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i

la pzevious laWara we have zeported a A- resonance. 1 called r, . ’*** 

. s obeerved through Um etpdy of the imteraction of 
1.15-Bev/c K waaeea inhydrogen la Um Lawrence Radiation Laboratory 15-in. 

bubbie chambezr. We now wish to report the rosulta of the atudy af the three

rw jX —a

(1)

z- +u +u*+u" (2)

and x-+p- z°+ w° (3)

Although reactions (1) and (2) are readily identified and measured, reactien (3)

cannot be Kentiflad unambis ly- Accordinsly. we discuse firet the results

pertaining to reactione (1) and (2)- Nineteen evente of type (1) and 11 events of

1

type U> weze cbnerwed. correnponding to cross sections of 0.19*.06 and 0.12.05 wb, 
respectively: In a senrch for possible Zu resonances, we hava piotte * im Fig. I 

histograme o the inveriant masses of Um z and each of Um three pions in renctions 

(1) and (2)- Figure Ib refere to Um X and pion of uke charge: Fig. la to the X 

and each cf the pions of umlike charge. Since there are two unlke-charged piens 

la each event, ewrice as many poimts appear la Fig- la aa la Fig lb The ptottea 

curves are mass distzibutions expected aa Um basis of a unitorm phase-apace

population. epace curve, but UM
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(Ew) mass of about 1405 Mev.

tati

remaining two H** |b abb of charse opposite to thmt of the z) into the center-c-

■M* (c. m. ) sytem of these three particles and imnrUM the total enersy available

" to this particular coorinate system. Tor each event we can then calculate • Dalits

plot of the availabie phas epace.

ly selabel the axes

from itHtoM—i evente are »aa mded «• obtain a composite phase -space probability

contour map in the mass-squared space. The resul of this procedure ta shown to

Tig- 2a. Only ha et the plet is shown, since it is eymmetric about tW Mm

b

%
3

the pA—* comsidered are totiattogalobab to.

The exporiwental palama arrange thomseives to • vertical and • hor imomtal 
bana, both camterea alomg 1.97x106 Mav2 - (140s Mt)2, an If the X renonatea

with either one or Um athar ef the two pions. ce
*

The zesulting

histog
vesuhs aze mhown to Hig. 2b. Auhough the posttem af the dividing Um 27 chosen

to such a wy as to ezhibit th y—ara most clearly. It appoars rafhar unlikely
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1
eee talorpvete the ebeerved Al—rfh—lea me a reeemence, tea peak correeponde to 

a mana af 14** Mev, an He fell with at half mnaximum la abeue 2o Mov after un

1

To lava—ip—a further the possibility of a resomance to the Z• oyetem, we

or x- ♦ p — X* om. Those event e

(8)

(9)

- X* ♦ „* ♦ P+-°. (5)

0

<•>
Ldentification is very difficult b

»

only reactien (•) is eufficiently over

eao—rataa* to permit a Maa —tral fit. Furthermor. moet at the eventa that 

are actually examples e reactleo (8) will fit hypothesis () . h— probably with a 
larger x2 value.

m or the 39 events, 1* had x1 ^2 whan Moa—la ally ftttaa to the one- 

conetzaimt hypethemis 69). Mo— — there evemte are probably Awe to reection (•). 

eince a art a— eely 17% of the averta Ace to reactien (m) chouta have x2 » 2.

Aleo, only one ezample ef the remction K+p- A ♦ e and no

awe—plaa af K"+p- X* ♦ „* + e° were obaarve: thus reactteea ()

and 65) are probably rare. Even thaegh a kinematical fit to hypothste (4) la 

imposaible, one can a—ala the invariant mass — the z°u° ayetar fro* the
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incidemt K momentum and the messured momenta * of the two charged pions.

However. since no kinematic constrainte caa bo impose on each evente. the ex-

= perimemtal errors will. in general, be larger than for fitted evente and fluctunte i
more widely. Therefore. the data are better represented by ideograms.

2 x

Figaro Sa shows the idaagraan of the mass dietribution of the 14 event* with 
The three event* with M<1320 Mev can be interpreted ae the tail of the x

distrihution of reaction (4); the four events with M > 1450 Mev are probably due to

remctions fl) and (6)- The rewaiming wine eventa fall into a narrow band centered 

at about 1 386 Mev and are most yr eh ably doe to reaction (4). The piotted carve 
to the mana dtstributlon of z°-° nyetema baaed ea phaso space ana normalisea to

nine owto.

In order to permit a direct cowparison with the previous figure,, again only the

for A w-g’wt evente. No anomaly at M - 1390 Mov la observed. Thea there 

doss not appear to be any e video re of the T = 1 T resonance in the Aw-w w 

data. Furthormore. if one fite ell 39 evente to the hypothesie and then
calculates the (Aw°). (Aw*), and (A«* ) masses from the fitted values, there io

•till no evidance for the T • 1 I* la particular, the pen h of Fig- 3a

vaniehor. Thus we emo at attrib ate the abeerved peaba in the mass distribution

ahown in Fige. 2b er 3a to the Y2 , especially in view of the low X /A
brnarhing ratio of thio roaoaoece pzeviously reported. F Bocaune of thio and the

seloction criterion need la solating the evemts of Fig- Sa it see no a probable that 
o 0the nine evente roprooeot a X e reeonanco Mahed by charge indepeodeece to

reso already diocussed.

I io eney to show that the branching ratio P " Nz0,0 /(z+-- * Nz--+ )

1 or 0. we

have P • 2• 0. or 1/2. reopectively- Neglecting poelle backuroundg,and n €
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correcting for several decays and escape of the A hyperene in the z°=° case.

we have p ■ 0.5=0.2. Hence, the iectopie spin of the indicated reepnanco to sore, 

aad we will call it Y* .

One difficulty of our interpretation of the data ia the difference in meas of

19 Moved Mev b etwo on the two peaks of Figs. 2b and la. However. alecs there 

are two identical pion in the charged X cases and not in the z° cases. it is 

posate that the effect of Bose statietice could tcause a shift of the peaks. Also, 

from the fact that the charged Z can resonate with either of the two unlike charged 

pious, one would expect interference effects between the two veswuawet arplides.

Another poomibility de interference between the resonance and nonresonant baek- 

grounds. Both these interferences might alter the observed positione of the peaks.

"FHhermora, electromagnetic mass differences ia the z*e“. z"s*. and z°u°

syetema could affect the observed mass spectra in the three caaea. Aeoumtug 

that the probability of decay into any mode is proportional to the momentum available

ce). we find that the shifting of the

peaks due to nan «iffezenem is negligible.

The Tq could also be produced in the eventa in which the final state consists 
da X and two pious. If it is produced. it should appear in the u)° mass plot 

given la Fig. 2c of our previous letter. 2 No significant peak la observedt however.

the number of events in this region of the mnaes plot is uncertain because of the 
difficulty of correcting for z® + e‘ ♦ »° ♦ «° production. The absence of the 

Y* in this final state (r0 + e) coula be easily understood if the interaction took 

pineo mainly through the T ■ • initial channel. Thio hypothesis can be tested by

analysis of the interaction
by Adair. 3

+p (a pure Tel state) currently being studied

We believe that our data far Z wie three pione are meet naturally

However, both because of the
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c small number of events involved and the complexity of the final state, we cennot 
regard the evidence as concineive at present. Evidence for a (z“ - =‘) resonance 

has been obtained by Eisenberg st al. . who have studied K--meeon interactions 
in emulsion and find a peaking in the CEs)C mass epectrum at 1405 Mev. “ This 

peaking could be attributed to a T J . In addition, Schult and Capps have recently 

invoha a T eO resonance at a mase of about 1410 Mev to explain the hyperon 
branching ratio in low-energy K"-a interactions. 7

Dalits and Tuan have shown that the (b* ) solution for the scattering lengths 
in RN tow-onergy interactions will result in a Zv resonance in the Teo state.6 

_  7
Recent valueb for the sere-energy KN scattering lengths obtained by Dalits using 
the data presenbed by Alvaros at the Kiev Conference. * indicate that this resonance 

will be at 1415 • 5 Mov. with a half-width ( r/Z) of about Z0 Mov. If this ez- 

planation of the TeC resonances is correct, it should have J • 1/2: the observed 
9

T= 1 me on on re could be the res ewe n re predicted by global eywmetry with J=3/2. 
Dalits has pointed out that the values of the (a" ) solution gives in reference7 are 

consistent with both a T ■ 1 and a T - 0 (Y-r) resonance;10 both of those resonances

1

should have J = 1/2.

The ashore wish to thank the moany member* of the Bevat roe and bubble

chamber crews and the ecanners who made this experiment possible. We also

thank Profeseors R.H. Dalits, A. Pais, and B. Sakita for l helpful discussiens.

One of us (PE) wishes to thunk the Phiuppe’s Foundation Inc. and the Comomisariat

a l’Energie Atomique of France for a followship.

(

64 07



-8- UCRL-9686
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4

»

could have anything to do with global symmetry as well. This is certainly not 

the case because, if the Y9 is related to the global symmetry hypothesis, then 

there should be a corresponding T = 1/2 z-nucleon resonance with Q *160 Mev. 

Thus the ezistence of a Y0 may indicate that the assumption of global eymmetry 

is wrong. However, another possibility is that this symmetry could be valid

in the P-wave w-baryon interaction but not in the S-wave.

10. R.H. Dalits, Enrico Fertoi Intitute for Nuclear Studies, University of
Chicago, private communication.
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FIGURE LEGENDS

Fig. i. Maes plots of the neutral and oubly charged it syetemne.

Fig. 2. Dalitu plot of the Z* * + e* + evente for the system censisting

( of a X and two oppositely charged pions. For discession see text.

3. ideograms of the missing mass for the 39 events in which a A and two 

charged pions wewe observed and neutral pions were also produced. (a) 
Evento with x2 ► 2 for the A w°w*»- hypothesis; the superimposed 

curve is the phase-space distribution for the X°e°»*w" reaction normalised 

to nine events. (b) Evente with x2«2 for the Aw° e’e" hypothesis, and 

the ezpectea Aw°u*u- phase -space curve.

i

I 64 10



20 T

15

c 
O >

10
o
9

E

5

O 
1320 1360

J — 
1400

(

( a )

T T T T T T

(b)

J----- •
1440 1480 1520 1560 1600

1 1 I

Mass (Zrr)° ( Mev )
1320 1360 1400 1440 1480 1520 1560 16UU

Mass(2m± (Mev)

64 11 *



T T T T 1 T T

J

2.20 (a)
T T T T T T

p 2.5
X 

CU

&
2

o—
F

o
CM

O
3

C 
Q

<»

o

9 
E 
3

O 
F

-3

2.10 -

2.05 -

200 -

1.95 —

1.90 —

1.85 —

1.80 -

1.7 5

8 -

6 -

2 -

V"
o 
1.75

Relofive weights of cntour lines
............  0.0
---------  50
---------- 9.0

• •• •

% * 
%

_3

\
X

1

",
* —

1 1 1 1 1 1 I i ........T 1.......... ~T ।

1 1
1.80 185 1.90

1___

1.95
1 1

( b)

1 1 1 1 A i

2.00 205 2.10 2.15 2.20 2.25 230 235 240

Mass2 of ( 2 Tr) O ( Mev2 XIO6 )

“ P „»= -



■

■

e

e

-

t

-

— —
-

*

■

-
. —

" - a’ —V'

a

< -

— 
e

-

"T2—- MMt am1I

-

a

, e ' e“

M
■UI - - ; ■

e
*

e

e

e

*

-

-

.» . -

-

5
5

>

♦

-

*

-
-

-

--

— ;- -
. --

e * -
a

. /
* -

-

*

- ..

--

/ . ,.

-

-

■

■

-
♦

i
-

. *

«- ■
■

*

a

-

- 

-

« * -

■

--

- 

-

#

Mue

4

* «

»-

" ea, - e-

I event

*

—

e

■

1200 1240

■*

—

-

-

- ' -
1*,.

4
-

I

3

■ I

*

J

e

.....
. a

IP

* 40,

wct :

1280
Moss

...... . .

W -

-

9
I

e
" -

*
~

-

■' " -

■ - ■ —

e

, ■. I

—e

V. d

—
•

-

■

3-
-

• ■ - *•

23

--- I

-

-

#

#

■

-

-

e

*

e

e

♦

e

Ob *
ee
m
E-

-

1

»
e ■ e

-f

I

g
J -

a

a

n

2

b
-

t

br

k

1

-

• -

e

— *.
- . --

-
- " - *

m

$

. "

■Hi

-

A

a. "

e ' ' •

-

I w
3

e -

..

- ;

»

8

»

f *

•• *•

. *

/r7 r
-

-

I event

" ";...
A

—

L
-

- —

/- 2. •, 
I ■

•3

2 A’a" 
c. 383367

A

h
4 "

*
-

-» e

*

1320 1360 1400 1440

-

pcp3.

1480

of the neutral system (Mev)

■

“ e e

da
• e •

“ -

» "

-gen ■ w,

1520

■
b E

»

Ii
• J

i

niF
I
K |

I
Fh
I

#

I

i
I

B

■ A

- am--T

1

k

(3

t


