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 ABSTRACT

7 _.Structure in the f° [an SU(3) c’ompanion of

oatt

the A, | is sought in more than 5000 - p - T A

']
‘events at 7 GeV/c in a hydrogen bubble chamber.
.. The mass spectrum and the moments of the decay

‘angular distribution are studied with a resolution

of 7.8 MeV.

, The':'r:'eport of structure [1]1n the A?. meson mass distribution has
stirﬁuleted interest in the possibility of structure‘in:régions near the
other 2+_.mesons [KN(14ZO), f°:, f'] because of their relationship to the
AZ through SU(3) eymmetry. The only published'search‘ of the KN(1420)_'
mass .d_is'tributidn Has r-eported .a negative result, [2] and no results are
available' on the f'. A suggestlon of £° structure has been reported[ 3]

We report here on an experiment in which the f° is produced in |
the reaction w p - f°A' and decays into 'rr+-n- . No narrow structure is
~ -’obe’erued'ih the rna-ss distributiorr-, which is a_dequately fitted by a |
' Bre’it-;Wignerr resoua'nce 'forr‘rmla’wit‘h' a linear .backgrourid.v If a narrow
resonance'(l" « 15 MeV) centri,buted incoherentlyvto the mass spect.rurn
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in. the 1100 1400 MeV mass reglon w1th a cross section 4% as large of
the f° cross sect1on, we would have seen a 6 standard dev1at10n effect.
‘ We have also searched for structure in the decay of the f? by
plottmg the moments of the spher1ca1 harmonics in the f° - 1'r+1r-
decay as' a funct1on of rnass.' Again no narrow structure is observed.
Our exper1ment is a 700 000-picture exposure (~ 45 events/ub)
of the SLAC 82-inch hydrogen bubble chamber to an rf-separated 1r

beam*#- at 7.1 GeV /c. The f° was observed in the reaction
11'+p~‘" 11-+p1t+1rf' (65000 events). | ('_1) -

'The selection criteria for ‘th}i.s reaetion ih_av‘:ebbeen given in'a
previous l'etter [4] In partieular we are r.eport-ing only on those_.events
fo"r which the scanner reoorded t_he observation of at least one heavil&
ionizing positive track (dark track).

‘ Cood mass vresollution is critical to the.obs’ervation of any narrow
structure. We have preViOuSlY reported [ 4] the many checks we ha\.rve
' made O_f Vour mass resolution. However, we vth'ink 'it. usefuvl to shovs
again the:v'chec"k that is ‘most relevant to _'Our.fo studY';v the K® mass dis-
tributio'n‘." We have fitted our V-2 prong events of th.e'type 1r+p - K*F-pKo
to the hypothesis 1r+p - K+pw+'1t- where the K® mass and direction were
'n.ot constrained. The histogram,of; the n'n mass distribution is shown
in Fig. 1a. ' The curve repres_ents the pre’dicted mass resolution cal-
" culated when the uncertai-nti:es introducedv by multiple scattering and
‘measurement errors are propagated by our f1tt1ng programs " The
curve is centered.on the known K° mass [5] By fitting the K°mass dis--

tribution w1th the resolution as an unknown parameter, ‘we find the



HWHM of the resolution'function. to be 3. 4}'0 2 MeV, whereas 3 '5 MeV
was ekpeCted The calculated mass resolut1on (HWHM) of the £ mass
reg1on is 7. 8 MeV
S + - - Ras +
7 The mass distribution of 7 recoiling against a & [M(pw )

<1. 4 GeV] in Reactmn (1) is shown in Fig. 1b. The momentum transfer '

( pA) d15tr1but1on of the events in the f° region (1135 to 1385 MeV) is

shown in Fig. 1c. This should not be regarded as the t distribution of

A f° events, since corrections for the background and the dark-track
scann1ng selection have not been made. From measurements of ev'ents
without a dark track, we find-that if we had included all events without

a dark track in this analysis they would have contributed according to

~ the dots in Fig. 1c. By using' only dark-track events we have lost 4%

of the £°A"" region events with t, < 0.4 GeV?, and 17% with 0.4

GeVZ <t , < 1.0 GeVZ,
S tpa

‘Figure 2 shows the mass distribution in the f’ region for various
momentum-transfer regions. No obvious fine structure is observed in

o - : . L Kesk O L . .
any of these distributions. ' The curve on Fig. 2a is an s-wave Breit-

- Wigner resonance formula over a linear background.  The confidence

level of the -fit is 23%. The nurnber'of % events between 1000 and 1500

MeV is 5300, and the fitted {® mass and width are 1277+ 4 MeV and

183+ 15 MeV, 'revspectively.

If a narrow i'esonance (I’ < 15 MeV) contributed incoherently with

a cross section 4% as large as the f° cross section, it would give a

" positive contribution that would look like the dashed curve in Fig. 2a.

Such a contribution would be a 6-standard-deviation effect. From

our data alone, no useful limit can be put on a coherent, narrow

contribution without assumptions about the production'afnplitude of the
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r‘1'arr‘ow 'obj_ect. T I;hus it sh_euld'be remembered that it is not possible
to mevk»e' a defli'nite.neg'ative. cOnelueion on the existence of strucﬁlre
“from aﬂ ob”_Ser_vatbion' of len_e r.eacf:ioh at one eneféy._

A.>-Str1'1ct1;1re that is not visible in the mass distribution might manifest
itself as a rapid variation 1n the decay-angle distributions of the f°._
We heve loeked at the moments .o.f ail sph:eri-cal harmonics Y;,n (6, ¢)
with 1 < ‘4>,"where :6, ¢ are the polar and azirﬁutha‘.l‘arigles of the =
from the 0 deC_aY'in the f° rest frame, the Z a#is is the incoming ﬁ+,
~and the’ y exis is piﬁx A++». We ﬁave .s.een-no obvious strﬁeture." Some
of the distributi»(.)'n's'vare shoWn_ in if"ig. 3. The dark-track 'sca'nning
'sve-‘lectviv_oh could re'sult in slightly different moments thaﬁ if no selectioﬂ :
were made, but there: is no reason to expect that any narrow structure
would be masked by the selection. | |

In conclusion, with more than 5000 events from the reaction

1r+p - f?A++ at 7.4 GeV/c, with a mass resolution of + 7.8 MeV, no
obvious narrow structufe in the,rn'ass distribution, or the moments
as a function of mass, has been seen in the f° region.

"We thank Joseph J. Murray for his work in beam deeign and con-
structi_on‘. We gfatefully acknowledge the assistance of the staff of the |
Stanford Linear Accelerator and the 82-inch bubble chamber in obtaining

~the data for this ekperiment. We also thank the Lawrence Radiation
Laboratory Group A Scanning and Measuring Group for their-help in

da,ta reduetion.



Footnotes
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*'v,Worﬂk done nnder the ausj‘)ices“of the U S. Atornic Energy Corruni_éion.-
For a descr1pt1on of the beam- see S Flatté LRL Berkeley Group
A Physms Note No. 646, 1968 (unpubhshed)
. 'The_ indic-ati_on of a dip in the £’ mass structure reported by reference
3 was between 1230 and 1250 MeV. The etatistically insignificant -
(less than 2 s. d ) d1p in the distribution of our Fig. 2a is at 1260

 MeV. .

it a narrow resonance contributes inv a pa'rti.ally coherent way to a‘
mass spectrum, then although its amphtude may be large, 1ts effect
may be small if the average phase of the resonance with respect to
backgroundv is near - 1r/2. See; for example, 'S. M. Flatté, Phys.

Rev. D1.(1970) 1.
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F;;gure Captions
é.) . KD mass distribution f.c’:.r“V-Z prong esfentéfittéd to fhe
) feacfion. ,1r+p' —-. K+p1r+-vn-‘ withpﬁf éoﬁstfainihgith‘e K° mass
E or di_i'éction. : theb curve is .t'he"cav.lcu.lated 'ljesol‘ufibn func-
tion centered on the known K° mééé'.
b) ) .Histb‘grami.of,‘rr-l-'n_ mass ih re'act:iovn (1) for ‘é.\.rer.lts in which

“the other 7' and the proton form a AT (M(p 77) < 1.4 GeV)..

c) Momentum transfer di‘st‘r‘ibutio'n. of events in the £0 (1.135

< M(‘IT+1."Tv-) <‘ 1.385 GeV) and‘ A++‘ _regionjs.‘ The open'cirCIes
:‘;a're'an‘esti_.ma'te of what‘hafs been 'nﬁs‘sed due té a dark
ﬁroton scainnin'g selection. |
Mass plots in‘th‘e:--f-" région. A A+_+ is always re..qu.i"red. The
sblid’ curve is a fit with a Breit-Wigﬁe'r SQWave resonance
f_o-rrhuia ];1_115 a linear background. The dashed curve is our
resolﬁtion funqtibn norrhaliz'ed to 4% of fhe number vof-f° '

resonance events found in the fit.

Some moments of the decay-angle distribution in the f° region

as a function of mags. A A ¥ is always required. . The Z axis

is the incoming 1r+;_the__'3'r axis is p'inXA-H',' '(Im Y?) are

‘exa_mples of parity-Violating moments, and are thus expeCted.

to be equal to zero.
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