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By l:{véutigiting‘ thé K"p interaction in the ﬂcixﬁti of 400 Mcir/ ¢y we
have established the existence of an excited hyperon which {6 well described by
the following properties: ' ‘ |
Mass: 1520:1: 3 Mev
Half-widths I'/2 o 8 Mev
Isotopic spin: 0
- Spimi 3/2 |
E Parity éven with respect to K.'p D, /Z)f |
- Branching ratios: BNt Zm A2n = 350, |
In this utudy. the Lawrence Radiation Laboratory l5-in. hydrogen bubble '
:‘ éi;amber was placed ln a neparated K beam. The beam was separatad at )
| 760 Mev/c, and then degraded by a coppar absorber placed in front of the chamber.
The composition of the beam at 400 Mev/ c was Kiw = 7:1, A total of 10,000 K~
intoractiona was measured and fitted. |

Table I lists the five K~ momentum sottings and the cross neétionl

observed for sach of the r.eact'i.ona. The only important bias correction da W

for small angle K'p sca.ttering where a cutoff of cos@ = 0. {539 ie the center- X

. L
of-mass angle of the scattered K) was imposed and the total elastic cross section
~ was obtained By extrapolating the differential cross saction to 0 deg. The path
length at each momentum was established from the number of 7 decays. No

| bianiﬂcant ambiguity arose in the interpretation of the éventa; except for the
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case of .the neutral-hyperon production. This involves diﬂenthngling A_vro.
z:°1r°. and Awo-uo reactions (Eowowo produ‘ction,may So néglected at theie
E ‘epergien) among events in which a single A is 6bsetved associated with an
fncoming K. These events were ‘celéctéd-on'thewbaais of incoming K~ momentum
as me.a.aured by curvature.. Those whoae curvature deviated by more than 1.5
standard deviations from the known beam momentum (as measured from v decays)
were not conai_der__:ed.‘ Those accepted were averago;dv with thgir appropriate |
central béam @omgnﬁm .i-nvorder:to. obtain arbettéx" meadu_,re of the_:K' momentum
at the interaction p‘oi'm:‘° , Thiava\‘fpiaged'mom.ammn was then used to transform |
the decay\-A. 'k'inetié enoi'gy into the “center.of mass of the K™p reaction and to
cwnpute the total misa{ng mass required to conserve four-momentum. The .
: Awo reactions (pure isotopic spin 1 = 11) appear as a Gaussian distribution centered.
around the square of the “0 mass in an ideogram of the events plotted againat
miaaing mase nquared.- The widths of the observed distributions are related to
the uncertainty of the measurementa and are sufficiently narrow to allow a

00

neparation of these reactions from the 10 part (Z'w and Aw 'n' ) The error

introduced thareby is lesa than the atatistical uncertainty.. The further separation

of the Io reactions into z°n°

(ﬂa.t spectrum) and Aw -w {whose spectrun'i
presu.mably fouows 3-body phase space like An't “) is more difficult since the
spectia errlap considerably., However, for values of the missing mass larger
thar the maximum expected from a 20110 reaction, the separation can be mada;
and t_he remainder of the A“%ﬁ\ spectrum is assumed to behave as phase épace.
Table I lists the Awowo crosé sections obtained in this way. One:;can see ihat,
at all momen&a.. Op 0,0 > 1/2 UA“"'_.‘ But G, 00 ecgualla 1/2 O p otq- TOF

' Aﬂ*w‘ production purely through 10 and ip less than that if any production takes
place through Il' We then infer that A2w producﬁon proceeds predominantly
through Id a.t» these enargiesv. ! and a{ti'rihuté the discrepancy to statistics and

’ ' . ) J ; ' (3 2 0
to a few poorly measured .‘Lowb events. To obtain the Z‘}Qw crosgs section, we
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thus subtract 'l./-?. 0 A +‘“; from the 1, neutral-hyperon production and take
= 3/2 O'A'“{—w.. ¢
The entries in Table I for " (Ew)o and (E-:r)l are obtained from the charge-

Op2n

.indepéndence relationehips :
. (Ew)o - 3(2%%
and - |
N (zw),a(mw)+(zw)~z(z )
whére the auhscx;ipto refer to the laotopic spin state, _ |
It in seen from Table I that there is a conaiderable enhanco;ﬁent in

)

(zﬂo. A« v, and R 'n in the victatty of 395 Mev/c. whereaa (Ew)l and A—«°

‘ uhow no enhancement. We conclude that abaorption tukes place atrongly in

| !o at this momentum. The teaonant part of I0 approachea whz, the maximum

permiasibla for J= 3/ 2. Since A 1r " and Kon Qeactionu are ‘more prccicely

measured than those in other channels (typically GPK =4 7 Mev/ c and & 5 Mev/c,'

respectlvely), one can atudy the momantum dependence of tha cross -ection in
more detail than is ahown ln Table I, We hava merged all momenta and made
for A'lr w and,;:’on shown in Figs., l_a. b, Thene plote giva us tho mass and width
of the excited state quoted above, | '

The total K~ P elaatic croes a«sction does not exhibit the‘ enhancement at
”395 :Mav/ ¢ as well as the other channela because of the presence of a large non-
xeionaﬁt cross asection, However the differential K'p cross neétion diﬁplayi
a striking Behavior. Fig&re 2a is a plot of the coeiﬁcienta A, B, and Cin
‘the leaat-squares fit of the differential K~ p croes section da/dn =
(A + B cos 0 + C cos ep(wu /4n)mb/ar., It is seen that A dips at 395 Mev/c,
wharean C is very larg@ at the resonance and falls rapidly on both sides, 2

This suggests that the resonsnce interferes strongly with a state of the same

L
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parity. The nonsero value of B implilca thvata small monotonically rising
ﬁmpli‘tude of the oppoasite p#rity is also present. Below 250 Mev/c, all
channels are consistent with a aérb-’effective-rlango S;waire analysis. We find
the Humphrey~Roes (Solution I) 84wa§e scattering lengths to be ln good agreement
with this expe'r'iment. 3 a.part from the resonance at 395 Mev/ ¢ and a small | .
amount of P wave scattéring {< 1 mb). R |
| | Figure 2b nhowa tho quantitien Ay B, and C for charge-exchange acat't’erﬁxg.:
| Again the data fit the zero-effective-range solutions plus a roaonant term at |
395 Mev/c of the same parity. | . o
'l‘ha curves ior A and C in Figm 2a and b are conatructed in the following
manner. Sincev i g » K™ p = g+ Il)/'J—aud Kon = (I «1 )/'J—. & resonance
. ﬁx a ‘pure ¢ uém_ptate yielda equal enhanceme:nts‘“in these chafnne).n‘ The non=
resonant S—WAVé_ amxilitudea are then obtained by subtréctipg & 5-mb resonant
, c'.rosa section from both K p and'Ko n crose sectt‘oxia at 395 Mev/c.' yielding
8., .. =l2andS

elastic = 0.5 in accord with the corresponding -

charge axchange
nonresonant Io and Il absm'ption cross, sections as well as the Htrmphrey-Rou

' solutions, 3 A regonant D, /zampl'ltude of the Breit-Wigner form D = Zx/ (e-1)

is added, where x u,r‘N/r.‘e = 2(E - E)/r‘, and I" = x’*ﬁ +T . HereIyis the;
partial decay width of the excited hyperon into K'p plus E% ahd Ly is the partial
‘decay.width into hyperon channels 'fwhich may be further divided into Zw and

A2w. - E &.é; the_i total energy in the centor of masa, and E, = 1520 Mev

ig the resonant enexgy. The value x = 0,35 01.105‘ is obtained iro_m the over-all
best fit to th.av rsqamni bumps in the total cfoes aectioné for the vari§u5 channela.
It should be noted that the resonant gnd nonresonant _ampllilt-udes‘ are enaential,ly 3
fixed by 'th_e: total cross sections, hence the curves in Fig. 2a and b are

predictions, not fits to the data. The angular dimtri};u‘cion is of the form

o v Z 12 2
dg % L ) ‘ 2
i ;{ﬂ,‘ [Ipf s v Z.U)c:o&@! + l $-D1 ol @] e
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where P is the P, /2 amplitude, S e the S-wave amplitude, and D is the resonant
D4 /2 amplitude, 4 From this expression it is secen that a relatively small D-wave
amplitude is capable of producing the large canO observed in the angular dis-
| htribution without a concurrent large rise in the elastic cross oection, in agree-
ment with_ the experiment. The data are consistent with the roaonant cross
sections being the samé in elastic and charge~-exchange ocatt_ering.' which shows.

" that interference between the resonance and the Il amplitude of the same J and
| parilt’y 1o small. ‘ | :

. The 'altexn#tive possibility of a pS/Z resonance is beset with thqlfollowing
difficultiess o | |

a, Auumlng the isotropic part of the crose -ection to be largely S-wave.
.one would have to 1mrokel & larger reésonant amplitude in elastic than in chargo-
exchange scattering to account 'fo.r-the difféerence in C elastic and C chariga-
exchange. This would imply that the r'esonance is not in a pure 1 epin state,

b, If one were to euppoée that the 8 wave is small at the resonance and
that Pl /2 and P3 /2 are the dominant amplitudes, then in some lower 'moinentum
region there must have been a transition from S to P, /2 resulting in a large
cosd term in the transition region. There is no evidence for a large B anywhere
below 400 Mev/c in Figs. 2a and b, Since absorptive processes are etrong,

. the scattoring a#;plitudeu are largely imaginary; thus the possibility is e:&remely
- remote that 5~ and P-wave amplitudes are orthogoml throughout this region and
therefore do not yleld a large B term. 3 Moraover, the momentum dependence‘ .

- of the nonresonant paﬁu of the KN crosa 'sections is conuisfent with 8 waves

and is not that to ba‘ sxpected for P waves.

‘The coefficients B in Fige. 2a and b suggest a uniformly increasing
- Pw-wave cross section. If the P-wave aniplitude is taken to be imaginary
(purely absorptive), its magnitude is in satisfactory agreement with the amount
of absorption from this state required by the hyperon angular distributions and

polarizations.
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' Thé regonant cross sectlon for Zw plus AZ«r production is
-rriv.2 12] x(l-;x)] /Z/(ef-i) |~ _Since x is less than 1/2, the excited hyp’éron‘ is - .
coupled more strongly to the pion~hyperon systems than it is to the' kaon~
nucleon system. The va'»anch"ing ratlos are KN: T AZw. = 3:5:1, where the
xay-mbols mean the sum of ra‘tem into all charge states. The angular distribuﬁona{ B
, and polarizatmn in. hyperon production are in good. agreement with the pic;ure L
» presentmd above. A discussion of E'xr angular distributions and polarizations
' and their rela‘tiomshlp to the Z parity will be presented in the near future.
We tham: the other membera of this collaborative. exp@rxment—-* o L.‘ Bastievx, o
J. P.. Berge, ©. L Dahl, J. Kirz, D, H Miller, J. I Murray, and A. H. R |
Roaenfeld—-ﬁor their efforts in obtaining: th@ data., We aleo thanlk Px‘ofemsdr’
L. W Alvarez for his aupport and encouragement. The help from our scamn.ere»:’ ;
L. J Church, C. Dudley, M. F. m.elly. C. Owens, c.nd R, Tye=-in findmg and

analyzing the events is gratefully acknowledged,
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.-FOOTNOTES AND REFERENCES_ .
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Tuauonal Academy of Sciences I‘ellow.

1. A Dalitz plot of T +ve T oi " shows no etatistically nign{ﬁcamt

devintion from uniformity. An admixture of I tmd I would in genoral
produce an asymmetry in the Dautz plot about the line T o T " Thero A

ia no clear evidence for the productlon of Yl + w (threahold = 1820 Mev)

Whether the coincidence of thie threshold with the excited-hyperon mass -

s fortuitoua is beyond the scope oi thie paper.

The preaence of a laxge cos 49 term at 400 Mev/ c was obaervod in earnor

: experimente. Sem L. W. Alvarez, in Ninth International Annual Conference

on High Energy Physica. Kiev, 1959 [Academy of Scienceo (UPAP).

Moacow. Ruassia, 1960] and Lawrence Radiation ALaboratory Report '
UCRL-9354, August 1960; and P. Nordin, Phye. Rev. 123, 2168 (1961).

R, H. Capps, Phys. Rev. Letters 6, 375 (1961) has conjectured thvavt; thias

‘ arises from a DS/Z interaction.

W, E. Iiumphmy (Lawrence Radiation Laboratory Report UCRL~9752,
June 1961) and R. E. Ross (Lawrence Radiation Laboratory Report UCRL-
9749, June 1961) have analyzed the low-energy K p data and find two eolutions

coneistent with this data.  The proferred one (also favored by other experi~

ments) givea for the 10 and Il' scattering lengths (in. fermis)

and

Ay = {~0.22%1,07) + § (2,742 0.31)

A w'(«t-'().bl?d:,BB) + 1 {0.384%0.075),
These scattering lengths yisld the following values of the S-wave amplitudes
for elastic and charge nmzchxangc scattering at 395 Mev/c:

2 (020,2) + (L1201}, S = (0%0.2) + (0.5&0.1)1.

5 charge exchange

elastic
Deviations from the imomentum dependencs of the elastic and charge-

exchange cross gections predicted by the above values of A g and A,
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do occur at 513 Mev/ ¢, This could be due to P-wave ccattering or to

the onset of effective-range correctionc to the 5 waves, or to both. .

.Thin !‘orm can be obtalned immediately from the famuiar s, P Py /ﬁ and B ; )( _
| P3 /2 expanaion by a M!nami trannformationx 5§~ Pl /2’ P /z_ -5, o | |
. _'PS /2 --. D We disregard P3 /z in the tranuformed expression. since .
4n none of the many angular distributiona do we see any evidence Ior

' c0339 expected Irom a P3 / - D3 /2t interference. Nor do we ﬁnd any

need for cos 0 terma, so that the angular momentum of the resonanco is

very unlikely to be higher than 3/ 2'.

Comparison between tha forwa.rd-scattering amplitude f(O) and Imf(O)

- obtained from the opﬂcal theory shows Ref(O) to be conointent with zero

in agreament with this conclusion.
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E‘igur‘ov Legends

Fig. i ;Momentﬁm dependence of the croes section for the reactions
| (a) K.‘+P“" A+ w++ w» and (b) I{"+P"K°+n. The lower curves . R J -
in (a) and (b) repreaént' the presumed non-feaonant backgrounds, R
~ while the upper curves contain in addif;ion the aﬁperpoaéd ren'énahcé‘.? :
-I;“ig, 2. E@erimental polrint-sb.angd calculated ‘cur\’réu‘showing the mom’entmh:' B
depen&encé of the coefﬁdents 61'. thé miguiar distri'but!onb: for the |
' reactions (a) K~ +p K" +p and_-(b) K" +p - R0 v+'n.‘ The - g
' coefficients are dimensionless coha‘taﬁﬁm deﬁﬁed by,'

| do/dft= (A+ B coed + G cos?6) (v X2/ 4n) mbfer.

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

A.  Makes any warranty or representation; expressed or
' implied, with respect to the accuracy, completeness,
of usefulness of the information contained in this .
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
~may not infringe privately owned rights; or

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

As used in the above, "person acting on behalf of the
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mission, ‘or émp]oYeé‘of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, .or provides access
to, any information pursuant to his employment or contract
with the Commission; or his employment with such contractor,



