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A RESONANCE IN THE A 1r SYSTEM·

Margar~t Alston, Luia W. Alvarez, Pbi.\iiPe Eberhard,t Myron L. Good:
William Graziano, Harold K. Ticho, and Stanley O. Wojcicki

Lawrence Radiation Laboratory and Department of Physics
Univeraity of California, Berkeley. California

October .24, 1960

We report a study of the reaction

( 1)

produced by 1.15 Bev/c K- melonll and observed in the Lawrence Radiation

Laboratory's 15-in. hydrogen bubble chamber. A preliminary report of these

1
results was presented at the 1960 Rochester Conference. The beam was

2 0 observed 3
purified by two velocity spectrometers. A a hyperon/during the run and

- / 4the preliminary croa, section. for various K reactions at 1.15 :Bev c bave

been reported previously. Reaction (1) was the first one selected for detailed

atudy, because it appeared to take place with relatively large probability and

because the event. a 2-prong interaction accompanied by a V, was easUy

identified. In a volume of the chamber HIlidently restricted .0 that the

scanning efficiency was near 100%. 255 such event. were found. These events

were measured, and the track data supplied to a computer which te.ted each

event for goodness of fit to various kinematic hypotheaes. The poasible re-

action., the distribution of evente. and the corresponding ero.s sectlons are

given in Table 1. An event was placed in a given category of Table I if the

.?
X probability for the other hypotheees was < l''1n. It appears likely that the

majority of the events in group (e) are also reactions of type (1). Thia belief

is based on the following argument.:



- 3- UCRL-9456

1. Since the lcinematics of a A "''It' fit (four constrainh) are more

overdetermined than those of a "£01l'''A' fit(two constraints), it is

o
relatively easy for a A ""' reaction to £it a 1: "'1\' reaction, but only

very few :£0 configurations can fit the A'II.... reactions.

o 2
l. The events of group (e) when treated as 2: 11'11' reactiona give a X

diatrlbution which 1. much woree than that obtained when they are

treatod a8 A 1nT reactions.

In what follows, the 141 event. of group. (d) and (e) are treated a.

o
example. of reaction (1). We estimate that 10 to 15% are actually E events.

The energy distribution of the two pions in the K- -p barycentric system

is Ilhown in Fig. 1. U the cro.s section were dominated by pha•• space alone,

the distribution of the points on the two-dimensional plot of Fig. 1 should be

+uniform. Thia is clearly not the cae.. On the contrary, both the 'II' ar1.d the

w- dietributions have peaks noar 285 Mev, such ae would be expected from a

quasi-two-body reaction of the type

(2 )

• *tho Y baving a. mass spectrum peaking at - 1380 Mev. U the Y of maS8

1180 Mev breaks up according to
:-

y*il':_ A0 + .*. (3)

the pions from this breakup are expected to have energies ranging from 58 to

175 Mev in the Iep reet system. Those plona from (3) are well separated

from the pions arising from reaction (2.) in the energy histograms.

The 1 spin of thi. excited hyperon must be one, since it break. up

•into a A and a w. Since the Y h produced with & pion, alao of 1 spin one, the

reaction could proceed either in the IICD or tbe II: 1 etate. Therefore the ratio
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*+ lQI.
of Y to Y wUI depend on the relative magnitude and phaae of the two

. ~

I-spin amplitudes and thua could differ from unity. We observed S9 Y

eventa and 82. Y·- events, using the criterion for separation that the high-

momentum 11' meson i.s the pion from reaction (2).

.. *+Figure Z. shows the diatributlon in mas 8 of the Y .tate (both Y

--and Y ) induding all 141 events, alain using the higher-energy pion in each..
event to calculate the Y ma... The experimental uncertainty in the mass for

each event is small compared to tbe observed width of the curve. The curvea

of Fig. 2 are discussed later.

*+.. *-Fiaure 3 shows production angular distributions for Y and Y in

tbe K-prest syatem. Partial wavea with l>() appear to be present, .a 'would

b. expected aince "kim c approximately equals 3. The difference between the,..
-~ .-Y and Y angular distributions may renect tbe different superpositions of

the 1- spin zero and one amplitude. for the two cas.s.

The following two methods were used in an effort to determine the spin

•of Y •

*(a) The anlular momentum of Y was inveetigated by meane of an Adair analy-

aie.
5

We first restricted our ••lves to production ang1.a with Icoa 81~O.8.

For thh angular ran,. the Adair analysis should be valid if only Sand P

wave. are pre.ent in the production process. We then computed" for each

event. where
'K- . PA

I'K-ll iSA'
Of the 2<J evente with Ieos 91 ~O.8, the fraction 0.62*0.09 has "'I ~0.5. U;1:he

above -mentioned r.striction on the angular interval is sufficient to insure the

validity of the Adair anaiysb. this ratio i. expected to be 0.50 for j::1/2 and

,.
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0.73 for j=3/Z. The experimental result i8 thus - 1.3 standard deviation from

both pos.ibUities, and no conclusion may be dra.wn from the data. Similar

result. were obtained for several larger values of the cutoff angle. Presence

of D wave., however. cannot be excltlded by the production angular distribution.

(Fig. 3). U they are present, indeed, then none of these choice. of angle would

be sufficiently restrictive to iuarantee tbe success of the Adair analysh •

•(b) Since Y may be polarized perpendicular to its plane of production, eor-

•relations can exist between the decay angle of the Y and the polarization of,

the resulting A. Also, a net Ii polarization can result. With our limited data,

we see no statistically significant- A polarization or angular correlations.

However, one can also look for anisotropy, !:..e. a polar-to-equatorial

•ratio, in the decay angle of Y with re.pect to the normal to the plane of pro-
.,

duction. For spin 3/2, the distribution must be of the form A ... B,t~ by tho

6 •
Sachs-Ehler theorem. independent of the Y parity. where we have

e=
~K- X Py~ . PIi

IPK- X Py'~" PA I
.......

and Pa is the momentum of the particle a in the K- p barycentric system.

Since the coef£icient B is a function of the production anale, we want

to restrict ourselvee to that ranie of the solid angle where the polar-to-

equatorW anisotropy i" probably greatest along the normal to the production

plane. For production angles near 0 deg and 180 deg (Adair-analy.i. region),

one expech the polar-ta-equatorial ratio to be most different from unity in

another direction (namely along the direction of the beam). Thus the equatorial

region of production angles 18 more likely to show a large anisotropy along the

direction in question. Therefore the production-angle range sine ~O.866 was
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selected for study. W. find the ratio of event. with IeI> 0.5 to all events

is 0.355. If the dlatributio1l is iaotropic, a8 is required fol' spin 1/2, we

expect 0.500 It 0.063 for our 62 events. The result is thu. 2.3 standard

deviations from isotropy. The 45-to-l odds against isotl'oPY overstate the

cas. for higher spin because this is the fourth anisotropy looked for .

•Since Y may be regarded as a hyperon isobar, which decays into a.

• and a A. it evidently correllJpon.ds to a resonance in pion-hyperon scattering.

The mas. distribution of Fig. 2 then invite. a comparbon to tb.e cross section

for pion nucleon scattering in the 3/2-3/2 state. For this purpo.e a p-wave

7resonance formula employed by Gell-Mann and Watson lor pion-nucleon

scattering wae fitted to our 1I/i. data by using the eilbt central histogram

intervals of Tla. 2. In lUting the curve, it was found that the interaction

radius (a.) could be varied over a wide range without cbanling the goodne.s of

fit appreciably, provided that the reduced width (b) wae aho changed appro

priately. The radius parameter was therefore fixed arbitrarUy at f1/rn."c •

•Table 11 lummarb•• our results lor Y , alOftl with those of Gell-Maun and

Watlon for the 3-3 resonance .

•Even U Y doe. tUl'n out to be a p-wave resonance, tbere are stUI

many reasone why tb. 11' - Ii r8sona"_ parameters must not b. taken too

literally:

(a) There is a small contamination of r,0".. evenh in our data.

(b) A nonresonant background may be present.

(c)

(d)

The production matrix element for reaction (2) might well depend on the

•oUll0ing momontum, and hence distort the rna•• dietribution of Y .

lit
Two thresholds for other po.sible decay modea of Y appear within the

ma•• interval covered by the resonance curve: ~. the 1:", mode three-
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bold aro\1ud 1330 Mev and tbe KN thr••hold around 1435 Mev. Thi.

m\18t have some .!fect on the shape of the mas. spectrum as observed

(0)

(f)

via the A'fl decay mode.

Final-state pion-pion interaction c0\11d disturb the apectJ'\1m.

*+ .-Even 'when the two resonances, Y and Y , are wen resolved in terms

of inteusity--as in 0\11" experiment--ther. can BtUI be an appreciable

interference between the amplit\1de in which the 1f+ arises trom reactton

(2) and the ... - from reaction (3) and the amplitude in which the role. of

the two pions are rever••d.

U we bear all thea. uncertainties in mind, the resemblance to the

3-3 resonance la certainly remarkable (Fla. l). The resonance energies

when expressed in terms of barycentric kinetic energies differ by only 30 Mev,

which Is much 1••• than tho 'Nidth of either re.ona.nce. Furthermore, the

widths are at least comparable.

The.e re8ult. are stronaly reminiscent of the concept of alohal

symmetry which predicts two spin 3/2 plon-hyperon resonance.. one with

8T :IE 1. the other with T :: z.. Thes. are tbe hyperon cO\1nterpart. of the
•

JilT III 3/2 r.sonance ot the plon-u\1cleon sy.tem. On the other hand, the

•possibUlty that Y le a J :II liz reaoaance cannot be excluded on tbe basla of

our data. Tho concept of plon-hyperon resonance in either 1:1 lIz or 3/Z.

state, bas been diacue.ed recently by several authorll. 9

A study of r.+ 'fl.",0 events in our experiment is under way at present.

The resulte. however. are too incomplete for \1S to b. able to dra"N any definite

conc1uaione.

The a\1thor. are sreatly indebted to the bubble chamber crew under

the direction of Jam•• D. Cow for their fine Job in operatiDa the chamber.
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Table 1
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Dhtributlon of event8 among different reactions

Reactipn

o
(a) K- + P - 'R + P ? 1r'

o + - 0(b) ( A or ~ ) + 1r +11 +1f

o ... -
(c) 1: + 'If + V

(d)

(e)

=,

... -.A ... 11' ... 'If

o + -(A or 1: ) + 11' + 'IT

Total

No. of
events

48

39

l. 71
49

I

92 J

255

Cro••
.ection
~

l.OI:O.3

1.1.:t:0.2

4.1:1:0.4

7 .2d:O.5



.,
Parameters for 'II' - 1\ and w - ? relonance fitted to era:lt"

=-===== C " :t :..._:::

where r 1&
2(a!);,)3

1 +(a/h)?
b

-1.2. -

Table U
W =t ;; --:

UCRL-9456

l# l
r

Parameter " • P 'II' - Ii.

Interaction radius (a) 0.88 1
in units of film C'. 'II'

Reduced wi.dth (b), (Mev) S8 33.4

Resonance energy (EO)' (Mev) 159 129.3

Full width at half maximum (Mev) 100 64

Lifetime (sec) _ 10.23
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FIGURE LEGENDS
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- +-Energy diatribution of the Pilo pions from th., reaction K +p-A+'lt +w •

Each event 18 plotted only once on the Dalih plot, which should be uniformly

populated if phase space dominated the reaction. The tWO energy bbtograme

are merely one-dimensional projection. of the two-dimensional plot. and

each event i8 repre.ented once on each histogram. The solid line. super-

imposed over the histograms are tbe phaee-apace curve••

•Fia. 2. M.I!u'. distribution for Y and fitted curve8 for wf!. and "p resonances.

The lower Beale refers only to the" A. resonance. Q is the kinetic energy

released when either hobar dissodatea.

The curve lor the 'II' A reaonanee 1. fitted to the center eight hi_toiram

intervals of our data. The 'II' p curve 18 the fit obtained by Gall- Mann

7
and Watson" to 11' p scattering data. Both fits are to the formula

(1 ex: r..Z r Z/ [(E - EO)'l + (r2
/4) ]

where r III lb (a/ll)3 / [ 1 + (a/~)2] .

**FiB. 3. An.ular distribution of Y in the K-p barycentric system for the

- *:*:.t:reactions K + p - y . + 'If •
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