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PROPERTIES OF THE n' MESON
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Lawrence Radiation Laboratory

University of California
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 June L, 1969
ABSTRACT

The n'(958) meson has been studled in the reactlon Kp-An',

wvth K beam momenta ranglng from 1. 70 to 2 65 Gev/c. The Dalitz

plotg of n decay 1nto n+n n and ﬂ+n Y have been examlned and

from them we have determined that the ‘most likely quantum numbers

of tnevn' are IGJP = O+O—, although JP =2 cannct be completely
ruled out. We have also shown that the decay into n+n 7 1s mediated
by the decay N - p 7. An examination of the productlon process

has ylelded further evidence for the JP 0 assignment and suggested
that the process_takes‘place via K. (891) exchange in the t channel.
Branching fractions and cfoes sections have been determined, and
finally a search for a negatively charged n' in the deuterium reaction

K'd = pAn'~ has confirmed the I = O assignment for the 1j'.
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I. INTRODUCTION

The ' meson, originally called x° and sometlmes referred to

1,2

as n , wWas dlscovered 1ndependently in 1964 by two groups. It

was fonnd to have a mass of about 960 Mev_and a width PéZlO Mev.
The reacfions in which the meson.was_observed were |
K p - A+ neutrals ,
I : . ' + -
» . o A =m + neutrals ,

x + 4+ - . - 0
‘and . - ’ Ax o nt = ,

where,iin each reaétion,”tné effective mass of the particles recoiling

against the A exhibited an enhancement in the 960 Mev region. In

additidn,.it was observed that fhe latter two reactions contained an

n in the final state, 1ndlcat1ng that n n was a preferred mode of

decay of_the-n . Studies analyz1ng the smn Dalitz plot and taking

1,3,4

into account the apparent absence of a n n n decay mode™’ -suggested the

quantum number assignments IGJ? =007, A n+n_7 mode of decay, con- .

sisting primarily of p07; was subsequently found and gave further

3-6

ev1dence for these assignments.

It is the purpose of thls paper to present additional data on

the 7', thereby hopefully establishing its quantum numbers and

branchlng fractlons more firmly.



'II. DATA PRODUCTION AND REDUCTTON

A. The Beam and Exposure

The data for tﬁis experiménfvwere dbtaihed during‘the years
1963—1965'ffom>an_ekposﬁré of the Aivarez Group 72" bubble chamber
to a éepérafed K beam éxtraéted'from‘the tawrence Radiation Labora-
tory's Bevatron.

The beam ﬁérticles were prodﬁcéd on an internél flip target -
exposed. to fwlOl2‘protbné.per pulse, at a proton kinetic energy of
6 Gev. The extracted particles passed through a beam transpoft

system designed primarily»by Dr. Joseph J. Murra.y.rZ

‘This system,
depicted ip Figure 1, coﬁsisted of tﬁo stages of electrostatic |
sepafaﬁion, whiéﬁ Wiii be briefiy déscribgd hére.

The initial.moﬁentum selection was pefforméd.by the Bevatron field.
: The_.quadrupoles Ql';:Qi tﬁeﬁ sé}véd'to_pfoduce é pafallel beam in
ﬁhe_first.eleCtrostétiC ééparator Sl,‘operated at a field of lOOkV/cm;
Upon éxiting ffom Sl,.the pérticiés were refocused by quadruboles
.Qh - Q6 to form an image of‘the.taréet at the first mass slit.
Additional_ﬁbmentum seleqtion and beam steering were obtained by
use of bending_magnet'M3. Thg mass'élit, of a special shape and
tilted with respect.to the beam tq'téke account of momentum dispersibn
and chrdmétic aberration, produced a’n/K fejeétidn ratio”of mlOO..
The aboye process was then repeated in the second stage, yieldingva
total n/K'rejeétion of WlO5.v SinCe'thé "rejected" n's were not
actually stopped 5y the slits, but rather Had'théir momentum degraded,

the final bending magnet M4 was used to sweep Qut these degraded ='s.
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Finally, duadruPOles Qlé and Q13 served to align and focus the beam
for entrance into;the chamber. |
The fypical yield of this tranéport system was 6 - 10 K per
pulse, with a %f contamination which varied'from ~5% at lower
momentavto q,go% at higher momenta. The momentum bite was Ap/p::ii%% .
'Thé'72"v5ubble chamber was filled with hydroéen for most of the
running, but an exposure was also made with déuterium. Table I gives
‘the number of pictﬁres taken.at each setfing. Bécause of their close-
ness, thé 2.59, 2.64, and 2.73 Gev/c settings will be combined for
_ the ﬁurposes 6f this paper, producing a sample of data with central
momen‘tum 2.65 Gev/c. |

Figure'é_shows a plot of the beam momentum of a selected sample

of our events.

B. Scanning

All of the film listed in Table I was scanned once for every

evént topology possible, with fhé exéeption of simple O, 1, and 2
prongs with no associated decay.v Each event found, of which there
were some 370,000 in hydrogen and 160,000 in deuterium, together with
a code number for its topology;'its'locationvin‘the chamber,-and any -
special information suéh as associated electron pairs or secondary
scatters, was recorded on a magnetic tape "master_iist.” This master
list then provided a complete record of.the history of each.eQent

as it bassed through the various phases of data aﬁalysis. The Group A
program LYRIC8 was used for all the bookkeeping work of the experi¥

ment.
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Table I. Exposure parameters.

Ppean Number of Pictures Path Length
(Gev/c) v (events/ub)
Hydrogen
1,70 155,000 3.28 + 0.06
2.10 _ 115,000 5.76 t 0.09
70,000 1.76 + 0.05
160,000 3.4 + 0,07
\2.65 220,000 $510,000 6.15 £ 0,12 12.77 + 0.16
130,000 3.18 + 0.08
_Deuterium
2.11 65,000 2.71 + 0.1k
2.84 + 0.1k

2.65 80,000




]96536 events

4000 |

3500

5000

2600
2000F
1600 ¢

°/r2D TO*0/s3usAz

1000

BOO )

P (Gev/e)

Figure 2.

Plot of the fitted beam momentum, PK"’ for a selected

.sample of K™p events.




In order to determine the K~ path lengths at each of our
moﬁentum settings,vuse was made of the fact that a K of a given
moméntum.has a khown_probability of decaying into‘n+n_n— while passing
through the chamber. By counting the.number Ny of such 7T decays, we
can thus determiné the nuﬁber of%K_ at each momentum setting. The

'path_length A, in eveﬁts/ﬂb is then given by the expression

2

. T'- _
A= N 2 RS —%; x 10 50
fp Ty
where TK-;iS the mean life of a X , f is the branching fraction of X~
into n+n_n-,'p is the-density of the liquid in grams/cmj, M, is the mass

of the target atom in grams, ﬁk'is the mass of a K in Gev, p is the

momentum of the beam in Gev/e, and'c‘is_the speed of light in cm/sec.

In actuality, because of the difficulty in distinguishihg a 1 decay from

otherif-charged—body *decays df‘the K, the total number of 3~charged-
body'decays was counted ahd the appropriate value of f was used.

Tﬁe path lengths thus'detéfmihed are given in Table I. The values for
the hydiogen data9 are for a soﬁeﬁhat:more iéstricted fiducial volume
‘than that used for the deuterium data.

'FOr tﬁis paper'thé topologies of interest are those with a Vee aﬁd
0;22, or b prongs in the H, data, and those with a Vee and 1, 2, 3,
or!h pfongs'invthe D2 daﬁé. For the deuterium events, the scanners
included in the topology.code an indication as to whether there was
a stbpping proton, a probable (non-stopping) proton, or definitely no
proton of mémentum <500 Mevﬁ; at the primary vertex of the event.

8ince we will be concerned here only with interactions off the neutron;

‘where the proton is thus a relativeiy slow "spectator" proton, only




the first twd classes of D

5 events have been considered. Table II

gives the.total humber of events foﬁnd on the initial scan in éach
of the topoldgies referred to above.

In addition to the primary scan; about 90% ‘of the film was
scanned a sécond timé.b For 10% .of the hydrogen film énd 3% of
the deuteriﬁm.film the first and second scans were'compared, event
by event. All discrepancies found were looked at on the scan table
a third fiﬁe and the-discrepancy resdlved.: In this ﬁanner, we
were able to calculaté a'scanning efficiency for each topélogy.v‘
This éfficiency takes into account both events that were missed.and_
those that'Were misidentified as té topology. Becaﬁse]ﬁhe latter
correétion is‘included, the effiéiency for a given topology may bé
gréatervthan.lOO% if mdre eventsvéfe falsely called thatvfopology'
thaﬁ are miéséd or‘falseiy Célled énother ﬁopology.‘ The scanning
efficiencies for the events of inﬁéfést here are given in Table II.
(For the hyirogen V-4 prongs and‘for all the deuterium fopologies;_v'
all'moménta‘were combined for the calculafions because of limited |
statistics.) The overall efficiency for these events is 100 * 3% ,-
resulting'from 5% 'of'the events being missed and 5% spurious events
being picked up. 'It should be notea that the efficiéncies'presented'
in Talile 1T were calculatgd only for thbse events where the Vee
was not tqb close fo the primary interaction vertex. Evénts with
close—in Vees are very likely to be ﬁiéidentified on bbth scans,
since the Vee may appéar to be simply two more prongs at the inter-
action vertex. A correction for these events will be included

separately when branching fractions, cross sections, and angular

R e
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Table II. Numbers of events scanned and scanning:efficiencies for

fopologies of interest in this paper.

Hydrogen _
;f.U' Pbeam‘ : V-0 Prongs - V-2 Prongs V-l Prongs
o '(Gev/c)- V>Number Scanning Number - Scanning = Number Scanning
;.”“v - Scanned Efficiency Scanned Efficiency Scamned Efficjency
N o ' o ) o
% 1.70 . 11860 99 1 - 17339 102+ 1 146 . 100 + 2
i 2.10 14750 0 98 £ 1 29870 100 * 1 6h2 100 + 2
2.47 396k 95 2 891k 100 * 1 k26 100 + 2
2.65 = - 26013 98 +1 62827 100 +1 - 387h 100 t 2
"~ Deuterium -
b ea : V-1 and -2 ?rongs : V-3 and -4 Prongs
(cev/c)y Number Scanning Number Scanning
' Scanned  Efficiency Scanned Efficiency
. _ % o %
2.11 117660 99 + L 2369 97 + 6
2.65 9769 99 + k4

3521 97 * 6




distributions are discussed.

C. Measuriﬁg

‘After'scénning, the events were measured on either.a'Francken—_
stein, an SMP, or a Spiral Reader measuring'machine.lov A large
fraction of ﬁhosé'events which subsequenﬁly failed in the geometric
reconstruction or kinematic fitfing programs, to be described beloﬁ,
were meastred a second tiﬁe,'énd a fraction of those still failing
were measured one or more times. An average of ~ 25% of events in
all categories failed to be successfully prOCesséd thréugh.the kine-
matics progfam (excluding the V-0 prongé at 1.70 Gev/é which were not
measured af’all); Thése_évenﬁs fall into three broad areas: 1) those
which are‘difficult to measure because of obscured vértices, a snrall
angle scatter on a traék, a steeply dipping track,'of other such
problems; 2).those whefé there was a measuring operatqr misﬁake;
and 3) those which were called the wrong topology by the.original
scanner and thus rejected by the measurer. Since casés 1) and 2)>
are bona fide events and case 3) is already‘accounﬁed for by the
scanning éfficiency, we may calculate a méasuring efficiéncy by
dividing the nﬁmber of events which have been successfully processed
through the kinematics program by the corrected number of events
scanned. - The results of this calculation, with one modification,
are preéented in Table IIT. The modification conéists of taking into
account the fact that the final states we will be interested in have -
a slightly difTerent probability for bveing successfully processad.

than the events as a whole. This results from the events of interest

10
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having different lab momenta, on the average, from the total sample,

which in tufn affects the succéss of the kinematic fitting procedure.

D. Geometric'Réconstruction,'Kinematic Fitting, and Hypothesis

Decision Making

Those events measured on the Spirai.Reader‘(the V-l and_—2 prongs
from deuterium) were first piocessed.through the filter program POOHl
which picksloﬁt the tracks ofbﬁﬁe e;ent from.amoﬁg the coordinate
points digitized by the Réader. The.éﬁtput.from POOH .and the output‘
from the Franckensteiné and SMP's were put through PANAL32 a reformat-
ting and gross-error-checking program.

The ngxt step in the processing consisted qf geometric recon-

15 PACKAGE

struction and kinematic fitting by the progiam_PACKAGE.
reconstructs each tfack of the eﬁenf‘in j;dimensional space and then
attempts fits to a number of specified hypotheses as to_the:ideﬁtity
of each particle iﬁ theAeveht, reqqiring ehergy and momentum balance
| at each vertex. For éach'hypothééis‘tried, PACKAGE outputs the chi-
square for the fit, the fitted momentum vector for each track, aﬁd
the error matrix for the fit. Or, if no fit is possible, a rejecﬁ
code is produced. Also Qutput by PACKAGE are the unfitted, or measured,
momentum Qectors.. |

The final decision as to the corfect set of particles fof the
event was made in the program DSTEXAM}A' which reads'the_output of

= DSTEXAM

PACKAGE as reduced and reformaftedvby WRING and AFREET.
constructs a confidence level for each complete hypothesis in the

following manner. Since PACKAGE generally fits each vertex in the
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event separately, DSTEXAM flrst determines which 1nd1v1dual vertex

flts are 1nvolved in the complete hypothesis. For example, in the
reactlon X" P - A T n> n followed by the decay A > prx 5
there are two Vertlces 1nvolved -- One for the production of

Ajﬂf 1 7 and one for the decay of the A. . The chi- squares X 2
for the flts to all the vertlces are summed as are the constralnt‘

classes LC of the flts- .

52 2

- 2 X
total T Z7i
Wotar = 2 6«

The.constraint class of a vertex is the number of constralnt equatlons

at the vertex (which 1s always four, resultlng from energy and vector'
momentum balance) minus the number of unmeasured momentum quantities,
the latter resultlng from either neutral partlcles or badly measured

charged tracks. In actuallty, because it is known that PACKAGE tends

-to under-estlmate the errors of measured tracks each X 2 in the sum

'above 1s multlplled by a’ sultably determlned correction factor wh1ch

is dependent upon LC.- A confldence level is then computed in the

Astandard manner. It should be noted that this confldence level is

not strlctly correct both because of the incorrect estimation of
errors referred to above and because the vertices of the event are

not fit completely independently; that is, PACKAGE does use the

 momentum of a decaying particle, as determined from the decay fit,

in making the-production fit. However, a'plot of the confidence level

obtalned as above generally has the des1red flat shape; there tends

vto be some peaking at very low values resulting from poorly measured

13



14

events.
In addition to the oVer-constfained hypotheses discussed above,
all topologies have a number of "missing mass" hypotheses. These

consist of those cases where two or more neutral particles which

do not decay visibly in the chamber.are assumed to have been produged
in the reactioh. For thesé éases, no fit can be attempted and thus
no genuiné:confidencé level can be éonstructed. However, it was
found that a.pseudofconfidence.level could be computeg for such
hypotheses, which served as a fifst order approximation in éeparating
missing maés,events from‘cons£raihed-eQents. This computation is
based on an empirically determined expression which takes into account
the extent to which the missing:energy (excess of energy in the initial
state over that of the measgrgd particles in the final state) exceeds
thatvﬁhich would be expected if only one non-visibly decaying neutral-
particle were prqduced. 'Itaals§ takes into account the quality_of:the
corresponding fits with zero 6r bne noh;decaying neutfal. The details
of this calculdtion can be found in the reference cited above for _
DSTEXAM.

After calculating the confidence levels of all hypotheses in the
above manner, the event is assigned to that hypothesis with the
highest confidence level, proﬁided this is greater than 0.005. If

no hypothesis has a confidence level > 0.005, the event is ﬁut on

the list to be remeasured.

o

TFor many events there will be two or more hypotheses which have

e

acceptable fits. For events measured on a Franckenstein or SMP, about

oy

half of thesc asmbiguous events were looked at on the scanning table

S it s
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and the‘ionizatioh of the £racks was'ueed to rule outAcertain>
hypqtheses‘where possible. For those events measured on the Spiral
Reader, the_ioﬁiiation of each tfack is output by the Reader, and
ﬁhere this information was reliable it was used rather.than having
the evénts iooked at again. For those amblguous events where the
amblgulty was not resolvable or resolved we assume- that statistically
the hypothe51s w1th the highest confldence level ‘is the correct one.
Certaln checks were made to see that blases 1ntroduced by thlS

assumptlon were not s1gn1flcant.

15



III. OBSERVATION OF THE n' IN Kp INTERACTIONS

The reactions with which we shall be most concerned here are

the following

1) K p » Ax n n = vﬁo
2) s AT T

3) - A_n+'n— 7°

4) - A MM

/where MM represents a missing mass,.or in ofher words two or more
non-decaying neutral particles. In all céses we consider only those
events where the A has decayéd into a proton'and a n . Thus reaction
1) is a V-4 proﬁg event, 2) and 3) are V-2 prongs, and h)_ié a

V-O prong. The data to be shown are from the 2.10 to 2.65 Gev/c
£ilm, |
+

A. The A «* " 5" x~ x° Final State.

We begin by discussing reaction 1). Figure 3 shows a plot of

the effective mass of the 5n system, defined by °

M5n - .[(En+ " En+ * Eﬁ'v+ En' * E&O)z
- B B ¥ ?ﬁ- + B+ —ﬁno)?]% .

In the regionAof 960 Mev there is a pronounced enhancement; with a
width of ~ 20 Mev, roughly comparable to our experimental resolution
as determined from the fitted momentum vector errors. If we define

the four-momentum transfer squared to the proton-A system (or,

16
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equivalently, to the K -5n system) by

it

6% - v = [@ -3)% - 5, - 5)°]

p’ A .

- [(3531 - B ) - (B, - EK")2:| o
and make a Chew;Low plot of 432 versus Msﬂ,'Figure-h-results. It is
clear that the 960 Mev region events frefer a low momentum transfer.
The shaded portion of Figure 5 is a blot of those events which remain
when a cut of A% = 0.5 (Gev/c)2 is applied. These two plots suggest
that a resonance decaying into 5 pions is being produced by a periphefal
mechanism. It is this resonance which is the 7'.

It we next plot M5ﬂ versus the effective mass of each of the
four n+n-no combinations which can be formed among the 5_pioné, as is
done in Figure 5 for the low Axg events, we see that Mn+ﬁ'n° tends -
-to clustef near the n mass of 549 Mev. Figure 6 shows a histogram

of M4 _ o (4 combinations) for events with %50 s M, S 970 Mev and
low 432. The peak at the n mass 1s seen to contain roughly one-quarter
of the event-combinations. Since each event is plotted four times, this

indicates that:essentially'all of the n' events are of the form

KKp - A7

That is, the 7' mode observed here is = n 7. It should be noted that
the resolution of our experiment is such that the "x°" in some of

these events may in fact be a » from the n decay mode 1 — n+n—7.

18
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B.. The A ﬁ+ x MM Final State

We turn next to reaction 2): K-p-a<An+ﬂ-MM, Figure 7 shows a
histogram of the MM effective mass. Again we see an excess of
events at a mass of ~ 960 Mev, and this excess is furthef enhanced
by requiring that ékz = 0.5 (Gev/c)-2 as seen in the shaded histogram.
Here, as in the AS5n final state, Axe is_thé momentum transfer squared
to the proton-A system. Figure 8 shows the relevant Chew-Low plot.

If we make a scatter plot of Mﬁ+ versus the missing mass MM for

n~ MM
the low 132 events, Figure 9 results. Figure 9, and its projection
on the MM axis for 950 = Mﬁ+n'MM £ 970 Mev. shown in Figure 10,
indicates that the missing mass for at least most of the 960 Mev

events is that of an n. Thus we are again seeing the ﬂ+ﬁ_ﬂ decay

mode of the 7', but here the 71 is decaying neutrally:

K-p-%AT]' o
Ly
ST S

L4“ all neutrals .

Figure 11 shows the n+n—MM effective mass, after a cut is applied

to the missing mass to restrict it to the'ﬁ region: 530 = MM §'570‘
Mev. For the low 132 events (shaded portion), the peak is seen to

stand out extremely clearly.

C. The A MM Final State

For reaction 4), namely K p — AMM, the quantity of interest is

the missing mass. TFigure 12 shows a plot of this mass, for all values

2 2 -
of A7, and for A~ s 0.5 (Uev/c)g. Although there is more background
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here than in the previous two cases, we see a peak once more at
~ 960 Mev, indicating an all neutral decay mode of the 7'

K'p - Ay

L» all neutrals .

Figu:e-l3nshows'the relevant Chew-Low plot for this channel.

D. TheﬂA 7t n_ x° Finaljstate

‘Finaily we tﬁfﬁ to feaction 3): Kp— An+n_no. Figure 14
shows a hlstogram.of the ﬁ+n 7 ;effectlve mass, for all events and
,for‘those w1th 132 < 0.5 (Gev/c) . 1In addition to peaks at the
»n,:w; and ) masses, tnere'is once again a peak in the 960 Mev region,
and the ChéweLovaiof'in Figure 15 indicates these events prefer.a
1ow 152.. We are. thus tempted to conclude that this 1nd1cates a r+n 7
decay mode of the n" . However, as pointed out above in connectlon
w1th the A5ﬂ events, a ﬁd and a Y can eas1ly fake each other in our
experlment due to the 51ze of our resolution. Further,vsince the
hypothes;s Kp- An Ty was_not tried'for’our V-2 prongs, any real
Aﬁ+n_7 events would likely be forced into the An+n_nocategory. To.
investigate -theA :nOSSibility that the "x""'s in the n' region are
in fact 7's, we make the'following scatter plot: Consider all those
events.that were‘called An+n-no or An+ﬂ-MM and which have no acceptable
fit for either An+n;.or Zon+n_. For these events, u31ng the fitted
A from the decay vertex and the measured momenta of the charged
tracks, we construct a missing mass momentum four-vector. We then

. . P 7 . _'(
plot the mass of the n x MM system versus the mass-squared of the MM
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vertical band along MM? =Moo

it representing the n and the w. However, the cluster near Mﬂ+

system. This plot, for events with N 0.5 (Gev/c)2 is shown in

Figure 16. We use MM? rather than MM because the latter is very
singular near MM = 0. For genuine An+n-no events, we expect a
2

= 0.018 Gevg,_with clusters of events

at positions Qf M&+n"MM which correspond to n+n_no fesonances, For
MM2 > miog we expect a falling off of the band and thevonset of
evénts invblving more than one missing neutral particle. For
MM? < mhog, if there were no An+ﬁ-7 evpnﬁs and since we have

specifically eliminated all evénts'which might possibly be Aﬂ+ﬂ— or

. + - . i ‘ ) : .
‘Zon n and which would therefore have a missing mass = O, we would

expect a uniform falling off.of the n° band with no structure near

MM = O. EXamihing Figufe 16, we‘see,the %° band and clusters within

MM

2
"960 Mev has a missing mass which is near zero rather than mﬁo .

This effect can perhaps be seen more clearly if we project onto the

missing mass-squared axis for differeni regions of Mﬁ+n'MM' Figure 17

shows»four such projections, fér Mﬁ+ﬁ‘MM in the w region, in a region

'immediate]y below the n', in the 7' region, and in a region immediately

above the n'. We note that for all regions except that of the n',
the missing mass-squared peék occuré neaf mﬁoz, whereas the peak is
shifted to iOWer missing mass for the n' region. If we assume that
the number of genuiné ﬂ+ﬂ-ﬂo events is varyiné roughly linearly with

Mn+n'n° when we are near the n', then we can make a subtraction using

the regions below and above the 7', -and thus determine what the missing

mass of the excess of events in the n' region looks like. The shaded

portion of Figure 17c¢c gives the results of such a subtraction. As can
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be seen, the.reméining evenfs peak ét'é”miséing mass = O;I This

then provides-strong evidehée.that essenﬁially dli of'fhé eXCesé

events in the n' region are in fact Aﬁ+n-7 éVents, rathér than Ax'x xC.
One more set of prdjéctioﬁs'of‘Figure‘16,‘given_ih.Figﬁre 18,.is

worth examining, although fhéSe<projectioﬁs”éfe'not indépendent.of

those in Figure 17. ‘In this case, we prqje¢t.onto the ﬁ+ﬁ_MM axis"

for the two v'cﬁts_ -0.01 gMM2 < 0.01 Gévg_ and 0.01 = Mf = 0.03

Gev2. .Theifirst cﬁt févbrs ¥4 eveﬁts, while'the Séqondvone favors‘

x° evenfs., As seen in Figﬁre 18 and as‘expectéd on thevbasis'of

the previous plots, while the 7 ahd w shoﬁ up mére’sfrongly for the

° éﬁt, thé'peak at 960 Mév ShOWS.up moié-strbngly'fqr-the 7 cut;.

We conclude that we are seeing the reaction

: Kf p= AT

Le'ﬁ+ 7y ;

The idéntificaﬁioﬁ Sfféllwthréélpeags wé ha&e Ebéerved, namely
those for ﬁ¥ﬁ—n, all neutréiﬁg and n+n-7,;with tﬁé same resonance
is based thus farioniy on the fact that ail peaks_ogcur at the same
mass (within erfors) and have widths wﬂich arevroughly comparable
to eagh'other when reéolutibn is:taken,into»account. " We shall shortly
give additional evidence for the identifiéétion of all these peaks

with the 7',

E. Other Final States

In Figure 19 we present plots for three remaining reactions where

a strangeness zero meson with a mass 1ess than that of two K's might
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be expected to appear in conjunction with a A.
As can be seen, there is no evidence for a peak at 960 Mev in any

of the mass recoiling against the A in the reactions

~of the mass plots.
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IV. EVENT REPROCESSING AND HYPOTHESIS SEPARATION PROBLEMS

A, Reproceséing of Events..

,Before g01ng on to discuss quantum number determlnatlon for‘
the n', we glve here a descrlptlon of some reflttlng which was‘done
in order to reduce the errors in the _various effectlve masses of
~ interest. As discussed in the_previous section, the n' has as two
of its decay mbdes 7'x Ty and ﬁ+ﬂ77; In our original hypothesis
fitting, done in PACKAGE, no hypothesés were tried involving either
ﬂ's or y's (except.where the y was from a Zoidecay).' Thus in order
to take advantage of the fact that demandlng an 1 mass in the
approprlate cases would further constrain the fits and thus 1mprove
the resolutron,vand that allow1ng ay mass in addltlon-to a ﬂo.mass
would reduce's3s£ematic distortdons'in.mass.spectra, we have_.
reprocessed'a-sample of Qur:events through fACKAGE and subsequeht
.programs{f The events reprocessed consisted of: 1) all V- prongs;
2) those V-2 prongs which had as their best fit eiﬁher An+n_MM,
An+n—no, Aﬂ+n;{ or Zoﬂ+ﬂ-, and where the mass MVsAirecoiling against

< 1020 Mev; and 3) those V-2 prongs which

the A satisfied 900 s M
_ VsA

had a successfully fit'A_decay:but'no'suCCessful production'fit and
where thefmess_recoiling against the A (as determined from the fitted
A momentum and measured charged tracks) was again in fhedregion 960
to 1020 Mev. -Class 3) was included in case some An+ﬂ-7 events had

o]

failed to fit as Arx x x°. The fits attempted in this reprocessing

were as follows:




ll

'For V-4 prongs: K p -

 For V-2 prbth: K p -

1

+ 4+ - -
An n n =

o + + - -
Z o w o xn

+ + - - 0
Anr nm n ®n =w

+ + -
A oo oWy

-+ -
A = Q)
L—a + - o
TN
. .
An = e

Ax =

ZO ﬁ+ n

A w

Aty
R

At = Ty

A oxT MM ,'

:The_subscripts c And‘N denote the charged and neutral‘decay modes of

the 1, féspectivély..

B. Hypothesis Separation

The .decision making proceaures of DSTEXAM, as described earlier,

_‘were modified somewhat for these repfocessed events in the hopes

of making a more accurate separation of hypotheses. Some of the

problems.connected with these modifications will be discussed here

as illustrative of the problems encountered in determining the correct

hypothesis.

 The first modification made was that any event which successfully




o

fit a fouf-constraint'hypothesis’(An+ﬂ- or Aﬁ+n+nfn-) was assigned
to that hypothesis. In general, a four-constraint fit, such as A2,

is ambigudus only with those hyptheseS‘involVing an additional v,

namely A2ny énd 2023. For-géﬁuiné A2x events,‘the one-constraint
A2wy fit can alﬁays givg.fhe unmeésuréd éésumed 7 zero momentum iﬁ
the 1ab and.thus allow.suchieveﬁfé'to éass as Aény. The two-constraint
x%x £it can also set the assumed 7 at rest in the lab and, as it
turns out.in.ouf ﬁarticuiar éxperimenf, in many'insténces the Ay
effective masé.will Beﬂheér‘that of é'ZO, allowing a éuccessful fit.
Figures 20a and b show scattér piots of the confidence levelv(C.L.)
for the Aéﬁ;fit versus that for the A2ny and 7% fits, respectively.
Only thosé‘evehts aré shown'iﬁ each plot which hgve as their beét fit
one or the other of thé two hypothéses;plqttéd,‘ahd which have |
1§§ﬂﬂ < O.S-(Gev/c)g.':The ambigﬁitieé-are ébviéus. In.each case,
howevef, tﬁere is a clésé ofiévéhts“having essentially zero C.L.

for the Aén hypbthesis; thesé lie on fhe vertic#lvliné;near the_left
of the plots, and are Eléafiy:sepaiafed from thé remainder of the |
events. We Havé assuméd‘that only these events are non-A2n events.
That is, any,évént'héving a A2n C.L. > 0.005 has been assigned to

fhe A2nvhypotheéis.

Another problem is encountered in separating ZOQﬁ from A2ny

o, - g
(or 2 L4s from Alny), since events of the former category will always

fit the latter. A éonfidenée.level scatter plot for these two fits
is shown in Figure 20c. Although the separation is not definite, it

is seen that the uncertain area of the plot, where the population is

relatively flat, can be divided roughly evenly by a line defined by
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C.I. = 2C.L. Thus events having C.L. > 2C.L.jo, Were

Aexy 2025 * A2xy 2
assigned to A2ny, with the remainder being assigned to %, With
this assignment and those of the previous paragraph, Figures 2la, b,
and ¢ show histograms of the effective mass recoiling against the n+n-

- + -
+ﬂ , and Asn nt ¥y events, respectively. This

system for the Aﬁ+ﬂ-, Zqﬂ
effective mass was calculated:using the measured momenta. The A and
Zb peaks in Qla'énd b are séen_to be centered quite well at their
proper positions, and.the ﬁumbér of A2ny events is seen to rise
smoothly as'thé'Ay effectivé mass rises above the 3° mass; .The'zo
peak doés Sﬁow some déplétion on the high side, suggesting that wé
have not favéred'ZOEn ovér A2ny quite strongiyvenough. ThebregionSv
of ovériépkafe, §f courée,-the amBiguous areaé._ Changing the above
criteria by small.amounstEAS'56me_éffectAon the n'x~ mass distribu—A
tion of the Ax'n 7 events, but the effect is small and limited to
Mﬂ;%- é‘vSOO Mev; _This wili_not be absérious problem when we discﬁSs
this «'n distribution. = |

The Arx x x° and Aﬂ+ﬁ_7 events are.hopelessly entangled as shown

in Figure 204 and as expected. We have left the standard criﬁerion

remain here: the hypothesis with the higher C.L. has been chosen.

This turns out to be almost equivalent to choosing the An+n-7 hypothesis

when the missing mass-squared e < %mﬁoe, and the Ar x x° hypothésis
when MM? 2 %mﬁog. Since the separation is poor, we will have to
correct all distributions of the A2ny events.by a subtraction method,
making use of the A3n events. We aireédy knpw from the subt?action
.shown in Figure 17 that essentially ail of the excess events in the

n' region-are A2ny; thus any n' signal seen in the so-called Adx
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events_results from misidentified A2ny events.

The An+n_n¢:(nc-a.n+ﬂ_ﬂo) and An+ﬁ_nc (nC —>£fn-7) events are .
afflictediwith similar,.althoﬁgh less sevére,_né vs. 7 difficulties.
Hewever; since we are not‘attempting‘te determine 7 bfanchiﬁg ratios,
this ‘does nef pose any serious prOblems. Suffice it to say that
choosiﬁg tﬁé hypotheeis with the higher confidence level results in
the branching‘ratio (T]—)n+ﬁ-7)/(ﬁ-a'nfﬂ;no) = 28/120 = 0,23 * 0.09,

in excellent agreement with the value of 0.235 * 0.021 given in the

Vfarticle Daié Group compilatioh.l6
The An+ﬁ-nc (ﬁc-ﬁ‘n+ﬂ—ﬁoeorvﬁ+ﬂ-7j events present two other
difficulties;‘ All sueh‘events will also fit Aﬁ+n+n-n-n9 and/or
Anfn+n’n_7,v:We have chosen:the.n fit over the non—n'fit Wﬁenever
the former passed with a C.L. > 0.005. On the basis oi‘.Figﬁre 6,
| whefe.oneedueftef bfvthe four possible st ® (or n+ﬂ_7).event—b

combinations plotted for the n' region were seen to be in the 7 peak,

we are confident that there is no significant n' — 5t decay. Further,

since fheie afe few backgreund events in the 7' region, we cannot
introduce a serious contamination by over-favoring the n fit. The
other diffibulty is.also eVident frovaigure 6; namely that each
event has on the average two ﬂfﬂ-ﬁov(of n+nf7) combiﬁations near the.

n mass. This difficulty cannot be resolved, -and so we will not use

+ - : : : ' : .
the = =« o events in any distributions dependent upon knowing which
combination is the 7.

e . - _ .
The An =« no and Ax n MM events have a large region of overlap

on the C.L. scatter plot as shown in Figure 20e. However, if we plot

the unfitted mass recoiling agaihst the Aﬂ+ﬂ— system for the A




and An+ﬁ_7 events combined, staying_outéide the n' fegion s0 that
we are sure we have no real 7's, tﬁe ° peak is seen, in Figure 22,
to be fairly;well éentered at its correct value of 0.018 Gevo. Thus
on the avéfage, at least, we have chosen the correct hypothesis by
using the étandard critefia. |
The final difficulty has to dd'with separating Ax MM from

.._An+n—ﬁN; bThe choice between thése'two hypotheses_hasvbeen adjusted

80 aé fb make the confidenée level for the Aﬂ+ﬁ_ﬂN events, as shown
ih Figure 2%a, as flat as possible.  Figﬁres 25b and ¢ are histograms
Qf:the unfitted effecfive.mass.recoiling against the An system for -
the Aﬁ+g;ﬁN~and AT évents, respectivel&; oniy events in the broad
: nfiregibn (940 s MVSA-é. 980 Mev) with a® s 0.5 (Gev/c)2 have been
plotﬁed. We see thaf thé,An+n_nN events. are centered-cbrrectly and that
the humber of An+n-MM events falls off smoothly as thevmissing mass
- approaches the n mass. However, thefe is seemingly an excess of
Axt i TMM events in the region immediately aboye'the n mass. These
probably are poorly measured An+n-nN events, judging from the fact that
- they.afe clumped together so closely. Also, the flatness:of the 1 peak
in the An+n-nN‘events and the hoie at the n mass in the A nTMM ;
vevents_suggestbthat'some genuine MM events have beén lost to the Ty
‘fit, We will discuss this problem further in the next séction when

the ﬁ+n-nN Dalitz plot is examined.

b7
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V. QUANTUM NUMBER DETERMINATION -- THE 7' DECAY DISTRIBUTIONS

A. The n+n n Dalltz Plot

Figure 2h shows a plot of. the effectlve mass of the n+ﬁ nN system
for Ass” ny events with a% s o. 5 (Gev/c - The 7' peak is seen to
stand out clearly, having at most 5% _non-n} background. The curve
drawn over the events is a.Gaussian Whiéh has been fitted to the data;
yleldlng a central mass of 957 Mev. In Figuré 25 we show,tﬁe analogous
plot for the AH . n events. Here there is no background at all, and
the flttea central mass 1is agaln 957 Mev.

The Dalitz plot for low A ﬂ+ﬂ Iy events w1th 950 = Mn+n Ty s
970 Mev is shoWn in Figure 26. The events plotted have been normallzed
to a ﬁ+ﬂ nN mass of BT Mev. That is, if for a glven event we let
T be the fltted klnetlc energy of particle i (n , T, Or q) in the
n' rest frame and we let Q be the fltted Q-value for the event, and
if Q is.the'Q—vélue for_an n' of mass 957 Mev, fhen the normalized

" kinetic energies, Tif are given by

T, = __@_Tf
i £ i
Q

In terms of effective masses, this beconies
- (M - m ) + 2 Mf S of o m )P
15 fM: mk

where M is the fitted n n n effective mass, M is the central mass of
the. ', Mij is the fitted effective mass of particles i and j, m is
the mass of the third particle, and Mij is the normalized effective

mass of particles i and j.
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Figure 27 gives four projectionsibf the ﬂ+n-nN Dalitz plot.
These projections, which are ndt completely indépendent of each other,
are of the three effective masses M 4 , M _ , and M , -, and of
T o’ owTnt T

the cosine of the angle Qﬂ+ﬂ between the % and the n in the dipion

rest framé.':TheICﬁfveé drawn over the histograms represent phase
space,. Note thét charge conjuéationinva?ignce requires the Mﬁ+q-
and Mn' distyibutiéns to b¢ the same and. the cos@n+n distribution
to be symmétrié{_ |

The ﬁormaliied Dalitz plot for the ﬂ+ﬁ_ﬂc events_with'ZXQ = 0.5
(Gev/c)2 and 950 g N%+K,n v§ 970 Mev is given in Figure 28, togéther
with its projeétiQns ih Figure 29. Although these events are free
of non-7u' coﬁtaﬁination,-as wé'have pre&iouély-pointed out there.is
a‘reasonéﬁly‘high chanéé %haf'in mahy events the wrong ﬂ+ﬂ—ﬂ? or
"7y combination has been piéked as f_he_ 7. Thus we will not use
these evenfs for the subééquehf Dalitz plot anélyéis. _We return,
theréfore;vto_fhe n+n_nﬁuDaiitz plét, dropping ﬁhe subseript N in
what follows.  | o |

In orderfto study the n' - n+ﬁ_n decay, we need to construct
decay mafrix elemehts_for each of the spin, parity, and isoépin
assignments under consideration. We limit ourselves to the cases
of spin J s 2, with both odd and even parities P. (Note that g oot
is fqrbiddeﬁ to decay into three pseudoscalars sﬁch as nnn.) Since
the n' is produced in the reaction K_pla An', where the K p system
has isospin T -0or1and the A has T = O, the isospin of the 7’

must be O or 1. -As we do not yet want to rule out the possibility

. 4 - .
that the decay n' - n n n is electromagnetic, in which case isospin

]
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in the dipion rest frame.




vwbuld not bg‘a good quantﬁm number, we choose to cétegorize the 7'
state’by‘its_charge conjugation number C, which is conserved in both
strong and eléctromagnetic deCays. Thus J, P, and C of the_n' are
équal, respgctively; to J, P, and C of the n+n_n state. |

We will use'the:linear momentum representation of the matrix
elements, as discussed by Zemach}l7 Because the Q-value for
}f - 70 is low (130 Mev), it is sufficient to use a non-relativistic

form involving only three-vectors. For our vectors we choose

(£;+ - 3%_) in the dipion rest frame

Wi ol
|

1
2
. - . N B
and pnvln'the n' rest frame .
These vééfors-ére_to be combined with the polarization tensor of the

n' to make a scalar. These tensors are

for Jﬁ, =0 :_-l, a‘pseudoscalar
=1 o Vi’ a pséudbvector or vector |
=2 : .Tis, artensof or'pseudotenéor of second rank,
v symmetric and traceless.

:ihe reQuirement thaffTij-be symhetric and traceleés reduces it to 5
independent components, as is proper for a épin 2 particle.

- Since the iy intrinsié spin-ﬁarity is 0" and thus ”abnormal”; for
JP; in the‘nérmal’serieé (17, 2+) our vectérs mﬁsf be combined using
a cross-prbduct in order that‘the matrix element Ee a‘trﬁe scalar.
- For Jﬁ, in the abnormal series (O;, 1%, 27) there must be no cross-

product (or an even number of them). Further, conservation of C

- introduces an additional restriction: we note that
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_powers of momenta. Only for J

: Ul
But for a boson-antiboson pair such as nxn,

Coo = Clmnn) = C(nn)Cn = Clmn) .

'C(nn)P(nﬁ) = +1 .
Thus Cn,¥= Prr); i.ei, if Cﬂ' is even (odd),_thenvour matrix e}ement
mst bé even (odd) under spatial interchange of the two pions and
thus must éontain an even (odd) humbervof powers of'a;

We give‘in Tabie IV, marked with an asterisk, the"simplest"
matrixvelemeﬁté which can be constructed satisfying‘the conditions
¢utliﬁed ébove. By "simplest" we mean those involving the least.‘

] P _ ot '

is there more than one such

simplest matrix element. In this casé, we list also a genéral

iinéar combination of the two possibilities. The arbitrary coefficient

introduced may be real (if there are no final state interactions)

or complex.  We have allowed for both possibilities.

Table IV also indicates the Qrbital angular momentum:ﬂIrJT of
the two pions in the dipion rest'frame,‘and the Orbital'aﬁgular 
momentum‘zn of the n in the j"rest fréme,_fof each of the matrix
eiéments. We note that znﬂ equals the power ofrE: while zn equals
the power of k. These quantities are depicted ih Figure 30.

The Dalitz plot distribution is obtained by squaring‘the

B matrix elements and summing over the spin states A of the n'. For

the purposes of this summation, we use the relationships

V?VE = B,

iJ

~™

_ 1 o _2
= 5(8. 8. + 5.8 3 aijamn) .

and . . . .
“im”jn in~jm

>t

i1 mn

The results, apart from overall'constants, are giveﬁ in Table IV. In
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Table IV, Matrix elements for n' — e N The quantities k, g, gq_, ,@m,

e representbs the angle @ﬂ+ﬂ' 2 is a free parameter to be fit to the data, and BW indicates a resonance in

2nd y are defined in the text;

the 7x system with a Breit-Wigner line shape. vAs.'terisks ma.rkithe simplest matrix élementé.

Fit ¢ J% 48 " xn Resonance or  Matrix Element . - ‘Matrix Element Squared
No. ‘ : o Linear Matrix Element .- = : and, Sunmed over Spin
T o 5,0 - 1 T
2 ' | 0,0 . c (MO_=580,1"0_=100 Me_v) BW_ _ : o IBW-gle
3 0,0 o (M,T_ fit to data) BW. - - |Bw_j2
L 0,0 linear real 1+ ay . l4+2ay+aly?
5 _ 0,0 }[ggéﬁt}{ complex li+ ay T 1+2Re(a)y+la|2y2 |
£ g ~ o R | j- 27 2 |
7 _ | 1,0 o (1,=380," =100 Mev) ' XV Bu, o kleWO_IE !
* 8 1 2,2 ' - (@ X)axk.V : 'qhkhc032981n29
* 9 ot 1,2 ' B . TRBE T avPsin® | |
* 10 2" : 0,2 - , - - q.7.q ' q* | |
* 11 2,0 | - IR i : 3
12 2,0 o (MGI=580,I‘U=]_OO Mev) RAR BW,. k“ledl2 ‘ N o
* 13 mixture] [ real - 3?3 + af?? ql‘L+an2k2(BCoAs_eO-l)~l'-a2klL | |
* 1k }[ggd 8;%}{complex - - Ef:l}_ci) + al?.?.? qh+Re(a)q2k2(5cos2'9-l)+|a|2ku- |
*x15 -1 ¢ - 1,1 | - K ' “k°cos®0
* 16 1 0,1 ' - 3 2
* 17 1 1,1 - *ET ®K2sin"0
* 18 ot 2,1 - | AR 0®k*sing
¥ 19 2" l;l - KT g q?k2(5+¢os29)

N
(@]
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Diagram relevant to the x n 7 .Dalitz plot analysis.

o A;k

ne
The definitions of the variables shown are given in the text.

Figure 30.
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Figure 31 Vé ;hpw the M&+n; and cosOﬁ+n distriﬁufiéns ﬁredicted by
each of t'l,h'e_.JPC assignments under cohsideration, together with the
data. Table‘V gives the chi-squafevbétween thé’prediction and the’
data, as wélliés.the Qvérall'édﬁfidenée level for the fits to the
two distributions. ,For'JPC1= 2™F ﬁe ﬁave done a simultaneous fit
to the two distribﬁtibns5 using the prégrgm_MINFUN;ISYfin.order.to
determine thg'best.value of the arbitrary.coeffiéient.
.An égamination of Tablévv; wﬁerg again the results for the

simpleét matrix elements we have been discussing are marked with an

asterisk, indicates that the C = -1 states are all ruled out, as

are the JP = l+, 1, and of states for C = +1. The 6nly remaining

possibilities are gF - 07 ana 2° for C = +1. For the 27 case we see

that neither of the two:separate‘p03§ibilities alone is'acceptable,
buf instgad1wé'are.reqﬁifed,to uée'a specific mixture of (Zﬂﬂ’: 0o,
2n =2) anq (Z%ﬂ': 2,'Zn = 0). ‘Althéugh fhis.certginly does not
_fgle out the _2" 'cé.sle, it would suggest that it is less likely than
of, _ : ,

‘In either ¢ase, hOWever; 0" 9r12—, we are still faced with the
fact that fhe'fit to the Mﬁﬂ distributioh is rather.popr. The X 2
for O is 274 while'thét for Qf is.35; where values of 13 and ~12
are expected. The confiaence leﬁélé are OfOl aﬁd 0.0005, respectively.

Thus, we have attempted_to see,if.mafters mightvbe.improved by mddi_
fying our matrix elements. | |

Since the Mﬂ+n‘and Mﬁ"ﬂ distributiogs‘are seen, in Figure 27,
to agree quite well with phase space (which_corresponds toa C = +1,

P - -
J° = 0 assumption for the '), we are inclined to believe that the

ok g A P
&Eﬁtﬁg%ﬁﬁﬁﬁ4m




. Figure 31(a). Predicted M+ - and cos@ distributions for C=+1, =

40t | 9_(0)
50 " 0™ (1ME) '
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matrix elements, for various values of JE. The data (278 events) are
répeated in each plot. See Tables IV and V for definitions and results

of the fits. "g" = with ¢ resonance (M=380,1=100 Mev); "ILME" = linear

‘matrix element; "mix" = complex mixture of ngo and gn:E for JP-2-.
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‘Table V. Results of fitting the n'w™n matrix elements of Table IV to the experimental Mﬁ+ﬁ_ and cos@i+n

distributions. The fit numbers correspond to those of Table IV; asterisks mark the simplest matrix

~ elements. . '
Fit c. J¥ L. 54 nn Resonance or - Value of Frée.-X2(Mﬂ+ﬂ-)'X2(COSQH+ ) Combined
No. o Linear Matrix Element Parameter(s) (1l bins) (20 bins) Cont Lew
* 1 +1 0 0,0 - - 27 - 18 0.07
2 0,0 o (MU=38O,I‘&=lOO Mev) Vo - 59;13 e | 37 18 7xlo'5
3 0,0 o (M,T, fit to data) {p7 2 135400 Moy 23 18 0.08
b 0,0 }[ﬁiﬁf«?i ] { real 2—=(-’505ﬁoi06505) 2 18 0.10
-5 . 0,0 element comp;ex ‘{,‘+(o:oo;o:29)i ' 24 18 O.O?lo
* 6 1 1,0 - ' - 220 18 <10
| 7 1,0 o (MG=58O,PU=IOO Mev)' - 132 18 <1o'_1o'
* 8 1 2,2 - - 283 38k <1070
* 9 2" 1,2 - - 301 bor - <107
* 10 2" 0,2 - - 543 .18 <1070
* 11 2,0 - - 788 18 <1070
12 2,0 o (M_=380,T =100 Mev) - 547 18 <1o‘l;>
* 13 mixture - a = 0.3140,03 35 19 6x10°
e N B i I S
*15 -1 0o 1,1 - - ©o111 690 <10~
* 16 1 0,1 - - 167 18 <1071
x 17 1" 1,1 - - 111 401 <1070
» 18 2" 2,1 - - 387 401 <1071
* 19 2" 1,1 - - 111 14 <1070

i

<9
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modificationéiwe make to the matrix elements shonld reflecf some
final state interaction.father than a nn interaction. Thus as our
first attempt, we have trledra spln O resonance between the two pions
as suggested by Brown and Slnger. 9 For the three cases with z = 0,
namely O, If,~and one of the 2" cases, we have assumed that the
'n' decay gées via e.spin 0, isospin O‘resonanee, the hypothesized o,
of mass M_ = 380 Mev and width F lOb Mev. We have thus multiplied

the matrix elements under cons1derat10n by a Breit-Wigner, whlch when

squaredvhas the form
' : o k2 : -1
: . M b +2
BT )P = I:(M‘? Me) Me (%;) 7 ]

J[:lT

Here o} is the.relatlve momentum of. the two pions in the dlnlon rest
frame, and'q& is the value of g when Moo= M_. As indicated in
Table V, this assumption does not impfovenmafters-for the 0" case, and
| leaves the,l+ end 2" (ﬂnn = 0, Zn 2) flts still highly unacceptable.
Even if we flt the O case with a varlable M and F , the resulg w1th
M& = 395 Mev and F 155 Mev, is a reductlon in X2 from 27 down to 23,
hardly 51gnif1cant |

Qur one additional attempt applied to the 0" case is purely
a phenomenologlcal one. Namely, we‘have tried 8 matrix element of
the form 1 + ay, where a is ) fnee paremeter (real or complex) and

y is defined to be

here Tq is the kinetic energy of the n in the n' rest frame. This
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linear matrix element form is suggested by an analogous formgo

applied to the n_—>n+n—ﬁ0 decay, where-the‘M%+n_ distribution
favors high values of Mn*n' as ours is seen to do. We note that
the linear matrix element used in 7 decay is of the form 1 + ayn,”

where yn is defined as

o (me)
yn‘3<Q> .

-As can be verified, both our ¥y and also ynlhave the value -1 ﬁheﬁ'

Mﬁ+ﬁi is at its maximum and (in the non-relativistic limit)'the value
+1 when M ; . is at its minimum. Further, in both n' — n+n_n and

N - ﬁ+ﬂ_no decays, Mﬁ*n' ranges over the same values, 280 to 410

Mev, resulting from the fact that both decays have the same Q—vdlﬁe,

Thus.if the peaking of the Mﬁ+ﬂ_ distribution to higher masses were
due solely to a n+n- effect, we might expect the same value of the

paraméter a. Our fit for the decay of the 7' yields the value

a = (-0.11 ¢ 0.05) + (0.00 + 0.29)i, whereas for 7 decay?
a = (-0.478 £ 0.038) + (0.0025 fgﬁgg) i, in considerable disagree-

ment for the real part of a. Furthermore, the M]'T+H- distribution
. 2
fit obtained for the n' still has a X~ of 24,

., So we are left with a somewhat unsatisfactory situation with

. respect to the ﬁ+ﬂ_ mass distribution, namely that our best fit,

which corresponds to a C = %l, JP = 0 7', has a confidence level
of 0,01, which cannot be significantly improved by the use of any -

simplé models. Several possibilities suggest themselves: Almost

2 o
~half of the X~ contribution (13 out of 27) comes from two bins,

those- surrounding Mﬁﬂ = 315 Mev. It is possible that we are simply .
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the v1ctims of-a 32 standard dev1ation statistlcal fluctuation in
these two bins. ThlS would likely be a vertical fluctuatlon rather
" than a horizontal one s1nce our M resolutlon is ~ 6 Mev (FWHM),
whlle our bins are 10 Mev. On the chance that the dlp in these two
bins might be the result of scanning or measuring biases, we have
checked for such blases, but have found none which could produce
the observed effect. Further, while it is true that the two pions
are nearly parallel in the lab at the values of M we are concernedv
~ with, and thus mlght be difficult to scan and/or measure, we would
expect the s1tuat10n to be even,worse,ln ‘the lowest three bins.

- We have also checked that rebinning the histogram, or using the

: unnormalized values of M " “does not remove the effect.

If we. assume that the high X2 is resulting primarily from
an”excess of events at the higher values of Mﬁn’ rather than from :
a depletion at some of the:lower values,:there is another bias vhich-
might be attwork here. Assuming the n' has I = 0 and decays into
e via a strong 1nteraction, as we shall shortly argue, then we |
expect a decay_into ﬁon’nc as well as n+n'nN. Using the Clebsch-
Gordan coefficients for the n‘;decay and the known branching ratios
for the n;lé _ve expect the ratio

o n' - ﬂvo’foﬂc'

- % -2-—1- = 0.20 .

N’ o1y
What 1is then the chance that in the nononc_decay the two x°'s from
the n' and the 7° (or 7v) from nc'would have a mass near enough that
of an n so that a'genuinehﬁononc event could fake a n+n~nN event?

Under the assumption that the true n' — mnn decay is flat and that
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the small amount of N =7 7 can be treated like Ne = o no, and
usingvthe known decay distribution of nc-a n+n_no,20 we show in

. ' - 000 _, . . oo

. Figure 32a the expected n = n distribution for =n =« i1 events. We

have foldéd in our missing mass resolution of ~ 25 Mev. Figure 23b

indicates that essentially all An+n-MM events having a missing mass

between 530 and 570 Mev have been assigned to the An ﬂ n hypothesis.

'Thus from Flgure 52& we conclude that ~30% of all = °x° Mo events
_ would-be'misassigned to n+n " Combining this with the above
':ratlo of 20% for (n' —>n n nc)/ n' - n+n nN), we find that about a
H6% 7°x® nC contamlnation may have been added to our genulne e Ty
events. ThlS would amount t0ﬂ&5 events. We show in Figure 32b
the eipected n+n- mass distribution for -this nonénc contamination;
note-tnatthis is not Simply.the-n+n— distribution from o because
'ourrrequirément that the three no'é have a mass near that of an 7
-intfodnéés some distortion. The distribution is seen to favor high
M%+ﬂ;_eVénts,;but given the broadne;s of thé peak and with only 15 such

éontaminating events expected, the effect is far too small to con-
2

tribute significantly to our high X
Finally, it 'is of course possible that we are seeing a combi-
nation of the spurious effects discussed above, together with a
genuine i =v0; ﬁ -0 xtx” final-étate‘interaction.
on the basis of the results shown in Table V, we conclude that
the most likely JPC assignment for the n' is O_+. JPC - 27" cannot
_<be ruled out, but it requires a partlcular admixture of (z = o,

zn = 2) and (Enﬂ =2, zn 0) and even then has a confidence level

_ cbnsiderably lower than that for o~F
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(a)
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Figure 32. The calculated distribution of M o o o for n' — noﬁonc
events, where n, decays to ntn~n®, is shown in (a). Events be-
tween the two dashed lines at 530 and 570 Mev would be misidenti-
fied as ﬂ+n’nN events. The 1' decay has been assumed to be flat.

(b) The calculated My - distribution for those events in (a)

between the dashed lines.




We turn to the question of the G parity of the 7', from which
we will deduce its isospin. If Gﬂ' were -1, then a stroﬁg decay
into n+ﬂ—no would be allowed, while the decay into n+n-n would have

v ﬁo be doubly eiectromagﬁetic; that is, a photdn would have to be.
eﬁifted and reabsorbed. In that case, we should.expect the 3n decay
'fo dominate over the nnn decay by a factor of.(l/a)E?Q lOu. Phase
SPace coﬁsiderations would further enhahce the 3n decay, regardless
of whefhef the spin of the n' were O or 2. . Thus,.bar¥ing any unfore-
'éeeh"qﬁantum number which would very strongly inhibit 3x, we should
';expeci to see many more 3n than nny decays, But we do not. As
‘shdwﬁ-éarlier; essentially all of those events which might conceivably
be ﬁ+nFnO ére‘in facf n+n_7. We therefore conclude that Gﬂ' = +1.
Using the relation G = C(-1)T, where we know C . to be +1, it follows
.that Iﬂ' must be éven. But as previouély.mehtioned our production
_reaétion'limité Iﬂ' to O or 1. Thus we have Iﬂ' = 0.
‘.iﬁ'éumméry'thén, the n+n—n Dalitz plof leads us to the probable
quantum numbers T0J° = O+O_, with 0727 being a less preferred

‘assignment.

B. The n'n y Dalitz Plot
We begin this section, by showing in Figure 33 a plot of the
+ - ' ' + - i 2 2
7 7 7y mass spectrum, for Ax n 7 events with Ao s 0.5 (Gev/c) .
There is a significant background contamination under the n' peak,
which arises from misidentified n+n-no events. 1In Figure 34 we
3 presént an analogous plot of the x n n° effective mass for those

. + -
events assigned to the Ax x x° hypothesis. There is, as expected,
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Figl_zre_ 33. The n"'n"')' mass sia_éctrum for low G Antn~y events.

The cui‘*ve is aifit to the data of a Gaussian plus a linear

background.
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Figure 34, The n'n"x° mass spectrum for low A2 Axt"x® events.

The curve is a fit to the data of a Gaussian plus a linear

background.




sone signal in the n' region, resulting from misidentified n+n—7

events. The curves over the efents‘for.these‘two plots represent

fits.to‘a variable lineer.background plus 5 Gaussianlof variable

position and'width. The w1dth of the Gaussian requlred is comparable

to the calculated resolutlon of ~ 20 Mev. Although we will have

to perform a - subtractlon on our x+n 7 events in order to do our

anaLys1s, for reference we present in Flgures 55 and 36 the normalized

Dalltz plot and four prOJectlons for the 280 unsubtracted ﬂ Ty

events hav1ng,z&2 s 0.5 (Gev/c and 9h5 é'N%+H_7 s 975 Mev.

The progectlons shown are for Mﬂ.l.7 =y M S and the cosine of:the

angle © +7 between the n+ and the 7 in the dipion rest frame.

Flgures 37 and 38 show the analogous set of plots for the n 7 no

events.  The dlfference in structure can ea31ly be seen, resultlné

from the fact that the flrst set of events is prlmarlly 2y with

“«55% 5n,'while the latter set\is'primarily‘Bn.With ~ 30% 2ny.
dur.subtraction'has,been performed_in the following manner.

The fit to the nny mess Sbectrum indicates that,vforMﬁ.ﬂ7 in the

95 to 975 Mev region, there are 178 events in the signal and 102

events in the background;'lThe 5& events shownvin Fignre 34 have

been reinterpreted aS'nﬁy events, and in the resuiting M <y distri-

bution the peak contalns 77 events, whlle the background under the

peak cons1sts of 174 events.. Thus, 1n order to remove.the background

from the Dalitz'plot projections of the events preferring nny, we

have subtracted from each bin a number of events given by

N = 02 x N
subtracted from sny 174 3n
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Figure 35. ‘The normalized Dalitz plot for low a2 Tn”y events
with 945 = N%+n'7 s 975 Mev. The curve represents the kinematic

boundary for the events. .
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where N5n is the number of events in the corresponding 5r bin.

Again, ﬁe have used>the 3r histograms resulting from reinterpreting

the 3n eventé as nnf. The resulting projections for the 152 events
remaining are shown in Figure 39. We note that, due to the subtraction,
.the error bars shown aré consideiably'larger than the square root
éf:ﬁhé'nuﬁber 6f évehfs-in the 5iﬁ. Because of.this and because

the coséﬂ+y distribution will be important in the amalysis, we

have folded this distribution abquf cosOﬂ+7 = 0 in order to reduce

the felative errors. The folded distribution is showh in Figure.

59e. |

We now must cénstruct the matrix elements for the vafious n'

-éuantum number assignments we wisﬁ to consider. We proéeed analo-
 gbu§iy to the nﬂnbcaSQ, with some differenées; 'Firs£, beéause the

" @Q-value for the nry decay is rathervlargé (680 Mev) and we are dealing -
with a 7, we will use a relativistic formalismZ> The four-vectors |

we have at our disposal consist of

'Pu = four-momentum of the 7'
., e o } o
q, = 2(Pﬂ+ pﬁ_)u relative four-momentum

of the two pions
k = four-momentum of the Y
and e = polarizatién four~-vector of the y, satisfying

the relation k e = 0.
_ LR '

As before, these vectors are to be combined with the polarization
tensor of the 1' to make a scalar. For the possiblé polarization

tensors we have
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Figure 39. The Dalitz plot projections for the 132 low &
xTx”y events, having 9U5 = Mﬁ+ﬂ_7 < 975 Mev, which remain after
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+ :
07: 1, a scalar or pseudoscalar

il

for JP,
n

+
1: Vu, a pseudovector or vector, satisfying

VP =0
o

+
27 Tub’ a tensor or pseudotensor, symmetric,

traceless, and satisfying T .P =0 .
’ : ygvuuu

‘ The;}edﬁiremenfs Oﬁ_Vu and. T p Teduce them to 3 and 5 independent
coﬁ@bnehts respectively, as deeired fbr'spins 1 and 2; and also
guaraﬁteé.that>in the.n'»fest frame they reduce to the proper £hree-
Vectqf forms. |

We heve'tﬁb invafieht tensors with which to combine the various
’quantities above, nemely the metric fensor guo and the.totaily

anti-symmetric tensor of fourth rank € Since the intrinsic spin-

HOOB*

parity of the nny system is 1, and thus "normal", for Jﬁ, in the

. + - At X . ' .
normal series (0, 1, 2 ) we must combine our tensors with an

. . P . . -+ -
~even number of eHDaB.e For Jﬂ' in the abnormal serles (07, 17, 27)

.+ This insures'that our matrix
HoaB . :
.element is a true scalar under spatial reflections.

. we reguire an odd number of ¢

n_Aé for the charge conjugation quantum number C, which is conserved

in electroﬁagnetiC»decays, we note that

I

Cn,- = Cluny) = C(nﬁ)cy = -Csmn) .

‘But again, since CP for a boson-antiboson pair such as nn is +1,

- we have
’ CT]' 'P(ﬂﬁ) .

-Thusbfor Cﬂ' even (0dd), our matrix element must be odd (even) under

~.spatial interchahge of‘the two pions, which means that qu must appear

81
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an odd (even) number of times, . -

‘The final requirement is that of.gauge invariance, whieh implies
that under tbe transformation eu-a eu + kp, the,metrix element must
remain invariant.

In Table VI we glve the s1mplest matrlx elements, 1ndlcated by
an asterisk Wthh can be formed subJect to the above conditions.

Slmplest" in thls case meens hav1ng the lowest number -of appearances
of ku. ThlS is equlvalent to the lowest order multlpole transition
allowed._ We observe that except for. the Cc = -1, JP O" cases,

a dlpole trans1t10n will sufflce (one. appearance of k ), = -1,

‘JP - o requires a quadrupole'transition (two.appearances of ku).

We are allowing for thefpossibility Of'Jﬁ'-: O+, even though this

is strictly forbidden_for'nnn;”because we want to leave open the
possibility that the'particle we are discussing hére is not the same
as that decaying into mwnq (althouéh we have referred to both by the
 same name). | .

The Dalitz plot disfribution isrobtained by‘sqnaring the matrix
element and summing over the polarizations'of the y and the n'. For

this sum, we have the relations

AN
Zee’ = -g
- AR o )
zv"vk =
N HO ‘ _
A 1 2
and Z'I)\T = s(nm M+ 0. I -0 I
 Twlep = 200, VR Be vo | 3y 043)
where
P PD
I = -g + 22 .




‘Table VI. Matrix elements for 7' — n+ﬂf7. The four-vectors appearing here are defihed in the.text;,in the

expressions on the right, g and k are the magnitudes of the three-vector parts of q, and ku,-evaluated in

thg.dipion rest frame. The abbreviations. A+B and_[A,B,C;D]-fepresent‘g -AuBﬁ and.€ .- A B C D,, respec~

~ - . : , MO poog wv aB?
tively, while M and © represent Mﬂ+ﬂ_ and Qn+7‘ a is a free parameter to be fit to the data and BW indi-
cates a resonance in the nn system with a Breit-Wigner line shape. The mass and width»of thewp are taken

as 765 and 125 Mev, respectiveiy. Asterisks mark the simplest matrix elements.

—

Fit ¢ JF  Multipole s . Matrix Element " Matrix Element Squared
No. , : Resonance . - ‘ ‘and Summed over Spins
+ : . T .
+1 [O Dipole - g*kPee-qeePek ,
* 1 - , v qzkeMesinEO
o 0 Dipole - [k, B,e]
+ _ _ J.
: 0 Dipole ~ (g-kPire-g-ePek)BW. ' , '
2 - , P P PP sin0 |BW_|2
0 Dipole = p (9%, P, €] BW, - P
+ : s .
1 Dipole - : q,k,V,e ' :
% 3 : - [ sk Tse] Pr2{1+cos?0- (2kM/n? , )sin®6}
. 1 Dipole - gekVee-qgeeVek _ Ul _
N
1 Dipole o) q,k,V,e|BW .
L o . LA P q2k2{1+cos29-(2km/m2,)sin?@}le |2
1 Dipole o (gq* kVe e-q* ev-k)Bwp . R P
+ _ ’ . . _
1 Quadrupole p k-V[qw.k,P,e]BWp _ 5 l“M’" 5 o, o
5 - (g“k ™M /m<, )sin GlBW |
1 Quadrupole o ke V(qekP-e-q- eP» k)BWQ : n P
- ,
2 ~Dipole - PekgeTee=PregeTek .
* 6 - . ‘ q?k2M2{6+sin29+6(k/m ,)econg}
2 Dipole - [P,k,q-T,e] : 1
2 Dipole P (Pekqe Te e=Ps eqe T+ k )BW., 2
7 - . : " q2k2M2{6+sin29+6(k/m ,)2c0529}|Bw !2
2  Dipole = - p [P,k,q»T,e]BWp il P

(continued on next page)
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Table VI. (continued) A
Fit ¢ JP  Multipole Matrix Element Matrix Element Squared
‘No. Resonance ’ and Summed over Spins
+1 |2 Octupole keTsk(q-kP+e-q+eP+k )BW
8 - . e 2k6M6/m )sin® |Bw |2
2 Octupole KeTe k[q,kv P, ¢] BW,
2" ixture (real {P kq+T+e-Preq Tk A 2k21\42{6+81n 9+6 k/m ' COSQ@}
9 : of v +a(qekk-Toe-grekT k)}BW : Lkaq2k5M{l+2~_os29 kM/m 2+cos‘2@)}
2 dipole]|Te2t {[P’Eé%éTf{e_l T e]}BW +20° 2kL"ME/m {2+cos )
< sy RrL,yC v
1 ana _ S P ,-A(kM/m ,)sin O}}IBWple
) + . . : N : : ‘
| 2 tlquadru-j{complex same as’ o same as above,
10 - : above two, . - .-
: 2J pole @omplex but a compiex S but a - Re(a) .a- = jal”
. + - = . . .
- -1 (0" Quadrupole *k(q+kPre-grePek) :
* 11 : - P 4 (q_ o ' : . qh'kh'Mam Ocos
107 Quadrupole a+k[q,k, P, €] : .
+ . :
1 Dipole Bk,V,e : - :
% 12 . . . [ P et B J ] } ‘ k2M2 - _
1 Dipole PekVee-PoeVek :
. S _ _
% 13 {2 Dipole q°kq*T-e~q-eqeT*k }{ql‘kz{l+cos29+(2k_M/mn {(EKM/an )COS
2" Dipole [a,%,q°T, €] ~sin O}+(2k2/3m ,){l+(’+kM/m ,)}cos }

@]
=
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:;' ‘Table Vi gives the results, where all momenta have been evaluafed

in the dipion rest frame. We observe that states of opposite parity
yield the same distriﬁgtions, since such states differ only in the
polarization of the 7, which we are not observing.

‘ ‘Figure ho.ShOﬁs the M%+n' and cbs@n+7 distributions predicted
ip'Table VI, together with the data. The 'X2's and confidence levels
for these fits are éiven in Table VII. We see from the Table that
,nbnevof the fits isxaéceptabief We are led by an_ekamination of the
2 n+ﬁ- mase spectrum to suépeet that the n+n'7'deca& is being mediated
L by‘tﬁevfwb step process 1" - 0%, 0% = tn. Since the o has C = -1

(or.egﬁiValently, P = -1), such a decay process could take place only

for Cn,'z Cvcy - 41, Thus ﬁe have modified our C = +1 matrlx
elements by . 1nsert1ng a Breit- ngner of the same form as that used
for the o dlscuss1on earlier. We have taken M 765 Mev and
F§.= 125 Mev. The resultlng dlstrlbutlons are given in Figure MO
and as 1nd1cated in Table VII the flts to the nr distribution are

: completely acceptable for J O and 2", and moderately acceptable
foy,l». (We note that the p peak in the nx distribution is shifted
from 765 Mev to 730 Mev as a result of the k2 factor in the matrix
elemeﬁtvsquared.)_ The'distinction:between J =0, i, and 2 thus rests
upon'the coéO oty disfribution;' This distribution yields X 2's of

2. O 52,and 8.9, respectlvely, corresponding to confldence levels

' of 0 7h 3x10 6, and Q.O6. ~We are therefore led to the conclusion

' //that spin O is the mpet ecceptable case, with spin 2 the next most
» 1ikely possibility. Iﬁ‘order to.further affirm fhe preference of

. - .._ . o ) +_.
- _ spin O over spin 2, we have made a cut on the n 1 mass, to favor p s of
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fuble YTT.  Results of fitting the n™n"y matrix clements of Table VI to the experimental M

+ - and cos9 .
o o i i Ty
dizlributions. " The fit numbers correspond to those of Table VI; asterisks mark the simplest matrix

clemente.

it ¢ gt Multipole | nt - Value of Free XQ(M"+J_).  ¥2(3059,+7) . Sombined
o, g S R : ar L n  gor Lev
e Resonagce szamgter (15 bins) (5 bins) anfﬁ vevel
1 4+l 0 Dipole - - 66 ~ - 2.0 1%x10
2 Dipole o - 6 . 2.0 0,47
% C . ey ' ' -10
* 3 1. Dipole - - - : ol 39 . <10
L ' Dipole o ' - , 22 22 2x107°
5 Quadrupole 0 - 38 2.0 2x10™
. * . : . , | 10
0 2 Dipole - ' - 71 11 . bx10
7 Dipole o ' - . 17 8.9 0.11
g - Octupole o - - 72 2.0 %1077
9 mixture of]freal o 6 = 1.840.5 1k 2.7 0.46
o : : dipole and Ma=(1.8%0.5) :
10 quadrupoleflcomplex P 1+{0.040.5)1 1L 2.7 0.39
+ . ) . LA . J - . -
#11 -1 0 Quadrupole . - 102 L2 <107%0
: 4 } : : . } ) -
# 10 17 " Dipole ' - - 140 40 S <1070
- . : - » 3 ' o -10
¥ 13 2 Dipole - o 55 | 39 <10
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640 = ‘M&lﬁ_ s 800 Mev, with the expectation that such a cut would
reduce our background. We find with this mass cut that the 7
contamination is reduced to 15% , thus permitting us to fit the
coson+7-distribntion with only‘a relatively small subtraction. The
resulfing curves for JP = Oi'and 2i are showh over the subtracted
data>in Figure 43, The confidence level for spln 0 is 0.53, while
that for spln 2 is 0. 003 Thus spin 2 would seem to be ruled out.

In order to determine if a more complicated matrix element might
al.lo’w'JP ; l‘or‘2 we ha;eftriedvthree possibilities; for spin 1,
a pure quadrupole matrlx element and for Spln 2 a varlable mixture
of dlpole and quadrupole and also a pure octupole. In all three
cases, we have:alSo assumed the presence of a p. The pnre quedru—
pole and pure octupole were trled because they have the Same 81n29 +7
dependence as the spln 0 dlpole. These three matrix elements are
glven in Table VI and thevresults of tne fits‘in Table VII. The
pnre quadrupole and ocﬁupole are eeen to be unacceptable, resulting
from‘the.fact that the nr mass distributions predicted do not match
the data._ However, with the proper admixture of dipole and,quadrupole,‘
spin 2 produces an overall:confidence level opr.h6, essentially equal
to ﬁhelvalue.of 0.47 forlspin 0. |

Tnusvwe conclude that C = +1, J = 0 is the favored hypothesis,
while C = +1, J’=-2_can'be admitted only wlth*a snitable mixing of
two matrix elements.

We have not yet determined the parity and G parity of the ',

. o . ..
“based on its decay into nx x 7. The four choices open to us are




Q0

4 : ' : L 93 Aﬁ+n' events

; with p cut
40} .

K
o
o _ N . .

5 B0t : | J
oo . - ,
[] . - . : .

S o R el | - +

I B : A / : +
20} A o N\\\5\\ 2‘(9) .
: ] —_—
10} - ' . l | q
o i 1 1 [} 1 [ i 1
0.0 0.2 0.4 0.6 0.8 1.0

v|c0s9ﬂ+7l

Figure 41. The folded cosQﬂ+7.distribution for low A° ﬂ+i-7
events having 945 s N%+ﬂ_7 £ 975 Mev and a cut of 640 < Mt - s
800 Mev to favor p events. A background subtraction has been
carried out. The curves indicate the predictions for C = +1,

P ol +
J =0 and 2, with p assumed.
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S indicated via the box below:

A - - , - Parity
. . _ a -1
+1 | nw I
G Parity F
-1} nn T

Theventries_in the box show,thé_léast massive allowed strong decay mode .
.for.each of the four pbssibiiities.‘ On the bésis of coupling constants,
‘these decays would be expected tO'd§minaﬁe over the (electromagnetic)
epy'mbde by 1/a ~ lOO.: Phase spacé considerations would push this
factor even higher for the (two—body) ﬁn and nn cases; for the
(three;boﬁy) fﬂn'case, a rough éalculation suggests that the phasé
space factor might be «,l'wheh‘thé Py angular mbmentum barrier>is

taken into aécouht. Since we have ~ 300 py e?ents at low z&g, we

would then expeéf &;103 - 105 events for one of these three strong
.decayé, namely wx, wn, Or nﬁn;'unless P were ;lvand G were +1. We
:haveralréady seen that fhere is no éignificant n+n_no decay of the

n'; Figure hag shows thé n+ﬁ—,spéctrum for ouf reprocessed An+n_
events, while Figﬁre L2b shows the n+n_MM distribution from the
reprocessed An+ﬁ-MM events. Approximately 30% of any =7 events
. would éppéar in the latter distribution. In neither case can we
,accommodate.the expected number of events. Thus we conclude that

the only acceptable case is.P = -1, G ; +1. The G = +1 conclusion

is equivalent, when taken with the C = +1 result, to I = 0.

vIn connection witp the above discussion, we point out that the

- . strong decay mode allowed for P = -1, G = +1, namely nwmn, although
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enhanced over py by a factor of 1/a, could very well have a phase
space suppression factor of order 10 due to its belng a three-body
decay with low Q. This would then allowpy to compete favorably
with the rstrong nn mode. |

Since‘ the .n+1r—7 d'eca.y has now been shown to come from a resonance
whose pteferred 'quantuin numbers. are IGJP O+O—, end since the central
mass of the Yy pea.k is found to be 957 Mev, in exact agreement with
the T central mass, 1t Seems reasonable to assume that both decays
are from the sSame resonance -- the n | There is the addltlonal fact

'tha.t the widths of the two decay modes are comparable when the expected

resolutlons in their re_spective cha.nnels are taken into account.
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VI. BRANCHING FRACTIONS, MASS, AND WIDTH

t

A, .Branching Fractions

For the purpose of calculéting branching fractions for the n','
we have combined the 2.10, 2.47, and 2.65 Gev/c data, and have used
pn

_ﬁhe.secondbéqiumn the number of events found within our fiducial

only those events with A s 0.5 (GeV/c)e. Table VIII gives in

volume for each of the five decay modes: n+ﬁ-nN; ﬁ+n—nc, o neutrals,

éllzneutralsi'and ﬁ+niy. Column 3 gives the numbéi of events after
éorrecting for méasuring efficiency (see Table III) and the loss of
events where the.A décays héar the'p£iﬁary.interaction.vertex
(ﬁshqrt“ A'é)'or outside the fiducial volume ("eécapiﬁg“.A;s). The
measuring éfficiency;}as defined for Table III, already includes the
‘scanning éfficiéncy for_ﬁhose events whefelfﬁe A ié neither shorf
(i.e}, decays less than 6 mm. from the primary interaction vertex,

as projected onto the plaﬁe parallel'to the glass window of the bubble
chamber).ﬁor escaﬁiﬁg. The additional correction for the latter

_two cases ié made in the followipg manner: Any event with a short

or escaping_A Which was'detectéd is discarded. All other events

are given a wéight W which is fhe reciprocal of the probability that_

the A in question, given its momentum and direction and the position

of the event in the chambef; should have decayed neither close to the

vertex nor outside the fiducial volume. Thus. . | vﬁ

. . . R . —l‘ . . ' . ‘ s
w - [e—gs/ncT - e"£ e/ncT ] 7 . . i

where gs is our short length cutoff; ge is the distance, along the




Table VIII. Branching fractions for the n'.

‘Decay Mode Number of Events _ Branching Fraction
. Raw Corrected™
Ty 281 + 18 b2 + 32 0,314 + 0,026
. ‘ _ : 0.437 + 0.030
_ar+rr'nc 1107 + 10 161 + 17 0.123 + 0,014 =
rtr 4tneutrals b2 t 27 60 + Lo 0.0l5 + 0,029
all neutrals 123 + 18 248 £ 39 . 0.189 + 0.026
7"y (%) 298 £ 37 433 + 56 0.329 * 0.033
+ - ' S : ' _
Esa . < 30 < 0.02
7t < 60 : < 0.05
AR < 10 < 0.01
ST < 10 _ < 0.01
o -
T xt+neutrals < 10 < 0.01

a, : . . o e .
The corrections are those for scanning and measuring efficiency and

for short and escaping'A's.
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line of,flightvdf»the A, frémvthe primary vertex to the wall of

the fiducial»ﬁqlume;»n is the momentum of the A difided by its mass;
c ié the speéd of light; and T is the_lifetime of thé:A. These short
and escaping A corrections should ideally be indepéndént of the decay
mode of ‘the n', but because the different decay modes occur in
several different topologies, scanning biases may Qary.

The errors giveﬁ in Table VIII are a combination of the statis-

. tical error,'the estimated errors in the. corrections discuséed aboVe,
and our ﬁncertéinty‘asvto how the background curve should be drawn.
The latter'problemiis particularly acute for the ﬁ+ﬁ- + neutrals déééy
.mode, as can‘be_ééen from Figure L2b, énd mildly problematical>for

the £+n~7:aﬁd:all—neﬁtrals modes.

Befdre géing on to discuss the branching fractionsbthemselves;
several brief coﬁments'aré in order as to how the events were
assigped‘to thévéategories listed in Table VITI. We have diséussed
earlier thé difficulties involved in thié.assignhent. -

-.Efentsvlisted as:ﬂ+n—nN include all‘those chosen as ﬁhis final
state by our selection criteria. As was noted'in connection with
Figufe 23c,:wﬁich shows a plot of the misSing:mass from n+n-MM events,'
there are clearly sbme_nfn_nN events which have.been misidentified
as n+n—MM.. But the cohvefse is also true, and we.estimate that the
exchangés are roughly equai. Thus we have dccepted the assignments
- as made, and appropriately enlarged qQur errors to take into aécount the
uncertainty involved.

To meésure the total n+n_7 éignal, we have combined those events

o ) - i .
preferring the s n y fit and those preferring n+n °. This decision




was based on the assuﬁption that there are essentially no genuine
H+H—HQ decays of the n' and that there is not some other resonance
wﬁth,the'Same mass and width as the n' decaying into 5n.v'That this
-assumption ls correct is strongly suggested by Figure 17, where the
miséing mass of those events in the 960 Mev signal is seen to peak
very close to zero and to have at mest a nalO% excess in the 7°
region. Also, the nin"y (or x xn°) signal in the combined events

has a ﬁidth comparable tovihe resolution, which makes fufther unlikely
therébssibility:of another resonance being present and decaying into 3m,
sincebeuch a resonance would have to be ﬁifhin about 5 Mev of the 7'
and have, like the nl; a very small width (g 10 Mev).. The & meson
mlght be.a candldate for such a resonance, but the most recent data22
on the & suggests that 1ts mass and width are probably enough different
from that of the 7' so that it would not be included in our signal.
Thus we have attrlbuted the entlre s1gnal to the n+n ¥ decay of the

: n'} We have, hOWever, allowed for the p0331b111ty of some = x x°

o7

decays by appropriately increasing our upper limit estimate for a possible

+ - 0
i n nt decay mode.

Finally, we have observed a small signal in the 7' region in

. 4+ -
the mass recoiling against the A in events assigned to Zon n  and
o ¥ + - - . . ‘ . .
Z w7 .. Since the y from a genuine ZO cannot combine with 2 or
L x's to create an n' (or any&fesonance), we have counted these events
+ - + - » .
as A w y and At x s respectively.
]
- The branching fractions derived from the observed events are

presented in column 4 of Table VITI. At the two momenta where we

have sufficient statistics, namely 2.10 and 2.65 Gev/c, we have
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calculated the branching fractions separately, and find some dis-
. . . _ o
crepancies. In particular, using the n n n mode as our standard, we .

find

n' - all neutrals

i

— 0.59 + 0.16 at 2.10 Gev/c
N oo

]

0.29 + 0.08 at 2.65 Gev/c

and

>t. + -
b 4

il

— 0.99 * 0.19 at 2.10 Gev/c

0.63

I+

i

0.10 at 2.65 Gev/c .

For both the ali-nentrals mode and the n+ﬁ—7 mbde,”there is an
excess of events, cdmpared to n+n_n,bat 2.10 Gev/c; the effect is
1;7 standard'deviations in both céses.- Again the nossibility of
a second resonance suggests 1tse1f | But becausé the'three modes
are so s1n11ar in mass, width, productlon angular dlstrlbutlon, and,
in the case of n+n n and n+n 7 prdbable spin-parity a551gnment we
- nttribute these discrepancies to statistical fluctuations. Paren-
thstically, it shonid be noted that the n+nf7 discrepancy remains
even if a p;cut is made. |

In conciuding’this sec¢tion on branching fractions, we note
that if tne isnspin of the n' is O, as our Dalitz plot analyses have
indicated and as our deuterium-search'will further show, the 7'
should deéay into nonon; at a réteihalf that for ﬁ+n_n. Using the
branching ratios of fhe n, we should then have the 1' branching
vfatios | |

B - nonoqc : ﬂonOnN : n+n—qc : n+nan

- 0.20 : 0.50 : 0.%0 : 1.00 .
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If we assume that our x =~ + neutrals mode is entirely due to
0 o - : - oo
TR N and that our all-neutrals mode originates only from = = Ty

the above ratios are found experiméntally to be
o 1°x° © s 7°n® : wta” s wta”
T] K nC . . T]N * T]C . I T]N

= 0,15+ 0.09 : 0.60 % 0.11 & 0.39 * 0.05 : 1.00 .

Withinuerrors,'fhe agreement is quite good. The excess of all-neutrals

" observed amounts to 0.03 * 0.03 of the total n' decay, and while

statistically insignifiéant, could be attributed to a 2y decay mode.

- Such a mode has recently been reported?BWdth the branching fraction

0.055 * 91920

ratio to py of ~ 0.1. The latter ratio, when combined with our py

: : 2L ,
and has been predicted theoretically£5to have a branching

branching fraction.of 0.35, would yield a 2y branching fraction of

~0.03.

- B;_ Mass and Width

'Fitfiné a Gaussian'plus é linear background to 6ur n+n—nN,
n+ﬂfnc; n+n_7, aﬁd all-neutrals events yielés for fhe mass of the
n' 957.4 + 0.4, 956.9 £ 0.7, 957 + 1, and 963 * 1 Mev, respectively.
The‘e?rors given are purely stafistical and do not feflecf systematic
éhifts;’ Because the all-neutrals events are a zero-constraint fit
and because boﬁh they and thé‘ﬂny‘events have a significant amount
of background, we feel it best to use only the ﬂ+ﬂ—ﬂ events to
determine the mass of the 7'. vCoﬁbining the n+n-nN and n+n_nc events
yieldé the resﬁlt Mﬁ, = 957 + 1 Mev;'where the error represents our

estimate as to possible_systematic shiftslin the data.
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Our experimental full widths at half-maximum are found to be

13 £ 1 for‘nfn_nN, 15 + 1 for n+n-nc, 25 + 3 for x'n"y, and 23 * 3 Mev

for all neutrals. Our calqulated resolutions (FWHM) are = 10 Mev
for the first two classes of events above, and = 20 Mev for the’
latter two classes. We cannot determine an actual value for Fﬂ'
because these calculated values are probably an underestimate of

_the actual values, but we set an upper limit of Pn, <. 10 Mev.

100
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VII. PRODUCTION CHARACTERISTICS

“A. Cross Sections

| In order to determine crosé sections for n' proauction in the
reaction K'p - An', for each of the mbmentum_settings except 1.70
Geﬁ/c we have combined all'ef the final states in whieh the n" is
seen. For the 1.70 data, since the V-0 prong events were not
- measured and the background under tne n+n-7 and n+n_ + neutrals
eﬁents is large and steeply falling, we heve used only the n+n_n
events;_we hafe then employed the branehing fractions already
aetermined to obtain a cqrrection factor. Table IX gives in the
‘eeeond eolumn the raﬁ number of events observed at each mbmentum,

with A o 3 0.5 (Gev/c)”. The number of events given in column

o 5 then results after applylng correctlons for measurlng efficiency,

' -short and escaping A s neutral A decay, and events at zxe > 0.5
(Gev/c)'. The 1.70 Gev/c data are also corrected for the modes not
‘included, as refefred to above. ‘The correction for high‘£&2 events
was determined by using only the n+n-n events,IWhere the background
is small and thus could be eesily accounted for. Combining these
results with the path'lengths of Table I, we determine the cross
-vsections as given in the final cdiumn of Table IX.

-Figure 43 shows a p;Qt:Of tnese'cross sections versus beam
momentum, together with‘thdse determined by. several other K p
experiments. The gross shaﬁe}bf the cross section plot.consists
of a rise from threshold (ét'1.62 Gev/c) to a maxinnm near 2.1 Cev/c,

followed by a slow tapering off. . Whether the suggested wiggle in
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Table IX. Production cross sections for the n' in the reaction "5

Kp-Aq'. A

P Number of Events o .
beam . : a :

(Gev/ec) - Raw " Corrected (ub) 'i

. 1.70 31+ 6 , 312 + 81 95 t 25

2.10 321 + 27 968 + 98 168+ 17 1

2,47 73 + 1k 16k £ 3L 93+ 20

2.65 L2 + 27 1334 £ 112 104 £ 9

“The corrections are those for scanning and measuring efficiency, E

events with 132 > 0.5 (Gev/c)e, short and escaping A's, and neutral
A decay. In addition, the 1.70 Gev/c data have been corrected

for modes other than q+n_ﬁ.

SR
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' Fig\ire 43, 7Plot of the total cross section for production of

7' in the reaction K'p - An', as a function of the beam

momen‘gum , PK" .




the vicinity of 1.7 - 1.9 Gev/c is genuine or not we cannot say,
although a sm6otH curve would seem to be in considerable disagree-

ment with the data.

B. Production Angular Distributions and A Pblariiation

Figuie Ly giveslﬁhe pfoduction angular distributions for our
n+ﬂ_ﬁ, ali—ﬁeutfals, and ﬁ+ﬂ-7 events at 2.10 and 2.65 Gev/c.

Events on either'side of the 7' haye been used to perfofm a bgck;
ground subfractioh. Although this subtraction is fairly severe

for the all—ﬁeﬁtialé'and n+n-} evehﬁs, as is obvious from the
Chew—Lowlpl§fs 6f Figures 13‘and 15, the distributions at each of
the two ﬁomenfa can be seen fo Bé qualitatively the same for each

of the tﬂree decay modés5 as'wbuld be éxpected for different decay
modes of the same‘particle.'»Referring to the n+ﬂ_n‘distributions,
which are the.cleanest, thé'sharp'forward peaking; which is somewhat
mofe proﬁbﬁnced at 2.65 Gev/c than at 2.lO'Gev/c,'suggests that

the reactioﬁ is proceeding pre@ominantly via one meson exchangef
The 2.65 Gev/é.data also show é slight backward peak, indicating that
at that momenﬁum some other proces$ such as an s channel effect or
baryon eXchange is. also playing a small role.

We have attempted to see how well a simple unmodified one meson
excﬁange process would fit the data. For a 0~ (or 27) n', the
lightest meson which could be exchanged would be a K*(89l). Figﬁre
45 shows the diagram whiqh we thus wish to consider. The production

matrix element we have used is given by

104
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Figure 44. The production angular distribution of the n' in the
 reaction K'p - Aq', at 2.10 (a,c,e) and 2.65 (b,d,f) Gev/c, as
determined from the n¥rn™q (a-b),’all—neutrals (c-d), and xtn”y
(e-f) decay modes of the n'. The events plotted are weighted
‘for short and escaping A's and have had a subtraction pefformed.
The curves on the xtx"n data in (a) and (b) show the predictions
of the K*(891) exchange model discussed in the text. The AZ

scales at the top of the plots are for A% ,, or equivalently,él%;np

2
A
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: b P«

K~ , n
| K" (891)
Py - .

Figure 45. Diagram for the K (891) exchange model discussed
in the text.
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r 58 1)W
_ M0 + PK*PK)e
My, = u(p,)(p + Pt < bﬁ }71?11(_%) ,
A2 + Ni*
. B

where pK_, pp, pA, pn,,vénd pK* are the four-momenta of the partiéles
indicatéd by the subécriﬁts, u(pp) is the iﬁitial state proton
spinor,‘ﬁ(pA) is the final state A spinor, 7 is a Dirac matrix,
and'A2 = —pg*pﬁ* is the four-momentum transfer squared. The
curvesIShown over the‘n+nén data in Figure L4 indicate the distri-
‘butions pfedicted by this matrix element. As is ﬁsually the case
for unmodified ohe.meson'ekéhange'mOdels; the data are considerably
more peaked than thebmodei.would'predict. Including a tensor term
i?volﬁing Gbp would Onlj make matters worse since such a term goes
to zero in the forward direction. Presumably absorption effects
ahd/or'a Regge pole treétment wbuld shérpen up the peak, but we
have not tried such modifications. |

| fér ﬂ+ﬁ;n.events having A% < 0.5 (Gev/b)g, we have determined
the A pblafization at 2.10 énd.é.65 Gev/c to be 0.19 + 0.25 and
0.26 +0.19, respectively. Although both of these values are con-

o _ *
sistent with zero, as would be expected for simple K exchange, the

errors are sufficiently large to allow a wide range of possible values.

C. Decay Correlations of the n'

For this discussion, we define a coordinate system in the 7'
rest frame by letting z be'along the beam direction and y along the
normal to the production plane; x is then perpendicular to y and z.

We let B and ¢ be thevpolar and azimuthal angles of the normal to




the n' decay plane with respect to this coordinate system. Figure
L6 shows these‘relationships. In Figures 47 through 50 we'give,
for each of our four momentum settings, the distributions in cosf

2 < 0.5 (Gev/c)®. We have folded

and ¢ for n'x q evénts.with A
about cosp = O énd ¢ = 1800, as we are allowed to do by parity
conservation. As‘éan be seen, the distributions are consistent
ﬁith isotropy, as would be expected for a spin O n'. For‘Jﬁ, = 2_,
the most generai form for the cosg distribution, after integration
over @, would consist of a constant term and terms in cos26 and
cosuB, with the coefficients of the three terms depending upon

the spin density matrix elemqnté and the decay matrix element. 'Our
ébserved isotropy in cosf would reqﬁire that the cos26 and coshﬁ
coefficients be vanishingly small at all four of our momenta. This

requirement adds further suggestive evidence against a JP =2

assignment for the 7'.
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Z = beam direction
a4

normal to 7' decay plane

=y = normal to pro-
duction plane

Y
s
s

Figure 46. Diagram indicating the definitions of the angles used
for the decay correlation plots of Figures U7-50. All vectors

are measured in the 7' rest frame.
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‘Figure 48. Decay correlations for the n' at 2.10 Gev/c. Only
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The angles B and ¢ are defined in the text and in Figure L46; the
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Figure 49. Decay correlations for the n' at 2.47 Gev/c. Only

low A 7tn™n events with 9L5 s Mﬁn s 975 Mev have been used.

The angles B and ¢ are defined in the text and in Figure L46; the
plots have been folded about cosp = O and ¢ = 180°.
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Figure 50. Decay correlations for the n' at 2.65 Gev/c. - Only

low 02 atn™n events with 9U5 s Mﬂﬂﬁ < 975 Mev have been used.
The angles B and @ are defined in the text and in Figure U46; the

plots have been folded about cosf = O and ¢ = 180°.




VIII. DEUTERIUM SEARCH FOR A CHARGED.nV

The data to be preéented here have essentially already appeared
in pubiished form,28 and thus we will only summarize the arguments
and bring some of the numbers up to date.

If the isospin of the n' were 1, then'we shoula éxpecf the
negatively chafged member of the miltiplet to be broduced invthev

reaction'
K n - A .

Further, since the An' final state would be pure I = 1, and since
K'n is also a pure I = 1 state while‘K-p is an equal mixture of

IT=0and T = 1, we should expect
o(Kn-An'") = 20(Kp-An°) .

We have used our deuterium film at 2.11 and 2.65 Gev/c to search

for the reaction
K'd' > p An’~

where P, represents the épectator proton produced when the K~

interacts with the neutron within the deuteron via the impulse

approximation. Since the postulated n’— would be expected to
e -0  + -0 + - - '

decay primarily into n x n(m-onxx s Mt ¥, or all neutrals)

and 1 x"y (0"7), we should expect to find the 1'" in V-2 and -4 prong

events when the spectator has sufficient energy to be visible, and

in V-1 and -3 prong events when the spectator is not seen. We note

11k
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that, in the decays under consideration, there are always two

neutrals (nono or noy) in the final state, and thus the reactions

of concern are ’

v.K- da - pS A MM
- and K—d—>psAn+n_n-MM,
where MM repfesents two or more missing neutrals. For that fraction

" of events, amounting to 70% of the total, where the spectator is

SR T i S S

not seen, we have assigned a momentum of zero to P - Since in fact,

this momentum may have any value up to ~80 Mév/c, this means that

. our MM, x MM, and % x"n MM distributions will be more smeared out,

or.havelworse resolution, than would otherwise be. the case. We have
takeﬁ'fﬁis into éccount in estimating the mass region where our n;-
~ events should fall.
Hdw many nilevents should we expect in our combined 2.i1 and
2.65 Gev/e D, data? Using the .cross sections of Table IX for Hy,
the Lb'path‘lengths of Table I, aﬁd limiting ourselves to events
where the A decays charged and where Akiﬁﬂ < 0.5 (Geﬁ/c)e, we
should have a toté.l of 798 + 59 ' events produced (491 * 53 at
2.11 GéV/c and 307 + 27 at 2.65 Gev/c). However, there are four
corrections to be applied to this result in order to obtain the

number of n' events to be observed. First, in order to restrict

ourselves to impulse events, we have required that the mbmentum of

8 s

~ the spectator proton be = 280 Mev/c. Using the Hulthen wave func-

R

tion for the momehtum distribution of the spectator, this results

" - in our losing 10 + 1% of the events. The loss of short and escaping
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A's amounts to a loss of 4 * 1% of the events. Further, due to
screening of the neutron in the deuteron, we must introduce a

29

Glauber corfection factor ~ of 0.96 .+ 0.01l. 'And finally, we must
take account of our measuring efficiency. This infroduces a pfoblemc
since our efficiencies are different for V-1 and -2 prongs as com-
pared to Vf3 and -4 prongs,'we would haveito know the branching
fractions for one-charged-particle and three—chafged—particle decay
modes of the 1' . We cannot ascertain these numbers on the basis
of our hydrogen data, since we do not know what the ell—neutrals
and,ﬂ+n- + neutrals modes of the n'o consist of and thue do not
know what their charged counterparts, if any, would be. ( Note that
under the’essumption of Iﬂ' = i, the all-neutrals mode of n'o cannot
be nononN.) 'To get around this difficulty, we will weight our V-3
and -4 prong events with a factor so as to bring their effective
measnring efficiency doﬁn to that of the V-1 and -2 prong events.
Cmeining-the'above correction factors, we then would expect.to
observe a- total of 389 + 35 n'_ievents (253 + 32 at 2.11 Gev/c and
136 + 15 at 2.65 Gev/c). |

Figure 51 shows a plot of the n MM effective mass and 2t T MM
mass (shaded)’for the two reactions above. We show only those evenfs
with spectatcr momentum s 280 Mev/c and with NG < 0.7 (Gev/c)g.
We have raised the A? cutoff from.b.5 (Gey’/c)2 in order to take into
account our poor resolution. If the only decay modes of an n'_
were ﬂ-ﬂoﬂ and n_ﬂoy, we should have the full 389 + 35 events in
this plot, and they should all be contained within the mass region

920 to 1000 Mev. As can be seen, no such.large number of events
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Figure 51. Plot of the n MM and x n n"MM (shaded) mass spectra
from K°d - pSAn'MM and K™d - péAﬂ+ﬂ_ﬁ—MM events, respectively.

" Only events having A° < 0.7 (Gev/c)2 have been plotted. The

nn
arrow and cross-bar indicate where the Ne expected n'” events

would appear if Iﬂ' were 1.
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can be accommodated. The plot is consistent with there being no
signal present, and we may set a one standard deviation upper limit
of 15 events. Including neutral A decay and for éxg s 0.5 (Gev/c)z,
this would correspond to an averaée Kn-An'" efoss section at
2.11 and.2.65 Gev/c of o < 8 ub, where 219 t 15 pb would be expected
| for':[nv = 1.
We may.reduce the background in Figﬁre 51 by searching for a

7 x® n mode alone, for then we can restrlct ourselves. to those
P At MM events where MM 2 mn + mjro and to those P An Tt MM events
where at least one x5~ combination satisfies M%+ﬂ_ s mn. We must,
however, make an assumption as to the branching fraction for ' - n_nonf
If we take this to be the same as that for n'° - n+ﬁ_n, namely
0.4l + 0.03 then we should observe i?l + 19 events. Figure 52
shows the - result of making the cuts outlined above, sultably adgusted
to take errors into account. Agaln there is no signal in the 7’
region, and even the total backgrouhd amounts to only 17 events.

. There remains the possibility, however ﬁnlikely, that a charged
n' could haye some very heevily preferred decay mode open to it, with
the corresponding neutral mode for the n'o being prohibited,,or‘et
least greatly suppressed. This could result from the fact that the
decay of the n'o must conserve C, while there is no such selection
rule for the decay of the charged members of e meson multiplet. vFor
a strong decay, G parity conservation is equivalent to C conservation
and thus ﬁouid suppress any decay mode of an n'- which was suppressed
for n'o.v But we do_not wish to rule out the possibility of an electro-

magnetic mode for the n' which would dominate over n_noq and n_noy.
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Figure 52. Plot of those events from Figure 51 which could be
"7°n events: ~those n~MM events with MM 2 mo + mn, and those

aTn 1 "MM events where at least one xt

1~ mass combination satis-
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Thus we present in Figure 53 histograms of the mass recoiling
against the pSA system in the three reactions
- - 0 )
K'd - p An =« (or 7)
. - pSAn+n"n-

and - p A w17 or ¥) .

These £hree‘feactions complete the possibilitieé fof channels where
an 7' might be seen in conjunctibn with a A. It is clear from the
plots thatvtﬁe.389 + 35 7' events we would expect for Iﬂ' = 1 are
not present.

We conclude that; with a high degree of certainty, the isospin

of the n' is zero.

ad
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Figure 55. Plots of the mass recoiling against the psA system in

the deuterium final states (a) pSAn'no, (b) psAn+n“ﬁ’, and (c)

-’pSAﬂ+n'n'n?. Only events with A2 s 0.7 (Gev/c)? are shown.

-
The arrows and cross-bars indicate where any n'~ events would appear.




IX. . SU5 CONSIDERATIONS

Assuming that our quantum number determination for the n' is

correct, i.e.,.IGJP = O+O-, the n'.might then be considered as an

SUB singlet, which would be expected to be mixed with the n,. whose
gquantum numbers are the same. Using the masses mq, = 957 Mev,
mﬁ = 548.8 M?VJ and mg = 566.5 Mev, where mg is the mass éf the

puré octet, T =Y =0 pseudoséalar meson,25 we would then have for

the mass my of the pure singlet, I = Y = O pseudoscalar meson

: i
: 2 2 212
m = [mni +'mﬂ - m8J = 947 Mev .
The mixing angle Oﬁ " would then be .
) =
2 _2]%
a - tant E%;———ig = 10° .
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This is to be.contrasted with the much larger value Oﬁﬂw = 38° involved

2
in § - w mixing.

= that n - n' mixing, even if small,

It has been pointed out
could have a significant effect on the radiative decay modes of the

n's In particular, it would perturb the branching ratio

(ﬁ'-a wy)/(n' = py) from the value of 0.08 which it would be expected

to have if the n' were a pure SU5 singlet and‘assuming that the
electromagnetic field transforms like the Tg member.of an octet.
Unfortunately we cannot measure this ratio very accurately beéause
wy events would appear in the final state An+n—MM, where, as pointed

out earlier, the background is difficult to estimate. Further, the
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same final state contéins the nononc decay mode of the n'. Taking
the latter events into‘account %by using isotopic spin conservation
and the observed amount of n' - n+n—n), we setia one standard
deviation upper limit of (7' - wy)/(n' = py) < 0.0k.

_W¢ émphasize that this SU3 discussion is purely speculative,
since.thére is no direct experimental evidence that the n' is in
fact a member of an SU3 singlet. The situation is cqnsiderably
guddied by the existence of the’E(lheO) meson, whose preferred

‘ 1
quantum numbers are the same as those preferred for the n'.3
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