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© STUDY OF THE REACTION K p — K n p AT 9 GeV/e
V. Gordon Lind, G. Alexander,” A. Firestone, C. Fu, and G. Goldhaber
Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, CA 94720 "

August 5, 1969

- ABSTRACT

. . ‘ - . + + '

We present results on the study of the reaction K p Kon p at
9 GeV/c. The reaction proceeds almqst entirely through the production of
Kr 5 K& a AT The spi ity of the K| is shown to b

890° ¥1400 an A1236' e spin parity o € Kj)pgy 1s shown to be
+ .

JP = 2 , with 18% pseudoscalar and 72% vector exchange in its production,
the same proportion as for Kg9o production. The dependence of the ecross

. . S + * *
sections on incident momentum for the reactions Kp— K89Op’ thEOp’

++ '
and KOA1236 appear to fall somewhat more rapidly than the predictions of

a simple Regge pole exchange model.

 "Work supported by the U. S. Atomic Energy Commission. 
TPermaﬁent address: Utah State University, Logan, Utah.

*Permanent address: Tel-Aviv University , Tel-Aviv, Israel.
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The reaction K+§ - Kbn+p has been studied at numerous momenta ranging
from 0.865 to 13.0 GeV/cl-3)._ We report here on the results of a study on a
sample of 517 such évents at a beam momentum of 9 GéV/c. Only thoée events
within a restricted fiducial volume for which the K° decays were visible in
the bubble chamber were used in the analysis.

The experiment was carried out with ~ 150 000 pictures taken in the‘éo-b
inch hydrogen bubble chamber at-the BrpokhavenbNational Laboratory Alternating
Gradient Synchrotron,vexposed to a 9-GeV/c rf-separated K+ beam. The_tw0h3‘
prong-plus-vee events were measured with the LRL Flying Spot Digitizef, and
the remeasurements ﬁere carried out with a cpnventional digitizing machine. |

" The events were then spatially reconstructed and‘Kinematiéally fitted in %he

program SIOUX to the following hypotheses:

+ .
Kfp - K% P o ’ - (1)
- Kon+n0p : : (2)
- Kon+n+n . _ _ (3)

In addition, wvarious hypotheses, in which the vee deéay is either a A or Xb
hyperon decay, were atﬁempted. No difficulty was encountered in separating
the K° decay§_from the A or A hyperon decayse. The:four-constraint production
vertex, .reaction (1), was preferred to the one-constraint reactions (2) and
(3); but ionizatiop consistency was required of all events. The peripheral
nature of the interaction allowed complefe discrimination between the ' aﬁd“
proton tracks for reaction (l) using both kinematic and ionization information;
The sample of 517 events of reaction (1) obtained as above are thus esSentiailj

unambiguous and without contamination.

r
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The dominant features observed in the reaction are thé production of the
, * * ++ . L. : v _
known K89O’ th20’.61236 resonances in addition to a small phase space background.
. ) 2, vy D0 4y . . .
The Dalitz plot of M (pn ) vs M (K n ) is shown in Fig. 1. We note from
. L . * ¥ Lt '
this scatter plot that the separation of K89O’ thEO’ and A1236 resonances
is particularly clean. This may also be seen in the three mass projections
which are shown in Fig. 2. The relative strength of each resonance and the
mass and width of each resonance were determined by the maximum likelihood
fitting program MURTLEBERTA).A The program used sténdard Breit-Wigner line
shapes as given by Jackson5), corresponding to orbital ghgular momentum £ = 1
for Kao , £ =2 for K. d L=1 for AT A flat ph back
Qr 890° = or K;)»yr an = or A1236' at phase space bac
ground over the Dalitz plot, was assumed for this fit. However, since the
percentage of phase space background is very small, the detailed shape of the
background could not have affected the results of the fit invany significant
way}v We have treated the mass, width, and relative strength of each of the
three resonances as free parameters. We have restricted the accepted events
to a fiducial volume and weighted the events to correct for K° escape proba—
bility. The results of this fit are shown in Table 1, and. also as the smooth
curves shown superimposed on the data in Fig. 2, which represent the data well.
The entire reaction is highly peripheral in nature. This is shown in the
angular distributions in Fig. 3. The K® is produced strongly forward in the
o . o+
production center of mass, the proton strongly backward, and the n. either
: ' ++
strongly forward or strongly backward depending on whether it makes a A1236

*
‘ with the proton or a K89O or’Kiugo

with the K°.
. : R + .
Scatter plots of the decay angular correlations for the Kon mass combina-
++ ' : ,
tion with 01036 removed are shown in Fig. 4. Here 6 is the angle between the

e o+ . +
“incident K and the K°.in the K°x center of mass and ¢ is the Treiman-Yang
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*
1420 resonance bands

mentioned earlier. Although the ¢ distributions show both resonances to have

*
angle. The scatter plots show the obvious K89O and K

a similar sin2 ¢p-like distribution, the cos 6 distributions are obviously
different for the two K resonances. This may be seen more clearly in the
X

projections in cos © and ¢ shown in Fig. 5 in the Kggo and K142O

To account for this difference in the cos 6 distributions either the exchange

regions.

mechanisms for the production of the two resonances are different or else
.

they have different spins and parity, or both. The spin-parity of the K89O

*

is well known to be J° = 1 and that of the Kj)

however, 17 is not excluded. We have used the maximum likelihood method to

+
is favored to be JP =2 ;

*
Afit the data in the K142O region to the angular distributions expected for
- + '
JP =1 and JP = 2 particles. The expected distributions, assuming only

pseudoscalar and vector exchange, are given'by5):“

2 2 2 :
6 _ 3 . _ . B i
wl( »P) H;{DOO cos” 6 + Pyy s;n e pl,{lSln 9 cos 2p - J2 Re P10 sin 26 cos o}

15,2 2 1.2, , .2, 2
l6n(3 poo[cos e - 3 + 4 sin” 6 cos Q[Qll--

i

wg(e)q))

for JP

The pij coefficients are those corresponding to the spin density matrix

Py,.q cOS 2pl)

- + .
1 and JP =2 respectively.

1

elements, and for the above assumption have the additional trace and positivity
_conditions:.
2 P11 =1 - pgg
. <
lpl,"l’ = pll *
In the maximum likelihood fit the best values for the pij”matrix elements'

were determined. The predicted angular distributions were then compared with

. the actual data by looking at the cos O and ¢ projections (see Fig. 5). The

&
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Smboth curves correspond fo the best fit predictions. The assumption of
JP =1 for the K§9O is observed to-give an excéllént fif to the data and
thé values for the pij thus determined are givenvin Table 2. For the K;uzo
the best fits are given by the dashed and solid lines on Fig. 5c¢ and d, which
represent the JP =1 and JP = 2+ distributions respectively. It is noted
that the JP =1 fit is very poor whereas JP = 2+ fits well. 1In addition;»
the JP =1 ‘fit requires 100% pseudoscalar exchangé, which 1s in étrong
disagreement with the @ distribﬁtion as shown in Fig. 53. We thus conclude
the spin-parity of the §42O is 'JP = 2+, although we have not attempted to
fit the data to still higher spin Values.  Here it should be noted that thé
JP = 2+ fit for the K;MQO requires the same exchange mechanism as the ’JP_ﬁ 1
fit for K§9b; i.é., 18% pseudoscalar and 72% vector exchange; We did not--
consider it necessary to make background corfections due to the cleanness
of the data, énd in addition we felt that‘attempts‘to make background correc-
tions may even be hazardous due to our lack of understanding of tha.processes
in the mass regibn between the two K* resonances;v

We point out one additional feature in the decay correlations of the Kon+
system (see Fig. 3). That is, at a (Kon+) mass of about il6O and over a region
of about 100 MeV in width, a distinct distribution in the cos € plot may beA
seen which appears to differ from those in the other regions. The distribu-

tion in € in this region looks likevsing 6 cos® 0, whereas the distribution

in ¢ in the same_mass region is consistent with being flat, although from

_the available data no reliable shape can be determined. A small enhancement

at this region is also observed in the projected K°n mass plot (Fig. 2a).
This effect could be due to an additional K* resonance at a mass of about:

1160 mentioned by other investigators6).
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A best fit for the decay correlations of the A{;36 were alSO'obtained..
The values for the Spin density matrix elements_pij are given in Table 2 agd
the agreement between the fit and the data is shoWn ih Figs. 5e¢ and f. The
spin density matrix elements we report for the K§9O and 6{236»are, in géneral,
in reasonable agreement (always less than 2 standard deviations away) with
those reported by the CERN-Bruxellesl),-Birmingham-Glasgow—Oxford2) and
RochesterS) groups and with our own data at 4.6 GeV/c7). The values_obtaihed
for A{;36 are in‘general good'agreement yith'those predicted by thevsakurai-
Stodolsky model8). (See Table 2.) |

A study of dc/dt where t i1s the square of the four-momentum transfer to
the proton for the K§9O’ KihQO’ and A{;36 bands gives good fits to distribu-

Bt

tions of the form Ae™ . The data and best fits are shown in‘Fig. 6. We have

plotted the data as a function of t; rather.than t' where t' =1t - tmiﬁ’ and

tmin is the minimum value of t allowed by kinematics for the appropriate value
of M(Krn) or M(pr), because at this incident momentum the difference in distri-
butions is negligible. The CERN-Bruxelles collaborationl)‘réport a forward
dip for -t' < 0.2 (GeV/c)® in both the X and A§+, distributions at 5
: 890 236 ' '
and 8.25 GeV/c. The British collaborationg) report a forward dip at -t < 0.1
. 2 . *
(GeV/e)® for the K89O at 10 GeV/c, and the Rochester group3) reports similar
*
results at 12.7 GeV/c._ We observe a flattening of the K89O distribution for
-t < 0.1, but present statistics do not permit a statement about a dip in the
forward direction. .We note, however, in agreement with the CERN-Bruxelles

result, that the cross sections do not approach zero as t' — 0.

In Fig. 7 we show the variation of the cross sections with momentum for

*
1420

from 3 to 13 GeV/c. The data are from the CERN-Bruxelles collaborationl),

. + + ++ :
the reactions K p — Kon P, KOA1236, K§9Op, and K P for incident momenta
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the British collaborationg), the Rochester group3) and our own data at 4.6
GeV/c (Ref. 7) and 9 GeV/c. We have plotted 2n 0 vs énp for each of the

reactions and have performed a least squares fit to the data for a function

%,

of the form o = Kp_n suggested by Morrison where p is the incident momentum

and K is some constant. The values of n thus obtained are shown in Table 3,

I
together with the predictions of a simple Regge model, based on w exchange for

1420P state and p and A2

for the K° 61236 state. The simple Regge exchange model has the principal

2(a(t)-1)

energy dependence of the cross section in the form s which we

approximate by SE(a(Ofl)—l), since the bulk of the cross section fof these

the K89Op state, p and @ exchange for the K exchange

reactions occurszat low values of ftl; specifically, the average value of It]

1s about 0.1 (GeV/c)e. We note that at high incident momentum s.is proportional
to p. In general the dependence.of the cross section on energy isv eomewhat
greater than that predicted by this simple expre851on, as has been noted
prev1ously ’9)

In conclusion,.odr data show clearly a peripheral production of K89O’

lMEO’ and A1236 and suggest the presence of an additional resonance Kll6O

The decay correlations show the spin parity of the K to be JP = 2 » with

1420
18% pseudoscalar and 72% vector exchange taking place in the production. The
possibility of a 1 assignment for the K§420 is clearly'inconéistent with the
data. The K§9O is also produced with an 18% pseudoscalar and 72% vector

: exchange mechanlsm, which is the same proportlon as that for the production
of KlMEO The dependence of the.cross sections on incident momentum for the

reactions K p = K89Op’ thZOp’ and ¥° 61236 appear inconsistent with the

- predictions of a simple Regge pole exchange model.
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Table 1

Reaction cross sections and fitted parameters

Reactioﬁ o (ub) Percenf Mass (MeV) Width (MeV)
Kp - Kn'p o7 100
K+p - ko %236 ' . 10#23 | 3940 120714 ‘ 8éi9
:K+p';> Kggop 9723 35+ 8952 50£7

Kp— K;ugop L 3614 132 1hak+1] - 107%19
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Table 2
Spin density matrix elements N
Re sonance Matrix elements (Stodolsky-Sakurai.) v
S
0.32+0.0 0.38
Re o3 1 0.16£0.05 0.22
Re p3)l ~0.07£0.04 0
G
%890 0,0 0-1520.0%
+
P11 o.u1_9.03
+
Py, -1 0.L44+0.03
Re o) o -0.02%0.02
K*
1420
= ) + 1
+
0y 1 0.39_o.ou‘
. .
P1,-1 0.40+0.05
P ..
J =1 00,0 1.02£0.13
- ‘+
f1,1 o.Ql_o.o6
o
oy, 1 0.10£0.06
Re oy 4 0.05%0.0k
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Table 3
o Fits to o = Kp ©
7 ’
" Regge model
Final state n (experimenta_.l) Exchanges n (predicted)
* .
, K89Op 1.9+0.1 w 1.4
1hooP 1.7+0.2 Cw,p - 1.k
o t++ : :
K A1236 2.1#0.1 Ps>A, 1.k




2)

3)

8)

9)

-12- , UCRI-1928k4

REFERENCES
W. De Baere, J. Debaisieux, P. Dufour, F. Grérd, J. Heughebaert, L. Pape,
P. Peeters, F. Verbeure, R. Windmolders, G. Bassompierre, D. Drijard, Y.
Goldschﬁidt—Clermbnt, A.'Grant, V. P. Henri, B. Jongejans, D. Lingliu,
F. Muller, J. M. Perreau, H; PiotrowSka, I. Saitov, R. Sekulin, and-G.
Wolf, K* and N* producfibn in the Kopn+‘final state at K+ incoming momenta
from 3 to 8.25 GeV/c, péper submitted to the XIVth Ihternational Conference
on High-Energy Physics, Vienna, 1968.
Birmingham-Glasgow-Oxford Collaboration, Two-Body Final'States Produced
in K+—Proton Interactions at 10 GeV/c; Pféceedings bf the Topical Conference
on High-= Energy Colllslons of Hadrons, Vol. II, CERN 68-7, p- 121..
J. C. Berllnghlerl, M. S. Farber, T. Ferbel, B. E. Forman, A. C. Mellss1nos,
P. F. Slattery, and H. Yuta, Nucl. Phys; g@‘(1968) 333.
MURTLEBERT, Alvarez Programing Group Note P-156, J. H. Friedman, Lawrence
Radiation Laboratory, Berkeley, 1966 (unpublished).
J. D. Jackson, Nuovo Cimento 34 (1964) 164k.
D. J. Crennell, U. Karshon, K. W. Lai, J. S. O'Neall, and J. M. Scarr,
Phys. Rev. Letters 22 (1969) 487.
C. Fu, Study of the Reaction K'p = Kx'p at 4.6 GeV/c and a Review of
the Available Data, Lawrence Radiation Laboratory Report.UCRL-18hi7, 1968

(unpublished).

L. Stodolsky and J. J. Sakural, Phys. Rev. Letters 11 (1963) 90; L. -

Stodolsky, Phys. Rev. 13& (1964) B1099.

D. R. 0. Morrison, Phys. Letters 22 (1967) 528.



-13- | - UCRL-19284

FIGURE CAPTIONS.

+ +
Fig. 1. Dalitz plot of M-(pr') vs M?(Kon ).

. 4 .
' ~ Fig. 2. (a) M(K°x"); (b) M(pﬂ+); (¢) M(x%p). The smooth curves are the
results of the fit to the Dalitz ploﬁ distribution.
. . o + o
Fig. 3. Center-of-mass production angles. (a) K wvs p; (b) = vs K .
Fig. 4. Scatter plots of'M(Kon+) vs (a) cos 6, where € is the angle between
L + o . o + ' .
the incident K and the K~ in the K n center of mass; (b) ¢ (Trelman-‘
Yang angle).
Fig. 5. Decay angular distributions. (a) K§9O’ cos 0; (b) K89O’ P; (c)
* * A L L
K ung? CO8 83 (a) Ko jogr @ (e) A1238’ cos 6; (f) A1238’ .
R . . . . ’ ++ * * .
Fig. 6. Distributions in -t for (a) A1238’-(b) K89O’ (c) K hoo* -
Fig. 7. Cross séctions as a function of incident momentum for the reactions _

K'p - (a) X°x'p, (v) KO8 e () KgooPs and (a) Ky, oo

e’
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