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ABSTRACT 

In a preliminary analysis of 50 000 photographs of the 80-inch BNL 

hydrogen bubble chamber exposed to a 4.6-BeV/c K+ meson beam, we have 

studied the reactions 

+ 0 + 
K + p - K n p, 

+ 0 + 0 K p- K n n p, 

and 

(1) 

(2) 

{3) 

In all these reactions K,\1400) production is observed. The distribution of 
>'< 

the Kn scattering angle for K' {1400) shows characteristic features expected 

+ * for an aligned 2 meson on a one-pion-exchange model. The K {890) n 

enhancement at 1320 MeV, reported by Almeida et al., is observed in Re

actions {2) and {3) .. We observe a definite mass enhancement for Reactions 

{2) and {3) in the K,:,n mass spectrum at 1320 MeV with a width at about 80 

MeV. This corresponds to the results reported by Almeida et al. We have 

considered the data both as a bona fide resonance and a kinematical en

hancement via the Deck mechanism .. We find good agreement for various 

tests of the kinematic model, but cannot rule out the resonance interpretation. 
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··.,. 
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B. C. Shen, C. M. Fu, and G. H. Trilling 

Lawrence Radiation Laboratory 
University of California 
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February 28, 1966 

We report in this note the preliminary results we have obtained in 

studying the K+ p interactions at an incident momentum of 4. 6 Be V /c. 
1 

This 

work was carried out in the Brookhaven National Laboratory 80-inch hydro

gen bubble chamber exposed at the AGS. 

+ 0 + K + p - K n p 281 events ( 1) 

0 + 0 - K n pn 454 events (2) 

+ - + 
-+ K n pn 997 events. (3) 

The above reactions have been identified in an analysis of about 50 000 

pictures. In measuring we have employed both the conventional digitized 

measuring machine (Franckenstein) and the automatic measuring machine, 

the LRL Flying-Spot Digitizer. The computer program PACKAGE has 

been used for geometric reconstruction and kinematical fitting. 
>:c 

In all three reactions we observe the formation of K ( 1400) in addition 
:::c 

to K (890). Figure 1 shows the Dalitz plot and projections for Reaction (1). 

In Figs. 2, 3, and 4 we show the triangle plots and mass distributions for 

Reactions (2) and (3). We note here that Reaction (2) can proceed via two 
>lc 

channels to produce K resonances, i. e. , 

K
+p >:<+ 0 

- K pn 

K+p K*O + 
- pn 

(2a) 

(2b) 

A comparison of these triangle plots indicates that double resonance forma-
* * * tion N + K (1400) is an important channel for K (1400) production. The 

reduced number of events 
*=0 

>!c 
in the charged K (1400) channel compared with 

that of the neutral K is probably due to .the 
>:<+ 

reduced intensity of N 

* John Simon Guggenheim fellow, Deceased. This paper is the last one pre-
sented by Sulamith Goldhaber at an International Conference. 
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>!<++ 
production compared with that of N In Fig. 5 we show the angular distri-

bution in .the Kn rest frame for events from Reactions (2b) and (3) with 

+ - * + -K TI mass -in the K (1400) band, 1300 ~ M(K TI ) ~ 1500 MeV and 
+ *++ + 

Tr p mass in the N band, 1130 ~ M(pn ) ~ 1320 MeV. For comparison we 

a'lso show the angular distribution of the K>:<O (890) events produced in 

Reaction (3) with TI+ p inside the N>:<++ band. The curves shown in the figure 

represent the least-square fits to the power-series expansion of the angular 

distributions where I( cos a) = z= An cosna. The coefficients, normalized to 
n 

A 0 = 1, are listed in Table I. The analysis of the Kn scattering angle in the 

K~< ( 1400) band shows the characteristic features of Y~ (cos a) expected for 

an aligned Jp = z+ particle produced in a pion-exchange process' together 

with small interference with other partial waves. 

We have also observed in this experiment an enhancement of events 
~:::: 

.for which the K TI mass lies in the region of 1320 MeV. Almeida et al. 
>~>:< 2 

have reported such an enhancement and referred to it as the K (1320). 

We see this enhancement in channels (2a), (2b), and (3). The effect can be 

seen in the Knn mass distribution for K>:< selected events (see Fig. 6) as 

well as in the corresponding Dalitz plots (see Fig. 7). · We have analyzed 

our data to see whether this enhancement can be the result of a kinematical 
-~~ 

effect. We find that when the K np event is considered as peripheral forma-

tion of K>:< {see diagram), the behavior of the np vertex is very reminiscent 

of diffraction scattering, similar to the A
1 

effect, 
3 

namely, the entire 
*>!< 

K enhancement is associated with small np scattering angles in the out-

going np em system. (See Fig. 8). 
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+ To make a more quantitative comparison, we divide the 'lT p mass range 

into five intervals of 250 MeV each and compare the 'TT+p scattering angular 

distribution with the available elastic 'TT+ p differential cross section data. 
. ·, >:<Q + . 

Figure 9 shows the data of the events in the final state K 'lT p plotted on 

semilog paper. The curves shown correspond to the elastic 'TT+ p scattering 

data averaged over each mass interval, and normalized to the observed 

number of events. 

For this interpretation we would further require a strong spin align

ment of the K>:<(890} relative to the incident direction associated with the K>:<>:< 

Figure 10 shows the K'TT scattering angular distribution for events in the 
>!< 

K (1320} band. The presence of alignment is clearly observed. For com-
*0 >:<++ 

parison we show also the distribution for events in the K N double-

resonance channel, which is well known to be aligned. Figure 11 shows the 
>!< 

Treiman- Yang angular distribution at the K vertex, which is consistent 

with isotropy within our statistical accuracy. 

In summary, we conclude the following: 
::Jc 

(a} K (1400} production is observed. In the four-particle final state, 

K>:< (1400} is mainly produced with N>:< (1238) in the double resonance channel 

K>:< (1400} N>:< (1238). The spin parity assignment Jp = 2+ is favored. 

(b) A definite mass enhancement is observed in the K>:<'TT mass spectrum at 

1320 MeV with a width of about 80 MeV. Although we find the data consistent 

with an interpretation as a kinematic enhancement via the Deck mechanism, 

we feel at present that the possibility of a bona fide resonance cannot be ruled 

out. 
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Table I. Expansion coefficients of I (cosa) = ~ A cosna normalized to A
0
= 1 

>!<0 6 n + >:co >:< 
for the K decay in the double resonance channel K + p - K + N ++. 

A 0 = 1.0 

A 1 = 1.0 ± 0.6 

A
2 

= 6.6 ± 2.4 

A = 1 0 0 . 
A

1 
= 0. 9 ± 0.6 

A
2 

= - 2. 6 ± 1. 4 

A3 = - 1. 3 ± 1. 2 

A
4

=6.1±1.9 
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tt+ p-- K0+ 71'++ p 4.6 BeV/c 

281 events 

(a) (b) 

...... . : · .. . . 

(:!· . 
.. 

; •:, . 
f ·; .. , .. . · .. 

7.0 

40 20 oi.O 
Events per 0.2 {BeV)2 

(c) 

I2'J 210 events 
N*++ band removed 

-
+ 
~ 
c. 

~ 40 
d ... 
cu 
Q. 

-E 20 
cu 
> w 

Fig. 1. 

MUB·9272 

(a) Dalitz plot for the reaction K+ + p - K
0 

+ n + + p. 

(b) P . . . Mz( + ) roJeCtlon 1n 1T p . 

( ) P . . . Mz(Ko +) c roJeCtlon 1n 1T • 
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Fig. 2. Triangle plot of M(p1r0 ) vs M(KOTI+) and mass projections 
for the reaction K+ + p - K01T+1T0p. 
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Fig. 3. Triangle plot of M(pn+) vs M(K0 n°) and corcresponding mass 
projections for the reaction K+ + p - KOn+n +p. 
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K+ + p-- K++71"++7r-+P 4.6 BeV/c 

997 events 
m 433 events, 

(c) 

• 468 events 
I.I2S M (p7r+)~l.32 

BeV 

0.84 ~ M (K+ 71"-)s 0.94 BeV 

(b) 

Events per 0.04 BeV 

2.2 

> Q) 

(D 

1.8 -+ 
1::: 
a. 

~ 

1.4 

0
o.6 1.0 1.4 1.8 

M (K+ 71"-) (BeV) 

MUB·927S 

+ + -Fig. 4. Triangle plot of M(pn ) vs M(K n ) and corresponding mass 
projections for the reaction K+p- K+n-n+p. 
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K+ + p K* 0 + N*++ 4.6 BeV /c 

(a) 25 (b) 

I K* 0 (890) I I K*0 
( 140 0 ) I 

40 ~2 (K* 0 ) ~ 25m~ 20 ~2 ( K* 0 ) ~50 m~ 
146 events 78 events 

(/) 30 15 -c 
Q) 

> 
Q) -0 

..... 
Q) 

20 10 
..0 

E 
:::J 
z 

10 5 

o o~~--~--~--~~ 
-1.0 -0.6 -0.2 0.2 0.6 1.0 -1.0 -0.6 -0.2 0.2 0.6 1.0 

Cos aKK in K* 0 c.m. 

MU B -9268 

5. K'rr ~<5attering angular distribution in the Kn rest frame for 
(a) K (890) events with b.2(K>:<O) :::; 25 M 2 in the double resonance 
channel of K>:<0(890) N>:<++(1238), TI 

(b) K>:< (1400) events with b.2(K>:<O) :::; 50 M 2 in the double resonance 
channel of K>:<Q(1400) N>:<++(1238). The c{irves are the least-square 
fits to the power-series expansion I(cosu) = LA cosnu. 

n n 
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K++p ~ K++7T-+ 17'+ +p 

259 events, K* 0 in, 
N*++ out 
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(c) K+ +p-+ K + + 7T- + 7T + + p 

-+ Ko+7To+7T++p 

421 events, all K*,N* out 

~ or-~+---~---+~--r---+-
Q) 
a. (b) 
(/) -c 20 
Q) 

> 
w 

10 

K++p-+ Ko+7T+ +7To +p 

162 events, 
either K* in, 

N* out 

OL-~~--~--~-L--L------

0.8 1.6 2.4 

40 

OL-~~--~--~~--L---------~ 

0.8 1.6 2.4 

MUB-9287 

Fig. 6. M(K':'n) mass distributions for Reactions (2) and (3) with 
N':'(1238) events removed. 
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K++p- K++1r-+1r++ p 

(a) 0.84s M(K+7T-)s 0.94 BeV 
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. '· ... 
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30 

N (c) - N* band removed 
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f9 20 . 
0 
"-
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> w 
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l 
... :. .. 

/ 0 -. 0 •• 

/ .. ·---~---. 

a. -

20 

(d) N* band removed 

162 events 

10 

0'--"---...1..----'-----l...lu.....J.I--li-----J--' 
0.5 2.5 4.5 

M2(K* 1r)+ (BeV)2 

MU 6·9284 

):( :>!:: 2 :>!:: 
Fig. 7. Dalitz plots of M(pn) vs M(K n) for K np events and M (K n) 

projections for (a) Reaction (3), (b) Reaction (2). 
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K + + p ---. Kt 1T + p 4.6 BeV jc 
689 events 

-.- ( b ) 
-r-

-
-
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Cos app in (7Tp) c.m. 

MUB-9296 

Fig. 8. (a) Dalitz. plot of K>:<~ events from Reactions (2) and (3). 
(b) Scatter plot of M (np) vs cos aPP' where a is the 

np scattering angle in the rest frame. PP 
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(a) (I.09-1.34BeV) 50 (d) (1.84-2.09BeV) 

t 

(b) ( 1.34-1.59 BeV) 

c 5 
Q) 

> 
Q) 

....... 
0 

( 2.09- 2.34 BeV) 

( 1.59-1.84 BeV) 

05 

01~--L---~--~~~--~o.I~~L---L---~--~~ 
. 1.0 0.6 0.2 -1.0 1.0 0.6 0.2 -0.2 -0.6 -1.0 

Fig. 

Cos app in ( .,.+p) c.m. 

MU 8-9270 

9. Cos app distributions for,_ various intervals of M(n + p) for 
events 1n the final state K>,-On+p. The curves correspond 
to the elastic n+p differential cross-section data averaged 
over the mass interval. 
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(b) 

K+ + p -K*0 + N*++, 174events 

0 ~2 (K*0
) S 25m~ 

C . K*O OS aKK In C.m. 

MUB-9266 

Fig. 10. Krr scattering angular distributions in the Krr rest frame 
for K':< event in (a) K':o:< ( 1320) band, and (b) the double 
resonance channel K':<N':c. 
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(b) 
K++ p ---1<*0 + N*++ 

174 events 

12Jb.2 
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90 180 270 360 
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Fig. 11. Treiman- Yang angular distribution in the Ktr rest 
frame for K':' events in the K':<>:< ( 1320) band, and 

~-- ... , ... 
(b) the double resonance channel K ''N'". 
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