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and
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| . . :

May 1968

We have searched for isospin-2 hyperon resonances pro-
' duced in Kn 1nteract10ns at 2.11 and 2.65 GeV/c and decaying

into =~ 'rr_ or = w Tr°,

We find no evidence for any such state
‘with M € < 2300 MeV, and obtain a cross sectlon upper 11m1t

. O‘f".3)'0‘p._b, with 99%_conf1dence_ level.

Recent e#p’erimenﬁs on K+p total cyross sections (hypercharge state
Y = 2) ﬁave shown the presence of four venhancemer.its, three in the isospin
I = 1 state and one in the I = 0 state, which might be attributed to resonances.
An alterne.tive‘e.xplanation can be feund for at least the first I = 1 enhance-~
ment;z' ~however, at this time, the large (= 6 mb) bump in the I = 0 isospin
st‘a.te (at M = 1865 MeV) does not seem to have any other plausible explana-
N ‘tion. All the other established baryon resonances can be classified in einglets,

'octefs; ‘and decuplefcvs of the SU(3). symmetry scheme, but Y = 2 states would

belong to higher representations (10 for I = 0, 27 for I = 1),
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Invéstigation of the existence of othér res.onances that would belong to

such higher representa.tidns is 1‘-e1e“vant for the quark model because as it .
stands now it cannot accomﬁodate hi'gh Y olr-I states, since a five~.qué,rk | (.
structure (qqéqa) would be needed to describe such states. Hofn et al.,
: using'the fiife-qu;ark quel, obtained some selection rules which forbid the
decay mode B+P (spin-1/2 bafyon + és'eudoséalar ‘meson) for some spin-parity
'assignmenfs of high Y, I states, and they suggest ;chat B+P+P decayé should
‘also be‘i.nvesti'g!ate.d.' Only the =" I = 2 state has been investig:ated so fa..r,
“and it failed to show a'.fiy -sfructur-e at masses below M = 1800 MeV.A4 We re-
~ port -here the results of a search for I = 2, -_Y = 0, resonances decéyihg into the
Z7n" and T 7710 channels, with M < 2300 MeV. | |

- In this experiment the 72-in¢h.bubble'chamber., filled. with déuterium,
| Qas.expééed to a K’ beam'at momenta 2.41 and 2.65 GeV/c.” The reé.ctions
studied were | o |

Kd=(p) A a
Cana  Ka- ‘(p;)’z"ﬁ*n'n"’ , (@)

Wﬁefe'(ps) incl'ica;tes the :s'p'ectAa-tOr i)fotop, ' WhiCi’l Qgs nvdeasura}b‘le' in 30% of the
events, A total of 5000 events was m-'e‘aavsure‘d-on Franckenstein xﬁeasﬁri'ng
machines a‘nd'_pro_cessed_with the LRL standard programé (PKG, DST-EXAM,
' SUMX). For the event;s‘in which the spectator proton wéé not visible or was
top 'short- to be measured, it was assigned< a momentum equal to z.ero, with

appropriate errors in the x,y,z components, and then fitted as if it were mea-

«

-

sured. This method turns out to be very good for four-constraint (4-c) fits,
though it résults in a slightly worse resolution for the (1-c) fits. > Almost all
ve‘vents were checked on the sca.nning table, either to confirm the choice of the

pfograms or to resolve the ambiguity of the fit whenever necessary. Only
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about 3% of the events remained ambiguous. after this check. For the following

analysis, only events having a proton momentum Psé < 280 MeV/c were used..
- Figure 1a shows the invariant-mass-squared distribution for the =z

I | :

Z

I
z

2 final state in reaction (1); Figs. 1b and ic show the v and = 7w

1]

2 final states in reaction (2). The pl-otsv show no obvious enhancement at
any mass.' I_n order to determlne the expected shape of the mass d1str1but10ns

for the case 1n wh1ch no I= Z resonance 1s present, we have 1nvest1gated the

o effects on'these distributions ovf- known resonances that might be produced in

the reactions under stiidy. 'This investigation has been made with the aid of
a ma:lidikmum-l.ikelihoodvprogra'm,' MURTLEBERT, 6 which fits vthe events to a

frequency functmn obta1ned by 1ncoherently addlng phase space to Breit- ngner

(or Gauss1an) shaped resonances and can use as parameters the mass, width
' (M l ),.and percentage of each resonance. As a result of this method the re-
ﬂectlons of resonances on the dlfferent mass comblnatlons are properly

| t’reated. The events at the two momenta have _been fitted independently and,

with a few exception's'to:he_dis‘cus's ed later, no difference was found in the
p051t10ns 'and ,widths‘ o:f"th'e resonances at the two momenta,

Table I lists the resonance processes 'whvich, added to phase space,
give the best fit for reactions (1) and (2) at the two momenta, and the cross

sections for the two reactions. 7 Reaction (1) is dominated by productlon of

: the p meson in the 'rr+'rr final state and of the A (1 520) in the = ot flnal state.

' Reaction (2) is dominated by the product1on of the w meson and the = (1385).

In F1g 2 we show some of the mass plots, w1th curves corresponding to the
fits of Table 1. We turn now to a discussion ,of these fits.
The baryon states, A(1405 A (1518), and 2 (1385), have the expected

masses and widths within the accuracy of this experiment. However, we list
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three different valuevs of M and I" for states in the mass interval 1670 to 1705

MeV. Thére are four knowh resonances in this energy region, 8 therefore we o
possibly see the productioh of several of these states 'decaying into = ' or (
- , R " | . . /
= ntn®, The Y ° (1840) has a narrow width and might be identified with the
P 9. *

A(1860),T = 34 MeV and J. =7/27, reported by Armenteros et al.

V The distribufion of thé invarié,nf .mass squared of the three-pion final
state is shown in'I."igs. Zc and Zd The 'vr\_‘and w afe clearly produced at both
momenta., The 2.1_1-GeV/c data svh'ow an:_ 'enhanciemént at a maés of_zi-..O C;éV
(2813 jéVents)_‘ which also 'ap'p'e"alf's‘ in the -low-A2 .events in both plots. Since

i

wé cannot disvtingu.ish" bétweer{a 7 and a Y, a .povssib]‘.e explanati?én‘éf:thi.s‘ en-
hancement is thé Ty (i'ecay mode of t_hé M'. Although the mass of the n; is
960 MeV, tWo s’ystéma_tié effects pfesenj: in our data would cauvsela-n ) éignal
to appear'e;t' a higher lrn.ass. 1o In orde‘r to dg_te'rmine the number of.n"—- TTY
‘events we would exi)ect"t,o see,., we ha.vev looked' at fhe reactibn K'd-»(ps')'z-n; ,
with nﬂv N "ﬁ+‘ﬂ"— (ihcluding o-n}y the neutral 7 decays). l_Wé found, again at a
slightly high mass, 28+7 events (205 at low 42) for the z,ii-Gev/c‘ data and
18 £8 events (9‘1:4‘a't low AZ) for the Z,6S-GeV/c data'.v " The n' branching
1V'.a.ti'6511"pred.ic_'t these same numbers of events for Vn' {v"rr}'n—y. What we‘ see
agrees numerically with the @' interpre.tatic.m,' leaving no evidence for the H
meson in these data. 12 | |

As for the I = 2 f;yperon states, the curves shown in Fig. 1 represent
the expected mass dis‘tri_butio.ns corresponding to fhe_ fits reportedl in Ta,-ble L \

These fits assume that no Y, resonance is present, and include all known ' {3/

‘resonances that appear at a level = 2 standard deviations. The curves seem

to fit the data very well except for a small fluctuation in the = v ©° mass

distribution. The result of the fit for this small enhancement was (3+2)% of
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the 2.655CeV/é :dafé;‘ therefore of nov statistical significance. ‘Y’I‘his error, as
well as t_he.errbrs ‘c'1uo‘.t':ed in Table .I, | includes all the uncertainties of the multi-
paraméter fit, and therefore it is blarger thé,n that obtained by taking the statisti~
cal error on the prdjected mass >p_1‘ot., .-Fér the purpose of calculating cfo.ss—

section upper limits we have fitted the data at the two momenta together. This

reduces the errors quoted in Ta.blevI by about 30%; from these errors it fol-

lows that a three—st'a.nda-rd‘-ﬂdveviation effect corresponds to 4% of the com-

bined data. For mass above 2450 MeV only the 2.65-GeV/c data éontribute, and

-a different upper ‘limit is evaluated. As for the possibility that a narrow =z

0 resdnance might be s_pread out and thus not observed, Table I shows

+ o

~ that our resolution is very good for the analogous = vt and 2717 1® mass com-

binatibné (note, for.example, the A (1705) -» ="t a0 with a 35- MeV Width). We
quote the fbllbwihg upper limité for a Y:: |
For M <2150 MeV T < 60 MeV 0 < 20 pb,
| T <120 MeV o < 30 b,
for M <2300 MeV I'< 60 MeV 0 < 30 pb,
;‘1."_,< 12.0 MeV o < 40 pb,

witljiv 2 99% confidence level. 13
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11. " The ratio R = is R = 0.96+0.12, where» v

(m °1r° qC)B indicates the background of this decay mode under the
1r+1r-11N (A. Rittenberg, Lawrence Radiation Laboratory, private
communication).

12. At the Heidélberg Conference we had reported a 2.5—sfandard-devié,tion

effect at a mass of about 990 MeV which_wa‘s attributed to the H_rries on.

See 1. Butterworth, in Prdceediﬁgs of the Héidelbefg_lnternational

Conference on Elemenfaﬂ Particles (North-Holland Publishing Company,

Amsterdam, 1968), p. 11. However, an increase of about 35% in the
amount of data and a better understanding of the systematic mass shift
" and resolution in our data led us to the present conclusions.

. The evidence for the existence of the H meson is currently less than

t{?vo sta'ndar_d: deviations in oniy one experiment, See A. 'Barbaro-Galtieri '

rand P. deihg' in ”‘Isv'Ther.e Evidence for the H Meson ?" '(UCRL‘-182'71,‘ v

June‘19'68)vto be published in Proceedings of the Philadelphia Conference

on Meson Spectroscopy (W. A. Benjamin, Inc., New York, 1968) .

13, To check the error cal'cu;llati‘.onsl such resonances were artificially added
" to the data. The resulting fits correspond to 3.5 standard deviations

from '"'no resonance, "

v
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FIGURE LEGENDS
'Ffig.' 1 Plo't_sl of al'l"f;he pOSsiblé Iz‘ = 2 mass 'qubinatipn_s in reactions (1) and
v (2) The .two rﬁomenta have been combined in these plovt.s in order to
"incréase.étatistics. (a) MZ(Z-TT_) .for reaétion (1); () MZ('E;'TT—) for
reaction (2). (c)" MZ(E_Tr-'n-_?) for reaction (2). The curves correspond
to fche best fits éf"Table I, whichdo not need vany resonance in the I = 2
éy_s'fe.fn. | | .
Fig. 2. (a-b) The.r'ria_ss s‘quaredbdistributions of the 2-w+ syétem for reaction (1).
(c.-d) The mass 'Squared diétributiqn_of the three piéhs ‘in reaction (2); A
- dashed histograms. refer to'evénts with low momentum transfer to the
z7, at<.6 GeVZ/C.Z‘. “The curves corfés‘pond t§ the best fit reported in

Table I .



e

- -10-

UCRL-18237

‘Table I. Best f1t to the dat.a.of reactions (1) a_ﬁd (2).
. ‘ A
" Description of model 2.1 Gev/c 2.7 GeV/c
Reaction (1) Kn— Z-'n+'rr,- 876 events 605 evenfs ¢
Process M, I"(MeV) % - ' %'
K'n -y 0 1405,35 6.7+1.3 10.8 1.7
1518 18 24.344.9 18.942.2
1675,55 10.4£2.0 8.842.0
i 1840,35 2.541.3 7.0£1.8
Kn—=Z5° 760,120 35.9+3.4 2.8+3.4
.- _ atotv for reactmn (1) (p.b) '545_:1:70» 370 +£50
| Reactlon (2) K'n-Z- 'n‘*'n 1r° 775 e.vent_s‘. 892 events.
Process M, T (MeV) ) % v' % |
K'n Y 0n nf 1410,30 14%2.0 6.3+1.6
| '4520,20 4.1 +1.6 5.6+1.5
| 1675,35 .. 3.9s16
Kn+Y nin 1390,45 | 10.6%2.4 5.0£1.8
Kn' =Y °n ©1705,35° 3.6%1.5 2.4 %1.0
' 2190,60 3.2£1.8
®K'n ~Z7q .'548,40: " 2.6 50.7_.' 2.2£0.6
, a_'K"n ~T 783,40 27.4%2.3  14,5%4.5
%K n = X" q! 960,60 3.6£4.7 3.1£1.6 )
o-tot | for'reaction (2) (p.b) 480i6'2' 550&:72 (\
; v

- for the three meson states.

a. See footnotes 4 and 10 for a d1scu351on of the resolution and mass shifts

For the wat 2.11 GeV/c we have used M = 789 MeV

and T = 80 MeV. For the 7' we have used (1000,50) and (985,70) at 2.11 GeV/c

and 2,65 GeV/c respectively (at 2.11 GeV/c the ' is at the edge of phase space

and thus 1|~equires a smaller width).
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