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In this Letter we present evidence for the reaction sequences 

K- + p ~ "?(1760) --7 y*(1520) + n° (1) 
+ -( r,- n+ 

r*(1520) ~~ + -
LA n n 

From reaction (1) the isospin of Y"*(l760) is established to be 1. 

angular distribution of Y"*(1520) in the overall centre of mass is 

consistent with a spin-parity assignment / = 5/2- for Y"*(l760), 

distribution in reaction ( 2) confirms thif:.1 assignment. 

(2) 

(3) 

The production 

found to be most 

while the decay 

The general experimental details and the scanning-measuring procedures of this 

800 to 1200 NeV/c K- bubble ctamber exposure in the Saclay 81 cm hydrogen bubble 

chamber at t'1e CERN pro tonsynchrotron are discussed elsewhere ( 1 )' ( 2 ). The 2: ± 

decay is accepted if its projected ·length is greater than 0.35 cm and each event 

is given a weight to correct for the loss of short r, • '.L'he angular distribution 

of 2: ::!:' decay in the r, rest system was verified to be consistent with isotropy. 

Cross sections are based upon K- path-lengtbs obtained from T-decays. 

Among the 10,000 measured events in which a charged 2: was produced, nearly 

3, 000 were found to fit the threc;-body reaction 2::± n+"n; 0 • The invariant-mass 

distribution of 2-: ::!:' n+ from the three-body rer:ctions for all K- momenta is showlj 

in Fig. la. The salient feature is the production of y*(1520), with some evidence 

for Y"*(13s5) and Y"*(1405) production. Selecting those events in the mass band from 

1495 to 1540 Nc:V as reprosenting ?(1520), one can extract the cross se,ction for 

production of the resonance as a function of incident K- momentum. At each momentum 
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a background has been estimated from the adjacent mass intervals, 1472 to 1495 

and 1540 to 1562 JVieV. 'rl1is has been subtracted, and a correction factor has th.:m 

been applied to compensate for those ¥'"!':(1520) events falling outside the mass 

interval 1495 to 1540 JVieV ( 3). The cross sections obtc:~ined (Pig. 2a) manifest an 

enhancemi:mt at "'-"940 l'teV/c, corresponding to the c.m. energy of ,..,_11760 heV. 

Under the presumption that the entire cross section arises from the formation 

of a single resonance, a J3rei t-Wigm:r has been fitted to the data. rrhe 

momentum dependence of the wid.U:s used in the formula has been taken to correspond 

to a d-w1w8 in the elastic chamlG1 and to R p-wave in the ¥''1°(1520) + n° 
channel, as will bo justified later. Both interaction radii have boon chosen equal 

to 1 fermi. Tho solid curve in F'ig. ~'.a rnpresents the b8st fit to the d2ta under 

the above hypotheses. Tlw mass and total w:id th of tho resonanc(" ,3,rc fom1d to be 

h = (1755 ::1: 10) r.ieV and r = (105 :'.: 20) foeV. 

Similar comiidl~r n,tions have been to th2 ro0,ction soquence ( 1, 3) 
-~ +-

representing an alternativu decay-mode of )'. (1520). The invariant-mass of A Tt n 

for all K- momenta is shown in iig. lb nnd tho corresponding cross sections appe0,r 

in Fig. 2b. Al though this cham1el haE3 less strctistical precision, tho mass and 

width of the enhancement are in good with those fotmd '.1.bovo. The ratio 

of the cross 

measurements 

sections for (1, 2) and (1, 3) is 4,5 :'.: 1.0, in agreem8nt with previous 

of the r(1520) -~ L n/A Tt Tt branching ratic of 3,4 ± 0.7 (4 ) 

A study of the reaction K- + p -~ '.K0 + n reported proviously ( 2 ), taken in 

conjunction wi U analyshi of elastic scattering, has a behaviour 

sugg0stive of two resonances with opposite isospins in the: 800 to 1200 MoV/ c region, 

ODE) of mass ~l = 1760 NcN, r = 90 hoV and the other of mass Il = 1El20 heV, r = 45 IieV. 

* We 'an now definitely associ:1te I = 1 with y' ( 1760) and therefore I = 0 with 

r(1820). Tho behaviour of the cmgular distribution coefficient A5 in chargo

exchange scattering suggested that the rosorn:mcc both have J = 5/2 but opposite 
(2) 

pari tics However, without furthc:r polarizc:Ltion studies, tho individual pari tius 

cannot be established by this reoction, due to the hinami ambiguity. On the oth8r 

hand, the decay into a spin 3/2 and spin O,particle under the circumstances 

discussed below, is not subjoct to this ambiguity so that tho parity of Yot:(l760) may 

be obtaim<l by mecms of an investigation of distributions. 
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Consider th,; format:i.on of a resonance with spin-pa.ri ty ? by a collision of 

a spin 0 and sgin Y2 particlus ancl the subsequent decay into a spin 0 and 3/2 
particles. For each J 3/2 then.; are tm possible decay angular momentum states, 

differing by two units, which conserve and parity. Thus, for?= 5/2- the 

decay ca..D. proceed vie::. p- or f-wave. Since the decay c.m. momentum for 

y11'( 1760) ~ ~( l5c'O) + n: ir1 low (A:-?200 hcN / c), the decay amplitude into the 

higher-! state is expected to b8 suppressc?d by at lCj'.rnt an order of magnitude by 

the higher cuntrifugal barrier c-mcl can safely be nGglocted. Because t"( 1520) is 

formed with its spin aligned, such that J = ! Y2 (z is along the incident K-
z 

direction), a uniqm; distribution is prndicted for on.ch ? r,ssignment. · These 

~re 8Xhibi ted in F:i_g. 3 for ? == 5/i± '.1nd compeered with the data obtd.nDd from 

reci,ction (1, 2). Only the 5/2- possibility d0scribes s:cctisf:::ctorily the dntR. In 

order to obtrlin a Jlurcr of this process, the T""E( 1520) events were limi tod to 

mnss interval between 1505 c-:.nd 1525 LoV mid the production momenta from 910 to 

1070 NeV/c. 

For quo.ntitri:tive comp'lrison, Treble I gives the expected Legendre polynomial 

* _}' I + coefficients in tho production n.ngt.llar distribution of Y ( 1520) for S = 3 2- o.nd 

5/2±, together with the experimental V'tlues obtained when the moments of the 

distribution of Fig" 3 r:.ro evaluntod through (coefficients are normalized so 

that A0 = 1). lViomonts through A2 seem to be necessary and sufficient to describe 

the data. The experimental A2 coefficient apponrs somewh[1t smaller tban expected 

for 5/ 2-. This could ariso fro111 the unsubtractablo background under tho r"f( 15?0) 
x 0 

peak of Fig. la, e,s well as from some production of Y (1520) + n: proc8oding 

through a non-resonant s-wave. The probabilities thr,t the various l hypothosos 

agree with the experimental angular distributions are given in tho last lino of 

Table I. It CPJl be seen that the' 5/2- hypothesis iEJ strongly f;wourcd over the 

other possibilities. nw smno procedure, when appliod to ree,ctiom1 ( 1, 3), yields 

coefficients in good agreement with those for reactions (1, 2)1 although 

statistically loss significant. 

l hypothesis for Y>E(1760) leads to a well 

therefore to a chnrc:.cteristic decay distribution 

We furthermore note that each 

defined [clignment for Y>E( 1520) and 

in the centre of mass of Yot(1520). l''or this purpose c., qunntizRtion a:x:is normal to 

the. production plnne (r~rther tha1 tho beam direction or the r"f:'(1520) lino of flight) 

yields th(:; best discrimination between the two parity possibilities for eo.ch 

assumed spin of ~( 1760). After intE;grc~tion ov,1r all production angles, this decay 
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angulnr distribution is in .. 4 and with the expected 

distribution for 5/2±. 'Table II lists the experimental Legendre polynoDlial 

coefficients and those the data strongly :favour the 5/2-

hypothesis. 

Using an elasticity re /r' ~ 0.5 for y°l\1760) obtained from the Gtudy of the 
e ( n) 

reaction K- + p -+ K:0 + n c:. the known branching fraction of r(1520) into 

K N, I: n, A n: n ( 4 ) and the cross sections for reactions ( 1, 2, :? ) measured in this 

experiment, we calculatG tho branching fraction of T"E(l760) into y*(1520) + n to 

be 0.15 ± 0.03. 

With the results of this analysis indicDting l = 5/2- for y'\1760), one can 

then utilize the interference phenor11ena observed :i.n elastic and charge-exchange 

scattering to conclude that = 5/2+ for y'*(1s20). These quantum number 

assignments wen; shown by ~3arbaro-Gal tiori et al. to be the most plamiible sot 

satisfying the earlier data; also -'.'lgree with recent investigations 

of r(rn20) ( 6 ). 

Other reaction chnnnels arc currently under investigation. Among them, the 

reactions described in this I~ttor the best 2vidence for t>e prescmce of 

a hyperonic resonance ::'t a ma::i::i of 1760 l'i8V. Othor channels appear to reqm.re, as 

a minimum cornploxity, resonances at 1760 or 1820 MeV or both, depending on their 

isospin composition. On tho other hand, further structure is not excluded and may 

yet be necessary in ordor to achieve of this mass region. 

Tho analysis of the re'l.ctions discussed here is however predicr1ted on the nssumption 

that they are excited 0J1() resonant state, r(1760), and within limited statistics 

the data appear to conform to thir3 mod.el. 
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.Table I 

I.iegc::ndre polynomial coefficients for the process (0- + Y2+) -7 / ~ (0- + 3/2-). 

Numbers in paronthesis ar(:J t: '8 orbital momenta of the final state. 'I1he experimental 

values refer to the reactiom1 

K-p --7 yt(l760) ~ Yot(l520) n° ; ft'(l520) ~ L: ~ n+. 

The probabilities h:we bf; en derived from a '/...., 2 test on the coefficients. 

Coafficient 

Ao 1 1 1 1 

~ 0.11 + - 0.11 0 0 0 

A2 0.65 !" 0.14 0 -0.BO 0.41 

A3 -0.32 + 0 •r 0 0 0 - •-LO 

A -0.12 :: 0.19 0 0 -0.98 
4 

+ 0 "0 A5 -0.22 - ,c:. 0 0 0 

Ar -0.16 ~ o. 2~~ 0 0 0 
0 

·------=-·----
probability 8 

-5 i:-- --5 
10 J 10 

Table II 

1 

0 

o.so 
0 

0 

0 

0 

0.25 

Legm1dro polynomial cocfficicmts for Y"t( 15~:20) with respect to the production 

normal. The expori:mcmtal v::.lues refer to the react:Lcns : 

Coefficient 
l~Ypurimental JP 

valuG 5/2+ 5/2--
A 1 1 1 

0 

Al 0.02 + 0.10 0 0 -

A2 -0. + 0 F - • :J 0.78 -0.70 

A3 -0.04 
+ 

0.15 0 0 -
+ 

A4 0.10 - 0.17 0 0 

probability I 4 10-13 J: 0.10 
-.---L-
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Figure Captions 

Fig. 1. l~ffec ti ve-r::uccss 

I r - ___ :C:,., " + :+ 0 
i.p~0-TCJL 

of : ::t) tho I: n neutro.l from. 2748 reactions 

b) the 
+ - 0 

from ri22 nnictions K p -·--'ii> A JL n n • 

Fig. 2. Cross section ::is a function of K- labors.tory r:101YHJntu.111 for tht.~ rsaction 

p -~ r(1520) a) I""1:(1520) --3> z± n+ nnd b) r'\1520) -~ J\JL+n-. 

Fig. 3. Production distribution of 332 re0.ctions K-p -~ r(l520) no, 

y*(1520) -~ I:± n+ with the lnbor::1tory moL0ntui;1 bet1wen 910 

£11eV/c, and the 2: ± "+ sffectivo-rnass betweer; 1505 ·.cod 1'525 he::V. 
"i' 2t v d t' is the c.m. of I" (1520) with respect to thu 
pro UC lOD 

K- direction. 

and 1070 

incident 

Fig. 4. Dr:cay angular distribution of 332 reaction~:; K-p ..:_~ Y5r(l520) n°, 
r(1520) ~ l: ~ n+ with the? IC laboratory LlO!il':cnhu;; bet;.Tc)en 910 and 1070 

I + . O,· 
heV c and the Z - n·r effoctive-raass between 1505 :md 1525 r10V. Vdecay 

is tho angle of the I: iri the Y:t(l520) centre: of mass with respect to the 

normal to the Y'it(l520) production 
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