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'AFrettem 2 Both groups observed significant éhhancements in the ¥ w w

Peripheral interactions of 8- to 16-BeV/c * mesons in heavy-liquid"'

bubble chambers have been studied by Bellini et al. ! and Huson: and
P

effective-mass distributions in the 1.0- to 1.4-BeV region; however, it R -

was not possible to determine whether the effect resulted from the production

H

of 2 new resonant state or from kinematics of diffractlon diasociation.

+

Recently, in a thorough analysis of the nt p=>T wte “p reaction at 3. 65 BeV/c.

Goldhaber et al. showed that most events could be classified {nto two

- diatinct groups, p °N .'",'"(1238) and p°1r"'p.73 .They observed the 1.0«.to

1.4-BeV enhancement only in the p°ﬂ+p events. We have studied this

strong Wep 1uteraction in'w “p ~ wte”

w"n p and find that the enhancement o
consists of two claarly resolved peaks. In. addition, decay of the higherw
mass system into KR is observed in the KRN final states, Po_saible spin
and parity assignments for the two states are discussed. |

The film was obtained in the course of a systematic study of 1.5« to

4.2-BeV/c 7"p interactions in the Lawrence Radiation Laboratory's 72-in.

: hydrbgexi bubble chamber. Approximately 30000 pictures at 3.22 BeV/c with .

an average of 10 plons each were scanned for interactions leading to four

charged secondaries; 7500 events were measured and processed, Where

possible, ambiguities were removed by comparison of track ionization ,oxi

the film with that calculated from the kinematic fits. For the remainder of |

the events, the fit with the highest confidence level was used. In the present
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At low momentum transfer to the ot P system. A (ir p) « 0.8 (BeV/ c) '

_reduced for the subsequent analysis, The shaded part of Elg. id indicates ’?, ;, ’

" only in those events not ‘conta,ining an M(7'p) in the N *++ ntevval, Conses '
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Letter, we discuass only the 1967 events fitting w"p - w"'n'w'p. -Since‘ tﬁis

ﬁnal state represents the only four-constraint Iit. these events constitute a
particularly pure sample. . “ A .

The wt P effectlve masses, M(n‘ p), are plotted in Figs 1, 8 a,nd b.

the events consist almost entirely of N*++(1238).« Figure 1, candd shows .
~ the distributions in M('lr L ). In this case, a strong p® poak is observed
quently, all events with . Mz(ﬂ+p) in the interval 1.30 to 1.79 (BsV)z have | ’_ N

been suppressed so that background in the p°r"p final state s graatly

that most events with low momentum tranefer to the proton, vA {p)s 0.65 S
(BeV/ c)z. contain at least one»M(wd"v') which may be ascribed to p° deca.y."

" The W"w w" effective-mass distribution is given in Fig, 2b. Two

o clearly resolved peaks are observed above the 37 phase~space background:.

the first at 1090 MeV with fullewidth I'~. 150 MeV, the second at 1310 MeV
with I‘ = 80 MeV., Itis !mpurtant to note that as long as the trend of the
background is as indicated, the exact normalization does not affect the . -
existence of the two peaks; however, the widths will be underestimated

if the normalization is too large. To demonstrate that the peaks are associoiﬂ.

© ated primarily with p°r", events with Az(p) < 0,65 (BeV/ t:)z are shown .

1

separately. Although the background has been markedly decreased by this:: .
seléction, little reduction occurs in the peaks.. |

- In order to search for KK decays that might be related to either 3w

peak, all candidates for K Kip and K)K/n final states were measured in - -
120000 pictures at 3.2 BeV/c and 60000 pictures at 4.2 BeV/c. The effective=

massé distributions for the fitted events are shown in Fig. 2a.. The combined

o .
KK 4 and KgK 1 distributions show an enhancement of approximately five

i
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‘may also result from decay of the I= 6. J
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standard deviatione in the 1260-through 1380-MeV interval. - This peak °
correeponds cloaely in position and width with the higher peak in the T 1r+1r
eventa. providing additional evidence £or t.he presence of two diatinct effecte.

Consequently. we conclude that a previously unreeolved meson exists with'

M =1310 MeV, I Z 80 MeV, and I = 1, which decays into mp and KR, No .

significant enhancement is apparent in the region of the 4090-MeV. 1r'1r+ﬂj'_' L

peak.... ., . .. ... . e T ST S Pt

Decay of the 1310-MaV peak into K"K} is allowed for.epin-paritv: Lo

assignments I a0t 1%, 2%,3°, etes K/K/ decay can occur only for ..

J‘go"‘z'.' 4 o 4

» etc,” It has been noted that both w '« v peaka persist at low' .
A {p), so production probably results from peripheral collisions involving
p exchange, In this case we may expect m"p°%p; w P thx 1: 2 a.nd corre-
spondingly K"K/ = K/K/, in good agreement with the observed relative ..
enhancements after correction for K: detection efficiency. Since the

KK} and K)K] distributions peak in the same mass interval, the- data. |

strongly suggest that decay into K, K° is allowed. However. K1 Ki eventu

PG 2++. f, meson with

5

M = 1250 MaV and T"x 140 MeV. " A fit of the observed K/K} distribution -

to a phase«space background plus a Br_eit-Wigner_ resonance centered at
1250 MeV ylelds a confidence level less than 5%. Consequently, it is unlikely

- that the K,f’K1 enhancement arises entirely from £, decay.: In this case,

PG PG =0t

the lowest posaible,aeaignment is. J° .= ot o 8ince 3w decay of a J°

state is forbidden. ..

_If the assignment . JPC' = 2+ for the 1310-MeV state is. correct, the -

dominant features of the Dalitz plot are determined.. . To minimize beckground,

- we show only events with A ,(p) £ 0.65 (BeVv/ c) An Fig. 3c; for convenienc_e - o

in comparison with theory, each event.is plotted twice. The general propeiftiee

of 3r decays of unstable particles have been discussed by Zemach for arbitrary
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spin-parity as signmenis. 6 He s.hows' that the matrix element for decay of
‘an I=i or 2 state through ar:x intermediate Tp may be written |
| M‘"f‘.";"i) - My, 23'M3, 12’ 'v o
‘.where Mk, Im Iis an antisjrmmetﬁc function in lm. If momenta inv thé 311"
Hc;entér of.mass aré' Py P> and P3» and for 3.=_Rix,133’ the si;npiest ipatrix

elements for the JP = 1__ and 27 states may be calculated by using
(2a)
(2b)

\?vhere_ o‘k :(I‘p/21r)1/2 [Mlm - My +i MP I‘P ¥ (PP/Z)Z] K

.

The prééehce' of the axié,l vector g requires that the density vaniséih ét the
evdge‘of the plot in either case. However, for 1 , the density must also
vanishvalong the entire line Mz(ﬂ{ﬂ;) = MZ(W;WS_). 7 Escplicitj/ calc;ulation -
. indicates that the width of the destructive interference in the ovérlappin(g
p bands is'i‘-' I"p. In contrast, for 2+, the density i.s a maximum where‘ the
P bands overlap. " The substantial background in Fig. 3c tends tormask the
- vanishing of the P bands towards the edge of the plot; however, wij;hin |
s't-atistics, ‘the highest density occurs where expected for the 2+"assignmeht.'-
The Dalitz plot for the 1090-MeV peak is given in Fig. 3a. 'In the
projected distribution, Fig. 2b, a marked enhancement is apparent at low
Mz(ﬂ*ﬂ'). Since this peak is concentrated in the p° bands, it is probably
not associated with the small babkground of non-p? events. Consequently,

1

both the 1~ and 2t assignments must be rejected. With no observed decay

P _ -

intc_) KK, other possible assignments are J° =0 ,1,27, etc. The pertinent

matrix elements are obtained by using
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‘ 2" Mk %u.uk [gk (gy-gm)?(p ~gm) gk (2/3)1I ‘21 -gm)] v »(3c)

. 4_:v'v'héz'-a' '.IL-"','ief a unit dyadie. The 'expe‘ctéd'densities\ in_the- P banda'are'readily

. estimated. In the'abéencé of Bose statistics ('abprd:iimatélf valid outside

: ‘ with the data strongly favoring the aesignment I= 1. and J

"the bx‘reﬂé.'pping p. bands) the decay ariguia.r correiétibxia ares for 07, coszez ,
. for 17, tsotropics for 27, 1+(1/3) cos 29; where cos § = Rk (Pl'-gm)/'gkl lgl ".Em | ‘
as measured in the Ty Yest frame. Since the Dalitz plot is linear in cose
for a given w, T 1r3 energy and fixed pl. ~ the deneity distributions for low

M (Trz 3') are apparent. ‘The strong depopula.tion observed in the p bands

at M"(v*w') ~0.32 (BeV)? 1o expocied only for J7C = 07

. Both the
_ PG o o

“and 277 a.opear incompatible with the daté.. 8
The poasibility for pea.ks {n meson systcms due to the Pe!erls mechanism

10

has been discussed by Nauenberg and Pais9 aud Oakes. They predict an

enhancement in the p " gystem in the region 1090 throﬁgh 1125 MeV, Hows .
. ever, the peak will not represent a ev’tate of pure JP' or I.° The present data
are not sufficient to determine whether the.'lowe,r T enhancement arises from

this mechanism, For convenience, we shall retain the term A meson used

3

by Goldhaber et al. for this peak,” If the A meson represents a pure state

“with MA = 1090 Me‘V and PA e1'15() MeV. the aasigmnent J PG 0 le pre~-. -

ferred.

-

[

Since the Peierls mechani sm ca.n.not generate twc» peaks, it is likely
t.ha.t the enhancement at 1310 MeV with ) -1 80 MeV repreaents a pnre state,
PG 2+” It has

: .
FIE RN NGRS .



. foran octet of 1 meeons. the exietence of 2 2 octet is implied.
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recently been pointed out by Pignotti that if bootastrap dynamics can account Y

11 Conse- R

'_' quently, we ehall use the name R meson for the 1310-MeV atate. as

' auggeeted by Pignotti for the S = 0 1=1 member of the octet, ... . v\ L S
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—rg, 2 Effective-maea distributione for (a) X Kg a.nd K°K1 peire;
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| FIGURE LEGENDS . Ry
F!.g. 1. Effective-mue diatri’outione for (@, b) " p eombinatione at -

high and’ low momentum tranafex“ &, d) 1r+1r combinations wi.th

SRR M.

1
(b) e comblnations for evente with M(w p) outaide the N
interval. The emooth curves represent 3n phaee epace normalized
o .': -'to evente outa!de the peake. ' Bars 1ndica.te mau interva.le used i.n

the Dalitz plota.
Fig. 3; (a. b) Dalitz plot for eventa ‘with M(w 1r " ;) between 1,00 and

: \ 1.48 BeV. -and projectton onto the M (w2v3) -axis; (¢, d) Dalita plot :

for events with M(w 1r w") between 1.22 and 1.40 BeV. with

projection onto M ("2"3) axie. 'I‘he ehaded areae are projectiona :

"7 for p? bands only, M(“i“z) between 0.64 ~a.nd 0.86 BeV., ‘Events | } ¥

o * with "Az'(p) > 0.65 (Bev/ ¢)? and M(r'p) in the 'N*H interval are .not: :
ehown. The solid curves represent the phaee epace Limits for
118 BeV in (a) and 1,40 BeV in (c). |
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a v'uz“n.-"mon~ |

60+ > ' o | M (= 77) for events
(a) A(#*p)>0.8 (BeVv/c) 80-(C) with N¥++. —
401 1031 events - sok (1792 combinations)_
- - a0k 0 A%(p)<065
2 20 ~
& 20 \ _ ]
S
® Ottt 0 b
S (b) > 2 (d) M (zt77) for events
= A(#*p)< 0.8 (Bev/c)™ 20 without N**++ |
.g 80r- 876 events 1120F (2142 combinations)
> 60 | 100F 04%(p)<0.65 |
= | . >
80} (Bev/c)™
401 - 60 -
2 401 -
20 .
0 e B )| B -—
1.2 1.6 2.0 24 0.2 1.8
M+, (Bev) M+~ (BeV)
(T . MUB-2596
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I

Ak -
‘ (1071 events)
(b) £(p) < 0.65

1.0 1.4 1.8
Mass (BeV) |
S | MUB=-2597

Fig. 2 -
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Number of events
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