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The reaction K+ +p—-K + N + 7 has been studied at 0.86, 0.96,

]

1.20 and 1,58 BeV/c. = At all these momenta this reaction is dominated

, E - '
by resonance-formation, N (1236) at the lower two momenta and both

1 N* (4236) and K*.('89 1) at the higher momenta. The NT production is
'rea‘sbnébly well deéci‘ibed’ by the Sfodoisky;Saquai p exchange model,

e '
The K production does not fit any simple one-particle exchange model.

~



final states

o UCR

I'; INTRODUC‘I‘ION |

We have made an exposure of the Lawrence Radlatxon Lab

L-16370

oratory 8

25 -inch hydrogen bubble chamber to a separated k't beam of varla.ble .

momentum for the purpose of studylng the reactxons
s L ) - . )

K++v.p-—>_Ko+p+'rr+,
: K++p-b;K++p+w0,

| .

; K++p-ﬁ-K++n+w+.
! .

i

{

N

(2)

3

Previous studies of these rea,ctlcvns'1 at various momenta have

|

shown that they are dommated by producuon of the quas1 —two -pa.rtlcle

i

i

i

f .

| K" +p = K + N" (1236),
: 3

i K+‘+p-K. (891) + p.

I

In thxs experlment we have examined m some detax,l the be

. (4a.);

havior

of these production processe‘s as a function of primary momentum over

the range 0,86 to 1.58 BeV/c. We have completed ourva'nalysis at
} "

0.96

BeV/c, and have preliminary results at 0,86, 1,20, ‘and 1.58 BeV/c,

Since Processes:(4a) and (45) both go most strongly through Reaction (1), ‘."

we confine our discussion to this reaction, noting only that at 0.96 BeV/e," e

where Reactions (2) and {3) have also been studied, the N producuon

l

via (4a) is consistent with the 9:2: 1 ratio predicted by the Clebsch Gordan ‘:'; o

coefficients, when N _ and nonresonant background have been prOperly

separated.

The Dalitz plots for Reaction (1) corresponding to the four

momenta under situdy are shown in Fig, 1, In mterpretmg the poj

in terms of resonance formation, we have assumed that Reacuon

incident -
pulations

(1)
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consists of an incoherent superposition of KN , K p, and "nonriesonant f».; B

s
1

phase space, " and have further assumed thve'va'.ii.dity of the mass -co'r";jugati_oni.:';_,

"procedure of Eberhard and Pripstein, 2 With these qualifications, it is

stralghtforward to estimate frorn the Dahtz plot progecnons the pTroportmns
of channels (4a) and (4b), but it must be emphasmed that the va11d1ty of
the se assumptmns has not been demonstrated and is presently undez: .,ist_uclly', '

The cross -sections for Reactio‘n (.'1) are given in Table I, ijilong .

. - o

with rough estimates of thelr apportxonment into K N and phase- '
|

space nonresonant background. Although both 0,86 and 0.96 BeV/c are

below the K productmn thre shold it appears from the Dahtz plots that A0
. iR .
there is a clear populatmn mcrease in the region of high K--rr masses. L

Because of the, d;fflculty of estl_matmg accurately the am_ount of K Yin-.
volved, this enhancement has been included in Table I in the nonresonant 5
y " * s o D

background, We now consider K and N production in greater detail,

!

II. K PRODUCTION

As mentlc;ned above, the enhancement of h1gh K-w massesvevideati,
“at 0.86 and 0 96 BeV/c is suggestwe of the productlon of a. slgmhc{'ant . |
amount, qamely = 10%, of K- production through the ta11 of the reso- L
nance, Sihce't‘his. K* is eOmplete'ly buried under the. 'N*t,_ very httle R
can be said about the dyhaniics ef production at these mdmenta, ‘At 1.2
BeV/.c the K* still 1argely 0ver1apsithe N but since the K* produc-';i.,_*’.{'.
tion amounts to about 30% of the reactlor; 1t is feas1b1e to subtract an app;fa-fﬂ:?

priate amount of N determ1ned by mass comug,atmn, fz'om the overlap

reglon and mvesngate the remammg K ' Because of thxs subtractxon




-3- | ~ UCRL-16370 -

procedure, ‘the statistical errors associated with ‘each h_istogra.m' bin in

i ) "

the various figures are greater than those one would estimate from the
: A

1

vnumb'er of events in each bin, The distributiohs of K- mass and momen-
. tum transfer squared, AZ(Kn), are sho;vn in Fig, 2, and folded <;iistribu-
tjon’s of ¢ and cos a are shown in Fig. 3 for two ranges of mor:nentum
transfer, Here: a is the pola.r angle of the outgoing K in the K{" rest
frame, measured with respect to the incoming K direction, and ¢ is

the Treiman-Yang angle, It is clear that pion exchange plays at most a

- small role, but more detailed conclusions are premature until the valid-

‘

ity of the method of backgrofand remaval is further investigated,

e

At 1.58 BeV/C, the K* band is weil. separated from the ITT* band

over a substantial region of fthe Dalitz plot, and a more dependable anal- -
. : ; : : o

ysis can be carried out. The Knr mass and AZ(Kn) distributiox{xs are

shown in Fig, 4 and the ¢ and cosa distributions shown in Fig, 5 for

three regions of momentum transfer. It. should be noted that the AAZ(Kv) '

distribution‘shoWs a sizable peak below ~0.3 BeV2 superimposedion a

rather flat distribution, Furthermore the . distribution corresponding

to events in the peak is uniform, whereas for the higher values of a%(Kn)

the Treiman-Yang distribution shows an increasingly strong sin2:¢ com- = .

ponent, It thus seems reasonable to associate the peak in'the A5 (Kw)
distribution with pion ‘exchan:ge and the remaining flat distribution with
vector exchange., However, it should be noted that the cosa . distribution»:

is almost independent of momentum transfer and'la.rge)ly characteristic of .

vector exchdnge, It thus ‘appears that the behavior of the AZ(Kn), cosa, -

and ¢ distributions are not easily interpreted in terms of any simple one-. :

ES

particle exchange, or incoherent superposition of one-particle~-exchange

P
t




- 0.86 BeV/c, K K™ background was removed by mass con_)uga.non
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models, Just as is the case for the CERN 3. BeV/c da.ta the abs

orptlon

effects appear to 'pla.y an essentlal_rqle in modifying the detailed features

g %*
of K production,

nm. N° PRODUCTION

Stodolsky and Sa.kura13 have proposed a model for N Pr

tex. The experimental consequences of this model are best expressed in

i

terms of the distributions of the polar angle y and azimuth &§. of the out- ' .

going pion with respect to the production-plane normal in the N
. v

frame, Specifically, cosy ‘is distributed according to 1+3 cos

duction ~ .. -

% -

‘through p exchange with a magnetic-dipole transition at the pp NN ,ver-_.f?,

rest

6 1is uniform, The exper1menta.l distributions of cosy and & for the

0

.. ' | |
four momenta under consideration are shown in Figs, 6, 7, 8. and 9 along

with fits of the p'rr+ mass distributions with resonanceproductiop‘ and .

-

this at 0,96 BeV/c, for which there is no well- defmed K* band,
half of the Dahtz plot correspondmg to © 'K <90° ~was taken, whe
is the angle between the outgoing = and K in the N _rest fram

6 distribution at 0,96 BeV/c was correspondmgly folded, The d

from uniformity of the 0,86 BeV/c & distributior{ is probably associated . |

with the high-mass Kan enhancement evident in the Dalitz plot,
there is a strong a priori correlation, essentially kinematic in o1

between K- mass and 6. With this qualification it is vclear‘tbha.

1 ;
phase -space background in the ratios of Table I, For all momenta except = "

To.do
only
re eﬂK

since
rigin,

t the

cosy and § distributions fit the predictions of the Stodolsky-Sakurai

model at all mdmenta under study. .

e, 'I'he”-

2y, and .ol

eviation =

M Lk o .
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" The dlstrlbutlons of momentum transfer squared A (p'rr)l to the N
t l

‘are shown in Flg. 40 w1th curves calculated from the Stodolsky-Sakurm '

!
model, There is good agreement between theory and expenment except

at 1,58 BeV/c, where the experimental data show more forward;collxma-

" tion than the theory. This behavior is completely in contradiction with

{
o

" the use of form factors independent of primary momentum to int;erpret '

| e
productmn angular distributions, Finally, note that the cross sections
I

for the Stodolsky -Sakurai model are expected to be in the ratio 1 3.5:16: 45 IR

‘ . . . l .
. for the four momenta under consideration, The expenmental ratios are -

~4:3:6:5. Itis clear that the a.bsorptmn effects respons1ble for the forwa.rd. o

|

" collimation above 1.2 BeV/c are simultaneously cuttmg off the clross sec- * o

i

In conclusion it rnay; be said that the Stodolsky-Sakurai model pro-.

{
]
i

all momenta under study. It also correctly gives energy dependence of
: P

but clearly requires modification above this momentum to properly_accountv

! ' o |
for absorption effects, ”

This work was done under the auspices of the U, S; Atomic .

Energy Commission,

vides a satisfactory representation of N decay angular distributmns-for i

' the cross sections and the productzon angular distribution below |1.2 BeV/c.'f{:-:»
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Table I. Cross sections for the reactionK +p — KO +p+ n’F at various incident momenta.

Incident Number of Cross section Percent due t(g< Percent d}ge to Percent due to
K momentum events analyzed {mb) Kt+ p-KT+N*(1236) K4 p~-K"(891) +p nonresonant
(BeV/c) background
0.86 282 0.9+0.2 ~80% -— ~20%
0.96 1140 2.8+0.5 =80% - = 20%
1.20 2446 5.2+0.9 = 65% =~ 29% = 6%
1.58 706 4,8+0.5 ~54% - =40% = 6%

0LeGT-TUDON
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FIGURE CAPTIONS

. . + 0 +
1. Dalitz plots for the reaction K" + p - K~ +p + n at 860, 960,
1200, and 41580 MeV/c incident laboratory momentum,

4
2. Distributions of Kon-' invariant mass squared and squared
momentum transfer to the Kn system at 1200 MeV/c incident
R b3
momentum. The lower distributions include only events in the K
band shown above. Since these distributions involve significant back-
ground subtractions, the statistical errors are somewhat larger than
implied by the numbers of events in the histograms. The same qual-
ification applies to most of the other distributions given here,
3. Distributions of ¢ and cosa for two regions of momentum
transfer.
. . . 0 _+. . '

4. Distributions of K v invariant mass squared and squared

momentum transfer to the Krn system at 1580 MeV/c momentum,

5. Distributions of ¢ and cosa for three regions of momentum
transfer,

+ . .
6. Distributions of pm mass squared and pion-decay angles in

the p-rr"L center of mass at incident momentum of 860 MeV/c,
7. Same as Fig. 6 but at 960 MeV/c.
8. Same as Fig. 6 but at 41200 MeV/c.

9. Same as Fig. 6 but at 1580 MeV/c.

. . R \ +
10. Distributions of squared momentum transfer to the pm system,

The curves represent Ml p —exchange N production,

N
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