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 : Evidence has been reported in the past few years for a neutral o

and a charged meso_ri_ state in the 960-MeV region. The existence of a

" neutral meson state (n') with M = 9581 MeV and T < 4 MeV was

eéfablis_hed by several hydrogen:bubble chamber experiments.i_ In the

reaction K p—~ An', the n' was found to decay strongly into mmn and

electromagnetically into wwy, from which decays its quantum numbers

=

G. OO . Kienzle et al. 2 have reported

.. evidence for a charged meson (6) with a mass of 963+5 MeV and

<4 MeV in the reaction 7 p -~p(MM) , with 6 decaying into one or
three charged particles + possible neutrals, 3 Allison et al. report

+>1T- at 6,0 GeV/c.

evidence for the reaction K p +ZF 6% with 6 = ¥ m
incident momentum. 4 The coinc._idenc_e of the mass and width of the &

and n' leads to two possible inte:rpreta.tion‘s : (a) 6 and 'q'. are the

same particle; in this case not only the.bisos_pin, but also the other
quantum'. numbers of the n' are guestioned; (b) & 'a.nd n'_a;e two
different Particles; this int‘erprve'tation has led to theoretical discussions
on mass degéne;rac,y,,_s to .a po'sslible assignment of the 6 to a 3P0

. s . 6
configuration in the quark-antiquark model for meson states, and to

the conjecture that 6 might be the O++ daughter trajectory of the p
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meson. 7 : We report here an exp.er'irr';g'nt' which rules out pos sibility (a)
and:_seté some upper limits on the cross ‘s‘é.c':tiOn for productibn of the
"6 in K n.—~ A8 with subsequent decay of the 6 into various states.

In this experiment the 72-inch bubble chamber, filled with

L deuterium, was exposed to a K ‘beam at momenta 2.11 and 2.65 GeV/cv:.'-'v

" The reaction studied was

K d~ AX (p,), B €Y

“where ' X~ is a negative meson decaying into two to five pions or pions. .

plus a vy; the spectator proton, '_(ps), was measurable in 30% of the
~events, Excluding the spectator}proton from the number of prongs,
_these events were found in the topologies of a V and 1 prong (13000

‘ measured events) and of a V and 3 prongs (5 000 measured events)

The events were measured on Franckenstexn and spiral-reader measurmg

machines, and our standard programs (PKG, DST- EXAM, SUMX) were
used for the analysis. 8 If the spgctator proton was not visible or was
too short to be rﬁeasur_ed, it'w’a_sv"ass_igned a mbméntum equal to zero,
~with appropriate errors in the x,“y, and z éomponents, and fitted as if

it were measured, 9 For the following a.nalysis, only events héving a
l;roton momentum Psp < 280 MeV/c were used. _.

If the n' were isospin 1, _ﬁhe cross section for K n—+An' woﬁld

be twice as large as that for K p-~An'%, and the latter cross sectioﬁ

we know at both momenta from our hydrogen data. 10 we proceed to

test the isospin-1 hypothesis under varying assumptions.

(a) We assume, for the moment, that the charged n' would appear

only in the reactions




:u,.)"

W

n
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S KaneATMM, . (3)

‘where . MM consists of at least two neutrals., This would be the case if
o the-only decay,modés of q ~ were Tr-‘rron and ™ wly. Figure 1a shows

a plot of the invariant mass squared of the negative system recoiling

2

A, A7 <0.7 (GeV/c)_Z._ . Using the effective path length of this experiment

for Reactions (2) and (3), we expect a total of 378+ 32 events above back-
11

. ground in the interval 960 :1:45'MeV. We find no enhancement of
" statistical Signiﬁcance, and, drawing a smopth background, we conclude

v'that Nﬂ"' < 42 events,12 or the cross section for K n—+An'"~ (all A) is

o< 25pb against an expected 220 £18 ub.

(b) Figure 1b shows the situation if we make the additional as-

 sumption that the branching ratio for ' ~ - 7°qis the same as for

1 0 »-1r'-1r+'q; from our H, data, this ratio is found to be 0.42+0.03,

independent of any isospin assignment for the 'ﬂ' . In order to reduce

the background under a possible 17-17911 enhancement, for Reaction (2)
' ' +_- . e
we impose the condition that at least one ™ ™ combination satisfies

M (1r+1r-_)< M"’l; for Reaction (3) the 7 is neutral and we require that

MM = MTl + Mo . With these cdnditiOns, appropriately adjusted to

take errors into account, we obtain the plot of Fig. 1b. The expected -

number of events is now 158 £18, and we find N_, <21 events,iz or the

cross section for K n =An'" (@ll A, 0" "> 1% is ¢ <12pb against
an expected 92 +11 ph. 13
(c) We have shown thus far that there is no evidence for a

charged n' decaying into n 7%, ® w°y, or any mode involving two or



_more rieutré’.lé.:; :'_Te 'c_lefbinitelyvjseitt'le the qﬁestion_of the isospin of the

n', we new investigate all the ofher possible imodes', which would be

' ;A » included in the following reactiohs:

K'n ~ A7 10 (or y), (4)
Kn~Avtn", (5
'K—n -;"A'n'-n""n-'no (or v) . - (6)

‘These modes m1ght be allowed electromagnetlcally for the 7', e\‘zenf.thou‘gh' .

Y “the correspondmg modes for 7'° are absent in the H, data.
F1gure 2 shows the 27, 31r 41r n Ps »1r w, and T~ 'q mass distri-
. bu_tion.s. The shaded h1stograms refer to low A events
[ A% <0.7 (GeV /c)v 1; the unshaded h1stograms contain all the .events,_ :
. which we will use later to set upper limits for production of the 6. o
The curves on the latter distr.ibﬁtions represent fits obtained with the ..
. .program 'MURTLEBERT,‘14.wh>i.ch takes into account all ‘th'e possible |
resonant states present in any of the mass combinations: The dashed
lines drawn on th.e,‘shaded histograms represent the backgrouhd esti-
mated from the adj’acent‘ bins. Each plot also' shows the wicith which
the n' would have, taken according to our resolution in the different
final states. The six low—AZ plots show no statistically significant en-

hancement m the 960-MeV region.

- By the analysis of Figs. 1 and 2 it is clear that there is no evi-

~dence at all for production of the ©n'~, which should appear in the distri-

butions with a total of N = 378432 events above background. Since even
the possibility of decays other than 7mn and wwy for a charged 7' is ex-

cluded, ‘we conclude that the isospin of the 7' is definitely I=0.

e UCRL-17914
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We now turn to the 6 There is no 'evidence in our data for pro-

,ductlon of a.ny meson resona.nce 1n the 960 MeV reg1on for the reaction

K n-vAX Wlth the 1sosp1n of the 7 esta.bhshed we may take. the

upper limits for a 51gna.1 in this regmn as being those for productlon of

the 6. Table I summarizes these 11m1ts for the n1ne processes con-

-sidered in this paper, for all events and for low A .

We wish to thank the 72-inch bubble chamber crew, our scanniﬁg

,,_"‘__and measuring group, and the séiral reader programmers-'in addition
| v'to the other phys1c1sts assoc1ated w1th the early part of this experiment.
-‘ We are espec1a11y grateful to Dr Frank Solm1tz for d1scuss1ons in many ‘
: .-'.‘phases of the,analys1s. Finally, we gratefully a,ck.nowledge the con-

‘tinued support and encouragemer_xtv of Professor Tais W.- Alvarez.
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M. Roos, and W. J. Willis, UCRL-8030, Sept. 1967 (unpubhshed).

Kienzle, B, C., Maglié, B. Levrat, F. Lefebvres, D. Freystag,

“and H, R. Blieden, Phys. Letters 19, 438 (1965).

 Evidence for a positively charged 6 has been reported in another

missing-mass spectrometer experiment in the reaction
pp - ast by J. Oostens, P. Chavanon, M. Crozon, and

J. Tocqueville, Phys. Letters 22, 708 (1966). However, the

same experiment was repeated at the same incident energy and -

the evidence for the 6+ has now disap.peared; see M. Banner, "
J. Cheze, J. L. Hamel, G. Marel, J. Teiger, J. Zsembery,
P, Chava‘non,-M'. Crozon, and L. K. Rangan, Phys. Letters

25B, 569 (1967),

W. M, Allison, A, Cruz, W, Schrankel, M, M, Hague,

- S. K. Tuli, P. J, Finney, C. M. Fisher, J.' D. Gordon,

" R. M. Turnbull, R. Ersk‘ine, K. Sisterson; K. Paler,

P. Chaudhuri, A, Eskreys, and S. J Goldsack, Phys. Letters

25B, 619 (1967).
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5, s F Tuan and Tai Tsan Wu, Phys. Rev. Letters is, 349 (1967)

'j'. These authors suggest that the #' and’the might be members
-+ of a new pseudoscalar octet along with an as- yet -undetected
K at Me 960 MeV. In this case the main decay modes for the

& should be pm and 3w,

v b_ 6. R. H. Dalitz, in Proceedings‘”of the XIII International Conference on

High-Energy Physics at Berkeley (University of California Press,
1967, Berkeley). page 243, The quantum numbers for the &
would be JPG = 0+- in this case, and & - n7m would be the

favored decay mode.

7. D. Freedman, in Symposium on Regge Poles, Argonne National

Laboratory, December 1966, page 108. Note that the G parity
in this case is positive, whereas it is negative in the quark

model; § - 47 would be the main decay mode.

8, Al ambiguous events were checked on the scanning table in an attempt

to resolve the ambiguity. For about 3% of the events it was not
possible to dietinguish between two possible fits, and in this
. case the one with the _'la.rvgver-lco_r_xfidence level was acce}pvted.
9. For the events with a four—COnstraiht (4-c)vfit'. the fitted spectator |
proton momentum distribotion is in agreement with the one ex-
pected from the impulse approximation, and the mass resolution .
is not affected by this procedufe. However, for the (1-c) fits,

the momentum distribution is shifted toward zero, resulting in

_a mass resolution of the order of 30 MeV, full width at half maxi-

mum, as calculated from the width of the n and w peaks. Finally
for the (0-c) final states the resolution is = 45 MeV (calculated

again from the n and w peaks, when the (1-c) events are treated

as (0-c))-

T o e v ot P e ATy S pn Y



-8- . UCRL-17914

10. _TIA)‘.e_“cnv:roésv'sect:.:vivon‘s'?i':‘c;r.the ,}'eé..ction'l{»-;;; »A‘r\' . for visible A decay, }' ‘
| o at.Z.vii and 2.65 GéV/c a.ii-'e' 89t8_pb and 574 pb for momentum -
.‘trvansfevrrsqlvlared' AZ__ 605 (GeV/c)Z.v ‘In whaf follows we take a ©
AZA cut_off‘ at 0.7 (GeV/c’%' iﬁ order to té.ke into account the poor ' o v/
L resolution for (0-c) fits._;' | |
- 11 :_'_I‘:he effective path length calculation takes into account the scanning
o and measuring efficiency, a:s well as the correction for sh>ort A | : :’ ~
cutoff, the cutoff on the ';pec‘tato‘r momentum, vand the -Giauber
g '.-_'-.correcti.on for the scree;iing of the néutrOn ix} fhé deuteriu;ﬁ
‘_nucleus. Thev path lengths are L: (1-.35.:!:0.10) events/pb and _
‘ . (1.21 £0.10) events/pb at‘: 2.1 and 2._65' GeV/c reépectively. For ’
 Table >I we will use a lar‘ger svam_.ple of data. in Reaction (Z);
12, fI‘.l;z_is .and_ all subéequént li;'rilits are determined by calcﬁlating the

number of eveﬁts (N3A) above background (N which would re-

b)' _
quire a three-standard-deviation dowﬁWard fluctuation to produce -
| _ no si.gnal (N3A = 3 (Nb +-N3A)1/2). ‘These limits are'thus af: the
99% confidence level, | | ‘
13, .A previoufs similar ¢xpérir§1ent by H. J. Martin, R; R. Crittenden,
and L. S. Schroeder, Pl"‘xys. Letters 22, 352 (1966), has reported .‘
(5‘:4:‘4) events seen 'whez.‘e': (1;):!:6) 'everitvs"werve. ve:_(pect.ed. _At‘the -
o Heidyelberg Cc;nference 'o‘n Elemehtary Particie§ (Sept. 196:7)
.the 'A:ns;erdam—Bologna;Paris;-Rehovoth-Saclay Collaboration

(Abstract 131) reported results similar to ours. - A - ¥

14

14. 7. Friedman, MURTLEBERT, Alvarez Programming Group Note
P-156, 1966. |
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| Figure CaEtibns_

o i .-
. 1.  Mass-squared distribution of the * MM and # m ™ MM systems

ih Reactions (2) and (3). ‘Only events with small momentum trans- .

fer to the A [AZ S}O.I7 (GeV/c)Z] are‘plo.ttec‘l. () Search for
- n - -1 MM and 1T-'h'+'rr-,MM, (b) s‘earch for w' --—v;ﬂ-ﬂoﬂ.
. The shaded histograms refer to events with three charged pions.
- .-The arrow;e. indicate the posit'ion of the ’q‘-' mass and have bars
; representing twice the résoluﬁon of the maés squared. The ex-
_.pécted numbe;r of n' events (Ne) above background for isospin
6ne is given in each hi’stogram. '
‘modes of ®'°. (a) X~ ~7 %, (b) X S e} X~ -,->1r-1'r+'rr"-rr'
(d) X - ‘fr-p, (e) X - ﬂ—w, (fy X~ - ﬂ;n. 'IA"l.ue position of the
i} " is ihdicated by the afrows, with error bars representing
twice tlr;e resoluti‘on faf each plot. The events with small
momentufn“_tra,nsfer td ‘.tﬁe A [AZ <0.7 _(GeV/c)Z ] are shown in
the shaded histograms. The solid curves represent ﬁts to each

mass plot as explained in the text. The dashed lines represent

- our estimated background for the low—A2 plots.

’



Table I Cross section limits for production of a negative meson at 960 MeV. =

Reaction

e . All events -

_ D A <0.7 (CreV/c)Z

3a° -~ ) Tab- - T34

K'n - AX
1. X ~ 1r-'n°
2. X ~1 MM
3. X =~ n_-n+n—

4, X =+mp

wrrtew® 7 o3& <ia 4

434416 44 . <26 #4332
+20 64 - iesr Ty a2
- 4M4 38 <16 . .0 24

+ 814 271 B T S R ¥

5
+11210 - 2 <13 +9 2
4

~antr MM - 1 43 <8 -2 10 -

£ 7 28 <16 -1 o

X"+ 1 charged +54¢ . T4 S <4z o430 50

X—>3charged +2 49 - <20 '+ 3 30

A

A A A A A

{eb) .

<19

gZS

L <10

<29

<iz2

B . 0 W ®

(a) N_, = nurnber of events seen above background (those values of N ab having an error were obtamed from

ab

f1tt1ng as d1scussed in the text; the rema1nder were determined by estlmatlng the background)

(b) For the deﬁmtlon of N3A’ see footnote 12,

(c) o= upper limit for the cross sectlon, as obtamed by comb1n1ng the 2. 11 and 2. 65 GeV/c data, and cor-

rected for neutral A decay (there is no 51gn1f1cant difference between the values for the ‘two momenta

taken separately).

>3 D : Y
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ﬂén-*mon



Events /0.04 (GeV )2

. -
N
[ 3

Ng=378t32

l(a) km—hx“{ L MM (750)
‘ ) X"= r-mta-MM (42)

(b) | K™n '1—’ A XL XI-.—>7rj?r°'rj“ ({22)
X7y (41)

X-—> LA AR (41)

Ne = 158%18

X8L6712-0932
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'(a') Kn—Aree (2543)

A2507 ©V* (1041) |-
. HI00

‘ 50

T T —7 T T T

(b) K™n — A v wte- (1407)
. 2

a% < 0.7 ¥ (485)

|o |.4
C M (wmw) [(Gev)?)

1 /I
M (,r wt w- ) [(GeV)z]
(d) K™n—4wmp (591)
a A% < 0.7 ‘Gg‘:’ (205)
50}
/////// / ///////// | ol A4 ;
0.6 1.0 .4 " 06 |o 1.8
M2 {n 1r"1r 7°) [(GeV)] M2 (x- P) [(GeV) ]
T I 1
(e)K n—’Avw(576) (f)K n—’A'rr 7](495)
@ 4% s 0.7 'Y (193) m a? < 0.7 {&¥W(183)
50}
0

DA77 Yz i %, T, Tt
0.6 1.0 - L4 I
M2 (=-5) [(Gev)?]

xXoLe7I2~8933

Fig. 2.
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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_

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
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