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ABSTRACT

Angular distributions and polarization measurements (obtalned from
bubble chamber data) are presented at seven incident n+ momenta in
the reactlon n P —>2 K . Results of a part;al-wave»analysis as well as
an s-, t;, and u-channel anaiysis are pfesented.v The branchiﬂg fraction

of the A(1950) - £'K" was found to be 2.0 0.k,



-I. INTRODUCTION

The aim of the experiment was to determine the branching fraction
of the A(lQSO) Sk, To achieve this we are fepérting on data téken
at seven incident n' momenta between 1.34 and 1.8l GeV/c, usingthe
T2-inch and 25-inch hydrogen bubble chambers at Lawrence Radiation
Laboratory, Berkeley. The data have been analyied by use of two
approaéhese (1) an s-channel partial-wave analy§is, and (1i) an analysis
using resonances in the s chénhei and~éxchangesvin_the ﬁ and‘ﬁ channels
to account for the nonresonéht‘"background"vamplifudes.; This second
method is similar in philOSOphy to tﬁat used by'EQané and Knightl and
Holladay.el

Preliminary data on three of these energieé &erexprésented at .

3

Vienna.~

IT. EXPERIMENTAL DETAILS

A. Exposure
Table I summarizes the data taken. This doubles the world's data
in this energy region; the largest. part is from the 6xpefimeﬁf by Pan &and

Forman at a single momentum (1.7 GeV/c).h

B. Scanning and Measuring

The entire film was scanngd twice.for two pfong events in which one
or both of'the prongs had a kink, bgt in which gb reéoil at the kink was.
visible. The combined scanning efficiency was found to bé 99% for events
that were.eventually acéepted as n+p —>Z+K+ ' The events were measured

L ntn.
by using the COBWEB on-line Franckenstein systein5 and put through the

FOG -CLOUDY -FATR system for reconstruction, constréining, and plotting.

Events that either failed the geometry program or did not satisfy (with
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a reasonable xe) any of the hypotheses
'ﬁ+p - 2+K+ © with = - pr° or xfn'_
- EK'x°
- =rtKe

were remeasured, and then measured a third"time,if>they failed again.

'Events that still failed were then examined by a physicist. It was found

X4

that the gégority of these events Qeehiwo-prongs (n+p, n+pﬁ°, or n+n+n),
where éhé of fhe prongs scattered slightlyvbut ieft no visibie recoil.
Others eduld have been Z+K+(n°) or 2+u+(K°), buﬁ the.decay‘angle of the
Z+v—an+n was so small as to be impossiﬁle to measure in all views. These
eventsxwefeein any case rejected by our aceeptance eriteria.v (see
Sect. III.) It was found that aboutbh% of the eventsvappeared to be
genuine on fhe scanftable, were'within the accep£ance‘cri£eria, but had
no acceptable output. The reason for this was usually obvieus, such as-
one of . the origins being obscured by other tracks in one of the views.
This loss was taken into accodnt invcomputing the“cross sections.

The events were constrained in the followingeway:

(a) 1If Ap/p fneasured) for the st was < 0.5, then a standard two-vertex
fit was performed for’bothAZ+A—>pn° and Z+ —9n+n hypotheses.

(b) If_Ap/p for the &' was > 0.5, the measured momentum of the &' was
ignored and it was calculafed from the‘decay vertex. This in general
gave two values for each hypotheéié (pﬁ°,'n+n),-since it is a zero-
constraint fit. These &alues weferthen Qsed as starting values in the
two-verfex simultaneous fit.

Ienization was used to resolve the = - pr® or 5 S5t ambiguity.
Iﬁ'Order to obtain cross sections the beam traeke were counted on

about every hundredth frame in the film, and from this the total n' path



b

length in the experiment was computed.

III. DATA

Table II shows the number of events found at each energy that satisfies

the following cuts

(a) The beam track is within the acceptable angular and momentum limits.

() Z+ is > 0.3 cm long and lives less than three llfetlmes.

(c) The Z decay angle (lab) is > 5 deg (> lO'deg for T2-inch chamber £ilm).

(d) The event is within the fiducial volume.

Since cuts (b) and (c) are Z -momentum—dependent, each event was welghted
to take into account these two. cuts as well as the p0551b1l1ty that the X
left the chamber before decaylng The values of cuts (b) and (¢) were
determined experimentally. For (b) we used the Bartlett s-function method to
determine the ¥ lifetime. The llfetlme was calculated as a function of Z
cutoff length and was found to become stable at a length of O.J cm.  Cut (c)
was determlned using the following iterative procedure from the measured Z+
momentum spectrum we generated by Monte Carlo methods the expected Z
decay angular dlstrlbutlon in the laboratory and compared 11 to the measured
one. From this we determlned a 1st approx1matlon to the cut We then corrected
accordlngly the Z momentum spectrum and repeated the‘procedure. Convergence
was essentlally obtained in a single step for the R ﬂ+n mode. lt should
be noted that these cuts are crltlcal only for the Z > ﬂ+n decay mode, since
the angular dlstrlbutlons and cross sections have been determined by use of
this mode only. For the polarization measurement using the Z -> pno mode ,
unweighted events'were used, since the polarization measurement is not
affected by any bias in the decay angular distribution.

A. Cross Sections

: . + + +
Figure 1 and Table II show the cross sections for m p » I K . These were
. . . . + -

obtained by using the weighted number of & e ﬂ+n events and
. . . +

multiplying by 2.12 to take into account the ¢ - pno decay mode.9 The

error bars shown contain both statistical and systematlc effects.

<




The other data points on the plot have been obtained from the literature.

B. Angular Distribution

The angul@; distributions at the seven momentaifor:both the weighted

+

L+ + + + . -
and unweighted m p > £ K , I - 7 n events are shown in Fig. 2. The

production cosine, cos 0, used is the cosine of the éngle (c.m;) between
.. S+ ’ p + . At At o \ .
the incident m and outgoing K, i.e., (v *K ) (c.m.). The average weight
per event is about 1.25, and it is not greater than 1.6 for any bin. We
) - + . . . .
decided not to use the ¥ =~ pno events, since the. average weight for
these was about 2, and was greater for some of the bins. There is also

evidence that the scanning efficiency for theée eveﬁts was lower than

for £ =+ w . n events, when the proton was in the plane containing the

. + ' .
~camera optic axis and the direction of the £ . The same blas was not

S + + .
present in the I > 7 n events.

C. Polarizatioﬁs

. + : . . .
Since the I decay is parity-violating, the angular distribution

. + . ' . .
of the decay particles in the & rest frame must be of the form

where a is the asymmetry parameter, ?E is the éverage,polarization of the I,
and cos GN is defined as (ﬁ * N), where n is the production normal

A A4 ~d v 'A+ A_*_. A . . . !

(n=(r" xK)/[r xK|), and N is a unit vector parallel to the nucleon

. . ' +
direction from the I decay."

Figures 3 and 4 show a?z.as a function of the c.m. production angle,

the events at each energy were divided into bins in cos O having ¥ 30 events

per bin. For each bin the I polarization was calcﬁlated from the observed

L-decay astmetry relative to the production normal ﬁ, according to the formula

.
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aP = o z cos ON
E i=1 i
and
_ oA/
A(aP) = 3—éaP)
E
(when |aP| was > 1, |a§| = 1 was used in the error formula). N_ is the

E

" number of . events in each bin.
The maximum-likelihood method was also used to obtain P, and the
two mefhods were‘found to be in exéellent agreemént.

D. Legendre Expansions

Figure 5 shows the values of Am/AO of the Legehdré polynOmials

fitted to the distributions shown in Fig. 2, where the expression

ao o mmax o

— = A £ AP (cos 0) has been used. Figure 6 shows the values of
as m=0 mm v o :

0 of the first aésociated Legendre series

the expansion coefficients Bn/A
when fitted to the polarization distributions shdwn in Fig. 3, where the

nmax
2

expressibn. do 5 nA°. % B P (cos 0) was used.
: aa -~ n=1 n

Fof the Am/AO distributions, the coeffigienté_from'the seventh—ordef
fit were plotted. At all momenta_the sixth—oraer fit was found to be .
satisfacforj. For the Bn/AO distributions the_maximum order allowed by
the numgervof experimental bins was plotted (whére we define the maximum
order to be the'numberrof bins minus one)-~this didvnot give a
satisfaétory fit at most momenta. It should beﬁnoted that the fits of

the models fo the data do not depend on a knowledge of the A and B

coefficiehts (see Sect. V).

Q

i
i
P
I
|
i



Iv. THEORY
When.one examines the cross'sections and anguiar:distributions
-~ (Figs. 1 and 2) of x p SR it is clear that in this energy reglon.
s-channel effects are large and, in particular, the bump in the-cross
section-at a mass of ~ 1950 MeV is very suggestineiof an s-channel resonance.
We have therefore used two approaches to the analy51s of the data:
(a) an s-channel energy-dependent partlal-wave analy51s, 1n whlch both
resonant’ and nonresonant amplltudes are present (b) an s—' t-, and u-channel
analy51s in which we have resonances in the s- channel and K and A
exchangev1nvthe t and u channels to account for the'background amplitudes.
We are aware of the dangers of double countlng in this latter approach

but believe the results show that this is not serlous in thls case.

A Partial-wave Analysis

A comprehen51ve discussion of the theory of partial-wave analy51s in
formation experiments can be found in ‘an artlcle by Trlpp,lo so-only a
brief dlscus51on is glven here. :‘ |

In a reaction of spin O + spin 1/2 —>Sp1n 0+ Spin 1/2 the transi-

tion operator M is given by
M=a(e) + b(e) g o @)

In this formula a and b are the non- spin-flip and the Spln-fllp
amplltudeo reSpectlvely. The productlon angle © and productlon normal
n have been deflned earlier (IIIB C) and g is the Pau11 Spln operator.
The relatlonshlps between a(@) and b(O) and the complex partlal -wave

+
amplltudes T (£ is the 'final orbital angular momentum) are

£



-8-

a(e)

X f[(£+ 1) T; + z Té]:l‘?g(c?svg) "

,e .

o [t 1, "
b(e ik Z|T - P (cos ©
@) = & £ [x] - 7, ] 7j(cos
where & is the n+ wavelength in the -c.m. system divided by'En, super-
scripts = refer to J = ¢ 3_1/2,'P£

is the'zth-order Legendfe polynomial,
. and Pj'is the gth-order first associated'Legendre'polynomial.,

The differential cross section I and polarization P.are given by

' 2 .2
I (=32 = [a]®+ [p|® - R
and o S (3)

I E"# 2 Re (a*b)n :,/

where the pdlarization is limited to béing alonglthe production normal by

.parify conServation bf_the strong'interaction.f

A more direct relationship betweenvthe meagsured distributioﬁs I and

IP and the partial-wavévamplitudes is obtained by making the‘expénsionS'.

2

I =7 mEOVAum<¢?8.9) . R
and . ST
IP =n x° b B‘Pl(COS'O).'
~ n=l 10 n-- o

The relationship between'the A énd B coefficients ahd‘the partial-
wave aﬁﬁiitﬁdes T is.well known, and is-givén'(for'eiambie) in Ref. 10.
- The amplitudes T (and A and Bﬁ) are in geherél functions of the
c.m; energy. The variation of TlL with‘energy is in most caées unknown ;
,fhe excebtion.is for a resonant amplitude when‘this energy dependence is.

assumed'tq be given by the Breit-Wigner formula

T = 'l/z(r;err)l/g/[(ﬁgiE)~i l’/é] ;o

- where E is the c.m. energy, E. the energy of the resonance I, the partial '



width into the elastic channel, I', the width into the finél,(reaction)

channel, and ' the total width = I Ty, where i are all the decay channels.

The'partial widths I, are also, in general;»enefgy dépendent. This

i
energy depehdence has been approximatéd by Glashow and'Rosenfeldll‘by

r, a 4~—Ei——— !
' T O
1 .q.2 + X2. - :

1

where q1 gnd éi aré thezmbméntum and orbital angqiéf'momentum of the deéay
products 6f’the resonance intb the gﬁhrchénnel, aﬁa'x is'a ﬁarameter
related to_thé radius of the interactions and has ﬁhé.dimensions of mass.
Blatﬁ and*Wéisskon have also'defived nénfelativistically an.expression
fof the ehergy depéndénce of Fi; which’is;idehtical to thé abové'for
£<1 and differs only slightly for highef valuéé‘qf 2'12 '

: Tﬁévproblem is: given the experimentél distfibutions Iland.IE to
solve Eés.v(e) and (3) far the Tj; >Thi$zrequifééinonlinéar least-squéres
minimizatién; and we use the coméutér_pfogram VWAVE to éolve it.l3 |

Iﬁ fhis program the inputs are the I and IP distributions and the

total channel cross section at each energy. A sét'df_starting values for

+ : L :
each amplitude TE is then chosen. These could be either of the resonant

form with an energy-dépendent width, or background amplitudes with an

i(C + Dk)

énergy'dependence of the form (A + Bk)e » where k is the incident

c.m. momentum. There were, therefore, four parameters_for each partial
wave (or eight if a resonant and a background amplitude were postulated

for any partial wave). For the background amplitudes these are clearly

)1/2 , mass E_, half

A,B,C, and D; for a resonance these are magnitude {(FeFr R’

~width T/2, and phase b (at resonance). -

The starting values were used to calculate the cross sections,
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"angular distributions, and polarizations. The calculated quantities
Xg were compared'with-the observed data points Xg and their errors AX?
to find the x°,

XZ = 2 [(XE-X;-?)/AXJQ
where iiruns over all the experimental points.

The i? functibn.was then'minimized with réspécf to all the parameters
by the variablé met#ic.méthod byvdéing the Lawrence Radiation'Laboratory
progréxﬁVARMI’B.lh Aftérvé;satisfactOry minimum ié'ébtainéd,'the values
of.the paraﬁeters are raﬁdoﬁly diSplaCéd from theirsﬁinimum.values and the
minimizéinn is repeated. This waé fepeated twice; and.thé lowest XE |
solution was printed out.  This ﬁethod helps to ensuré that the prbgram does
not stop-at.a shallow.localjminimum.' | |

In ouf seafch'for~minima wevhave-started at more than 200 seté of
initiavaOnditions; We-havé élso used the proéiam MiNFUN15 in its seérCh
mode, which.explorés the valléys in the x2~hy§ersurface, to try to
,establish the uniqueness of the best solution fquﬁd.. ItIShould be noted

that the confidence in thé fesulté of the fit degends to a certaln extent

oniwhéther the parameterization of the background‘amplitudes is realistic.

B. s- t-; and u-Channel Analysis

This analysié assumes s;éhannel resonanées,and t- and u-channel
éxchénges comprising the nonresonant "backgrounds." As noted éarliér,
similar approaéhes haVe;been made,l’2 but to establish ébnveﬁtions we
will write the relevant eqﬁations in some detail. .

the

In terms of the Dirac matrices 7# and spinors up and Ugs

: + + _+ - '
Feynman amplitude for the reaction x p » XK may be written, in

generall6
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P,y = ﬁz(pf)v[A £ 3, ek ] ),

where k, k s P and p are the: four—momenta of the n, K, p, and %,
respectively, and A and B are functions of the total c.m. energy E and
the cosine of the c.m. production angle O as defined earller

The productlon amplitude is related to F

. \1/2 ' 1/'2 o
r - @%%L.;lil- -
fi - B\ ik ' fi 4
wOE\E)) e
vhere m is thevprotcn’mass‘and.m',the Z mass. In terms of'Pauii_Spinors

and matrices, Tfi = xfTMxi , where the transition operator is
M=g+h (gp') (gf).
The amplitudes g and h are related to A and B by

=C, [Aq+ g (EE'- m —‘m')].

m
1

and

e
i

B S
C_ [-A»+ 5 (2B + m+ df)] ,
where

1/2_ o
) SR

Here pO.is the c.ﬁ. energy of the proton,'pé of the_z. In terms of the
more familar ﬁon—Spin-flip and spin-flip amplitudes a and b, the
trénsition_oPerator M may be expressed as iﬁ Eq. (1), ﬁﬁere a and B

are relatedito g and h by a = g + h cose aﬁd b =_-ih sing. The |

differential cfoss'section‘and Z polarization are now given as before (Eq. 3).

1. Resonant Terms

The s-channel resonant contributions a and bs to the amplitcdes

a and b have the same expansions as Eq. (2),'where the partial-wave

amplitudes ik are approximated by the Breit-Wigner form and the partial
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widths are also parameterized as before. For each resonant partial
wave, four variable parameters are possible, as in the s-channel

analysis: magnitude I(Pefr)[l/g, ma§$ E,, and width I'/2, and a relative

R
phase @.

2. Exchange terms

We assume that the exchange contributions to:a and b come from
terms representing K* exchange in‘the t_channel and A exchange in the u
" channel,
s, t channel{ For the exchange of a vecﬁor'mesoniK*.with mass M and unit
17

polarization vector eu, the invariant amplitude may be constructed

from the meson vertex factor

* t
V2 g, (4 SRR

the baryon vertex factor

' - vx 1X
' : A A 1
\JE uZ (p )(Gva + 1 GT . ,) u (P) ev

and the vectOf—mesbn propagator

w2 2
(ce,, + E2)/(Pad) .
aTRV) 2 v
M
The constant 1 2'is an isospin factor, gK*KTT is the'céﬁpling constant at

the meson vertex, and G is the vector (and Gy the tensor) coupling

constant at the baryon vertex. The metric is guu = (1,-1,-1,-1), and qu

is the four-momentum transferred between the initial and final mesons.

By comparing the amplitude thus constructed and thélgeneral Feynman amplitude,

one finds the identities



SR LI o onem g + 2rtcoss

00
He T B (z,-cos0) | ¥ ~ Brgky Oy * Tmr K *Kn
-and )
2 2kk'(zt—cosO) K'Kr "V  °K'Kg T . °

where k, k' are now the magnitudes of the momenta of the initial and final

mesons, k ké are their c.m. energies, and p, y' are their masses. The

O’

kinematical factor is

2
' — —
z, (M + 2koko p -y

12 2Kk s
and is approkimately equal to 2 for the energies in this experiment. Once

A, and B are.knbwn, 8 and H, --and therefore a, and b --may be calculated

t v t t ‘ - I
from ' '

at = gt + ht coe)
and_

b, = -i ht sin®

ot
(These purely‘Born exchange terms are real.) Multlplylng these by a phase
factor e ¢t ylelds complex amplltudes, in general which. express the
relative phase between the s and t channels." The parameters for the t-channel
exchapge that can be varied are the coﬁpling.constent producte By¥pn vaand
8y ¥in GT? and the arbitrary phase @t
b. u channel. For the exchange of e A of mass M', the invariant

amplitude Lus the forn
F=0(p') (&, Ve —o—s ve8 u_(p)
Yy _ TAZ '5 Yuqﬂ - M'2 5 °NAK | “p >

v

where qﬁ' is the four-momentum ﬁransferfed between the initial 7 and

T
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final Z;..Reducing and comparing this expression with the general Feynman

amplitude as before, one finds

gﬂAZ eNAK

L ot omt oo
Ay = T TDrk! (2 + coso) 2 (2" - m' - m)
and : e : gN
- TrAY AK
Bd/E T ;/2 2kk! (zu + cos@) ’
with the kinematical factor
2 N - NN
S 1 t _ 1S 1
Z, = (M'™ + 2kP, m no) ket o,

also approximately equal to 2. As in the t-channel exchange, a, and bﬁ.»
may now be calculated. The parameters that may be varied are the coupling

constant product 8 AS gNAK and an arbitrary'phaSe ¢u'

c. Form factors. The coupling '"constant" prodﬁcts in the exchange channels

are in general dependent on the square of the mbméntum transfer, and we .
have allowed for this possibility'by’applying mulﬁiplicative factors of

the simple form:ﬂafor the t channel, .

a - M o {a - M?)/Ekk'

a -t z{ - Ccos6 -

and fdr the u;channel;

2 2
B -M~ (B -M")/2kk!
B -u 2!+ cos ’

“where o and B are additional parameters which can be varied, and

N
il

(a + Ekoké -ps - p'2)/_2kk'.

‘and

N
1

(B + 2k p! - m'® - u%)/2kk




The effect of these form factors is to produceémoré'peaking in the forward
and backward directions in the angular distributions, and therefore .
increases the relative importance of the higher partial waves in the

exchange amplitudes.

d. Projection of exchange amplitudes. Tb compare in thé complex T plane

‘the S-chanhel resonant partial waves with the partial waves due to the

=a, + a

exchange amplitudes, the latter,‘ae ., and b exch t 4

xch exéh’ where a

and bexch = bt + bu’ are first §Xpanded in Eq. (2). . The exchange
partial-wave amplitudes Tz are then projected out into the s channel by

. means of relations such as

1 sz(cos@.) -
Qz(Z) = -2- m d cose
1

1, \ 1 1 [ sine _1 ’
Qz (z) = -3 (22-1)1/2 fz-_cos@ P, (coso) dcosQ .

and

where QZ(Z) is the gth-degree Legendre polynomial of the second kind and
Q%(z) is the Tirst associated Legendre function of the second kind.

Once a =a_+a, +a and b =Db + b
s u s

+ b_‘are known, the
t u :

t
‘differential cross sections and I polarizations méy'be caléulated.“vThe
mechanics of the s-, t-, and u-channel analysis are idenfical to that
described in Sec. IVA: inputs are the angular and £ pd&arizatidn%‘
distributions and total ZX cross sections at each energy, as well as a set
of star£ing valués for the resonanf parameters and exchaﬁge parametefs;

A X%

~was formed from the calculated and observed distributions and cross
- sections, and minimized with respect to all the parameters_allowed_tofv

‘vary. - The number of variable parameters was usually four. for each resonant

;amplitude plus up to a total of seven for the exchange amplitudes.
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The exehange amplitudes were then projected intovthe s channel to
be compared dlrectly w1th the resonant amplltude partlal waves. The
domlnant partial wave& from the exchange amplltudes were S1, P1l, P3 and

\

D3. ngher-partial-waves were in all cases very small.

V. AMBIGUITIES
A study of Egs. (2) and (3) shows that there are several transforma-
tions that leeve either I or. IP or both unchanged—chese'are as follows.

' + 3§ + + ' . :
(i) Té"=ke;¢ T, where T'_ are the transformed-amplitudes; both I and

IP are unchanged. This Just states that the absolute phase of the amplltudes'

is arbitrary, It is usual to fix the phase of one amplitude, e.g., the

phase of a resonance at its resonant energy is usually put to zero.

(ii) Ti" = E .- This is the complex conjugation amb1gu1ty, and I remaing

unchanged'butfg changes sign.

+ - - - '_' + '. ‘ o V
‘et R v - . . o .
(iii) TZ“_[vTQ+l'and Tz Tz-l’ i.e., changlng tne parity of all
amplitudes. This is the Minami ambiguity. I remains unchanged and P

changes sign. The ambiguity keeps J fixed but changes &, e.g., P3 - D3.
) + '
(iv) Tz}f

1
Tl

+ (28 + 1)7T [TZ + 2 T;] .

l

+ (2g + 1)t [é(z +11)$Z - T;] )

This is thé_iéhg transformation and leaves I unchanged but changes the

sign of 3; _ThiS transformation does not necessariiy conserve uniterity,
but for cnannels.with low branching fractions this is not likely to be a
problem.‘eThis transformation keeps £ fixed and changes'J, e.g., P

3

becomes a7mixture of P, and Pl'

3 .

It should be noted that the application of'transformations (ii) ana (iii),

and (iv), or (iii) and (iv) would result in both T and IP remaining unchanged.

(ii)
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Thus, solutions related by elther the generalized Minami ambiguity or
generalized Yang transformation are indistinguishable in a study of the
angular distributions and polarization. If, however, ‘there is a ‘known
energy dependence of one of the amplitudes present, such as a resonance
in which the Wigner condition specifies the direction in which the
amplitude traverses the Argand diagram, both the generalized Minami and
,the Yang transformations reverse this direction and would therefore
Violate the Wigner condition. Performing both the*Minami‘and the Yang
transformations results in a set'of amplitudes that gives the same
angular distributions and polarizations and does not Violate the. Wigner

condition.' It does, however, have the effect of making two resonant

amplitudes (the same mass and Width) out of one.

VI. RESULTS

A. s8-Channel Analysis

-The,data were split up into 100 hins in the angular distributions
and 32 bins in the polarization distributions. This together with the
seven cross:sections gives a total of 139 data points. To obtain the
degrees of freedom, one has to subtract from this seven (for the fact that
the program normalizes to the number of events in each angular
distribution) and also the number of parameters tolbe varied. Typically
the number of degrees of freedom was 105 to 110.

On examining the A coefficients (Fig 5) we note that the highest
order necessary to fit the data is A6. We take the usual approach and
- assume that this means that there are no significant.amplitudes present
higher‘than GT7. The‘dangers of this approach'are'commented on later.

Since the main purpose of the experimentbwas‘to measure the

branching fraction of F7 [Af+(l950)] resonance into the gt channel, we
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wanted to establish that the F7 amplitude was (a)'pfesent and (b) resonant.
To do this we started with many combinations of S1, Pl, P3, D3, D5, F5,
and G7 amplitudes but with no F7 present, and wefe ﬁnable to get a fit
with a confidence level of greater than 1072, When an energy-dependent

FT background.amplitude was substituted for the G7 amplitude, the
confidence level increased to 0.0lh; When the F7 aﬁplitude was made to

be of the Breit-Wigner form, the cbnfidence levél rose toAN 0.05. Table III
gives a brief summafy of the more probablerfits (confidence level > 0.01)
from the ﬁore than 200 trials. Figures 7a through 7i shqw the Argandﬁ
diagramé fér these. By examining Fig. 7a it can be seen that the F7
ampiitude is large and is looped in the right direction for a_resonancé
even when treated as a background. By parameterizing this as a resonance
(Fig. Tb) the confidence level is increased. The fact that the F5,

- D5, and D3 amplitudes are émall makes it rather unlikely that there should
be a large "background" F7 amplitude.

We therefore have established the presence,.and probable resonant
character,>of the F7 amplitude. We then setvout;ﬁo_establish the
parametefs ofrthis amplitude.and in pérticular to find its magnitude.

lAn examination of Table III shows that although the mass and width.
of the A(l950) seem to vary someWhat, the amplitude is remarkably |
constant and seems to depend very little on the exact nature of the higher-
order background amplitudes (D3, D5, -F5, G7). This characteristic would
appear to be éeneral, and applies to. all solutions which have a
reasonable confidence level. The Wigner condition was not used as a
constraint on the energy-dependent behavior on the background amplitudeé.
It can be seen, for example, that in fits 192A and 194A the S1 amplitude
is moving quite rapidly in the clockwisg directionj this would appear to

violate the Wigner condition. In Tit. 209A:the energy-dependent part of the




phase of ‘81 was held at zere (paramefer D), and a good fit was obtained
which clearly does not violate the Wigner condition. The characterlstlcs
of the FT resonance are llttle changed the general features of the other
background amplitudes are also llttle changed. In’any fit that has a
probability of > 0 2, we have observed the follow1ng general characteristics——
a large FT amplitude mov1ng from.the flrst to the- second quadrants
'cons1stent‘1n behav1our with & resonance, a large Sl amplltude in the

first quadrant decreas1ng somewhat with energy, a slowly varying rather
small P1 amplltude also in the first quadrant, and a large P3 amplitude

in the thlrd quadrant The presence of D3, D5, and F5 amplitudes increases
the probability of the fit from about 1% to‘187 but all these amplitudes
are small and do little to change the general features of the larger
amplltudes.v When the G7 background amplitude was added the best fits make
it very small, consistent with zero (see, for example fit 221A, Fig. T73).

We obtaln the following parameters from this analysis:

Mass of FT resonance (ER) 1950 * 30 MeV
Width (Ptot) 300 * 60 MeV
. y1/2 .
Amplitude (rerr) : . ‘ 0.090 * 0.007
Branching ratio (T /I‘t t) : _ 2.0 o+ 0.4%
'[AssUming Fe = 0.50 ana T . = 210 MeV, Ref. 9]

(The values from Ref. 9 of the mass and width for the A(1950) are 1940 Mev
and 210 MeV respectlvely ) The errors quoted are estimated from the
varlatlon of ~values of these parameters in the varlous fits.

By examlnlng Table ITT it can be seen that the fit can sometimes be
improved byvmaklng some of‘the lower partlal waves resonant rather than
of the background form,  For the P3 resonant amplrtude, the mass is far
from the experlmental region,'and ciearly.the energy dependence of the
amplitude isvbeing approximated by:the tail of the resonance. In the

D3 and D5 amplitudes, the fitted widths are narrower than the spacing
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between experimental points, so that some of the experimental points lie
on the tail on the low side and others on the high side. This somewhat erratic
behavior (of these rather small amplitudes) increases the confidence
level of the fits. The reason for this type of’behaﬁior, if real, is not
ciear, but cannot be well approximated by our usual background
parametérization. Only for the resonant F5 amplitude are the mass and width
reasonable. |

Should the F5 amplitude be resonant in chafacter, we are able to put
this upper limit on its magnitude: | | | |

1/2 < 0.04.

(r,r.)

It should be emphasized that we do not feel that the data require the'
presence of any but the F[ resonance. |

Sincé our lowest energy (1850 MeV) is not very close to threshold,
we decided to check that our partial-wave aﬁalysis solutions were
.consistent with published loﬁer-energy data and, in particular, we uéed the
data of the Purdue groupl9 at 1730, 1783, and 1813 MeV. They had performed
a single energy fit at each of thei; enérgiés. At 1730 MéV‘oﬁly a second-
order fit in éos e (or a second—order term in the Legendre polynomials)
was necessary, and they assumed only S and P ﬁaves were present. At the
two higher energies a fourth—érder term in the Legendre expansion was
needed, and they therefore included S, P, énd D ﬁaves in their analysis.
When we chpared their solutions with ours we found thét they were not
qualitativély similar to an extrapolation of our ampli%udes. We fherefofe
incorporated their data with ours and despite thé‘very large energy range
covered, fitted it with our usual parameterization. The fit we obtained,
200C, using as starting values the partial-wave amplitudes of solution 1924

is shown in Fig. 8 and Table TIT. The solution has an overall confidence
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level>of 3.7% and, as can be seen, is very simiiaf té our solution ;92A.
(The fit to the three Purdue energies is extremeiy good.) The point to
note is éhét-déSpite the lack of significén£ higﬁer.coeffigients than Ah
at any Qf'the Purdue energies, the F7 amplitude is;large, and in fact

- dominateé af the two higher energies. This large ”unsusﬁected" 7
amplitude naturally greatly modifiéd the S, P, and D amplitudes. The
contriﬁutioﬁ of this F7 amplitude.to the sixth-ofdér term isvsmall enough

to be covered by the expérimental error.

:B. 8-, t-, and u-Channel Analysis

The data were handled in the way described in Sec. VIA. th ﬁhis
';analjsisfﬁypically 14 to.: 18 varying parameﬁers}wefe reﬁuifed tp produce
‘reasonaﬁle fits. The exchange amplitude parameters for the best
'solutiqns are given'in.Téble Iv, aiong with previous determinations using
similar, bﬁt not identical, approaches. ‘(It should'be noted that the
parameters 5K*Kn'GV’ 8 ¥ GT’ a, and B are insensitive to the data and  -
are therefore not well determined.) The resonant amplitude parameters o
for the best solutionsvare given in Table V. These require an F5 or D5
resonantvpartial wave (or both) along with the resonant F7. The
amplitudés of these lower partial waves are smaller fhan the F7 amplitude
and provide some necessary'S/Q amplitude which:cannot be supplied by the
exchange\tefms. Figure 9 shows the Argand plot for two of these fits, .
where'the t- and u-channel dontributions to the amplitude'have been
brojected'into‘the s-channel in the manner described in Sec. IVB,7énd‘
the other parameters of the A(1950) are Quite consistent with those givéﬁ
in Sec. VA} In coﬁpéring theselparameters with those from ihe,sfchann¢l 
paptialgwaye.analysis, we see that the ¥y amplitﬁdes are Qirtually; |

identical. This is further evidence that the precise.nature of the other
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partial waves in the reaction seems not to affect the magnitude of the
principalrF7 partial wave.

The seriousness of double counting was studied by not using any

resonant amplitudes and trying to fit the data with only exchange amplitudes.

No satisfactory fit was achieved, nor were there any significant contributions

to the £ > 3 partial waves from the exchange terms. We therefore feel that
double counting is not iikely té be serious in this case.

It shéﬁld be noted that although there are.sérious theoretical
objectiéns-to this model as i£ stands, for the purpose of determining the
branchingnfraction of the A(l950) into the'Z+K+ channel these are not very
relevant. The t- and u-channelvexchange formalism provides a ﬁarameteriza—
tion of the "background" amplitudes that is different from thét uéed in the
s-channel épproach. Good fits ha&e'been obtained by using a significantly
smaller numbef of parameters.than for the s chahnel.

In comﬁaring the two analyses for the "background” contributions
to the amplitude, several pointsvshould be made:

(1) In principle, in the exchange model, all partial waves are present
and are ﬁarameterized by seven variables. [In practice, only the first
four partiél waves (S1, Pl, P3, D3) can be present in appreciable
quantities;] In the s-channel analysié four parameters per>partial
wave are required. |

(ii) The s-channel approach does not have the ijection.of double counting
which the other analysis does have in principléééalthough not in practice.

(iii) In the exchangebmodel, the parametgrization is such that the Pl
and higher partial-Wave amplitudes (when the exchange amplitudé has been
projected into the s channel).incfease monotonically with energy, eventually
violating unitarity; Thié consideration is not important in our energy.

region. This problem is not encountered in the s-channel analysis.
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VII. DISCUSSION -

Using,both of our approachés, we have fouﬁd sets of partial waves
which adé@uétely fit all our data;‘ These.fits,'asfcan be seen from
Tables III and V and Figs.~7ﬁand 9, are very similar in general features
and,“in particular, give consistéht vélueé.for tﬂe parameters of the |
0(1950). We do not feel that we can establish the character of the D3,
'DS, and F5lamplitudes; they could be either of a resonant or of a background
nature. However, they aépear to be small and ndt imﬁortant in obtaining
the parémeters of the A(1950).' It shouldibe ﬁoted ﬁhat other solutions
that give identical fits can be manufactured by applying the-Minami and
Yang transformations to our solutions. :This will have the effect of
inCreasing the number of_resonahces. It should élso be pointed out. that
~our not finding any other sdluiion that is radically different from the
ones présented must be interpreted wiﬁhiﬁvthe framéwdrk of the models
and assuﬁptions used. I; particular the déngers-of_negleéting the presence
of higher?partial waves ﬁhan appear to be necessar&‘is clearly illustrated
in the cﬁée of the PQrdue low-energy data. This problem is common not Jjust
to these results but to virtually all partial-wave analysis résults
published. |
| Finéily, we make a comparison of the branching fraction obtained for
A(1950) — 5K with the SU(3) prediction.
| ASsﬁminé that the A(1950) is in a decuplei,_ohé can write the

partial widths as 2L

ry = C§g2 B, (p;) (/M) o,

where ¢ is the SU(3) Clebsch-Gordan coefficient‘for each decay mode, g is

“the effective coupling constant (and is the same for every decay mode if
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SU(3) is not broken), Bz(p) is the centrifugal barrier factor for an:
angular momentum g, p is the c.m. decay momentum, MR is the resonant mass,
and MN is the nucleon mass.

[A(l950) —9Kp] is well established from phase -shift analyses

[We usev Fﬂp/rtot = 0. h] so that . - _ -e | _ : E s
| FZK/Fﬂp = Bz(pZK)pEKA?z ()P 3
‘since gZK = gﬂp, and cZK = C“P’ the form of Bﬂ(p) is given in Blatt and

WeiSSKOpf;le For ¢ = 3,
() = (pr)%/ [225 + b5 (o) + 6 (o) + (er)°],

where r is the radius of interaction.

Figure 10 shows a plot of T /F as a function of 1/r (GeV). The -

tot

value of l/r associated with our measurement of I /F is H75 MeV, with

Tot
the errors shown on the figure. This measurement of 1/r:is a very sen51t1ve one due

to the large dlfference between pZK and p . Thls'mayvbe_comparec w1th the value

approp%iate to the 3/2° decuplet A(1236), -which-is. 160 MeV.?2

- The SU(3) pre-
dictioni® of Branching rFatio of the A(1950) 3 Z K deduced from ‘this value of 1/r

is 13%, which is not -in agreement with our measured value.
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Table I. Summary of film used in this experiment

. Number of. - - Microbarn

. Momentum pictures v equivalent
(Gev/e) _ (1000) -~ (approx)
1.3k - N 0.k
1.43 Y 0.5
1.55 | 121° ‘7 0.8
1.63 - 164P . 0.5
1.68 | e 0.5
1.77 | 122P o
1.84 u® 0.9

a. T2-inch chamber -

og

. 25-inch chamber
" Cross section for one event.

%
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Table ITII. Characteristics of various fits to the data

. Fit number

_21T7A 122A lQhA 211A 219A 218A 215A 209A

2214 200C
s1 . B B B B B . B B B B B
P1. B B B B "B B B B. B
P3 ‘BB B° B B R B B B B
D3 B B B B R B B B B B
D5 B B B R B B R B B B
F5 B B R B B B R B B B
T B R R - R R - R R R R R
cT - - - - - - - - B -
Degrees of freedom 10k 105 105 105 105 105u1 105 106 101 148
o 138 129 129 120 125 130 - 118 133 125 180
Confid. Tevel  0.012 0.051 .050  ©0.15 0.089 .050 0.18 0.038 ',052 .037
Resonance béiémeters ‘
Part. wave = S D5
Ampl. N o .06
Mass (MeV) o S 1917
Width (Mev) ' . 3
Resonance parameters _ v a '
A Part. wave : ‘FS‘ D5 D3 P3  F5
Ampl, .03 . ,06 © .oh .13 - .04
Mass (MeV) 2058 1917 1900 2386 . 2055
Width (MeV) bk 32 ko 135k 110
Resonance parameters ' ‘
Part. wave F7 F7 . T . FT FT F7 FT FT T
Ampl. 0.092 .083 .088 .092 .087  .086 .09% .090 .099
Mass (MeV) - 1931 1918 1973 1967 1931 197k 1965 1929 1904
Width (MeV) ' 294 31k 266 244 35 264 250 292 284
Comments - , a b c a b e - f g

B dcnotes a backnround partial wave of the Iorm (A + Bk)e e+ Dk)
B* denotes a background partial wave of the form (4 + Bk)e ic,

R denotes a resonant partial ‘wave,

Ampl. is defined as (rerr)l/g.

Width is full width (I).
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Table III,vCoht.

_ Comments
a. F5'am§1itude small.
b. Width of D> small compared Qith energy.separatioﬁjof dafa‘points.
c. Width of D3 small compared with energy separatidn“Of data points.
d. Mass of'P3 outside.energy rahge of data. o
e. Energyudependence of phase of Sl held at zero.
f. G7 amplit@de small. | |

g. Imcludes Purdue data at 1110, 1206, and 1265 MeV/c (Ref. 1k4).
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Figure Captions

1. Cross‘section for n+p —92?K+.

2. Angular distributions. at the seven momenta for n+p —?zTK+, éf —9n+n;
The solid boxes are the weighted events; the daéhed boxes are fhe _
unweighted events. The curve is from fit 192 (see Table ITI and Fié;'7b).
Cos © is defined as (%+-ﬁ+) (c.m.). | |
3. Plot of aﬁz:versus cbélg, at the seven momenta for Z+ —9pno evenﬁs 

(o S-l)f' The curve is from fit 192A(see Table'IiI and Fig. 7b).

k., Plot of aﬁz versus cos 9, at the seven momenta, for Zf —>ﬁ+n eﬁents‘
(@ =~ 0). | .-

>. Plots of Al/AO through AT/Ao_at each of the seven momenta.' The A’s.
were calcuiated by fitting the weighted angular distribﬁtions (Fig. 2)'With
the Legendre series (see Seé. IV) up to the seventh Qrder. The sixth
order was the maximum necessary to obtain a good”fit at all momenta,

6. Plots.of Bm/AO at each of the éeven'momenta. These.were‘caléulatéd-
by fitting the aﬁz plots (2+ - pr°) (Fig. 3) with the fifst associated
Legendre series (see Sec. IV) ﬁp to the maximum order éllowed by the
number of boxes in the data (m = number of boxes é 1). It should be
noted that in most cases this order was not sufficient to give a good fit.
7. Argénd diagrams for the‘nine fits to our daté:summarized in TablevIII
(s~channel approach)..  The bhase of the resonant F7 amplitude in fits b
through i has been taken to be zero at the resonant energy.

7a. Argand diagram for fit 217A to our data (Table III).

Tb. Argand diagram for fit 192A to our data (Table III).

7c. Argand diagram for fit 194A to our data (Table III).

7d. Argand diasgram for fit 211A to our data (Table III).

7Te. Argand diagram for fit 219A to our data (Table III).
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7¢. Argand diagfam for fit 218A to our data (Table ITI).

7g. Argend diagram for fit 215A to our data (TabiéaiII).

Th. Argend diagram for'fit‘209A to our-data’(mablé II1).

Ti. Argénd‘diagram for fit 221A to our data (Table IIi);

8. Argand diagram for a fit to the data at,our seven moménta and three
lower moméhtg‘from the Purdue group (Ref. 19). .The'initial~conditions
for the fiﬁAWere.the same as Tit 192A. The fitted bérameters are sﬁmmarized in
‘Table IIIQZfit 200C.. The confidence level for tﬁé‘fit is 0.037.

9. Argén& diagram forva fit to our data using the é—, t-,.and u-channel
approach, ﬁhére the t- and u-channel amplitudeé ﬁave_been projected into
the s chaéﬁel. The . parameters of the fit are gi&en-in Tables IV and V.

10. Plot,o_f,rm/rtot as a function of 1/r (MeV).
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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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