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ABSTRACT 
J Q, 

1'he lm.f-·mass Kn:n: enhancement"is studied in 

+ 0 + 0 Kp--7Kn:n:p interactions at 9 GeV/c. 

+ + + -Kp->Kn:n:p 

This enhancement 

consists of tvro peaks of mass and width M :o: 1260±10 MeV, T ""' 

l~O±lO MeV and Iv1 ;:= 1380±20 MeV, r -· 120±20 MeV. The ffir:1in decay 
-)(-

modes are K890n: and pK, which interfere strongly. A consi.stent 

description of the data requires either an additj_onal decay mode 

into K+ plus an I ::= 0 s--v:ave n:-n: system (E~20 ) or a large inter

ference effect betHeen two components of. the Q, or both. 

'l'he lou-mass Kn:Jr enhancement (1.2-1.5 GeV), called the Q, has been reported 

1-3 4-8 to consist of one or more resonances, a Deck-type kinematic enhancement, 

or a coro.bination of these effects. Its spin-parity has been determined to .be 

J p 1+ 4,9,10 d 
== . , an its isotopic spin has been determined to be I == 1/2. In 

the present letter we report on the internal structure of the Q enhancement 

and on its decay branching fractions. 

The experirrrent -vms carried out -v.•ith "' 200,000 pictures taken j_n the 

Brookhaven National LaJJora tory's 80- inch hydrogen bubble chamber·, l·<hich \·lel.S 

I + exposed to a 9-GeV c rf- sq)aratcd K beCJ.m at the AJ.tcrllatjnc; Gradient Synchrot::'Oll. 

~-'he s~unplc stur1:Lcd here con~;:isLs of the l'f;acU.O!ts 
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+ + -1- - (1) K p --~ K p:n: :n: 7577 events 

0 + 0 (Ko + 11-) 2272 events (2) -7 K p1c :n: -) :n: 

-7 
0 + + 

K n:n: 1r (Ko -) + -) 1~62 (3) • :n: :n: events 

h . h " ' b t th t. th d t t d 1" 9 •r 1c corresponcJS-co a ou · ree 1mes e a a repor·e ear 1er. These events 
tl 

have been collected in an unbiased manner from the same sample of film, lvhich 

allm-rs direct comparisons bet-v1een the three reactions. 

*++ -J<· 
'J'he main features of the data are the strong production of N

1230
, K8

90
, 

* K
1

420 , p, and Q enhancements. We shall refer to the Q enhancement as bcdng 

resonant in nature, ho-.rever the decay analysis -vrhich follo,vs is independent 

of th:Ls assumrtion. In J:i'ig. la we show M(Krrrr) for all the events of reactions 

*++ 
The shaded region represents events vl}th w

1236 
removed; thj s does ( l) and ( 2). 

not significantly affect the Q enhancement. For the study of the KJOr system 

-?<-++ 
we consj_der only events with the N

1236 
removed. In Fig. lb is shown M(KJr;r) 

* with a selection on p or K
890

• A statistically s:i.gnifj_cant split of the entire 

Q enhancement (an effect of :> 4 standard deviations at present) is observed 

in the data as was reported earlier.9 The lower peak has a mass of M =' 1260:1::10 

MeV and a width of I' == l~O±lO MeV •
11 

The upper peak is centered at a mass of 

M == 1380±20 MeV and a width of r -· 120±20 MeV, part of rlhich is the contri-

* bution of the decay K
1420 

-7 KJf1f· From the reaction 

K
0

rr+, in whjch the K
0 

is visible, and using the branching ratios reported in 

12 
the 'J'ables of the Particle Data Group, we calculate a contribution of 87 

* events to the Q enhancement from the decay K11~20 -7 KrrJf. In a plot of M(Kror) 

. * -l<· ) for events rllth N
1236

, K
890 

and p
760 

removed (not shown , no evidence is seen 

for any Q en1Kmcemcnt. 'J1he data are therefore consistent >·rith no significe.nt 

Uu·,,~-1,o;\~- K;rl\ lkca~ of the Q. ll.t Fj_c;. lc is shmm M(KJrJr) (I~' 3/2) for the 

rc·: u.· t .i llll 
·I 0 + ·I 

K p -> K llll Jl • No cv:iLlt.'ll''e is seen for any Q cnh:wccmcnt }n this 

final :;Ld•. as CXJ:cctcc'l fl'(\Jl\ U1c I : 1/:' as;,j_gnmcmt of thl~ Q. 
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·we nevertheless estimate the possible I ::o 3/2 background.contdbution 

in the Q ree;ion. To this end vie decompose the I == 3/2 
0 -l· + 

state K. n JC into 

tbc tuo states (Klr)I==l/2 + n and (Krr)I=3/ 2 + rr. 
0 + + 

For the K nn rr events 

· ' · l ;1 ~,o + + .) · · · t". Q · th d · t · b t · '· (K0 +) 1.n wnlC11'\'~._ rr rr lS Jn -11e reg1on, - e mass :Ls rl u 1011 1'1 n is consis-

* tent with 100'% K
890 

production. 
++ . 

The decay seg_uence QI==B/2 ~ (Kn )I==l/2 f rr 

0 + 0 . 
predicts a maximllin of 6 events out of 377 events in the K rr rr state and 7 

. + + - I events ou_t of 1100 events in the K rr rr state, as a result of an I == 3 2 

amplitude in the Q region. Conseg_uently, vre shall regard the Q region as 

a pure I ::= 1/2 system. We also observe a peak corresponding tO the L-meson
1 

from 1660 MeV to 1840 MeV. This peak shows some indication of structure in 

·the f0rm of a "narrow spike" at "'1750 MeV. 

In Fig. 2 is sho\m the scatter plots of M(Krr) vs M(rrrr) nnd the1r 1Jrojec-

+ +- o +o ·) tions for the final states K prr rr · and K 11rr rr , v7here M(KJrrr is j_n the Q region. 

* Clear evidence is seen for the decay of the Q into K
890

rr and Kp states. Ji'or 

0 ' * the K events there are two possible K
890

rr decay modes, both of lvhich are present. 

'l'he · t· M(K0~0 .. ) ( t h ) b t t• 11 th th mass proJec 1on " no- sown appears su s·an·Ja_. y e same as · e 

0 +) projection M(K ~ • 'l'here is a high concentration of events in the overlap 

* regi.ons of the K
890 

and p rriesons. 

For the purpose of relating reacUons (1), (2), and (3) we have studied 

possible ex_r:,erimental biases. We form the ratios 

0 + 0) K p1r n 

+ + -
K prr n ) 

and 

+ r{K p 

+ r(K p 

which-are determined by I-spin conservation to. be 1/2 and 2/9 respectively. 

'l~w cxpcrl.mcutal ratios, in vh:Lch the K
0 

events have been corrected for the 

yj sjblc clccay branc:ldug r:1.t:i.o are in {~c,od ac;recmcnt 1-1ith the lJl'elUctions of 
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In order to compare the experimental clata 1-1ith I-spin predictions for Q 

-x-
decay ·j_nto K

890
rr and Kp states, 1-1e study a series of ratios 

T'(K+p 
+ r(K p 

b + 0) 
-7 intermediate state =.>~ pn _!_(_ 

+ + -) 
-7 intermediate state -> K p:n: rc 

1-1hich are independent of any phase space factors. Conservation of I-spin 

predicts a ratio of 
-J(

K890 + rr R(K
0

/K+) = 1 for pure decay and 

for pure p + K decay of the Q. To analyze the decay features as a function 

of M(Krrrr), w:c have divided the Q into three regions; I: 1.2-1.3 GeV, II: 1.3-

1.4 GeV, anr.l. III: 1.4-1.5 GeV, referred to as low Q, mid Q, and high Q. The 

experimental ratios are show1 in Table I. We note that none of the ratios 

cbanges vith H(Kroc), an<l :in addition that the ratios are :i.nsensitive to the 

manner in ·Hh:Lch the amount of resonru1ces vlas estimated (see 'l'able I). 'l'he 

ratio R(K
0

/K+) for the KB
90

rr decay mode is unity as expected from 1-spin, but 

the ratio R(K
0 

/K+) for Kp decay is also unity, wh:i.ch is in contrad:i.ct:i.on with 

the predictions of I- spin. Moreover, the ratio R(K
0 

/K+) for all events in the 

Q is un:ity, which would imply no Kp state at all, while a strone; p sj_gnal is 

seen in the mass projections (see Fig. 2). Three possible phenomena may 
-)(-

contribute to this discrepancy: (1) interference between the K
890

rr and Kp 

decay modes; (2) the presence of an I == 0 s-wave rrrr enhancement (c~20 ) in 

++- o+o 
the K rr rr Jl f:inal state at about the p-mass, which cannot appear in the K rr rr p 

state; (3) possible mixing between different octets of tHo 

Q resonances. 

* We have studied the interference bet>·lcen the K
890

rr and Kp decay modes of 

the Q by calculating the dcnsi ty on the Dali tz plot for the tl-10 cases 
+ Q -> 

o+o + ++- o · -J< 
K J( 1c and Q -~ K JC JC • l"or the K events there are t~o1o possible K890

rr 

decay modo s anc1 there fo:r·c the in terfercnce 
0 + 

is different for the K and K 
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I. 

events. 'l'he expression for the intensity, l, on the Dalitz pJot is e;iven by
10 

where 

_ _M 2 __ }1 "(_3 
A_~= [G _ Y,(e cp )- + G YJ,(e cp )JlT3 ael1.] 
-"M Kxo 1 K*o K-x-o 3 p - p p 

for the K+ events and 

0 
for the K evf~nts, in which G is a Brej_t-Wigner function of the form 

[:;m .;)(!!o) 
\jl 'rho p 

G -- -( 2~)----
m -m - im r 

_0 0 

and 

'l'he above expre ss:i.ons assume a spin llari ty 
p + 

J :::: 1 ass:Lgnment for the Q region 

and an s-wave decay into a vector and a pseudoscalar meson. 'l'he angles e and 

cp are the decay angles of the vector meson in its mm rest frame, and aeif3 is 

* the complex ratio of p to K
890 

amplitudes. Both a and f3 are treated as free 

par arne te r s . In the expre s s:i. on for the Bre:i.t-Wigner form we have set m - 8911 
0 

* . rviE:~v and r 50 MeV for the K and rn == 76!1. MeV and r --· 1.25 MeV for the 
0 0 0 

p meson. Also p :i.s the momentum of one decay product of the vector meson in 

the rest frame of tbe vector meson; p
0 

is j ts value at the center of the reso-

nahce \·There m == m • 
0 

From this calculation we have obtained values of a and f3 for vrldch the 

experimental ratio R(K0 /K+) == 1 for the entire Q region is reproduced, and 

sbult.aneousl.y the detailed intensjty on the Dalitz plot is correctly described 

(s~c the smooth curve in Fig. 2). Va.lues of a and f3 axe, hmvever, prec1?ctec1 

urtck~" exae t Sll SJ'1ll1nC~ try. . . 3 
+ 

Specifically, if the Q is a member of an octc:t then 
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and relatively real. On the other hand, the fitting. to the data indicates that 

. ( o/ +) a may 110L be grea tcr than 0. 5, indeJ)endent of f1, if the ratio R K K :.:: 1 is 

to be reproduced. Insofar as the Q enhancement may be considered as a single 

I "' I/2 
p + 

J :.= 1 object, this model does not fit the data well i.n the framev10rk 'J 

of su
3 

symmetry. Here, the su
3 

breaking intf.racU.on, as evident in the K-l<·re to 

Kp mass difference, has been corrected for to first order by the proper phase 

space factors. A contour map over the two Dalitz plots of a sample calculation 
is shown in Fig. 3· 

The second possl.bl.e hypothesis to be considered is the existence of an 

I == 0 + + -
s-wave 1cre enhancement in the K re re final state at approximately the p 

r5 
mass for events in the Q region. The presence of such an additional decay mode 

. ( OJ+) can explain the discrepancy in the ratio R K J,K and furthermore is consistent 

with the observed rere mass projection. Spedncally, for M(Kn:re) in the mid.,-Q 

(see Fig. 4) + + _ ) 
re~;SiOnAthe observed 11 p 11 peak in the K pre re fi.n:tl state is lov (m rv 720 MeV 

and wide (r "' 180 MeV) 1-1hile the observed p peak in the K
0

pre + re 0 
fi.nal state 

has· the accepted mass (m "' 760 MeV) and is relati.v:ely narrow (r 80 MeV). 

We emphasize that thi.s difference in the appearance of the p peal;: cannot be 

due to resoluti.on as the K+pre+re- events are four-constraint four prongs, 1-:hich 
As shown in Fig. 4, in 

have better resolution than the one-constraint K
0

pre \c0 
events. " the low Q 

region the observed p mass is cut by phase space; h01·1ever p production is sti.ll 

very strong here. In the high Q region p production seems reduced, but this 

* effect may be related to the K1~.20 • We have looked at the decay anc;ular distri-

butions for the events in the p region and find that the K
0 

and K+ distributions ' 

appear different. Hovever it is difficult to drm;r any quantitative conclusions 

f'i:om UJ:ir; fcwi.. clUt' to the 1arr,e bacl~t~rmm<ls present. 
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The third phenomenon vlhich may have to be taken into account in 

describing the Q region is the possible existence of two me sons 

. which are near in mass, but differ in that they belong to su
3 

octets vd.th 

. 14 
opposite chaq~e conjugation quantum t1wnbers. (Presumably. the lower mass Q 

meson would belong to the octet with JPC == 1++ containing the A
1 

meson, and 

PC ·+the higher mass Q meson would belong to the octet vrith J :::: 1 containing 

the B meson.) In this case a description of the data involves not only inter-

* . + 
ference effects between the K n: and Kp decay modes of a single Q meson, but 

+ may also involve an interference effect between the decay modes of the t1-10 Q 

mesons. Furthermore an su
3 

mixing can occur betv1een these two Q mesons, i-Thich 

it3 results in an effective predicted ae which need not be cg_uo.l to ±1, and 

vlhich de:pem1s on the mixing ane;le and the relative production rates of the hio 

Q mesons. Even,in the limit of a small mixing angle bct1veen tbe Lvro Q 111esons, 

no pred:i.ction may be made about the effective ac.Jt3 since the tvo pbys:Lcal Q 

mesons are not well-separated in mass and the relative production amplitudes 

are not 1m0im. Although many aspects of the data incJu ding the ratio H(K0 /K+) 

may be reproduced with a value of a ~ 0.1+ and t3 ~ 0°, one cannot interpret 

* ··this as providing a value for the p/K branching fraction due to the complica-

tions introduced by a possible KE
0 de~ay mode and the SU mj_xing of the tv1o 

3 
Q mesons. 
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We thus conclude that a consistent description of the data, including 

the ratio R(K0 /K+) in the Q region, and the detailed distribution on the 

Q
+ + 0 

Dalitz plot requires either the presence of the decay ~ K E
720 

in the 

+ + - p + 
final state K pn rt or an interference effect between two different Jl = 1 

objects in the Q region, or both. We emphasize that the inclusion of a general 

incoherent background term over the entire Dalitz plot does not contribute 

o/ + . to an understanding of the data as the ratio R(K K ) equals unity specifically 

in the p region. We further emphasize that the splitting of the observed Q 

peak is strong evidence for important multiple resonance contributions to 

this phenomenon. 

We thank R. Shutt and the staff of the 80-inch bubble chamber and H. 

Foelsche and the AGS staff at Brookhaven for helping with the exposure. We 

acknowledge the valuable support given by H. White and the FSD staff and by 

our programming and scanning staff, in particular D. v. Armstrong, E. R. Burns, 

and J, G. Miller. 
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FIGURE CAPTIONS 

Fig. 1. M(Knn) for the final state Kpnn: + + -(a) for final states K pn n and 

• ..0 + 0 . *++ . 
·. K pn n , the shaded region corresponds to events with N

1236 
removed. 

+ + - 0 + 0 . * * (b) For the final states K pn n and K pn n with N
1236 

removed and K
890 

or p selected. 
0 + + 

(c) For the final state K nn n • 

Fig. 2. Scatter plots and projections of M(Krt) and M(nn) fo:r: the final states 

·++- o+o 
K pn n and K pn n , in which M(Knn) is :in the Q region. (a) M(Kn) vs 

+ +- + +-
M(nn) for the final state K pn n • (b) M(Kn) for the final state K pn re . 

+ + -(c) M( rere) for the final state K pre re • · (d) M(Kn) vs M( rere) for the final 

0 + 0 0 + 0 ( ) ) state K pre re • (e) M(Kre) for the final state K pre re • f M(rere for the 

0 + 0 final state K pn n • 

Fig. 3· A contour map in 5% steps of the density distribution over the 

· Dali tz plots. 

4 ( ) 0 + 0 + + -Fig. • M nn for the final states K pn n and K pn n in the three regions 

Q-low, Q-medium, and Q-high. 
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. 0 . 
Table I. 'J'able of ratios. The K events have not been corrected 

for escape probability vrhich amounts to a few percent,. 

Ratio 

i 
+ 

K p 
-) ·-K n1r rc 0 + +] 

0 + 0 
-7 K prr rr 

K+p -> Q+p -7.[Koprr+rro] 
+ + -K p1r rc 

l) Enti_re Q 
-X- b 

2) K
890 

or p (narrow) 

3) K~90 (narrow)b 

4) p (narrow)b 

* 5) K
890 

(w1de) above 
backgroundc 

6) p (wide) above backgroundc 

* 7) K89o or p outside inter-
ference region 

8) 1m-r Q 

9) mid Q 

10) high Q 

ll) 1mr Q (K-l<- or p) 

* 12) mic1 Q (K or p) 

-)(-

13) hid1 Q (K or p) 

Number of events 

+ + - 0 + 0 
K pre rc K prr rr 

644 100 

0 + + 
(K n1r l1 : 30) 

1415 

1100 

827 

708 

1116 

324 

323 

504. 

498 

413 

38'( 

395 

318 

260 

357 

110 

112 

160 

150 

128 

107 

Results 

a 
I-spin Experimental 

1/2 

2/9 

1 

2 

1 

2 

0.93±0.07 
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1.02±0.11 

1.04-±0.11 
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----·---------------------------
a. 'J:'hc I-spJn prccUction refers to the production of a sinGle state. 

-)(- . 
b. K (narrm-i): 8)0-920 MeV. p(nn.rro\1): 680-800 tvleV. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, 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 informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, 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 Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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