

23) £33

where K represents the quantum numbers.J, L, L', j, and 2, aﬁd
takés on the values corresponding to the waves of TaBle I. Thé in-
dices Mg and By réfer to the 'incident proton and final la'mbd@ spin
projectjons onto the axis. of quantization. E is the center-of-mass
energy; and m, 5 is the invariant mass of particles 2 and 5

The energy-dependent factor accounts for angular-momentum
barriers and final-state interactions of particlgs 2 and 3. The precise
form that this factof should take is not well understood, and we have

primarily followed the prescriptions used by Morgan in an analysis of
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N, 13 The detailed’energy depenc{ence used for e;ch ’of the four they have been set real-with a ratio S/P =2.735 corresponding to an
typés of waves is de_xscrib.ebdiin Appendix B. o : ' ' asymmetry of 0.645. 15

Fér the: secohnd factor, déscribing the spin and a'ngu}ér de cém—' L - Interms of these amplitudés the pr'o}';abilityyf_or' each event is
-pbsitidn, wé‘ have followéd the forrﬁuiation of Deler apd 'Val-lad_as;_ given by o . .
the eXpli”c_:"it'formu‘lae are dgvé'cribed in Ap‘g‘)en'dix B. ) ‘ _ ‘ : ! Z K. By 1 |2 '

The‘a.r:np'litﬁdev‘s for the Y and Aw waves have been‘_cornbined to -

T | @(n Q. 0., ,Em y = —. (8
form isospin-0 and isospin-4 amplitudes: fr723 A 23 o oo

.

(RN
A.-K“f B g Begy Kby
- = em—— (A . + . )
] J3 23 13 . . . - ,
o ' ] L . (5) This probability has been used in an event-by-event likelihood fit to.
e s N Heby s LW _ . _ " ‘the data. _
A1 - (A Ai 3 . )~ . BN . » P

‘S 1 b tions were made for the mw waves The data were divided into 9 bins of incident momentum (Table IV)
imi ar 1sosp1n combinations w A : _

Th 1 tudes were normahzed such that and energy-independentbfits were made to the data in each bin. All of
: e 1sosp1n amp itu w _ . » L Sl S
b ' the fitting was done with a CDC-6600 using the program.OPTIME

Z S‘ I ie dP = 4m 7‘2 (J. + 1/2);. (6 which varied the real and .imaginary parts of ape The sét*‘of waves .

, pf“ ‘ » ) | used at all momenta was chosen by preliminary, f1ttmgs in the regmn
where"the"integi'al is over the three-body phase space. | . of high statlstms, 370 to 400 MeV/c. For these t~hree bins the 11k§11— .-

The de cay °f the lambda conta1ns 130131'1231310n 1nf°rma;<1":n“ this v hoods for about 11,000 \ra'ndomly generated ''starting solutions'' with

- has been 1ncorporated by construct1ng new amphtudes, My Py ~© all 17 waves of Taﬁle_lil weré_ calculated. The four ''starting solu-

which are linear comb1nat1ops of t.}-1e above A's. My 1? ﬁﬁ?‘ spin pro- ' tioﬂs" with fhe highest likelihoods at ea;h momentum were then opti-

je Cti}‘l)nPf the larl;lbda-dec’ay Pr°t°ﬁ; ar;d -0 and déscribe the orienta- mized. Those waves with an ‘amplitudebless than one standard d_ew}i:-

. tion of the decay proton. _ \. S ‘ ' E *  ation from zero were rejected and the solution remaximized. Only

X .
those solutions where Y DS03 dominated gave high likelihoods with a

Nl»-

K(-Pp, -y

K% (A Kiu
i ire: . . _ .
MI ‘ _A'_[ [ P s1n9 e 1+ AI -[S - P cosb], small number of waves and reasonable continuity in momentum. The
o _ : (7 : : o v
K(-1)p. (")H K %p id : set of these solutions with the highest likelihoods included 6 waves and
t=p [S+Pcose]+A M- P31n9e 1. o .
I I these were then used as starting solutions for the next lowest and high-

'S and P are the amplitudes describing the weak decay of the lambda; est momentum bins. In this way the solution was propagated from mo-

mentum to. momehtumv. " The amplitudes thus achieved are plotted in



13-
\t.he Argand diagrarﬁs of Fig. 13 and liste& in Table V. The céntinuity
achieved by the brop'agation of solutioﬁs is reasonable,

Since the‘zvre is an overall free phase at each morﬁenturn, the fits
were performed with the amélifude for Y DS03 fixed real. In the
Aréand diagrams, the amplitudes at each momentum have been rotated
so the phas§ ,(6)_ of the Y*DSO3 wave corresponds to the phase of a
A(1520) Breit-Wigﬁer describe.d belox&. The overali scale of the am-
plitudgs has been fixed to agree with the meas;red cross sections of
Table I. We emphasize, however, that the relative amount of each
wave at each méméntum is freely determined by the fit. Thus, in "ad_-
_ dition to the excellent c‘ontin‘uity, there is very good a-gre_ement of the
Y%DSO3 a;niplitude with the A(4520) Breit- Wigner, shown as a curve in
Fig. .‘13(3)'.

The total width for the Breit-Wigner form uéed includes D-wave
barriers (with a radius of interaction o‘f 1 fermi) for 't_he KN and Zm
partial widths. The partial width for A(1520) -~ Z(1385) 7 contains only
aﬁ effective phase-space factor since the reaction proceeds through a
final S-_w‘avev. Th? effective phase space was ’tak_en to be the integral
(_)f the isobar-model ampliﬁde Y*DSO3. This is e_sséntially equivalent
to avéraging the relative momentum of the £(41385) « syéterﬁ over the
- P-wave Breit-Wigner shape of the 2(1385).. The good agreement with
the ehergy-independent points in Fig. 13(a) confirms the momentum
.. dependence of the A(1520) Breit- Wigner form.

The Y*D813 wave is the only wave with isospin = 1. This wave
is very small and $hows no obvious continuous patterﬁ from momen--

' tum to momentum. The Y pPo1 amplitude contributes significantly -
"and tends to grow with momentum. The Y*PPO3 is small and shows

no continuous .behavior. The oPS01 is the major background wave

-14-
\

and remains approximately fixed. This wave, with all particles in
a relative S-wave, represents the usual ''phase space' backgroﬁnd

contribution. Finally the cDP03 ‘amplitude is small. It répresents

_the non-Z({1385) component of the D03, A(4520). Within the errors

and uncertainty in the model, this ¢dDP03 amplitude varies roughly
as a Breit-Wigner. '

The final fit ih‘vol\}e_s‘rio waves of the "AT' or -.”p” types. . How-
ever, subétituting the Aw PS01 and AmDPO03 for the oPS01 and fhe
oDPO03 made essentially no change in the amplitudes and only slightly
lowered the lil;elihood. Thus the data cannot distinguish between the
slightly different mass distributions predicted by the two types of
waves. v

Considering the many assumptions involved in the isobar model,
the small waves here probably have little physical significance; more
than likely they represent thé mismatch between the‘data and the
model. The large waves hopefully are representing the physical be-
havior of the reaction.

In order to illu#trate the agreement between the fit and the data,

a se;t of Monte Carlo vevenfcs' were generated isotropically inphase space
and then weighted v.vith the probability of Eq. 8, using the final param-
eters from the fit. The A7 and mw mass distributions thus predicted
are shown as curves over the data in Figs. 6,7, and 8. The fit ac-
curately reproduces the mass distributions at each momentum. The
chi-square for each plot is shown in T.able VI. |

| The Dalitz-plot asymmetry from the fit is in good.agreement

with the daté, as shown in Fig. 9. The amount of this asymmetry
that comes from the 2(1385): 2(1385)+ mass difference was investi;'

‘gated by generating a set of Monte Cérlo events without the I=1
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amplimde Y*KDYSL")..» The re sulting asymmetry was equal to -0.06
and essentially indebendent of.incident r‘nor_r\lenturn‘ in the region of
1ntere st . ',/’ |
Flnally, the Monte Carlo events were fitted with the. probability .
_of Eq 3.in order to find Ag and Bg and compare them with those from

the data The Monte Carlo results are shown' as dots in F1g 11. The

agreement W1th the ma_]or structure in A /A and A /A is very good.

Howe ver, there is dxsagreement with the »polar1zat10n Although the
f1t y1elded some B /A with the correct s1gn,,1t systernat1ca11y failed
to prov1de_e-nough. In add1t_1_on, we should emphasize that the B co-

efficients used for the comparison’only describe one component of the

lambda polarlzatlon The 1sobar model describes the whole polarlza-
tion ve ctor., .and the f1t uses all the polarlzatmn information from the
.f‘data. However,- because of the particular waves involved, ‘thev com-
h ponent de s:crib"e by the‘ B's is expected to be the most ‘importa'nt
Our conclusmn from the fitting then is that the ATI' w~ final state‘
of the A(iSZO) is dorrnnated by Z(1385)m. Th1s is made more quan-
titative by cons1der1ng the cross sections for the only two waves

'c_oming'from the A(1520) (and the only two D wave s), the Y »DSOS and

the ¢DF03, The contr1but1on to the cross section of each of the se

Vwaves is plotted in Flg 14 Both are seen to peak at 395 MeV/c
The ratio of Y DSO3 cross section to the sum of Y *Ps03 and (TDP03
c_ross sections iis given in Fig. 15. The fra.ction due to Y DSOB_ re-
mains con_stant throughout the A(4520) region at a value of about 0.97.
The final val’u'e/for the branching _fraction- | |

+0.03

_ (A‘('ISZO)‘—-’.2(13_85)‘17?”1&31!’:15%31\{(1520) = Awm)is 0.97 ", 0

‘The error _hasfbe_en estimated on the basis of varying some of the

"data known at the time, this treatment was successful.
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input parameters to the model and by studying the sensitivity of the

branch1ng fractlon to the inclusion of different sets of arnphtudes con-

sistent with a reasonable energy continuity. Reasonable var1at10ns ;
A

of the masses and widths of the Z(1385) did not signiﬁcantly a._ffect
the re s_ults. .

The result for the branching fr'a_ction from thts expe"rirn'ent dis-
agrees strongly' with the result 0.39+ .40 quoted from the production

experiment of Burkhardt et al. > The production experiment has

. many fewer events (206 events) than the present experiment and has

the additional problem of extracting the A(1520) 'signal from the-

+

An'n n° final states. They divide the data into three mass 1ntervals

centered on the A(1520) The data in the central 1nterva1 (with about

N 15% background) agrees with ours and yields a branching fractmn

consistent with ours. ‘The data 1n the 51de 1ntervals (with about 30%

'backéround) yield lower branching fractlons and.contribute to their
low overall value.

In order to -calculate the' partial width, we have assumed the‘ Wo:rld
average values of 16+2 MeV for the A(4520) total width and 9.6 :i:O..7%
for the branching f‘ractio'n into Awm. 17 Using a branching fraction for

=(1385) into Aw of 0.90+£0.03, we calculate a width for A(1520) =~

$(1385)% of 1.66+0.25 MeV.

V. $U(3) IMPLICATIONS AND CONCLUSIONS
The information presently known about the JF = 3/2--_ baryons is -
listed in Table VII. Prev1ous analyses of these baryons have ordered
the .first‘five states listed into a singlet and an octet,.Jl and with the

By involing
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configuration mi.xing between the A{1520) and A(1690), these anal=
yses were ab.l.e'.to_de rive mixing angle s from a) the Gell-Mann Okubo
’maés _felation, b) the D-wave decays into- baryon octet and meson
octet, an<.i> c)y the S-wave decays int.‘o baryoh décuplet ‘and meson
octet. .Th'e_ m{xing angleé :iei‘ived from these three indep_ent.:lent.m_eth-
ods were in agr‘eement‘. |
We now reexam1ne this s1h1at1oﬁ in the light of pre sent exper._.
1menta1knowledge of these baryons and the results of thxs experiment.
* The phys1cal A(1520) and- A(1690) states are related. to the pure sing-

let and octet states as follows:
(1520)) = cos® [1) - sing l8>

o o (9)
‘(1690)) +s1n9 , 1) + cosQ l 8).

The Gell- Mann Okubo mass r-elation gives the mixing angie in te.r_rns-.
- of the mas.ses:
Mg~ ™Mys0

5 - - . . )
cos 8 = - » where m, =x(2m, -2m,.- ).
7 90 " My520 , 8 "37N ="My

(10
In fact, thiis;"‘relation is not a %féry strong consiraint on.the mixing
“angle, largely dué to the cons'idera,bie uncertainty in the = mass.
Pfévious.analy'ses optimistiéally chose the mass to be 1849 6 MeV,
“and féund é inixing angle of'21i4 deg1 fHoweVef, a more conservaﬁvé
choice which reflects the confused experunental situation would be
m,, = 1832 i37 The resulting mixing angle is [6| = (13%22) deg. 18
‘ T_he D'_-wave decays of fhg singlet and octet have been recently
sﬁmmariéed by  Plane et al 2

Using the decay rates into stable

baryons and mesons, they perform a fit to derlve the F and D coupling
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constants and the mixing angle. No information about the = state
was used in the fit. With 5 dégrees of freedom they found xz_ =0.8
and a mixing angle 6 = -25+6 deg. |

Data on decays into decuplet plus pion via the S-wave are slowly bg-
coming available?’ 6 Previous analyses were based onrough limits .1’ >
The SU(3) pl;édiction relates the coupling constants and mixing angle, so
some assumptionmust be m'adve to relate the expevrimen’.cally mgasured :
partial widths and the coupling constants. The usual prescription

for decay into stable particles is the potential-theory relation, which

for S-wave decay is
2 N ‘
= € —_. 11
I ng P MR (11)

Here . C is an SU(‘3) Clebsch—Gordan coefficient, MR and MN are the .

" resonance and nucleon masses, and p-is the ¢c.m. momentum of the

decay products. The factor p/MR represents the phase space avail- .

able to the decay. For a decay into unstable particles this should be

" replaced by an intégral over the phase space of the mafcr‘ix element

squared.

The follbxﬁng formula has been adopted:

r=c%g?1," where :g lv*pso3 [ ap. (12)

Thé integral I as’'a function of incident momentum in the region of'the
.A(1520) and the “A(1690) is shown in Fig. 16. The increaséd fraction.
of Z(4385), which lies in the physical region as the energy increases,
accounts for the rapid increase in I compared with three body phase

space, thé cirve!fabsled"p in Fig. 16.
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The partial widths for the S-wave decays of A(iSZO) and A(1690)

‘can be used to determine the mixing ‘angle. Using Eq 9 and the fact

_that an SU(3) singlet is forbidden to decay to. Z(1385)7. we derive

T

I
tan?e - .Fiszo - 1690 (13)
’ 1690 “1520 - ‘ ‘

Previous estimates for the partial width for A(1690)~ £(1385)©

were based on an upper limit of about 10 Me'V. 4 Howeéver, a recent

analysis with increased statistics yields a very small amplitude for

the decay, 0406‘. 6 Asisurning an elasticity of 0.2. and a total width of

55 MeV 16 this amphtude implies a partial width into 2(1385)17 of 1.0

MeV. H_owever,- there is an est1mated uncertainty. of 0.03 on the am-

19

plitude. and there is a large uncerta1nty in the total width of about

30 MeV: These large uncerta1nt1es allow values for the partial width

from 0.1 to 3.44 MeV.

equal to. 9.5}420 and T

With I "equal to 1.66 MeV, we

1690/11520 _ 1520
have used Eq 13'.1:0 calculate 'Gl for these limits on the T‘169O partial

.xndt.h. W1th T1690 = O 1 MeV ]9! equa}s 85 deg; and with T‘1690 = 3,'44

MeV, '6[ equals 65 deg. In order to obtain agreement with the mixing

angle from the D- wave decays (9 -25 deg), the partial width for the
L A(1690) would have to be; 73 MeV! 1In the light of this large. discrep-
‘ancy, the s1mple singlet-octet de scriptien of these decays no longer
appears to be valid. A ‘

A [‘)os"svivble e'xpianetioh cf the discrepancy may be due-to a rhis—
as,sign,r‘nentvof the. curre,ntlyv obServed states. More detailed dataL oh
' all states in- th1s.energy reglon is requlred to test this hypothes1s
W1th the abandonrnent of the s1rnp1e s1nglet—octet plcture the sit-

uation rapidly becomes _cornphcated. Turmng to the. quark model, 21
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which has had considerable success in accounting for the baryon states,
we find predictions for two JP= 3/27 ‘octets and one 3/27 de cuplet.

However, experimental information on these states is very sketchy.

As indicated 4in Table VII, possible members of the second octet and

the dechplet have been seen. However, the la\stvthre‘e, states have
masses toc high to be plausibly associated with the missing voctet_ and.
they are usually regarded‘to arise from radial excitati.ons._ In tqr’rns
of the quark model there can be Spin—orbit mixing of the two octets,
and in add1t1on there can be rn1x1ng of the decuplet with, the two octets
by SU(3) breaking forces On the ba51s of a specific mo‘del for ‘quark
interactions, Faiman has estimated the possible mixing between the .
octets and singlet. 22 Treating the baryen resone.nces as bq_t{nd states
o‘f.three ‘paraquarks interacting via harmonic-oscillator fqrces._ he
derives two possible s1ng1et octet m1x1ng angles for the A(1520) 8=63 .
deg and 6.=75 deg. With new data becom1ng available on ,the decays of
3/2 states into decuplets and pions, fu.rther censtraints will be im-

posed on pessible multiplet members and realistic tests of specific

models may becorn{g, available.
. J

v
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APPENDICES

A. Inve étigatioh‘of Biases and Weighting
We desc.:r.ibe here the analysis §f scanning and méasuring losses
and th;e weighting used to account for them. The known.distributipn's
. of four vafiaiales were used'td investigate éVént loss: the ladea life-
time, the polar cosine and azimuth of the lambda-decay bpro'ton, and
the azimu’_ch of the 1a1;nbda _production about the beam. .
. Eaéh measured event within the. production vertex fiducial vol-

-ume was.weighted by exp (-t/'T/'\)‘, where t = f/nc, £ is the length of the

lambda, and n = p/m the ratio of the labbratory momentum to the mass

“of the lambda. The.se Wéighted events are plottevd. in Fig. 17 as a func-
tion of the lambda length préjected onto the scanningbplane._ If the
events were dist'rib.ute‘d'-avs exp(-t/'fA), t.hivs distribution would be con-
stant. A loss.of shpi;t- length lambdas is indicated by ’chhe. sharp de-’
crease for projected'lengths less than 0.25 cm. . Above this projected
length, the di‘stri_butio‘n ?emaihs coﬁs_tént until loss. of lambdas dué_ té |
.escape from thé chamber a;gaiﬁ causes a decrease (not shown in the
figure)-. To account_fo‘; this short-length loss anci the-escapé loss,

all eventé with a projected length less than 0.25 cm were removed

from the sample and the remaining events were weighted by the in-

verse probability of their detection:

. - 40 - :
. _ exp(-O.ZS/nc'rA-cps \) - exp (-ﬂp/‘nc TA) .

(21)

Here \ isthe dip angle that the lambda makes with the scanning
plane . The potential distance of the lambda ﬂp was defined as the

distance from the production vertex to the edge of the decay fiducial
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~volume in the direction of the lambda line of flight.

" The distribution of the decay proton should be isotropic in the

- lambda rest frame. Figure 48 shows a scatter plot of cos8, the

cosine of the angle between the pfoton and lambda, versus Plab’
the lanrétory momentum of the lambda. The depletion of events’

at low rnofnentum and near cos8.= -1.0 is d_ue to a loss of events '

" with a short- length proton. Events with a proton length less than

3 mm (cofi'esponding to a laboratory momentum of 102 MeV/c) were

rémoved from the sample (Fig. 19). The remaining events were

weightéd as a function of labora'cor.y mome ntum according to the frac-
tion of tﬁe decéy co‘sirie remox}ed..

The distributions of cos and blp, the azimuth of the de cay pro--
ton, showed only small additionalv‘de\’riz.ttions from isotropy. These
occurred when the proton went directly forward _from the lambda
(cc'>‘sv6 = 1.0), corfeépohding to a lambda vee with a 180° opening
angle) or when.the lambda vee was .s.een edge on by the scanner.
Thl'ese loss‘esv, whichv occurred fér low-momentum lambdas, were
analyzed as foliows.' “lnr;er" and ''outer' volumes were defined in
thg spage.of cos9, qi, and Plab’ The "outer!' volume confcained-the-
total popuiated region after the short;length préton cut. The cos 8
b'our;daries of the "inner" volumev‘are shown in dashed lines on Fig.
49. The ¢ boundary of the.”inner” volume excludes those events

whe'r_é the lambda vee is seen edge on by the scanner at < 36°.

These 'inner' and "'outer'' volumes were chosen on the basis of the

cosf and y distributions so that the events in the "inner' volume .

were isotropic. Detection efficiency of 100% was then assumed for

the "inner" volume. The ratio of the numbers of events in the vol-

umes compared with the ratio of the sizes of the volumes was used
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“to test for losses. A weight correcting forr such losses is plotted as
a fi.‘mction‘ of .plah in Fig. 20. There is a small loss for momenta
.1e’s.s than 150 MeV/c. The straight line is a 'fsrnoothed" decay weight
apphed to the events. .
The flnal weight apphed to each event in the ana1y51s was the prod-
uct.of the l;fetrme,welght, the short-proton weight, and\.the' decay
v We1ght o . » ' 0
The azunuthal dlstr1but1on of the larhbda about the bearn should .
be 1sotrop1c Figure 21 shows the events welghted for the prevmus
losses plottedv agalnst the lambda azimuth. Azimuths of 0 and 'n'
corre spond to lambdas mov1ng toward and away from-the scaAnner.,
w/2 corresponds to events moving left and right. .The__distribution
' shows no- addltlonal losses.

[N

B. ‘Isobar Model Formulae

In th1s append1x we def1ne in detail the two factors in the isobar- .

odel amphtudes used in Eq. 4 of the text.

The energy-dependent factor T descr1bes the amphtude for an

23
: ::isob?_r'f. formed’ _W1th partlcles 2and 3. In general, it contains an
“angular-rﬁomentum’ barrier for the pr’oduction of the isobar and a
“final-state factorv»"descri.bing the interactions of particles 2 and 3.
The latter factoryls elther a Breit- ngner form or a Watson f1na.l- :
‘state factor, dependmg on the type of wave 1nvolved The follow1ng

equatlons deflne T for each of the four types of waves used in the

23
analy51s. - The varrables are defined in Table II and Fig., 12:

For "Y "' ‘T23 ﬁ
1p1 M3 "’R+

B(pi,L) (19

0516 mw g
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where.

5 2Lt 11/2
B(p,, L") = |—~——>577F .
R (1+p,RHOM |

and R, the rad1us of 1nteract10n, was chosen to be 1 ferm1 The .
resonance parameters chosen for the 2(1385) were as follows

mR[z (1385)] = 1.38‘4 GeV .
' (15)

mR[z'(1385)] 1.388 GeV

: and = 9 3‘(p ')3/(1 + (R' pi')z), corresponding to a width of‘(jv.-040

GeV, at the resonant energy

id

- . ] ) oy e sin 6 . e _
For "Aw", T,, = " B(p,, LY : (16) - -
23 - WL+ 1/2 1 U .
NPpy (p,) / ‘ . N A

and .. 5=2.88 (m,, - 1.255).

Thi‘sfpararhetrization of the Am S-wave phase shift has been taken from

‘the K‘almatrixanalysis of low-energy KN Scattering by Martin and B

Sakitt. 23
. . "6‘
. ; 1 - e1 sin & ;
For "g', T = - : B(p N L')
| SEECTARNTCEERE I
ot s = 4 400.56p.1)2 + 1114, (pyy?
and p;' cotd = miZ( =55 - 109.5(p3) -(p3"7)
For "p", | Ty = ,———-——1 = S'irixléz Blpz. LY
P3P3'_ (P3') o
: ‘ . (18)
_ . ‘1—0.1609(93’/mv)2
and (p3') cot. & = my, |- 1.375
2

The 1=0 parametrlzatlon corre sponds to a scatterlng length of -

13 . .
: _wph%sewéh:ft cOrrefponds.
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FOOTNOTES AND REFERENCES v

of rnass'eqh-al to 0.7_5_0 GeV and width equal to 0.100 GeV. 13 ' *Work done under the auspices of the U.'S.. Atomic Energ;} Commission.

The formulae for the spin and angular- mome ntum dependence 1.
are the same as those der1ved by Deler and Valladas. We quote here
an espec1a11y simple form_ulatw_n. The angles and spin are .defined

in Table II and Figs. 12 and 22.

Kp.f 1 : R
f (Q D w,5) =
z ' (LM H ]JN)(JNIL'M'Jn)@nlsz pf> (19) .
MM'Nnm = .- v _ - -
. M*-_'_::'M’w ' m"_' -

- where ¢Y=w+ei' F"A?’"+91-+ _61 » and K_NJLL'J'L

f‘or "o' and "p'" type waves, a slightly different form is r'equ'iredl
fKF?F Q. Q l. o o . o } 3
| ( r “’12) = | '

MZM/M <LM " IJN)UN%'M“)(}ML'M'"W (20)

. _ 4.

M

X Y 6 @

M (0,8) ¥ M (2 4, Y, (Z,¢2),
where- QJ = 1r and 412’ = /Q /7” are the spin and pro_]ec-
tlon re sulhng from coupling the Sp1n of the A and the relatlve angular
momenturn between the A and wr systern :

5.
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mahzed accord1ng to Egn. 6 of the text.
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Partlcle Data Group, Re\news of Modern Phys1cs 43 2, Part I
(April 1971). ‘

The followlng masses were used to calculate the mixing angle

m 1515+ 15, = 1670 + 10, mu = 16907:!: 10, m = 1832 +37,

My
151822 MeV. ' S .

N

n

ma

R. Barloutaud (pr‘ivate communication).
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21.

22,

23.

24.

\moment_um over the Dalitz plot.

29

The analysis of Ref. 5 uses an expression for this ratio which

yields 3.3. We believe that the expression incorrectly normal-

 izes the Breit-Wigner weight used to calculate an average T(1385)

The normalization of this weight
should be independent of the incident morme ntum. If this change
is made, their. expreésion y‘ields.avrie sulf'consistent with ouré.

See, for example, R. H. Dalitz, in Syn'unetnes and Quark Models,

R. Chand Ed. (Gordon and Breach, New York 1970).
David Faiman a.nd Archibald Hendry, Phys1cal Rev1ew 173 1720
(1968); - Phys Rev. 180, 1572 (41969); David Faiman, Nuclear

Physics 32B, No. 2, 573(1974).

'B. K. Martin and M. Sakitt, Physical Review 183, 1352 (1969).

The results of thié experifnent have been briefly de scribed in

Lawrence Berkeley Laboratory Report #300 (submitted to Physmal

Rev1ew Letters).
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with statistfcal errors

Table I. Partial cross sections for K~ p—>ATr L
: only ) .
Momentum- Cross section ¢ " Weighted Arn'tr” "
gMeV{c! (mb) events
295 . 0:322 .17 7
305 0.21+0.09 11
345 0.19%0.07. 47
325 0.32%0.07 39
335 0.35£0.07 47
345 0.61%0.10 77
355 1 0.67£0.06 195
B 365 1.05%0.06 717
375 1.7720.06 ' 1863
385 2.64£0.08 3494
395 2.9340.09 3298
405 2.33+£0.09 2114
415 1.80 £0.09 982
425 1.46£0.14 338
435 1.41%0.15 200 .
’ 445 1.41+0.17 151-
455 1.45+0.23 - 84.
465 1.9740.52

30
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Table II. . Variables used in isobar-model p_artial-v-vave analysis.
i\ s - s I
SRRy L F In1tv1a.l proton and final lambda spin progectwns
L;M = In1t1a1 K p angular momentum and pro_]e ct1on .
J, N = In1t1al Kp total spin and projection
L', M = Angular momentumn and prOJectmn between 1sobar and
‘third. partlcle : .
j.n = .Spin 'and projection Ofthe isobar
£, m = :-'Angular momenturn and projection between 1sobar decay
i - particles »
pi,hp-z,p3 = Momenturn of part1c1es 1,2, 3 in the overall c.m.
pi'- = “Mornenturn of partlcle 2 or 3in the rest frame .of
part1cles 2 and 3 ’
—ET T Total energy in the three partlcle rest frame
V.miJ" = _‘-Invar1ant mass. of part1c1es i and j
=69 .7 =. Polar and azimuth of the incident beam with respect to
o " the normal to the three- -particle plane. The azimuth is
'def1ned from the lambda direction
.=,y = 'Polar and az1mu’ch of the isobar w1th respect to the
i 2ty }
o - normal to the three particle plane
@,3= ‘12-7., LpA = Polar and azimuth of the lambda with respe ct to the '
T . normal to the three- particle plane
_‘01, 92 = A.hgie betva?een pion 1, 2 and the lamhda
'61 , 92 . = 'Angle between the lambda. and isobar’ 1n the 1sobar )
L rest frame .
My = '_Spin projection .of the lambda-de cay protoen
, = ‘Polar and’ az1rnutha1 angles of the lambda- decay proton .

in the larnbda rest frame -

All_lvangle's ‘are defined in the three- particle rest frame _except those
which are starred, which are defined in the appropriate diparticle
‘rest frame. - :

Table .III.. Waves used in partial-wave arialysie.

-32-

K _TYPE LIJiéJ
] Y* DS03

. D51
3 ”LPPoi
4 " PPA11
5 "PPO3
% PP13
7 - A1r PS 01
8 | PS11
— 5 | o - 8-P-0-4- -
10 . sP11
11 DP63
1?2 D P 13
13 - PS04
Q SPO1
15 . D.PVO 3.
16 - - ss11
ﬁ_ ‘Ds13




Table V. Amplitudes from the isobar-model fit at each momentum. In the fitting the Y DS03 amplitude was fixed real.
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For-
the Argand plots of Fig. 13 the amplitudes have been rotated by 6, the phase of the Breit-Wigner discussed in the fext.
Momentum % * .. ' * ) % o '

interval Y DS03 Y DS13 Y PPO1 - . Y PPO3 o P301 o DPO3
(MeV/c) Re Im_ Re Im: Re Im Re “Im Re Im Re Im 6
350-360 2034 0000 ~e016 =4021 =+011 -,011 4009 =4007 20648 =4021 . =4005 =010
: +002 " <000 #2006 .010 .008 4,009 +007- 009 +015  .016 . 008 .008 +437
360-370 0062  «NNN ~eN07 <4010 ~+029 =005 +003  «NO4 2047 4000 =.000 =.0nk
°002 000 «N02 007 2004 L0909 «004 . «NN6 .005  .nln 003 J007 +593
370-380 «079  +000 -.006 010 ~.020 014 006 =+000 " +051 ~.032 «011 .008:
’ 2001 4000 ¢002 - 4005 2003 007 4003 004 o004 "~ ¢N06 <003 .005 +869
380-390. «103 5000 ;GOOQ «N11 -+026° 4038 ~e002 «016 «028 -,031 .018 -« 005
0002 4000 «002 4004 «003  +006 2003 - .004 <003  .005 s0N3 094 1.2139
390-400 2109  +000 _e002 -.000 ~.002 . 4040 2005 4006 .002 =-.n51 L0226 .0N5
«002 000 «002 004 .003  ,006 «003 004 «004  ,005 003 L.004 1.703
400-~410 .102  .000 «003  ,003 «016 4034 J007 . <009 ~e017 -en56 .013 4012
«002  +000 +002  +005 - 004 4007 «004  +005 +005  .006 _+004  L005 24055
410-420 +085 .00 +N03 4006 N16 4939 2001 001 . -.n34 -.053 0l L006
+002  .n00 «N03 L ONG +076 - +0N9 006 «N06 «NOT - «NNB ©L.005 005 24281
420-440 «060 ..000 «N09 -4010. +026 4035 +003 010 ~e050 ~+066 <021 -4005
«002 4000 eN05 ,009 +»010 4011 +008 . 4009 CeNl4 4013 «N0B8°. 4008 . 24472
440-470 4055 4NN0 eN20 ~e007 052 4015 2013 =4003  =4070 =-.042 .028 ~,018 .
: 2003 4000 2014 «013  +nl4 oN14 4022 .012 2,641

2008 L,012

021

012

-Es_

_vg_



Table VI. Chi-squarés from the_A'fT+, AT, and,"n'+17_ mass projections.
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Mbme ntum

interval A‘rr+ ' Am o
gMeV{c[l. _
350-360 110 3.7 10.4
360-370 . 1 14.8 17.5 21,1
3(7(‘(.)-3»_80_ e 1.4 11.0 401
380-390 - 22.6. 16.9 284
390-400 zs-—,1 19.8 33.7°
.'400-4»110 9.2 13.7 205
410420 214
S e
440-470 5.7 28.3 142
.Tota.‘iv. 128 139 234
| Total data points, 113 | 113 207

¥
{
Lo
\

i -36-
. B ‘p - *
- Table VII. Properties of J. = 3/27 baryons.
Resonance Mass . Total width De cay modes. Branching (rac‘tion Remarks
MeV MeV . X : .
A (1520) 15182 16%2 NR 0.46 +0.01 "
Zn 0.41 %0.01.
' £(1385)% 0.093 + 0.006.
A (1690) 1690 % 10 27 to 85 NEK - ~30 N
' . ~'40 ,
.Z(4385)7 . 0.005to0 0.04
| ) i
N(1520) 1540 to 1540 105 to 150  Nw =50 ,
Nt ~ 50 Dominated by A{4236)x
Nn ~0.6
(1670) 1660 to 1680 5010 NK ~0.08 The experimental situation is confused.
: . Zw ) There is probably more than one 3/27
. . & \
Arw state - B o :
\ .
=(1385)7 X _ X = 0.034 £0.006
—_ - - I _ NR Z(4385)w
2(1820) 1795 to 1870 .50 to 100 1.3 ’ v
. . R )
AR '
A(1670) 1650.to 1720, 175-t0 300 - Am . ]
Nt 0.15%0.03 " N
N(1700} 1600 to 1730 Only poor evidenc‘e from partial-wave
analysis ’
£ (1940) 1940 2 22 S 235428 NR - [Rg Xpp = 113£.03
A
n JENR Rgy = -122.03
A (2010) 1980 t0,2040 . 80to 180  NR |Seen in only one partial-wave analysis
. . { _ Lt
: Zr Xk Fgq.= -20£.04
. . e
‘N (2040) 2040 % 11 274424 N 0.1740.06

*From Ref. 7.
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: show Mz and (M- T‘)

'K momenta.

- K~ momenta.

‘Fig.

. 4. The partial cfdss section for K-p —?A'rrfn-

6 An

>. 7. Am

. 8. TT+TT—

- .37.
“FIGURE CAPTIONS

1. Pathlengtn (évents/millibarn/_10 .MeV/-c) as a function of
incident K~ momentum (MeV/<).

2. Histogtam .of‘the erc,or in the fitted K~ momentum in MeV/c.
3. Lam‘oda lifetime disttibution. Each event is plotted at (t- t )
to remove the effe ct of the cut on short- length. lambdas. 'I‘he
value of t‘(')T for each event is described in the text. : The- straight
line cor_re'spond_s to tl'_xe known lambda lifetime.

in millibarns as a
function of incident momentum (MeV/c). .The two dotted points
are results from Ref. 1‘2> The crossed potnts are the predictions
for the background frorn the f1t descrlbed in the text |
5. Dahtz plots for K p— A-rr m” at various incident K~
momenta; The abscissa (ordinate) corresponds to ATr (A'rr )
invariant”-mass-squared in GeVZ. Hor1zonta1 and vertical lmes
for‘the '2(11385) - |
1nvar1ant mass- squared d1str1but10n for various 1nc1dent
" The solid"” 11nes connect the-re sults of a Monte
Carlo prediction from the isobar ‘model de_S'cfibed in the.text. .
irivariant-mass_-squared-‘distribution for various-incident
K; momenta.A ’I’he' solid lines connect the results of a Mont'e |
C.arlo prediotio’nvfrom'the _iSObar' model described in the text.v

invariant-mass-squared distribution for various incident

The solid lines connect the results of .a Monte

Carlo prediction from the isobar model described in the text.

9. The Dalit= olot asvmmetry as a function of incident K~ mo-

mentum. The as‘y_mmetry isa = (N - N )/(N + N ), where N~

laborato ry

Fig.

Fig.

.Fig.

Fig.

Fig.

-38-
is the number of events with A7 invariant mass larger than
ATT+ invariant mass. The dots are the predictions of the
isobar-model fit described in the text.

10. The center-of-mass production cosine distribution of the

.

lambda. The curves‘a_re the re sult.s of a Legendre Polynomial
expansion fit to the production angular distt‘i.Bution and polar-
tzation at each incident momentum. . _ ‘ -

11. The Legendre polynomial coefficients from the fit to the
lambda production angular vdist'ribution‘anvdv polarization.v The
dots correspond to tne p_redtctions of the isobar-mdodel fit.

42. Schematic diagram of the_.is'ob'ar-rnodel description of
tne-reactio.n Kp~— A1T+TT;. .Pai‘ticle 1, 2, and 3 refer to .

", «t, and A. The notation is defined in Table II.

13; Argan‘d plots.o'f the amp'li.tudes from the isobar-model fit.
The number revfers to the inci'dent-mome_nturn intervals_def.ined
in Table IV. The curve' on the'plot of Y DSO03 is the prediction
of a Breit-Wigner amplitude for the A(1520).

14. Partial cross se ctions fmilli'bafns) for the_: only two waves
with a‘n incident D-wave. - Both waves '(Y*DSO3 and- o DP03).
peak neaf 395 MeV/c, the momentum required to form the ‘

A(1520). Note the difference in scales.

. 15 - The ratio of the cross section for Y D503 to the sum of

the cross. sections for Y DSO3 and cDPO03 as a functlon .of
incident momentum.

16. The integral of the Y*DSO3 amplitude squared (I) and the
integral of the A'rr+rr— phase space (p) as a function of incident
K~ momentum.in the region of tl"ze A(1520) and in the region of

the A(1690).. The same (arbitrary) scale is used in both regions.
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17. Events we1ghted by e. t/r asa function of larnbda projected

' vlength (cm) ‘The sharp depletion of events w1th a pro_]ected

N

flength less’ than 0.25 cm c,orresponds to the .loss_of _events with

short- le ngth lambdas.

18. Scatter plot of the lambda decay cosine versus the lambda

lé,bor.atory momentmn (MeV/c).' The larnbda de cay cosine is the

~ angle between the lambda and the de cay proton in the lambda

rest _frame. The depletlon of events near low momentum and

© cosf =-1.0 sh_ows' the loss of even_ts with short-length protons.

E—

':—1*9* '—S'catter—’p-l'ot—of— thei1—am—bda~-de—ca—y—cosine,,ve rsus.the lambda_ __..___ - .

laboratory momentum (MeV/c). The dashed'lines indicate the

. boundar1es of ‘the ”1nner volume" used to 1nvest1gate the devi-

v'-:atmn fr_qm. isotropy of the lambda decay.

20. The weight used to account for anisotropy of the lam(bda

de'c'a;'y as a functidn of lambda laboratory rnomenturn. No~ cor-

 rection was made for events w1th momenta greater than 150

» MeV/c and the small welght 1nd1cated by the stralght hne was

- Fig.

_apphed for events w1th lower momenta

21. The d1str1but10n of the lambda production azimuth; values

of 0 and 7. correspond to lambdas with a line of flight toward

;and away from the scanner. No significant deviation from iso-

tropy is obs_e’rve d.
;

g. 22, D1agram def1n1ng ‘the angles used in the isobar model. The

-notatlon 1s deflned in Table II.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, ‘or represents
that its use would not infringe privately owned r1ghts
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