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ABSTRACT 

UCRL-11137 

A search has b'een made for a doubly charged E '11 resonance produced 
~ 

in KN interactions. Data in hydrogen with incident K- momentum of t.Si and 

1.70 BeV/c and.in deuterium with a K. momentum of 1.49 BeV/c show no 

evidence· for any T a:l. re~onance below a mass o£ 1900 MeV • 
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All these final states are complicated an4 hard to analyze• Bumps 
. •. . . . . ·. ~ :t: . . 

were-indeed observed in the mass spectra of· E 11' : however, we interpret 
. ' .. . . . . . . . 

. - them as th~ result of knoWn y 0,,1 -~esonances_ ~nd explain our data fairly. .. 

simply without requiring any T ~ Z rei!Jonance. 
'• ,-"; ',: 

II.·. EXPERIMENTAL METHOD 

For this experiment we used film of the 72.-inch Bubble Chamber . ':"., . 

exposed. between September 1961. and June 196Z to incide.nt t--- to 2.-BeV /c. 
. . 5 . . . ' 

K• mesons from the Bevatron. · The momentum spread at each setting is 

typically :t: 3o/o., Details of the. exposure ·ar·e given ~n Table I. The path length 

in. hydro·gen was obtained by counting (a) T decays and (b) the total number of . · 
•. . . ·. . . . . . . . 6 . il . . ; 
inieractions. and normalizing to the known total cross sections. Results':from · 

the two methods agree~ to within tO% at all momenta. In· deuterium the p~th 

· length was obtained by finding the number of 3-prong events that fit the 
• • f'l • ' •. ' '1 ,· 

kinematics of a T decay and by checking the ionization Of these e~ents on the 

scanning table. 

In hydrogen the interactions. of interest appeared in the chamber as 

. events with four outgoing prongs in which one prong showed a ''kink 11• To 

: make the scanning as uniform as possible, the ·event was accepted if the kink 

··: 

·i. 

.. I 

was more than Zmm from the vertex on the scanning table, whose magnification.·· j .. 

with respect to the bubble chamber is Z/3 • 

. in addition,· in the 1.70~-BeV /c film all 4-prongs found during scanning were 

examined very c#.:1efully in all three .views for kinks. In this way some 
/~~,. . . . 

a·purious events· Were rejected and a_?ditional events found,. In deuterium the 

acceptable .event types, wer~ four or three outgoing prongs with . a kink. : ·The 
' ., . . 

...... tc. 

. I '·, •• 'I .. • ... 
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event was classified as a "3-prong" i£ the spectator proton was less than 

tmm long on the scanning table and was thus unmeasurable. Again the 3-

and 4-prong events were reexamined for kinks. In this way we obtained a 

sample of events in deuterium and at 1. 70 BeV /c in hydrogen, in which we 

consider the scanning efficiency to be 100o/o. The &canning efficiency at 

i.Si BeV /c in hydrogen is estimated to be 9Z * io/o. The number of events 

found is shown in Table I •. In deuterium about 60% of the events have three 

prongs. 

After scanning, the events were measured on a Franckenstein mea-

suring projector and processed through the PANAL, PACKAGE, EXAMIN, 
7 . 

and SUMMEX programs. All constrained kinematic fits were attempted 

in PACKAGE. The 4-prong events in hydrogen are subject to four equations 

of constraint at the production vertex, and can be unambiguously identified. 

However, if the spectator proton in deuterium is unmeasurable, the fit has 
only one constraint, and. if .one further variable is unmeas.urable,, the event 

cannot be fitted~ The 3 .. prong events we:·re:arb'ittar.ily accepted i£x Z was 'leas'· 
·, 

than 10 and the proton momentum was less than ZZO MeV /c. 
t 

III. RESULTS 

A. I: 3n Events in Hydrogen at 1.51 BeV /c 

Mass histograms of the l:n ·systems in reactions (1) and (Z) are shown 

in Fig. 1. · In the :r 3 s: 0 distributions each event appears twice. because two 

possible pions can be paired with the 1::. It is clear that the reactions are 

* * dominated by the production of Y0(1405) and Y0(1SZO)~ As a first attempt at 

explaining the data, we simply assume that each event will exhibit either a 

···}· 

? t. 
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Y~(1405) or Y~(15ZO) production. From the (I:n)0 mass distributions, we 

estimate that the observed ratio is about 3:1, with no background events. Of 

* course, of all the Y0 (1SZO) events produced, only Z/3 of 55o/o decay via 
:t::t:S a(. ·. . 

l:: n , so t~t the total Y
0

(15ZO) production is comparable with the total_ 

Y~(i405) production. Curves of the e~pecte"d distributions were calculated 

by us.ing the I-14 progr~m. 9 The soUd curve shows the expected distribution 
. ' 

* . I i£ a Y 0 (1405) with.a width ( r) of 50 MeV is prod~ced in 3 .4 of the observed 
* . . . 

events, and in· 1/4 a Y
0

(1SZO) with a•width (r) of ZO MeV is pr_oduced. This 

v 

gives a tolerable fit to the data for T 3 = 0. However, in the T 3 = ·• Z distribution·· 

the· fit is poor, and in partic.ular the deviations of_ the observations from the 

predicted distribution i& different in the different charge. states. In the ~+ 11 + 

state there .is an excess of 40 to 50 events at about 1450 MeV, whereaa the 

excess is at about 1530 MeV in the E·n· distribution. To explain this efiect 

we looked for other resonances in the final state. 

A plot of the nn and. 3Tr mass distributions showed no 1 'b~ps 11• 

Figure z::sbowe ·the mass distributions for ~nn. In the ~+11+w· and 

II 

,) 

- + -~ n 11 distributions, each event occurs twice. Again the distribution predicted. 
I ~ 

by our previous assumption is shown as a solid curve. It can be seen th&t 
. 

in the T 3 = -1 distributio~s, agreement is quite good, whereas in the 

T 3 r: + 1 ·states ·there is a pronounced excess of events at 1660 MeV, showing 

. *+ 10 the production of Y 
1 

(1660) and its subsequent 3-body d~cay •. We estimate 

. + + -that the number of these events is 145 for the E 11 11 . decay mode,. and 73 £or 

~-11+1f+, showing a branching ratio of Z:t. Note that charged Y
101 

decay into 

I:111r need not give 1:1 even in the absence of background • 

. We no~ investigate the effect of these Z18 y;+ events on the l;1r mal& 

• I' 

. . ~ 
distributions. The three possible modes of decay of the Y 1 (1660) to ~ve. 

I:.+ 1t + 11 are 

(a) 

(b) 

. . . . . 
Y 1 (1660) -1: + 11 + 1T, according to 3-body phaae ,space 

;' • • • Y1(1660)-Y0 (t405)'+11.. •. 

~ .. . 

!I 
•j 
j 

I • D + 1T (tOO%) ~--· .•·-' . . I 
~-·:· '•' oo -· •• -.....-- •• ~--·----.--· --·--··- ·- ,. ____ ...J..._,H ____ 0---.--
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and 

. * * (c) Y 1 (1660) - Y 1 (1385) + 'IT 

· . · L E + 'IT (4=4o/o) 

or A·+ 11 (96o/o) • 

Firat· we want to· show that channel (c) does not make an appreciable contribution 

* to · Eww ('1'1) final states. The total decay of , Y 1 (1660) into the .. : .~ .: ; . .:.., ~~:t 

.t\1f+TI'O mode is about 400 events at this incident momentum. 10• 11 It is not 
. ., * 

poasf~le to determine how many of th~se Y 1 (i660) events decayed via the 

sequence (c). However, even i£ they all decay that way, .the subsequent 

· Y~(1385)- 'JJw/Aw ratio is so sm.all that the total. contribution to the 'l: channel 
. il 13 

is only about 16 events. • 
I 

• ~ • ' 1 . . : l 
· Possibilities (a.) and (b) remain.· The relevant kinematics are sho:wn 

in Table II. Consider the sequence o£ events 

.. * 66 - * . K : ~ - Y 1 (~ 0) + n 1 • The Y 1 then decays 1n one of t~o ways: 

* . ·' 
(a) Y 1 (1.660) - ~ + 112. + n3 : PI: < 3Z8 MeV /c .._, 

* * . . . * ' 
(b) Y 1 (1660)- Y0 (1405) + nz.;. P decay = 196 MeV /c in thE) Y 

1 
(1660) frame 

I .. ·. . j . , 
· · . - E·+ 'IT 3; P decay= 144 MeV /c in.the Y~(1405) frame. 
* ' . . < •• 

Since the Y 1 (1660) is pro~uced in a two ... body reaction, the· ·energr· o( pion 1 will be 

. strongly peaked, the width of the distribution being the width of.the Y7 combined. ~ . . 
' with that of the incident K momentum distribution. In addition,. since the l: 

,. 
I 

is mo~ing very slo~ly, the ~nvariant mass o! the ~1T 1 combinat~?~.._will also be 
' : 

strongly peaked because the motion of the E will hardly sme~~ t~e distribution. 
i 

The central value o! this enhancement will vary with the incident .. K- momentum, 
. ' ,, 

' I 

but its central value. and shape for a particular K- momentum ar,e almost in· 
. , ' ,, . , . . I 

* dependent o! tho decay mode o£ the Y 1 (_1660)~ The central value i~. 1540 MeV 

for a.~ incident K- .m~mentum of 1 .• 51 MeV /c. The distributions o~ M(~wz) 
* ,. and .M(ETI3) of course depend upon the decay m:ode o,£ the Y 
1 

(1660). \ If the 
. . . . . . . . ' I 

decay follows phase space. 1Tz and ,..3 are indistinguishable, and b~th M(Ew) 

I 
i 

'i 

' 
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distributions peak at about 1430 MeV. For the case oi Y:(1660)- ~~ 

(1405) + n2, the 1t.Z will have a total energy o£ about .Z40 MeV. Since again 

. the _slowness of the . E minimizes smearing, the M(E'IT.z) distribution will be 

... . peaked at about 1440 MeV, with a width of about 100 MeV. The M(E1Y3) 
. '.. * 

distribution will o~ course be that of the Y0(1405). 

We next consider which charge states will exhibit the e££ecta d~scribed. 
* . . 

Since th~ Y 1 (1660) is produced onl~ in the positive charge state, "'t must be 

* . negative. Also for decay mode (b), n.Z must be positive, since Y0 is neutral. 

The charge states where enhancements are possible are shown in Table II. 

For the T = ~ channels, an enhancement should appear at 1540 MeV for 
t ! • • ·•·•.• •. 

E·,.- but not :E+n+, and at 1430 MeV for, ~+n+ but not l:-1t-. The expected 

+ + .!. 
enhancements for l:·n· and E 11 are shown in Fig. 1, each normaUze.d to 

•+ . . 
~he observed n~mber of Y 1 ~1660)~ The excess events observed in the 

E+ n + and l:-1t .. distributions agree in general with the predictions. The . ' .. 
dotted· curves s.how the expe'cted T 3 = :t:Z distributi~ns when Y;(1660) 

production and decay via Y~(1405) iS included. The ratio 6-f Y~(t405) to 

* * . . .,• 
~.,,..;,.,,,,_:. Y.

0
(1SZO) to ~ 

1 
(1660) observed via ~n decay modes is 7:3:2. The modification• 

to the T 3 = 0. distributions are small and are not shown. One can see that, in , 

general,. agreement withthe observed data is. surprisingly good considering the 

simplicity of the model. Further, no T = Z resonance is required to describe 

. the data. 

No .branching ratio can be g_iven for the decay of Y;(1660) into the two 

modes considered because M(~n) distributions for the two cases ar.a similar 
. . 

and also because of the large number of background. events, many of which show 
.• + ' 

the production of Y0(i405). The displacement of the E 11- peak at 1405 ~d 

- +· the broadening of the l: n peak is .not understood, but is prob~bly d~e to 

interference effects. 

,) 

~ ~; . . , 
·i 
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B. I:3n Events in Hydrogen at 1. 70 Be VIc 

The mass histograms for l:Tr and l;TrTr in reactions (1) and (Z) are 

shown in Figs. 3 and 4; Unfortunately, there are far less data at this momentum. 

These histograms show the same general features as at 1.51 BsV /c. Again the 

. • * interaction is dominated by the production of Y0 (1405) and Y0(15ZO). The solid 
. • * . 

curve shows the production and ~n decay o( Y0(t405) and Y 0 (15ZO) in the rat~o 
. . . •+ . 

3:1. The M(~nn) distributions again show the production of Y 1 (1660)--about 
.,· 

ZO events in both T 3 = +1 channels and no effect in the T 3 = -: 1 channel. The 

enhancement these events produce in the M(~n) distribution~ for T 3 = :t: Z is 

shown in. Fig. 3 •. · These cent.er a.t 1440 MeV again for. :E+ 11' + and 1630 MeV. 

for ~-, •• It can be seen that the general shape o£ the distributions can be 
. . 

. • 1(1 • * : 
explained by our simple mo~el in which Y0(1405); Y0(15ZO), ~nd Y 1 (166~) 

productions and l:Tr decays are .observed in the ratio of about S:Z: 1. Again, 

no resonance in the T = Z channel is required to explain the data~· 
... 

C. ~ Z.n Events in Deuterium at 1.49 BeV Lc · 

As already mentioned, the two reactions studied in deuterium were 

K .. + (n)- l:"' + 'Jf .. + ,+ (+p) 
(p) 

to study the ~-n .. system,. and £or comparison, 

.. + - -K +(n)-l: +'If +n (+p). 
(p) 

(3) 
' 

(4) 

The events o£ interest are those in which a I: and two pions are produced by 
. . 

.: ......... 

the interaction of the K- with the ~eutron of.the deuteron; the proton is merely a 

spectator. All 4-prong and 3-prong events that showed a kink in one track were 
' . 

analyzed, but only those peripheral events with a recoil proton momentum leas 
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than 22.0 MeV /c. were considered !or the above reactions. A plot of the recoil 

momentum is a fairly good fit to the Hulth~n distribution up to ·2.2.0 MeV /c, 

although there are too many events at momentum greater than tOO MeV /c. ., 
·However, a study of these events shows that the error io large and the visible . 
. , . . . . . . .u~-, J- ' !! 
range o£ the proton is always _c·onaistent with a lower momentum than that 

calculated. We therefore consider that all th0 selected events are examples 
. ' . 

of reactions (3) and (4), and tb.."lt the impulse model is a. good approximation at 

this incident K. momentwn. · 

!I 
t/ 

'I 

The Dalit; plots for these reactions are shown in bl.g. 5, and the projected· . . . 
• • 

histogra~s in Fig. 6. It can be seen that the production o£ Y 0 (1405) an~ 

* . Y
0

(152.0) d~minates this reaction also, and there appear:; to be some ~eut,ral 
' . ' • Y 1 (1660) events. However we shall now show that there is no unexplained 

peaking in the T =- 2. Eti' states. 
3 . . 

In an attempt to parameterize these data, we assumed that resonance~ 
' . 

would be produced at 1405, 1520, 1660, and 1815 MeV, 14 and that there would 

also be background events. Our data appear to agree with the quoted widths 
I • . . :. 

(r) o£ 50, 50, and 12.0 MeV for Y (1405), (1660), and (1815), respectively. 

. * 
However they indicate a width o! at l~ast: _30 MeV !or Y 

0
(1520), and this value 

was used in the. !it. No attempt was made to divide the (1815) resonance into 
' . 14 

two.peaks at 1765 and 1815 MeV, since any enhancement in this region is. . 
·t.:: .. :~~d~'·t~f •• ,, .... ,,•·•,·•!·':... 

,. 
obviously small and is consistent with zero. Even with !our resonances o£ fixed 

width and some ba<::kgr.ound, events, it is impossible to obtain a good fit to the data~ 

Further. it is clear from the Dalitz plots and histograms that there are 'large: 

interference effects in the final state -because:. 

,..._.,..__ ___ _ 

, 
,., 
~ . ' . 

-. ··-- ___ .. _ ~ .. - -- -- .... _ . ----------·-·- ------

'-4 



UCR.L·iH.37 

a. There is a paucity. of events between the 140~- and iSZO-MeV 

- + peaks in the ~ "' state~ 

b~ The width of the i5ZO-MeV (I' = 30) peak is broader than that found 

by other authors; i.e., ·\':'•::' f',.:l I' = .16 Mey. 8• 14 This di~crepancy is · · 
. . + . . ,. . . · ... '.. . .... ! 

particularly pronounced in the E ;r• st~te and is too great to be entirely 

explained by the resolution, whlch ie found to be about ~7 MeV'for.both ~+ 

and E.. events. 
' • • • • ' •• < + . 

c. The branching ratios of the T = 0 resonances into . l: 'IT· and . 

l:-'11.4- . are not unity, which is the value expected for non inte~fering T = 0 

or· T = 1. resonances. ; 

No attempt was made to least-squares fit .the data, because the model 
. I . 

. . . . 'I . 

.. ' 

used is obviously over-simplified, and there are many parameters that can be 
' ' 

varied and rather few data. The solid curve shown in Fig. 6 ia a typical 

·calculated curve for no interference in the final stel:te. The fit is poor; however, 

the general characteristics are correct, the dev!ations are presumably due to 
. . 

' ' . . •' 

interference effects. No T = Z resonance is apparent in the l:·'IT- mass spectrum. 
. . . . . * 

The ratios fo
1
r the observed production and decay via the l:'IT mode of Y 0(1405): 

JCt . . * * ' . . 
Y 0(1520): Y 1 (1660): Y 

0 
(1815): background is about 6 : 7 : 4 : Z : 10. 

Some ind~cation of the severity of the interference effects can be obtained 
' . + - - + . . 

from the branching ratios (~ 'IT /!:. n ) for the resonances since these ahould be 

unity if. there is no interference. After corrections have been applied (se.e next 
. . . . . . • * 

section), .this ratio is z.o:o.6 and 0.7:t:O.Z for Y0(t405) and Y
0

(15ZO), 
JCt < * . . . ' 

respectively., The .branching ratios for Y 1(1660) and Y0 (18t5) are unity within 

the errors. 

An interesting comparison can be made between our data and that of. 

Caltie~i et al. 14 . They investigated ~he reaction K .. + d- K. + p + n· (+ p), 

· where the interaction takes place on the neutron. and the proton is a spectator. 

The number of events can be compared.directly to obt~i.n the branching ratios .. 
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of the resonan.ces into the l:w and 'R'N channels, because the two experimento 

uaed the same film sample. 'l'he data are shown in Table Ill. The branching 

ratios are in fair agreement" with values !rom other experiments. Namely; 

£or Y
101

(15ZO) a value of 1.67 r:t:O.Z was obtained by Fel"ro-Luzzi et al. 8 For 
. <- . . 
Y 1 (1660), K~/I:tJ branching ratios already reported are poorly known and 

.. 
. . 10 15 16 
. somewhat contradictory; they are < t/6, 0. 7 :t0.35, · and 0.5 :t~O.ZS. . ... 

Inverting our value in Table III we find 0.14=0o14, which. tends to puli down the 
. . ' . . 

.most Ukely estimate. As for · '£n{KN branching ratios in the Y (1815) peak 
17 . . 

or peaks, Wohl · quotes ~& 6o/o, baaed on data obtained in the. K .. p reaction 

between 1.0 and isiS BeV /c. Our results. (Z3 :t: 25 or 31 :t33o/o) are consistent. 

For good values, we will have to await resolution of the problem of how many 
. 14 . '· ·ll 

resonances ar~ present. · 1, 

. D. Cross Sections: 

· The number o£ fitted ·events was corrected to take account o£ the mis • 

measured events and losses due to unobserved I: decays. All events found .: 

were measu~ed once if practical, and all events, that failed ( =. 30o/o) were 
. . 

remeasured.' By looking at the distribution of these remeasured event's, we 

can estimate: :the. number of events that would probably have fitt.ed the 

''interesting" hypotheses had we continued remeasuring. 

For the hydrogen events, the I: lifetime and I:-decay angular 

distril~utions were plotted. .From these we calculated and corrected lor the 
. . . . ·. . + 

number of .l: decays that would not ·have been observed •. The loss for ~ 
. . 

is obviously greater than for ~- beca.U;Se of the small angles of the protonic 

decay and the shorter length of the _l;. ~ Corrections at 1. 7 .B~V were difficult 

to estimate because of poor statisti~s~. , :t'he total correction was. estimated 

,, , . 

-...:. t ~p ...... ~----4·- ----------
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.. as about 42o/o for I:+ and 1211/o for E - at both incident momenta. A correction 

of So/o lo'r scanning inefficiency was applied to the 1.5-BeV /c. data • 
. f ' '· 

It was impossible to estimate accurate corrections for the deuterium 

events becaus.e (a) the many unfittable background events made it hard for us 

to estimate a correction for badly measured events and (b) we. could not calculate 

the correction for unobserve.d I: events very well because of poor statiotics • 
', 

Since we feel that neither o£ these correc;tions should be very much different · 

in deuterium than in hydrogen, we have assumed that the hydrogen corrections 

are adequate for our deuterium data·. In addition, a correction of 3o/o was 

. ~ade for proton r_ecoils with momentum greater than 220 MeV,/ c~ 

• · · The cross sections obtained are shown in Table IV; ·the errors reflect 
·l 

statistics, ·the systematic errors discussed, and uncertainty in estimating the' 
,' 

K- pathlength (see Table I).· 

IV.. CONCLUSION 
.. 

An attempt has been made to find a %:11 resonance with T = 2. Even 

though all the final states which are 'produced by K~N interactions and which con• 
. I . 

~ain a doubl·{ charged I:w state are e~remely complicated, a relatively simple 

j .,., ... •· "~odel not requiring a T ~ 2 resonan~e ~appears t~ :~x~lain ~': the. a..v~labl~ ·d~t~~ 

' I ~ '. ' 

· .... . ' .. ~ .. 
'· .. 

' .;· 
( •· {•. 

. I 
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Table 1. Path length and number of events. 

=====================···-···--····· 
· ... Momentu..-n . · · C. m. ::_ Target · · Path length .. · 

(events / JJ.b) · · 
No. of 
observed 

events 
E·t..:' :2 .. :£ .. 

No. of events . I .· 

fitting Reaction 
i and Z ~%' ~ or 3 
:D ·• 1:+ ·:::: ~ :ct· :E· 

... . , _. 

. ; ' \ ~ 

•; 

·· . (BeV /c) 

IJ .. 1.51 

1. 70 

1.49 

energy 
·(MeV) 

2.025 

.Z110 

2.015 

·.a. Reactions 1 and 2.. · 

-· b.Reacti~ns 3 and 4. · 

·Hydrogen 

Hydrogen 

Deuterium 

5.2:l:0.4' 816 '749 676a 544a 

,, 1~ i:t:0.1 2.61 .. 2.09 Z01a 149a. 

0.5::~:0.03 . 739+ i013f'' 2.65b 308b 

. I 

i! 
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·.··.·· :.·,·=· ============:::::=:============= 
·._ 
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.· ' ~ ... 
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*+ Table II. Kinematics of Y 
1 

('1660) production and decay 

Reaction En Possible l:n combinations Central values 
com bin-

ation 

YIOI+ ·l:+ + .. *+ E .. +n+ . 
y Ill 1f 1 51 BeV/c &• 70 BeV /c :~ 1= 1T11 1 (B*=ZOZS MeV) (E =2HO MeV) 

Y~(1660) l;:f:. - ·+- E·n· 1540 1630 '1f ~ n .. 
1 

production 

Decay I:n2 f l:+" + E"'n+ 1430 1430 
mode(a) or 

- I:n 3 l ,;+ n· 

Decay y;d: + I:+n+ I:·n+ 1440 !! 1440 '"z mode(b). 
:f: T I:+.n· I:"'n + 

I 

• ~ 1f3 1405 1405 

·' ' 
... · 

.. 
~: 

.. 
'. 

. . '' 

t 
- ---~--.. -.-··-~--·----~----
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Table. III~ Branching ratio (l;n,/KN) for decay o£ variouG y*•·s produced 

. in 1(' d reactions •. The errors here represent crude (rather 

than statistical) estimates • ... 

. :: .. , 

=========================·;·' . -. - · .. 4: - + , .. ,·,.'; . , ~ + n -E . +'IT , + tr . : 

Resonance · Corrected 
. · No. o£ 
,;+n-+:E·TI+ 

Total !:n 
channels 

Corrected Total KN ~· ,;n,IRN 
No. o£ channels 
K•p 

,_ .. ' ' •'' 

.i ,. _,:·1· :.-. 
'· : f 

• ... ,•:1 \' 

----------------------~----------~--------~~------------------~~ 
" . 

: :. , . .I_.)' .·· .. -~.' * ' 
. Y0(1405). "' 303:1:60 .... 

·' 
.,·; . 

,. 

'~58=68 . 150:1:30 300=60· 1. Z±O. 3 "-i 

.· IQI' . · ... · .. 

., . y 1 (1660)' .. ' . .'i39:t:30 10:11:10 l0%ZO 7.0.:7.5 
.. 

·· .· ·•• · [Y~uai.s1 ·· .. · 
,.< L + Y;(1765) 

,J, •• : 

:·30:t:30 . · .· 4s:f.:45a 

lO::t:30b 

• .. · · o Z3:£:0 zsa · · · 
• • l! ' 

: i9z':i:-4o · · · · ·' ·o.3t:t:0.33}) · :; ·~ ·' ·. 

. . . . . 

. -.. '. 

. - .. ~ ... 
':.,· 

. .... 

. ~ ... a: , . , . . . , ·: 
· .. Assuming all the resonance is in a T = 0 . state. 

e,: 

• \ l I • ' ' j,' ' ~ . . . 

. bAssuming. all th~ .r.es~nanc,e iG in a. T =.}:. ~ta.te •. , .. , . 

. \.· ·.: . . · 

; . 

. .. · 
. ,:'·· 

i 
•. : .· ,· .. 

'· .... ·····. '·,. ·-.· ... 
. . :.,. . ~- ·~ .. 

--~. 
,> •. '; 

-:· •' 

..•. 
.- .... · . 

. ,.· 
.. ~: .. 

{· 

' . ;.· 

., ·.··. 

'· .•. 1.·. ,· 
. .. 

•• ·! ~ 

I ' ' ' . • ~ ,\ '! 

. ; : . . 

:,· . 
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Table··IV. Cross sections 

==========================================· . 
HydrogenlReactions 1_(1) and (Z)] 

1.51 BeV /c 

l:+ ~----
Number of 6 76~i:.Z7 544:bZ3 
fitted eventa 

co:r:i~·cte'ci·: . t 130:1:57 745~~:45 
No."of~verita· 

a (~b) ZZO:t:ZO 145:U5 

t. 70_J}eV ~~-

I:+ ~-

20 U:14 i49:UZ 

3ZO:t:Z4 194:t:17 

. Z90 :t:34 176:tZZ 

Dl!uterium[Reactions (3) and (4>1, .. ,,
1 

I I 

'·r 1.49 BeV/c :, i; I ' I 1/ I ·.:.•.',! 

E+ I: •. 

265:t:16 308:1:18 

4SS~i:.4Z . 505:t:5Z 

970:t:i10 10ZO:t:120 

I • ' • ~~ .'• ·~ -

I ' 
I' r'_, 

: < 

================::::;:========·: 

. ~. 

. ' 

' ,, 

....... - '. ' 

. ! . i'_, :· 

--·-,---- .... 

... 

I ' \. ··:t 
I . . 
I 
I '~ 

'· \ 

.... c 

----. _.· ... .::.1: -· ... -··-·- .. ··-----



•',1 . 

" 

UCRL-11137 

FIGURE LEGENDS 

l:"ig •. 1. Mass plots of l:n systems in reactions 1 and 2 at 1.51 BeV / c 

incident K- momentum (invariant mass of 2025 MeV). Calculated: 
. . . 

distribution when 3/4 of the events· exhibit a Y 0(1405) and 1/4 a 

* . ~ -Y ( 1520), - - enhancements expected for M(E n 
1
) from events 

0 + 
with Y: (1660) production, ........ enhancements expected for 

~ + . *+ 
M(~ n2) from events with Y,i · (1660) production and decay via 

* . . *~ Y
0

(i405) (mode b), -- .......... enhancements expected £or M(E n3) from 
*+ * . 

events with Y 1 (1660) production and decay via Y0 (1405) (mode b)~ 

::b 
- ••• enhancements expected for M(I: n 2 or 3) from event& with 

*+ . 
Y 

1 
(1660) production and decay via phase spa.-ce(mode a), and 

I 
:· ·.' ..... ···:··, 

. + + - ---:-- Total distribution for M('E 11" ) and M(E n ) where 
I!. 

Y: (1660) production and decay via mode b are included. 

· Fig. 2. Mass plots for l::1T11 systems in reactions (1) and. (i) at 1.51 BeV /c. 

The solid line indicates the distribution when 3/4 of the events· exhibit 

.• * 
· Y 0(1405), and 1/4 ~0 (1520). 

Fig. 3. Ma~s plots of l:11 sy.stems in reactions (1) and (Z) at 1. 70-BeV /c 

incident K- momentum (invariant mass is 2110 MeV). Distribution 

if 3/4. events exhlbit Y~(1405) and 1/4 Y~(i5ZO), -- enhancement 

++ ~ expected in M(l: n ) £rom the production of lO Y 1 ( t660) and decay via 

mo~e b, and-. - enhancement expected in M(~-Tr-) from the 
. *+ 

production of ZO Y 1 (1660) and decay via mode b) •. 

Fig.,. 4. Mass p~ots, o£ I:nn systems in reactions (1) and (2) at 1 •. 70-.BeV /c 
\ . 

incident K- momentum.. The solid line indicates the. distribution as 

in Fig. 3, curve A.., 
... 

~ ~ ·. 

\ 
\ 

'~ . 

~··· ' 
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Fig.· 5. Dalitz plots o! (a) I:"'n·n+ events in reaction (3), and 

(b) l;+n·n"' events in reaction (4). 

UCRL~11137 

Fig. 6. · Mass distributions of :En and nn systems in reactions (3) and (4). 

The curve is a rough fit explained in the text. 
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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 
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B. Assumes any liabilities with respect to the use of, 
or for damages resulting from th~-use of any infor
mation, apparatus, method~ o~ process disclosed in 
this report. 
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mission, or employee of such conttactor, to the extent that 
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of such contractor prepares, disseminates, or provides access 
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