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- I $ K -p Interactions Near 760 .MeV c 

f=ierre L. BaDtien and J. Peter Berge 
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December 7, 1962 

We present the resulte of a study of tbe K"' -p system at incident K-

laboratory momenta of 620, 760 and 850 MeV /c (center-of-mass energies 'F c. rn. 

of 1616. 1681, and 17l3 M~Vo rcopectively). Only the most important fet.\turell 

of the interactions have been obtained at each of these momenta.. At 620 \1eV /c 

the eyotem io dominat~d by lltrong Sl/Z aboorption. At 760 MeV /c effectu duel 

¢ 1 z 
to Y 1 (1660) are observed. Here the presence of largf~ coa e termo artd th~ 

absence o! large coo
3

G ter.rns in the angula.1' dh!trib'l1tione ouggeot 3/Z. ao c 

plausible spin asoignment for the resonAnce. Finally, at 850 fv1eV /c large 3/2 

or 5/l amplitudeo have set in. 

The l-wrence Radiation Laboratory' o lS-in. hydlogen bubble cha:.nber 

was exposed to a separated K- beam capable of opera.ting either at 760 o:r' 

850 MeV /c~ t\ setting at 620 MeV /c was obtained by degrading the 760- 'v!eV /c 

bearr.t.. A total of 8000 interactions. representing a.ll the available d.J~.ta, were 

analysed. 

In Table I we summarize the observed total cross sections. having d~-
• 3 

termined the path length at each momentum oy counting _,.decays. ";'he. only 

' oisnificant biao occurs when a ;£·~ decayo vi& the protonic: mode; at ou:r ener!~ien 

i·· 
the laboratory angle between the 1; a.nd its d~cay pt·oton ie usually tot::t small to 

be detected with eood efficiency. itor thie reason only 1.:+ decayina via thtJ pionic 

mode w~re uoed to eotablish ooth the total and differential cross sections. Ju the 
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other hand a.mbiguitien in the interpretation of the eventa a.riae when one wants 

to diotinguioh between the Arr0 • !;0 n°, Arr0 w0 and !:0 n°'1T0 final ota.teo. The 

method of separation uBed in our experiment is the name a.o that deoc:ribcd by 

4 
Ferro~Luzzi et al. 

All diffctrential cross sections were fitted to a serieo of the fol'm. 

z where 4/k il9 an arbitrary normalization factor. The :resultc of ouch fits 

were the dimenrsionleoo coefficients A and their erroro. A fit of order. n 
1 

means a fit up to and including the te rrn A cosne. 
n 

In Figs. 1 and Z we present t..b.e energy dependence of the coef.ficicntc 

(1) 

'\ !or all the two-body reactions 8Xcept: :C~"'.o • In this latter channel otatioticr. 

are omi\H :And, for angular distributions at least, it i9 difficult to determine the 
'• 

' 
amount contributed to a siven biti by the 1).11°11° and :&0 n°n° final states. 

Significant amounts of cos 3e are re«"4uired only at 850 McV/c asia ohown in f'ig. 3. 

At 620 M* V / c the angular distributions are remarkably eimilar to those 

obtained a.t 510 MeY/c by Ferro- Luzzi!!..!:!,; 
4 

r,o appreciable cha.ngeo in the .:\ 

seem to have taken place between these two momenta, and the oyotem is probably 

well described by a. large abnorptive s 1 /2. amplitude with small amounts of 
I . 3 

Pl/2.' P 3/Z' and 1)3/Z" At 350 MeV /c the large amounts of coo 6 noticeable 

in every distribution indicate that J r.: 3/2. or 5/2 amplitudes are now prcoont. 

We now discuoo the 760-MeV/c data more thoroughly and oxamine tlto 

ll;t 
effect of the newly discovered Y 1 (1660) on our total croee oections and aneula:r 

diotributiono. From now on we shall refer to thhl reoonance a.o E (1660): 1660 

MoY co:rrc:oponds too. laboratory rnornentum oi 715 MeV/c. and ito half-lflidth, 

• 0 
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rjz::: ZO MeV, correspondo to ::~:4.3 ~l!.eV/c. Significant effecto due to ~(1660) 

ohould be observed therefore a.t 760 MeV /cD provid~d it ia coupled l'easonabl}r 

strongly to the K-nucleon system. Assuming that this reeona.nce is adequately 

deocribed by a pure Breit- Wigner form, we can obtain the atrength of tne 

coupling by u~tng the formula. for tho energy det)endence of the total croao 

section in such a case, namely 

0 1' = 2 'ff ~ 2 (J + i) -;1£_ 
E + 1 

(2) 

where the normalized channel width XK ;;:: r elastic/ r and f EZ(F a-rc. m. )/f. 

Examining in greater detail the behavior of our erose sections in variout:~ 

cha.nnda, shown in Table I, we notice first a Z-mb bwnp in the l;;- 'IT+ channel at 

·160 MeV /c. This final state ia a mixture of I-opin 0 and 1, but the l-apin oi the 

effect can be established through the following formulae: 

a (l:n. 1:::0) = 3a (~0 r.0 ) 

c(Er.,Ic:l) = o(E-'fft} + o·(l;+n-)- 2a(I:0 "'1T 0 ). 

It is clear from the reoults of this separation (Table I) that the rioe io 

(3} 

{4) 

indeed due to the I-t.~pin-1 part of the amplitude. We therefore attribute tne effect 

to E(l660). One notices also a. small rise at 760 MeV /c in every one of th~ 

_.\tnr and :lJ'ITTr cross oections. These are also interpreted ao manifeotations 

of the three-body decay modeo of the resonance. Adding these cross ecctiono, 

we estimate xK of Eq. (2) to be 0.25 :i:O.lO for opin 3/2., and appropriat~ fra.ctiono 

o£ that value for other spin aseignmento. The ~Tt and lif1 normalized ch.annd. 

widtbo are estin&a.tedto be xi.~= 0.35:!:0.15 and x
1
i::. O.lS:t:O.lO. Ji''inally nince 

it io not poooible to Ot"parate the A ww and >.:n~l final otates into I-epin 
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without tt1ore information than that given by the K-proton ayetem alone, we 

cannot cAlculate partial widtho for these laot two channels. Becauue the cla.otic 

cross sections ar~ proportionn.l to (xK)z. the small values of xK that we have 

obtained lea.d, for aU possible spin assignments. to negligible rioee in the t{­

nudeon·tota.l croso sections at 760 MeV /c. Therefore no lower limit on the 

spin of tbe 1•esonance can be set by this method. Since at 760 MeV /c Table 1 

eho•na that the cross sections due to the resonance are small compared to the 

background. we conclude that the nonresonant amplitudeo dominate over the 

reoonant amplitude. 

To obtain information on tht: epin of '£(1660) we examine the two-body 

ansular distributions at 760 MeV /c. Usually the spin of a reoonance io de-

tern:uned by looking at the ener3y dependence of the coef!icients A at closely 
1 

spac~d momentum intervals throughout the resonance region. .Hore we have 

only a single point one ha.lf-widt.b. above th;: reeona.nce, and so a quantitative 

analysis ia not poaaible. However by considering the A1, A 2 and A3 in 

' Fig. 2 we wish to ohow that our data seem to be more consistent with J=3/2 

for E(l660) than with any other spin assignment. il-Examining firot A2 in .t<'ig. 2 

we shall chow that spin 1/2. is unlikely. We oboerve a. large enhancement at 

760 MeV/c in both A.t{:~-'8+) and A2 (A,.0
). We attribute these bumps to inter­

ferences between the small :resonant amplitude and the nonreoonant background; 5 

as we ba.ve seen, the nonresonant b.a.ckgrot:J.l'ld is dom.i.."1ant and io compoood. only 

o£ Sl/l' P 1; 2 and Pl/Z a.mplitudesp cince large a.mounto of other amplitudes 

would lead to coo
3

0 interferenceo which. a.a it> clearly ohown in big. 3. are not 

preoent. To examine the consistency of our data with the spin-1/l hypotheoiu we 
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look at the form of A2 in a partial-wave expansion up to J=-3/2. namely 

(5) 

For J::.l/2. the large interference effects obt!erved in the A., must be due to the .. 
s1;zP3; 2 or P!/l.pl/l terma. .An s!/2reoonauce seems unlikely, aince 

o3;z- is also small. Again if the resonance ia Pl/2. then P 3/Z must be large, 

and values of the Az conoidera.bly bigger than what we observe are expected 

I , z I beca.ueo of the term 3 P 3;zl . Spin l 2 therefore seems i:nprobable. 

By considering the A1 and the A3 .we next sho<R· that J = 5/ l .io unlikely 

£or 1;(1660). 'the values of the A1 in l.-"1g. 2 again ahow interferenceo in all 

three distributionD. lf the spin ie 5/l. we would have expected variations in 

the A 3 of the order of 15/9 thoee observed in the Al' i£ the norl-resonant 

background ia assumed to vary slowly throughout the l'egion. To see thin, note 

that in a. partial-wave analysis up to a.ngu.la.ll" momentum 5/2 the eltpre:Bsiono for 

A
1 

and A3 are 

* * $ ' 
Al :: l~e(2Sl/Zpl/l + 4 Sl/Z.p3/2 + 4 pi/ZD3/2 {6) 

* * . ~ 
- 9 sr/zF' 5/2 - 9 pl/1.0 5/Z - lO p3/2D3/2 + 45/Z 0 sjz.': .. 5/2) 

tiC * 
A3 = Re(l?.P3/2D5/2 + ll 03/ZF 5/Z (7) 

No such variations arc ~&een in the A3, which inste~d are all consiotent with zero. 

It also seems unlikely that, when made to interfere with reasonable values of the 

nonresonant background, a 5/l reeonant amplitude with our normalized channel 

widths would not have led to sizeable A3 
1 s in at leaot one of the!: angular diotri­

butione. 
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In oumma.ry the most natural •i!J•ay to interpret tbe data iv to nasumc 

that a small P 3; 2 or D3/Z resonant amplitude is interfering with large . . 
Sl/l and Pl/2. nonresonant'background. However only an analysis of more 

angular diotributions throughout th.e whole region will provide a final a.nawer 

to the spin question and information on the parity. In particular the energy de­

pendence of the :;:;· "+ differential cross ~ections must be establi!!hed carefully 

because we cannot rule out the poooibility that the large value of A2(E-Ti 1-) at 

760 MeV /c is due rnainly to nonreoona.nt terms. If thio is the caee, the value 

of xK would be much smaller, and this in turn would decrease our confid~nce 

in the spin assignment. 

Finally let us may a. few wot·da a.'bout the three-body final ~tateo. If 

A,.+~- is forrned predominantly through the cila.in K- p ... -:£(1660)- EO 3biJ} + 1T 

- .t~Tr+'ft-. one could hope to say oomething about the spin and parity of .E(l660) 

taking ~(1385) to be 3/.2+:--However the observed croBs section !or K-p -Awt'll-

at 760 MeV /c is 4.3 mb, and 1::(1660) ca.n contribute only - 0.4 mb to tb..:\t v:1luc 

since the normalized channel width for E(l660) - A,+ tr- io a.pproxir.o.a.tely 

(I 1..6 + -0.10. Theraforef Y
1 
(lv 0) cannot affect the .L\fl' w distribution£~ significantly. 

Similar negative concluoions are cl:rawn about the l:111r Gila.n..."lelo . .... 

VIe wish to thank Prof. Luis W. Alvarew,, Donald H. Miller, Arthur 3 .• 

Rosenfeld, Robert D. Tripp. and Drs. Maseimilla.no Ferro- Luzzi. and JoGeph 

Murray !or advice an.d encouragement. 
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I'a.ble 1. Totcl croo£ t~.::ction;.,J in mHH.lJr:.Jt>n.o; • 
.-.:==:..-..:..:...- -=~=-==~:.:----..... ": = !: ::---c .. =- ~;.·:..::::::=--=::::::::r=m:=::!= :::0:-'".!~;-"-- r=--~- m: --::--~ 

--....__ ? .... . 3t-,\ e~) (,ZOJ: 1 5 760J;7 8 ~Or..·l (J ............... ~...... r... . . 
-........... ...... -.. ~; (MeV) 1616 l6Bt> 17 23 ---.c::. nl. .,. 

~:"'•"'·-ti.on T 1. ::;:--.._ ~0 e:venU 124 ~vcn~ 145 ~2!~-
L ............. opo ogy -.___ - mb iho mb --- :::::--..._....--·--------~--------···-··~ 
~-<·p Z prong H,.{}.tl.O l6.7J·l.O 2l.4~Z.O 

0 prong r V 

b 
Z, prong (t- d~cays) 

Z prong \- docays) 

0 prong 1- V 

0 prong+ V •, 

Z prong r V 
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0 prong+ V 
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Q 0 
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- i­K rr n 

~-··<J D 
··'• U1!' 
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Z prons. }- v 
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Z. pl'Oil(! 

2 prong 

0 prong tV 
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4.6-t:o.o 2.. 8:!:0. 3 l. 0:::0.::. 

2.0±0. 3 3.3~0.2 L 3:::0. 1 
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O. 3:t:O.l S o. 7~0.15 

O. 7-zO.l 
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0. St:O.l5 0.15...'~0.1 

0.0~0.03 0.25%0.05 

0.15:'1:0. 1 0. 3±0.1 

o.o :~:0.05 

o.c ::0.03 OoC :J:O. 05 0. 3uO.l 
------ ~-

3Z.4:b 1. 5 40.6:5:.Z.l ____ .,. _________ . __ ..,. _______________ . ___ ... _. ___ 
(~Tr)I::O 

{~lt)I:.=l 

\,2 
'TT , ... 

4. 2.:it0. 5 

9. 50 

a l'opologkal ap?ea:ra.nc ~ of the event i.1 the bubble c h...lmhe r 

l. J-:0. 3 

5. 75 
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FIGU 3.E Lf:CE.~DS 

third order. Cosine 0 is defin.ed as f<Znc:: · !-:.scattered' The A 1
1 o are 

""' 
large at 850 MeY/c and consistent with zero at the low~r mor:1enta.. for ref-

e:renae :we have drawn horizontal bars indicating the position and width of 

v;(lo60) for all coefficient~~; • 
... 0- -+ -- +-1-"ig. Z Coefficients · A. for K p - h 1f • !{ p-+ E 1f , anti K p- ~ 1f with data 

. l 

fitted up to third order. Here cos fJ ·is defined as K- · -~. b the <\.,.'s c·1e' aotice :.nc c. 

significant bumps in I:- 1r + and ... J\ Tr 0 , whe rea a in :!:+ 1f.. the nonreeonant 

ba.ckgrOUlldi'nterfere;adest!'YJ.Ctively with the resonant amplitude at 

760 MeV/c. The A3 
8 a are again consistent with zero at 760 MeV/c. 

The dashed curves in the A2(E-11 +} are the valufls of tne coeffide-n.ta 

of cos 2
R when :z:-n+. is fitted up to fourth order. The burr1p in cof!l 2e is 

still significant, whereas the coefficients of coo 4 t.; (not shown) are con-

eistent witll zero. 

Fig. 3. The X z probability of describing two-body angular. distributi.f.>rts with 
<lO 

a fit of order n. The probability of a !it lo dofined as lz fix 2,v)dx 
2

, 

where Xg is the leaat-9quaree fit chi-aquare a.nd X 0 

v the number of degreel!.l of frGedom fo1· that distribution. The numbers of 

' . ev'(mts itt each dietribution are comparable at both mooe1'.£ta.. .Hov.-ever we 

had much lese etatistice in the E+'fT- channel (da.ohed linee) since only the 

pionic dctcays of the :c·: were used. All channels a.t 850 MeV/ c clearly re­

quire coo
3

9, whereas no significan~ a.tnounts of that po\ver are required 

anywhere a.t 760 MoV /c. A small amount of coe 
4

6 is needed for 

Atr0 at SSO !-AeV/c. 
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