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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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We present here evldence showing the existence of a nonstrange. meson o§

gL

. mass 959 MeV,
3 ‘ ~  In the current experiment. the 72-in, hydrogen bubble chamber was expoaed

“toa aepa.ra.ted beam of 2.45-, 2 63- and 2, 70 BeV/c K~ mesons from the Bevatron.
) Appro:nma.tely 370 000 pxcturea were ta.ken to date. approximately 300 000 have .
' been scanned. The reactiona ot interest in this paper are coe “ "
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_(E‘ig. 2, ¢ and d) In addition, no decay i'xto 2ut2a%20” or 31r 3n is observed
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Figure 4a shows clearly the existence of the 959-MeV meson as an enhance-
* +1r°'r: T epectrum from reaction (6). The mass is 959 = 2 MeV

and the full width is T'S 42 MeV.® We observe 35 events in the interval

2

0.86 < Mz(Sv) < 0.98 BeV™, The background is estimated to be less than ao% of the

peak, These eventa are produced mainly with a momentum tra.nafer Az'p' A legg

Lhﬂ.a c. 5 Beﬂ{2 2 We have used the momentum transfer on.ly as a means to
ara.te other decay’ modes of this meson from the Iarge bacl\ground in reactions

{1 through 5). The distribution of the fou:: 1r+1r ™ combmatxona for each of tbe

25 events in the peak (Fig. 1b) clearly shows the presence o,f the 548-MeV n meson.

T =h of the 35 events has at least one Crr+v'i-°

7~ triplet at the 1 mass. > We conclude
tioo the $59- MeV ‘mesondecays into e n.

‘We now turn our attention to other possible decay modes of this meson.
The neutral MM and the #'w" MM distributions (at 2.45 BeV/c only) from reacﬁiona
{1) and (4) (Fig. 2,a and b) show enhancements at 959 MeV. In addition, the
celection of MM = n in the 1c>w-Az A® Tv' MM events gives a practically clean
aample for the w*ﬂ“n where the v decays into all neutrals (Fig. Zb) This last

..electzon gives a sample of 26 events with 0.86< M (w 7 MM) < 0 98 Be\!2

and 0.27 < MM <0.33 BeVZ for all the 135000 pictures in whxch these events

L t_o

were meaaured 4 No apprecia‘ble decay into w+1r . T .‘ d 211 Z?r is observed

5

\’7e noi;e that the decay rate into all neutrals (< 20 A%+ Mlv' events above back-

’ground in F1g Za) is comparable to the decay rate into wta 11 (four of the

35 A%5w events occur in the Z 45~ BeV/ ¢ part of the sample in add1t1on to the 14

A%wta”™ MM events in Fig. 2b).

- We now look at the properties of the v w” n decay mode in an attempt to
determine the quantum numbers of this meson. When we construct the Dalitz plot

of MZ( 1r+-n) versus Mz(wfn) and their projectioris (Fig. 3a) for the 61 A°1r+1r°q events
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B :(35 A%Sw and 26 A°‘n' W MM). we observe no particular structure in t:he w*n

%:tdistributions. The distribution of pointa in the Dalitz plot is conaistent with .

A‘funiformity. ‘The ~ ZOoMoV apread in the’ observed full width of the meson maas

::' 's;mears out tbe points appreciably (envelopea labeled 950 and 970 MeV in th 3a) A

":However. the distribution in M ('n' T outaide the n) (Fig 3b) {s not apprecia.bly o

'affected by the resolution. The 'a' w dmtributmn appears to be enhanced a.round-

‘:."360 MeV, We now- consider the mm system as a dipion and %, Wxth no ﬁnal-state

: 1ntera_ction_ bet_ween the 1 ‘and the pions outside it, and denote the a.ngular momeotufo

“of the diplon as. £ and that between the dipion and the eta as L. Al I¥ states
'-except ot e.re" allowed. For J ==“'0‘ or 4, the poseible spins and parities are .-

. 0T(=L=0); 1*'(_:2 ’=.‘o., L=1, or L= 1 L=0); and 17 (£=L=1). For 0 and 1%,

‘ I there-can b_e'no‘“(_:i)rrelation'between’ the-direction of the m and that of one of the.’

. -

pions’'as V1ewed' m,the d1p10n_rest frame.' + For .1, a sin GTFTI correlationis. »{%

ks ek

"-'requi'red 8. The dlstrlbunon in cos@. n as -observed_ in the dipion rest frame is Fort
- .."'essent1ally 1sotrop1c, d1sagree1ng W1th the s1n2 B 11 prediction of a 17 state.”
' '-,'( F1g.-3c), The ambiguity of the .choice of‘the -r\ in'the A5m events does not '

'>a1ter this ‘conclﬁsion 9 - Thus, we ‘conclude that the 959~-MeV meson is p'r_obablyo.

_ b = 2 e AR . B et

not a vector partmle S ‘_/"f -

_.—.—-.....,....._..-,..-, e —— - [, —

The moapin of the meson is either '1‘ 0 or T = 4 because of its production

: from an initial K~ p syatem in aeeociatiou with a A. Absence of apprec1ab1e deca.y
into w' ar w+w T Z'rr'ﬁrr 2wt 200 20" and 3tr 317 implies the absence of apnreczable
.‘:deca.y into nw’. If the decay into v -zrn oceurs strongly, then the. neutral mode
J"-,‘- w® 7 determ.inea the 1sospin to be T = O However, a “zero' wxdth for thig - ,:' "
;’"meson is net excluded (1"< 12 MeV) The predicted branching ratios for a

: “v""etrongly deca.ying '1‘ =20 wn eystem are in £adr agreement thh tho obaerved

,,ratios..i In addition. observatxon o£ 8ix e+e converaion paire and four Compton

‘ ..'::.;. v

]ielectrons in association with the "'50 A° + MM events in the 959 MeV region T
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points to a high multiplicity of gammas in the all-neutral decay, consistent with

" w%un. 12

In summary. we have observed a meson of masse 959+ 2 MeV, 13 i '

, full width -

T'S 12 MeV, and isospin T = 0 or 4, which decays into wtz"n.  No appreciable
"deca.y into two, three, four, or six pions is observed. The a.ngular correlation
of the (q. and the w in the dipion rest aylstem is not sin®g o makingsunlikely the

J p a4 asaignment. 1£ we assume a atrong decay (nonzero-width), the meson has

. isospin T = 0 and G parity = + 14, with J probably 0~ ox 1.+ 14

However, electro-
magnetic decay cannot be ruled out. The path length at 2.45 BeV/c is appr Jx-~ |
imately 0..6‘ Kb per event. The ~44 Ammn events at 2.45 BeV/c 'yield a
cross seciion of about 25 ub, The average polarization of the 1_&° pz;oduced in
agsociation with this meson is a A'Pn 0.2, | | |

. We wish to g;:knowledge helpful discussions with Professors Murray Gell- '
' Mann and Donald H. Mill:er and Dr. Nicola Cabibbo, We are indebted to the
operators of the 72-in, bubble chamber and the Bevatron for their skill and
patience. Furthermore, we thank our scanning and measuring staffs for their

untiring efforts, '_withouz which this experiment would not have been possible,
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. In the A%5n events we chose as the n that @' w
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The observed full width is ~ 20 MeV, and the vesolution is ~ 16 MeV for

the fitted A°'n *ata0n"n" reaction.
The square of the momentum transfer from the proton to the lambda is

2 2

p.Aa-(Ep-EA) +(P —PA) i

Of the 35 events with 0.86 < M (57) < 0.98 BeVZ. twelve have one, exghteen |

defmed by A

have two, three have three, and two have four nTnla” triplets near the

'n mass. The n mass is defined by 0.282 < M2(n*n°n") < 0.322 BeV2.
This distribution is consistent with a random coincidence based on the

phasé space for the wun decay (see Fig. 1b) and the resolution.

| The resolution for the MM and the e MM is ~ 25 MeV, which is

essentially due to the 3% momentum spre-adv in the beam. The observed
full width in these MM cha;nnels of ~ 30 MeV gives a full width for the
959 MeV meson of « 20 MeV.

" Three A% -six-prong and 28 A° -four-prong events are consistent with

A%69 or =%51n in the total sample {(~ 300000 scanned pictures). All

31 of these eventshave Mz {(bn or y57) =1.1 BeVZ.-

%%” triplet whose mass
squazed is closest to an = 0.300., This choice does not always pick
. the correct triplet because of the finite resclution. About half of the .

' ambiguities should be chosen correctly statistically, giving 48 (of which

38 are unambiguous) correctly and 13 incorrectly chosen. 3
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7, The F=07, 47, 1-'j states can also be formed from (£=L=1'or =Lz 2),

" ‘N "Czn(l =2, L=1 or:l =4,"L=2),. and (IZ 2, L= 2.) combinations, respectwely
|

The 0 (l =L = 1) state would give a' cos 0 .

Tn

. distribution, in d1sagreement
The angular correlatmns would be relatively complicated in

‘with the data,

‘the other cases.

8 The odd. intrinaic panty of the. 'n'rr'q ayatem requires a 1

- o o p——
- - 7

matrix element

(pz-oportional to P xPp ) for a vector-meson assignment. N. Cabibbo

i poxnts out tha.t the resulting einze diatrzbntion is easentiauy mdependent

' o of 'a.ny n"}w interaction that might be present (such as at 360 MeV.

Fig. 3b')_. .
9. The A? 5 that are unambiguous as to the choice of the eta are 'ahown. Cross~
C batched in Fig.' 3¢, Replotting the ',Fa#i:biguene" A°57 o that all possible ‘
. eomﬁinetiens contribute equally to the unit area per event does not.l appre~
ciebiy alter the distribution presented in Fig. 3c.

= 047", If the
L wn state with G = + 1 ia this 01"

‘meson, it must decay 'electromagnetically. l
The 1 vector assignment is unlikely, because of the cos 9

di.etn-- o

An additibnal argument c¢an be made agamst this assign'- a

ment. Charge conjugatzon invariance in the electromagnetic deca.y re-

R quires ‘a 'I‘ = 4 ate” n system. 80 that au neutral decay must be due to

S the modes w?y, 2n%y, and 3y.

However. the decay rate into w° y relative
f,;,ﬂ to 'w""n n is expected to be very large.

_ The %y rate is proportxonal to o, c

4

' times a large two-body phase-space fa.ctor, whereas the u+1r 'f) decay is -

i _proportional to ez times a amaller three-body phaae-space £actor. Th:.s

~_xa in marked disagreement with the observed all-neutral to 'n""n 'q rates.

- 2
e g N,:,&nﬁ-""'

-
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11, We use a bra.nching ratio of ~ 2,5 for (n decay into all neutrale)/ (charge;d
Lt ;" C decay) and 0.5 for Zu“/‘n ‘n" (T.= 0)., For the ~ 44 events at low Az at © |
b 2.45 BeV/c. this .predicta an apportionment of 8, 21, 4, and 114 e\lrents}
I L respectively, . nchg ,uta” “r;eut. . w%a° ehg, * and all neutral.
S "_";,5- We observe 4, 14, <6. $20, respectively, in fair agreement with the A
IR | predicted apportionment. . In addition. we note that we have not 'observed'
any 'n*tr n? enhancement in. Z (nﬂ) states. This constitutes weak :,
' évidencé against T =4, ' . .
' 1i. None of the. 10 detected vy events was consistent with Avyy 'ﬁroduct.ion. The
~. MM in K peA+y+t MM for these events is peaked from 500 to 900 MeV.
This - suggesta an average oi approximately 4 to 5 gammas for each of the -

50 A° + MM events. The observed detection efﬁciency for the gammas

is then 10/ (4 to 5) X 50 = 4%, a. reasonable value for the 72-in. chamber.

e <
. 43. We note that evidence for an’ enhancement in the missing mass opposite the A

in the -reaction K +p = A + neutrals near thisw./-alue has been observed by
~ the AB‘roo,kha.ven bubble chamber gioup. [See M. Goldberg', M. Gundzik,
" J. Leitner, S. Lichtman, P. L. Connolly, E. L, Hart, K. W. Lai,
Q. Loﬁdon, G. C, Moneti, R. R, Rau, N, P, Samios, I, O, Skillicorn,
. and S. S. Yamamoto, Study of K p - A (K°%) + neutrals at 2.3 BeV/c, Bull,
Am. Phys. Soc. 9, 23 (1964).]

14. The existence of a singlet oo™t meson as well as 1+ mesons has long been

' 'conjectured by M. Gell-Mann. J. Schwinger has also proposed a 0 &

ol T

meson at a mass of ~1500 MeV [Phys. Rev,.Letters 12, 237 (1964)].

~ . e

P S U S-SR - e S L e Bt d



) Fig. 1. (a) Distribution of the effective mass squared of atetw

=Y

AR
" reaction K p= A’w o

" is legs than 0.5 BeV>.

- _ UCRL-11358
. FIGURE LEGENDS

®z"n" in the
- v event
%%”. The shaded area represents/in which the

Squafe of the momentum transfer from the proton to the lambda, Azp A,

2 {b) Distribution of the effective mass squared of

Call £ou:: ﬁ+w %~ combinations in the 35 Aw @ #%w% w°

events in {a) where -
86 = M (5w)$ 0. 98 BeV - The data are at incident momenta of 2,45, 2.63,

2nd 2,70 BeV/c. :

Pig. 2. {a) Distribution of the square of the mass of all neutrals (MM) in the

reécti‘on K'p - A’ 4 neutrals (MM). All events consistent with a fit to
w# +p-=A"+ K? bave been subtracted from the plot. (b) Distribution of

the efiective mass squared of a4 neutrals (MM} in the reaction

, K"p—»iAo-_n{'w_t&-_‘ neutrals (MM). The crosshatched events have been selected

2

to be consisteht with 1°(0.28'< MM"“< 0.32 BeVz). {c) Distribution of the

0

square of the effective mass of ata®w” in the reaction K p-A° arta,

R Distribution of the square of the effective mass of ate” and wiwte w"

iix the reactions Kp -'Ao*zr*'n" and AlwiwtuTne", respectively Shaded
events are those with low momentum transfenr from the proton to the lambda

(A As 0.5 BeV )- Al da.ta. are at 2,45 BeV/c¢ incident K~ momentum,

Fw 3. (a) Dalitz plot [M (-rr n°) versus M (#"9°] and projections for the 61 events
-in the reaﬂtions K p-oA“Sm and A"v w '+ neutrals with 0.86< M {57) or N
'-?,‘;M ('xr a4 MM-n ) €0.98. (b). Distribution of the square of the effective
':-maaa of the 1r+w outside the 'q° for the 61 events shown in (a). (c) Distribution
'  - of the cosine of the angle included between the 'ﬂ and the "r+ a8 viewed in
4{_the dxpion (v w ) rest £rame. Shaded evem’:s are those from the reaction

:',K p-bAo'n' 1r +nexztra.ls (-q )
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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,
or 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
Commission" includes any employee or contractor of the Com-
mission, or employee 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.








