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. Among the general group of bzsryon regconances, tha Soei and -2

smea have been the subject of & great deal of experimental acrutiny in the

past iaw yeara, Mmch information nbout those states has been gained,

o -particnlarlv from ths analysis of bubble«chamber picturea of incident K"

mul " beams. In this paper we restrict our digcusaion to the group of

83 o2 otates {generally callad Z°) co that we may relate in detail some

relatively recont oxpar&meﬁm observations regarding these states,

We have racently exposed the 72«inch hydrogen bubble chamber to o

. K" beam of varicus momenta {n the range 2.4 to 2.7 BeV'/c:.‘l The data

'I,répox't@d heze result from analysic ef approximately 700 000 pictures of

thic expeoura with an average of 7 to 8 K” per pictura, We have
sygtem:ntié_ausv, annlyzed all reactions involving Bo+4, Sse2 éa;rticle
groups, In summary, with r'zegar'd to reaonance product&on., (a) w§ obeerve
colem produc&ozs of X (4532) oad ' (890)3 {b) we have obsarved a new
reconance of mage 48474 7 Mev which ig coupied strongly to the AK

channol, and our reculte for the Xv uytbteni in thie mass region appear to

~ be consintent with tho recont vxm.ggcatlo.n by the Parls~Saclay+Amoterdam

collaboration group of o wmmagmmm near 49335 MaV; {¢} tharo now appetizo
to be evidenco for o resonance with maos 4705 MeV coupled to both the
Aﬁ and Eg cha_uaelm {(d) our resulte ‘auﬁport_ those of prgﬁou’s ,
experiments in the aboence of the predicted re‘oomm.eo in the 1600-MeV

roglon,
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We prceea& our da:a in F&ga. i thraugh 6. Tha "’w a.nd Kc masg

' "H"Ii'.dﬁaarsbntions for elm maeticna K +9~z a”K"’ e K°, and 205 K
" are ehown in Figo, 4 through 3 respectively. In Fig. 4 we plot the A%K

mages distributions for the renctions K*+p-=A® KO KO and A’K K", ‘whem

‘evamta that fall in the ¢° HOZO) band have been removed, Since the K° and
- K® ore tndistinguishable, we have included both A®K? and A°K® mase
values in ali plots involving the A° K°K® final atam. ‘l’he date are p!otted
B soparately at incident momenta (B@V/c) of (a, e} 2.4, (b, f) 2.45 and 2.85
. combined, (e, ) 2.63 and 2,70 combined, and (¢, h) all momenta comblned,

g!n Fig. 8 we have combined data fx'om the previous four ﬁgures in & way

_ much that resonants produet!.on in the' So 2 gystem ie most apparent, The
dashed curves ars calculated phase space n@t ﬁn@ludmg any !inaznaeate o

. intea-acuono. Shaded avents are thosa ahat are aleo in ths K (890} reglon
‘ (830 to 950 MeV). Figure 6 iz construscted for the expxese purpose of

l locking for posaible electromagnetic decays of the type Yoz +ty. A
discussion of these data follows, '

7®(4532) and K*(890) Production.

In 21l e and Kw charge stateo at all momei:ta'emdied we obssrve

" eoplous production of these established resonsnces, Insomuch as the

- properties of these states are well determined {Iw4/2, .?_‘P s3/2* for

Tz’e.‘o, 1" for K”), weo defer any more discuseion to later and more dstalled

aua.lyaée.' _
(1817) Produection .
In recant papew by Smith et al.z's (Bos'keley) and Badier et al, g

4,%

(Pario-Saclay-Athsterdam) the existence of H°(4817) wac established,

The ptate io 6b§awed to decay into A° §. ae shown in Fig, 4, (¢) and (33 at
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ineldent momenss of 2,63 to 2,70 BeV/e, The cxhancement in A°K”

‘establishes the 8o o2 aea!gment. Badier et al, observe the same effect

in A°KOK® at s BeV/e, although they do not ses an enhancement fa A°K®,
- The diserapaucy may be nta&!seica!. since the Parls «Saclay~Amsterdam

roport containe only 30% a0 many A'KPK® avents (non-$ only) as the
Berizelay data of Fig. ¢ {g). The A®K decay mode establishes an isospin
assignment of one-half, The previously guoted value of the width of ;l_xe'
'etwto (260 MeV) was cvére‘ét{mased by the Ber}ke!ay group; we now arrive
st & value of rnaoa 7 Mo?. not in violans disagreement with the
?aria-&aelayoAmesexdam value of 12 & 4 Me?. !

Referring to the He maes distributions at Z. 63 to 2,70 BeV/c in
Flga, Mc). 2{e), and 3{¢}), wo obaerve broad enhaucemenw in all three
digteibutions in the mass range 54825 to 4930 MeV. The combined ‘d'au;.

arc shown in ¥Fig. 5(a}. The Berkeley 'grénp originnlly interpreted this
“\hanlmmament ac an clternate decay mode of the 1847<MeV resonance, At

" that time the X° v" data were not available, and the apward shift of the

central value of the peak from 1817 MeV plus ths broadening of the peak
wao attributed to otatistical effecto or possible intarference with the

- erosoing K°(890) band. However, with' the addéd otatistice these

possibilities now seem unlikely, A {ar move appeaxing resolution of this

{nconsistency with th@ A° K data ig provide& by the recent work of the

| FarmoSaclayuAmaterdm ga-map. ‘Thelr data at 3 BeV/c suggest the

prasence of an In{/2 resonance with mage o 1?33 & 36 MeV and full wid:h

. ®440s 35 MeV, 1t this {0 the eose, then at 2.63 to 3.10 BeV/c the Berkeley

~data would shovi the presence of the resovance severaly attenuated by phase

space above m}ﬂzs MeV. A wqgh fit to the datn of ﬁ‘ifg. 5{n) with a

J
S
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- Bééitéwignes. ré'aoamevtoxm‘ wtzh Eo ﬂ‘i%S; I =440 MoV plus phase _
- epace indicates that the shape of thé dlstribution in this reglon in consistent

‘with such a model, Therefore, we conclude that the 1847-MeV reaon@ce

" is otrongly ceupled to the A'K ehanncl, whereas the Tv enhancement may -

he entimly due to the ptemnce of & now resonance at #4933 MeV, 6
Evidence {or a 2w, AK Resonance at 170% MeV
In Figs, 4({d) and 5(b) enhancements in the vicinity of 1700 MeV are

obgzerved for the E #® and combiued AK.” (K9, AK" systems, respecuvely. |

We have combined theee plots in Fig, 5{¢) to eptimine the effect
- statistically. Alehéngh the normalization of the phase’oapac!e curve may be

subject to some slteration, we estimate the probability that &he_ enhancement

fo a statistical fluctuation to be less than 4/300, The E”r® snd AK™ modes
idontify the strangeness t\o be =2, whereas the AK mode proves the
iconpin oneshalf aaaignant; Presently the crosseection nornializgﬂm
for the T%w~ sample is usknown, thus we are unable goév to make mmﬁxe
| cémiatemy checks :;n thio {sospin aaaigmfapi. The appamét width of the
: _'enhanéemans is approxtmatqiy 43 to 20 MQV. | |
. Search for a Raoomu@:evuaar’iboﬂ MaV R |
| A unitary octet consiaging of the N J:,o( $542), yo*( 1920}, and y:" 1660)
leads to & prediction for the 2% member ata musfét 1398 MeV, 'x‘hc

calcnla.tioa of Glashow and Roemleld7 yielda 8 predictsd width of 20,6 Mev.
A number of sxparsmenzorn have {ailed to obecrvm thic state. In the data of
Figc. 4 through 4 no sﬁgniﬁca,nt enhansements nppegr around 4600 Ma¥V,

However, the small predicted Qldth of the atate auggea.ts_ that pexhé.pe it
- may deeay-dlaéitbmagnéﬁcany in thé form 2w v. ‘To snveaﬁgate thio

o ponoibmty we hnve aeleceed all events that fie zha hypotheaea E k* R

X
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and a massless particle would show up as a cluster located on the M

S WBe . "%  UCRLe16162

wxt c’; or ¥°R*e lewb or tho;*e neutral plo_aé);‘ Normally any event of
the type K'K*y would fall into one of these categories if fitted té the
same, For these ovents we have calculated from measured quantities the
aquare of the miasing maso reconing aga&nu the “"K syotem, In

Fig, 6 we have plotted thiz quantity versus the square of the invarinat mass
of the (2° ¢ miseing mans) combination, Any intsraction involving the =°
2

{neutrals) = 0 lne. We observe significant structure at M2 {neutrals) = 0

‘and M (2" + noutralo) & 4,75 (1320 MeV), corresponding to the 2K final
~ state, and at M” (noutralo) & 0,02 and MZ (X7 + neutrals) » 2,38 (1532 MeV),

cor‘reaponding to tho Em(iBSZ) K* final state, 1In  particular, there i no

evidence for any structure near M2 {neutrals) = 0 and M (2" ¢+ noutrals)

= 2,56 (_1'600 MaV), We concludo that, if the X (1600) does exlst, it is

‘being produced at a rato equal to less than < o.oz times that for = (issz).,

Wo wish to acknowledge the dulgene efforts of our scanners and-
measurers, plas the usual emouene operation of the TZ-in.ch bubble
chamber by the crew \mdm' the direction of Mr. Robert Watt, We thank

Profecsoy Luis A.lvares for h-ia continuing support.
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Analysie of the YKuy ﬁnni state by the Berkeley group {see Ref, 3)

gives a twos-standard«deviation enhancement at {837 MeV for Tem.

 However, the intensity of this effqct ls only ®25% that of A®K, The

work of the PariaoSaclay-Améterdam group agrees with thie result,
S, L. Qlashow and A, H, Rbuenﬁ'éld, Physa, Rewv, Lotters 10, 192
{1963). ' | |
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e T . mcunm LEGENDS
."Figa. 1 to '3. v "« and Ko maso diatributions !.or the reapective final states
| 2 0 K*, 2"9*K®, and Z0"K* st (a) 2.4 BeV/a, (b)2.45 and 2,55 ¢
BeV/c combined, (c) 2.63 and 2.70 BeV/c combined, and {d) ald
momenta combined, Sha;dﬁd events are in the K°(890) band, defined B
by 830 € M{Kn) € 950 MeV, ’Ihe dashed curves are calculated phasc
space without any final osza&a interactions,
Fig. 4. (a) —(d) Combined AK® and AK® mass dis'tributions for the final states
" APKORO at 2.4 BeV/e, 2,48 and 2,55 BeV/e combsned. 2,63 and
2.70 BeV/e combined, and an momenta combined, reayecuvely.
AEvenzs {n the band 1000 P M(KK) € 4040 have been removed,
(e) -(h). AK” mass distributions for the final state AKYK”® at
2.1 BeV/e, 2.45 and 2,55 BeV/c combined, 2.63 and 2.70 BeV/e o
o combined. and all momenta combined, vespectively, Zvents in the
| . band 4000 € M(KE) & 41040 have been s;camovcd..'_ 'fha &aahéd phasee=space
veurv-ea do not {aclude any finalestate 'vlnto:acﬁona.
Fig. 3(a). Zv mass didtr@buuon for ts‘u“xf. 2wt K, and E°§°K+
combined at 2;63 to a,io 'BeV/c only, {(b) Comb&md AK?, AKY, and
AKX mass distributions at all momenta with events. in the band |
1000 < M{KK) & 1040 MeV mmma; (c) Combined Z°w%, AK®, AK®, <
and AK” mase distributions at all momenta with events in the band "
4000 € M(XK) € 4040 MeV removed,

«

rls. 6. Missing masa squared {calculated from messured vaziadbles)
| versus lavariant mass squared of the {2°+ miseing maos]
N combimttbn for all avents that £t the hypothesce = K B K v°, or -

zuts (two or more missing neuzral plonse), -
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

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

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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