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‘The prodﬁotion’ angular distribution of the reaction
K p—>YI ('1660) + o around 2 6 GeV/c, measured by usmg the
(Zw) and (Zwrr)+ decay m_odes, is 1nterpreted as evidence ‘for

two .dist.irict YZ(1660) resonances.

The productlon propertles of the Y (1660) or Z(1660) d1scussed here

were stud1ed in the reactlons v

Kp > =hala™n”, . (1)
It R
- ‘ZOTT+TT—, v v‘ : ' (3)
- z*ﬁ%‘. - | | (4)

The data were obtamed from an exposure of the Berkeley 72~ 1nch hydro-

gen bubble chamber toa K~ beam from the Bevatron at momenta of 2. 58 .2.61,

and 2.70 GeV/c. The total K~ pathlength equivalent for these momenta is
12.8 evvevnts/.p.b'..” The events in reactmns (1), (2), and (4) have been welghted

to correct for biases in detevcting short-lived and small-angle decay ='s.

.The "ZO events in our sample have been'Weighted to correct for undetected

s.h(.).rt:éli\./ed /\Q's and for _/\O's that decayed outside our fiducial volume.

i ' : . I . 0 + - L0+ -0
The separation of the ¥ w7 final-state events from A 'wm v and A"n.m 7

,‘ fina! states has been described in Ref. 2.
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From reactions (1)-(4), we have arralyzed the Z(1660) production in a

' quasi-two-body reaction of the' type
Kp-xX+n, (5)

where X+ is the (Zmw) or'. (Ew)' particle combination with an overall charge of
'.+1.7, The production anglhle,“ 6%, is the ahgle. of the x* system with respect to
~ the incident proton in the overall c.m. system of reaction (5)
F1gure 1 (a, b) shows the invariant-mass distributions of the (E 'rr1r)
A particle combination for those events of reacti_ons (1) and (2) with
0.95< cos 9* <1.0 (intervai I) and 0.7 < cos‘ 6* <0.9 (interval III), respec-

tively. 4 Figure 1 (c,d) and (e, f) show resi)ectively the invariant-mass
plots of the =0t system from reaction (3)-and the Z+1T° system from
reaction (4), for the same intervals of cos éﬂ¢ as for (2, b). Pronounced en-
hancemerlts around a me,ss of 1660 Iv_IeV areose_en in F1g 1 (a,d, and .f)> [i. e,
for the (Zlmr)+ system ininterval I and for (Z+1r ) rn interva‘l.III] The con-
tribution from the Z(1660) resonance is much less ev1d(.)ent in Fig. 1 (b, ¢, and
e) [i.e., for the (Z‘IT‘IT) mode in interval III and the (= 'rr+) modes in interval
I]. Thus the =(1660) production is apparently more peripheral in the Zwm
.channel than in the = charlnel or, 'in other words, the relative branching .
ratio Tmm/ T seems to depend upon the production angle of the resonance.
Quantitative results..ha\.re been obtained by ﬁtting the X+ invariant-
‘mass distribution for various intervals in cos 6* to a vfunction of the form
p- = phase space [a + b(Breit- ngner form for the =(1660))], (6)
| where the width of the Breit- ngner term was considered as energy-

-1ndependent K1nemat1ca1 effects may cause shifts in the peak of the 2(1660)

mass d15tr1but1ons therefore we have determ1ned the mass, w1dth and

amount for each final state separately, using in ecach case a sample of events

with cos 0:': = O 5.
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The masses and widths determined in this way were then fixed and used

in subsequent'fits to smaller cos § intervals, 'All fits were made in the mass

. range of 1580 to 1800 MeV. The fits with fixed mass and width were made for

the cos @ intervals listed in Table I and the curves resulting from these fits

are ,shown_ir; Fig. 1. From the fits we have determined the differential cross

~ sections, in ub/sr, corfe5ponding to the fraction of events due to the Breit-

Wigner term. These cross sections are listed in Table L.
If 'these cross sections are due to the production of a single Z(1660)
resonance, then the results for the Znm and =m modes confirm the surprising

and striking feature mentioned above that the £(1660) relative branching ratio,

Swn/Zw varies significantly with production angle. However, the (Zow+)/(2+'rro)

relative branching ratio is consistent with unity, as expected, in all cos o

intervals,

' . ' x
In Fig, 2, the measurements from each of the two cos 6 intervals I and

III are represented by a point whose abscissa is our value of dO'/dQ for the

>(1660) resonance in the Zrm mode as obtained from reaction (3) only, 5 and.
Wi;ose ordinate is do/dQ for the ré-so_ha.nce in the =¥ 17 r" mode. On such a
plot the errors are,uncorrel'ated_a_nd approximately Gaussian. A one-standard-
deviation e_,_llipsé surrounds each of the two points. The relative bra‘nching
ratio (Z:t Tr_;~rr+)/(2-n--)JC is the slope of the line frém the origin to the plotted
point. | | |

F‘_or our resuits_in regions Ivahd_ III to be measuréméhts of the same
branching ratio wbuld ‘requ‘ir_é a statistical accident .eciuivalent to more than

a three-standard-deviation fluctuation. For comparison, we also show in

‘.Fig 2 the line for this branching ratio determined from the formation exp'eri;'-

ment of the CERN-Heidelberg-Saclay (CHS) groups. J Although our result

!
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in interval III is consistent with the CHS valuev,‘ our result in interval'l ié not,
| ‘ The variable b_ranI:hing rdatio can be explained by the presence of two
v_resci.hanéesr-one provduced at very _ldw momentum-transfers (decaying pri-
marily to Zwm) and a secdné resonance (decaying primarily to T r) also i)ro—
Aduvlced i)eripherally but at higher momentum-transfers.  The CHS data.6 would
also contain both these res_c'm.a.nce's,- but proba_.bl& mostly the latter, judging
from theii"bl;anching ratio in Fig. 2. | |
We have also exploréd the ‘p.oséibility that th.e vé.riation of our measured
branching ratio could result frofn an interference effect bétweer‘i the back-
ground7 and the Z(1660) signal. We found this explanation quantitatively
possible; however, it would require the follovﬁ_ng conditions: (a) a large
fraction ( say, 36“/0) of the background would ha\.rel to have the-same spin,
parity, and spin orientation as the =( 1660); (b) the interference would have
to be nearly the maximur_n. possible 1n both COS'G* Inte_rx}als for both the Zww
and Zw. Irnode s, -and (c) the relative phase between the réson-ahce and back-
ground would have to change by more than 150 dég in going from-interval I

to III for both the Tnw and S« modes, This explanation, involving all the se

various co_nditions, seems very unlikely to us. We therefore'conclude that
the most probable hypbfhesis 1s thé existence of two hyperon resc.)'nances.
(with isotopibc., spin 1) ¢ontributing to-our mass .enhaﬁé:ementé in the 166.0—‘MeV
region,

This hypothesis could 'also account for somé bf the Inconsistericies

among the measuréd branching ratios of the Z(1660) in ot_hér procIuctioﬁ.

9

experiments ’

--a possibility already suggested by vPr‘_im"er et al.,” who '

speculated that there might be another resonance in the 1660-MeV regibn

in additiqn to the Z(1660) and =(1690). However, with regard to the E('1690‘) :
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reported seen in the Aw rr'lode,-9 we have studied the A1r+ mass spectrum (not

: = . . - + - : o o .
shown here) in the reaction K p - An w , and we find an enhancement in the

1660-MeV mass region
with a re_lativ‘_e'branching ratio A11+/1>3i -n;-n_+ =0.4+0,13,
in cos 6 interval L This ratio disagrees significantly with the results Quotedg

for the B(1690).

The twd—E( 1660) hypothesis, in addition to explaining the significant

‘braﬁching—ra’cio variation with production angle in our data and being a pos-

sible explanation of the branching-ratio discrepancies in other production
experiments, could also account for the inconsistencies between our results

and those of the CHS formation experimenté--such as the inconsistency .

- within the Swr mode regarding the relative branching ratio of

B(1660) ~ A(1405)n/[(Em)_, + ], 10 11

With regard to the spin and parity of these two resonances, the ané.lysis
of Ref. 4, using the entire data from the same bubble chamber eprsuré used

in this work, gives a spin-parity of 3/2  for the Zum mode. Furthermore,

in the analysis of the 20"+ mode in another production experiment, Button-

Shafer conclucvifes“lZ that a sPin-parity. of 3/27 is also favored for this latter
mode, Finally, the i'esﬁlts' of the CHS formation experirﬁent also favor 3/2° |
for the Z 7 mode of the £(1660), The resu_lts, therefore, ffom these produc-
tion and formation experiments indicate that the two resonances would ha\}e
the same spin-parity, namely, 3/27.

i‘wo suqh résonaﬁces of the .sarhe‘ I-spin, spin, and parity could have

their masses and widths quite' different from each other and still interfere
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strongly with.éach'otber,'so long as theif Bfeiﬁ-wigner shapes are overlspping.'
Therefore, the masses and widths‘of #he two 2(1660)35 lisﬁed in Téble'i,vré«
sulting from our simple fit of the inx and iﬂ méss specﬁra, would not neces-
sarily représent the true unperturbed values forﬂthesé resonances;' In fact; '
any enhancémenﬁ of.spiﬂ—parity 3/2" seen in the Z(1660) regioh wouid in ﬁfin-'s‘ ' . l
ciple contain a linear”combinatioh”of two‘bssic.résonances. Fbr eXample; this‘
would be true of the objects which we obsefQéd to decay into the inn and In
final states; also the £(1690) couid be a lineér.combination of thess two basic
sresonsnces if its'spis-parity is 3/27. | |

We grstéfully acknowledge the continued'encoursgemént‘and supbort ofv
Professor Luis Alvarez and the ﬁany useful discussions with Professor,

Robert D. Tripp.. ;
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o TWork done undér auspices of the U. S. Atormic Ezie'rgy Commission,

"I'hek average .weight c?f j:he =% events in bfreactions '(1)‘and (4) is 1.40; that
of the.a‘ Zf events in ri:actionj (2) énd, the 59 even’t‘svin'r'ieact'ion'(_3)' is 1.14
and _'1.10 feSpectively. TiﬁeA ZO \yeights bcgio not include the correction for
the unseen ne.utral de»c_é,.y mode of the A. However, the‘results of the fit

in Table I do include this latter correction, -

. " D. M. Siegel (thesis), UCRL-18041, Dec. 1967 (unpublished).

.. We have combined the data of reactiohs (1) and (2), since our investigation

i .
shows that the £(1660) production characteristics are the same and the

background is small, in both reactions. The X( 1660) relative braﬂching
ratio, (E+w+n-,)/(2-w'+n+), “in our data is about 1.8 and does not appear to
change with productiqn angle_. The deviation from uni_ty of this branching
ratio is explained in Ref. 4. This phenomenon does not affect the.aﬁaly—
sis of the work presented ’he_re.‘ | | |

P. Eberhard, M. Pripstein, F. T. Shively, U. E. Kruse, and W. P.
Swanson, Phys. Rev, _i_f)_i, 1446 (1967). |

Because the pe:;k—to—backgro]un_d rétio for tvheA EOT\-+ events is consider-

ably better than that for the E+1ro events (2.3 for Zow_+ compared with

1.24 for Z‘,+Tr0 in cos 6* interwval III), we use 2 times the 20w+ mode a.é

~our measurement of the total Zw mode of production of Z(1660). This
procedure reduces the uncertainties due to possible interference with.

. background,

R. Armenteros e_t'a'l:' , Study of the ‘R.ea.c_t'ion K N - Znm between_éOO and

1200 MeV/c (preprint, Oct. 1968), submitted to Nucl. Phys. ;

R. Armenteros et al., .Paper No. 629, XIVth Internativoné.l Conterence



10,

TN

12.

The background was cons1dered to be energy 1ndependent w1th its ampli-
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on High-Energy Physics, Vienna, 28 August <5 September, 1968. A

. 'summary of most of the results from the CERN-Heidelberg-Saclay

formation experiment is giv_en"by R. D. Tripp, rapporteur's talk, 'in
. ' i : . : .

Preceedings of th’e'),;(IVth International Conference on HigheEnergy

' Physics, Vienna, 28 August -5 September, 1968 (CERN, ‘Scientific

Informatlon Service- 'Geneva 23, Switzerland), p. 173. :

L/

tude and phase allowed to vary within a g1ven productlon cos 6 1nterval.
D. O. Huwe'(thes1s), UCRL.-1'1291,' July 1964 (unpubh_shed). G.. London
et al., Phys. Rev. 143, 1034 (1966); Birmingham-Glasgow-London (I.C.)-

Oxford-Rutherford Collaboration, Phys. Rev. 152, 1148 (1966); D. J.

Crennell et al., Phys. Rev. Letters 21, 648 (1968). Further references

may be found in A. H. Roselnfeld 'et' al., Rev. Mod. Phys. 40, 77 (11968).
M. Primer et al., Phys. Rev. ‘Letters 20, 640(1968); D. C Colley

et al., Phys. Letters 24B, 489 (1967); M.. Derrick et al., Phys. Rev.

Letters 18, 266 _('1967).
. In our production exp‘er_iment,, the >(1660) decay into the Tmw system is

‘dominated by the [A(1405) 4 7] decay mode, as shown in Refs. 4 and 11,

with the presenee of a very small amount of the [(ZTr)OI:1 + 7] mode

(Ref. 4)-. In eontrast to this, the C'HS formation experiment (Ref. 6) i

| y1elds an upper limit of 0 12 for the relative. branchlng ratio A(1405) 11/217

and a measurement of 0.28 for [(Zn') =1 T ]/,

.‘P Eberhard F T Sh1vely, R ‘R. Ross D. M. S1egel J R. F1cenec

R. I. Hulsizer, D W Mortara, M Pr1pste1n, andW P Swanson,

Phys Rev Letters 14, 466(1965)

Jamce Butlton Shafer Phys. Rev. Letters 2_1, 1123 (1968).
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'.Table I. Results of fit to Z( 16(;0) pvrodiu'ct'ib'ntin Znm and Eﬁ modes,

o ' Resonance

' Amount of Z(1660) in Interval (pb/sr) . -parameters

. o ‘ o used in fit
| Mode Interv_a,li o ]‘Zpt_erva:< om Iptervai IIL ‘Mass Width
0.95<cosf <1.0 0.9<cosf <0.95 0.7<cosf <0.9 (MeV) {(MeV)

=t 57.0244 21.4%3.8  8.4x4.4 1651 70

a4 2% 75:4.6® 1352557 - 8.9%2.5% 1667 80
%t . 6.0%5.5 64244 14.4%2.7 1667° 80P

a. Includes correction for ungeen neutral decay of the AO,.
b. Values taken from fit of 07" mass spectrum.

i 5 : . . ¢
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. FIGURE CAPTIONS
" Fig. 1. Mass |plbts of the Tw and Tn systems for various production cos§
intervals. The events @n'the (Zow+)- sp.e,cv"tra have. not ‘be_e‘n weighted to
" correct for the unseen ﬁeutral decay of tHe. A in the =° decay. The
. c.urves’_ sh‘o'w"r_i are thg;_reéults from the fit described in the texi. ' e

Fig. 2. Fitted amount:, of Z{1660) prod}iction in the (Z):t TI;TT-I--) mode versus g

b3

that in the (Z-rr)+ méde, ._fovr two production cosf intervals (I, III) defined .

in the texf 'and in Ta_.blé-l.« The (dashed) ellipse-around each of the two ’
plq£ted poi;lté repreéents a .o,ne_-\s’tan‘d.ar(d-de\_}.i'a’tic;n err'our' lirﬁit on the
cross s,ecti?oné._ v'_I‘he. slope of the solid straight line from the orig.in to
each of the ‘two points is equal to the relative branching vratig : :
(Zin;ﬁ+)/(21r)+, 1n vth'e zg"es‘pecvtiv._e cos” interval. The slope of the |
‘vdashed st£aight line frbrh the origin is equal 'td the branching ratio

result from the CHS"formation_ éxpefimént (Ref. 6).

%
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: :

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

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

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