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The coupling constant g for the KTm~ mode is
missing a Clebsh- Gordan coefficient of (2/3)1/2 In
Fig. 4, curves A and B should accordingly be scaled
down by a factor 2/3. The form factor we have intro-

duced to fit the data is still required However, the best ..:

 fit now occurs for A 2.9 m_ (orA = 0,165 GeVZ)

I
_instead of A= 2.6 m_ as quoted earlier.

We wish to _thank Professor J. D. Jackson for

bringing this omission to our attention
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Meson Exchange in the Reaction K++p—-K*+N* (t)

.Gerson Goldhaber, William Chmowmﬁy, Sularnith Goldhaber.
Wonyounyg Lee, ¥ and Thomas O'Halloran . v

~ Physics Department and Lawrence Radiation Laboratoxy
University of California, Berkeloy, California

| . May 13, 1963
‘ In the study of the four-particle final states of the K+p interaction

ai 1.96 P.'u:N/c:l we find that these statea are predominantly produced via |
"double resonance' production, i.e., xt +p-’K (890)+N (1238) Morec;ver.
the exper.imantal data support a spin-zero meson exchange, preaumably a
pidn. for small four-momentum transfers (Azf-S-ZBm‘Z‘). The experiment was
carrléd outzl in the Brookhaven National Laboratory 20-inch hydrogen bubble
chamber> exposed in the Brookhaven=-Yale separated beam.?
The four particles produced in the reaction K+p '-OKfn N7v are in the
| T=1 state and occur in five pbssible'charge combinations, viz.: (1) K+v'pv+.
(2) K%, (3) K% nv™, (4) K n%nn?, and (5) K n%pn®, Of these only the
first three are accessible to unique identification in the bubble chamber. We
present in Table I the observed cross sections for these reactions. Also
shown in the table are the branching ratios expected on the assumption that the
nucleon and pion are always produced in an isotopic spin T= 3/2 state, and
that the K meson and pion are always prodyced in a T=1/2 state. It is seen
.. that the data are in good .agreementf with the branching ratios. In fact, the
T=1/2 and T = 3/2 states can be identified with the well-known6 | K*(890)
and N*(1238) resonances, fespectively.

It is thus indicated that ''double resonance'' production, which

corresponds to ''quasi-two-particle' production, plays an important role in

these processes.
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Ve have found It convenient to Jmp‘x"ea»eut the four-part'iclle production
processes discussed here in termse of the pr_oduvct_ion of a pair of "two-particle
compoaites" with lnvariant masses m}v and mY (in the errall c.m, systprh)
The kinematical limits in thm representation are partic.ularly simple, namely,
they form a right angle isosceles triangl= for which the length of each leg is =
glvenby Q=W « i:zv.rél . Iere W is the totgl energy in the ovcral} c.m.,
system and m,, =1 ,4 are the masses of the four outgoinv particles. |

| The phase-space distribution ia given by ¢ o -L kxky po dm dmy,'
where the integral extende over the triangle (aec Fig. l) which we will call
phase_fspace trla_n;gle (PbT). Here kx and ky are the momenta in the ¢.m.
of the corhpoﬁtds x and vy, r¢specti§re1y. "an’d Py is ﬁhelr momentum in the
ove/rall ¢.m, system:. It ie noteworthy that along each of the three sldeélof-
~the PST onevof fhe factors in thé integrand vanishes,

The,;re are three wayé _(chaﬁn_els) in which the ﬂxial-st@te p.rticles can
be "palred" dff into tw‘o-pa.;'tlcle composites for each o‘f the ch.arge states (1),
(2), and (3). Direct evidence for doubld-ré_sona'nce production follows from_
the details of the eVents in charge afate (1), which represents the largest

L

sample of events;, and permits unamblguous assignment of the resonance states.

. In Flgures la, b, and c. we show the distribution of events for the

" various possible 'two particle composites in »harge state (1). viz:

°(1< +u)+N33(+u) | - o {1a)
| (xt + 2%y 4 N33 © + sﬁ | | (1b)
p? (vFrwey) (p+K') B (1c)

The corresponding three PST??“, as well as the projections on the respective
mass axes, are also shown together with the calculated ph'ﬁ‘ée-apa'ce distri-

butions., Channel (la) corresponds to double-resonance production.
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Defining events with 840 % M tge ® 940 to lie within the K reso-
*' )
nance and events with 1130 . Mpn* - 1300 to lie within the N33 rasonance,

wo find 64% of all tha eveuts to lle within the double resonance, y_ieldi_ng a
’cross section ¢ (KWN*) = 1,12 0.2 mb. Channel,{1b) corresponds to éingle-f ‘
resonance formation in the pw  channel. This is a small effect and occurs in
only about 10% of the events, (See Fig. lb.) No evidence for a resonance in
the Kn T =3/2 system is observed, In channel (lc), p® production .w
energetically possible but is strongly suppressed by pha&g»space fa,ctors.‘
No evidence for p° production was observed, neither is there any evidence
for a positive-astrangeness Hyperon (K"Lp) in the T =1 state. It is noteworthy
that th-e reflection of the dominant resonaxices for chénnel (1a) do not g’ive rise
to appreciable deviations fron; pil'xaf.se-spaém predictions in the othér two
~ channels.

| In a;n earlier commun.lcatlo'n we have shown the apin and 'parity. of the
K’°l to be 1, from the cbserved anisotropy in the ah,«_;;ular distribution of the
_K* decéy products.1 As was pointed out this distribution, for sfnall momentum
transfers, is in a4;~reemen't with the predictions of the one-pio.n—exchange mode.l
(OPE). According to this model the angular distribution of the outgoing K
meson, in the K* rest system with respect to the i'xxcoming K éirection.‘is ‘

. % FEERTR .
simply f(a) = cosza_. independent of the K* production angle. In Fig. 2 we

show a scatter diagram of the distribution of co_{éo. plotted aga'ins_t‘ the square
of the four-momentum transfer aZ, 7 Those distributions of events with. ’
Az < 25m§, ssh;swn in the projected plot (II) of Fig.. 2, are in excellent agree-
| niént 'With the pfcdiction for single-—pion‘exchange.-; All‘aéxst[;ézqua res fit of the

form f(a) = a+b c‘osa +c cosza yields a = 0.1 0,4, b = 0.07 + 0.08, and
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c = 1,00.14, l'or larg,er A\ , the ’dimributinn bc.ucomee more isotroplc. The
fit in this cose {Aves a=l, 11 :PO 18, b = -0 06:& 0. &3. and c = 1.0:#:0 5. Thln
indlcates umt the one~pion exchange dominateﬂ the reactxon up to a value of
Az =25 mi. while othex diabrams contr ibute when the momuntum tranafer
becomes largerx. | o | |

For i\irthe'r 'corx'd‘b-éfati;)n of ﬂw rolca of the one-;»)io‘n e:r;chahge. we
show ln Fig. 3 the dxstributionw ln the '1reaiman~Yang anz,le. Th(adistﬂbd-
tion is in agreement with laotropy both for the lower— and higher-momentum-
transfer events, This result is conaiatent with the exchange of a spln«zero
particle. but provides no independent evidence for it. .

Finally, we compare the experimental differential crosa section in
the c. m.- system for the double~ 1esonance region with the reaultn of a cal-
. culation baaed on the one-pion-exchangc model. The calculation due to

Borman9 takcs explicit account of the spins 1 and 3/& of the two resonances

produced, The calculated differential cross section is

: 2 2. _ :
do 5 By ng i 2
Ly

c.m, 6m™2Mm™2 WZ 4n 4 |AZ4m
X {[AZ +m" +m)?) (a2 + (" -m)zx} {[A2'+ (™4 My P8 + (M’-“__-m""l} ., (6)

ERS

where the coupling constants

2*/41: = l"»*m'*.z/pg, =~ 1,8 (for'1{+ni mode only)

“and (gNrk/-'}ﬁ):(S/P)T’ *M /p & 4.0

. %
are determined from the decay of the K, and N . respectively,

w22 w2 2\1/2
(W + M 2-'m ZV)Z - 40 2'\‘4‘&)

(W2 4242 2 1m2)2 & 42 w2

|
(M"+M)2--'mfr

and 6§ =
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Here W is the total c.m. energy; m , M, m, and M are the masses

of the K*, N*, K, and N, respectively; and Pk and Py are the momenta of
the K* and N* decay products in their respective ¢.m. systems. In this
equation the last two factors in brackets result from summing over final-
state spin directions of the K* and N* res;aectively.'

The egperimental distribution, including all double-resonance
events.lo ig shown in Fig. 4. The three solid curves A, B, and C repl;esent
attempts to fit the data with plon-exchange models.“ Curve B is obtained

by evaluating Eq. (6) with L\d E mf‘ in the spin factors o that the momentum-
2

transfer dependence is contained only in the propagator, viz.t 1/(A +mi)2.
The resulting eQua.tion corresponds then to the form originally px'opozsed by
Chew and LOW.lZ Curve A gives the results of evaluating Eq. (6), including

- the proper spin factors. Comparison with the experimental data show a‘ that
th'is calculation gives too high.a value for the cross section and does ﬁot
reproduce the experimental angular distribution. To obtain a quantitative fit
t; the data we multiply Eq. (6) by a form factor, FZ(AZ). The exact choice .
of this form factor isA aoméwhat a-rbitrzu:y."3 We have chosen a one-parameter
: expreaslon. similar to the nucleon form factor with the condition that

F(a%) = 1 as A% = _mZ, viz.: F(a%) = (A% -m%)/(A%+A%). By adjusting |
the parameter A, we have obtained the fit shown in Fig. 4, Curve C. The |
resulﬂng value of A is A=2.6 m_. It should be re-emphasized here that
agreement with the OPE model is expected _to hold only up to‘ Az of 25 mﬁ. we

therefore consider the apparent fit to the data for AZ & 25m§ somewhat

fortuitous.
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Table I. Cross sections for the various charge-state combinations

5
3

. . T o :
in the reaction " + p = Kwvpe at 1.96 BeV,/c

Charge _ Nuwmber Number Probability irom Experimental
compi- = * exptl. of events of events _ 1-s»oia comisosition rescit
nation K N {mb) observed corrected Normalized WNormalizeo
yot_= + e .
(1) Ku opw 1.720.2 435 535 1/2 1 i
. S99 + Vo - )
(2) K% ont]  w3z0.2 110 1 330 1/4 |
o 4 . & ; e 4.72 G.76+ Q.15
13 . T { : Foy
- (27) . pE ) j 1,’9_}
- P + + ‘ . a iy A3 ioF N D
(3) XK' nw 0.330.1 27 31 1/18 G.11 8.1924.05
: wt_8 + o ; "
{2} K'n° nw Uameasurable --- - 1/36 ¢.06 c--
AR 7—-}‘ 2 o) - . 3 B . v f1 s
1o} K'v' om Uameasurable --- -—- i/16 .11 -

—L-.

a3 L - e . . es i N Py -
Corrections for tiue "invisible" decay modes of the K" have been made.

L6L0T-TYON
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FOOTNOTES
¥ Work done under the auspices of the U. S, Atowmic Energy Cotnunigsion.

1 Present address: Physics Department, Colurnbia University, New York,

N. Y.

IW. Chinowsky, G. Goldhaber, 5. Gg’&ldl‘xa?,me'r. W. Lee, and T. C'Halloran,
Phys. Rev. Lettors 9, 330 (1962).

2111 this work we utilized a' modification of the geometrical reconstruction
(PANG) and kinematical fitting (I{ICK) programs of the Alvarez Groué:
J. P. Bervge, I. T. Solnitz, and H. D, Taft, Rev. Sci. Instr. 32, 538

(1961); A“.'H.v Rosgenfeld and J M. Sayder, Rev. Sci. Instr. _?3_?_5_,‘181 (1962).

R. I. Louttit, in Proceedings of the International Conference on Instrumen=-

tatioa for Hich-Enerpy Physics, Perkeley, California, September, 1960
(Interscience Publishers Ine.:, New York, 1961), p. 117. ‘

.C. Baltay, J. Sandweiss, J. Sanford, H. Brown, M. Webater, and

O

S Yamamoto, in Proceedings of the High-Eneryy Instrumentation Confer-

¢nce, CERN, 1962 (to be published).

5 ' : i ' :
It must be noted that experimentally we observe a superposition of (2) and
(2'). The agrsement between the observed cross-section ratlos and the

expected valuas from isotopic spin combinations assumes no interference

between the two reactions.
6M. H. Alston, L. W, Alvarez, P. Eberhard, M. L. Good, W. Graziano,

H. XK. Ticho, and S, G, %Wojcicki, Phys., Rev. Letters 9_, 300 (l‘)_bl).

7Here we are plotting the actual AZ values computed for each event. In the
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’ . . . : ‘ " .
subsequent discussion, however, we uUse a ''quasi particle' approximation

for the resonances in which the cosine of the K production angle cos GK*
is uniquely related to AZ‘. We have checked this procedure with a scatter
plot of /.\Z versus cos BK*’ and find the events to lie within a narrow band

along the curve corresponding to definite resonance masses.
85. B. Treiman and C. N.l Yang, Phys. Rev. Letters 8, 140 (1962).

9Sarnu‘el Berman (Stanford University), private communication. .

10 There is very little evidence for nonresonant background in the doubie—

resonance region. If we consider the channel la we can ascribe the events

o+ +

"to K ° 4N , 64%; kKtee anN"t , 25%; K*O-+p+'n+, 5%; and K1 + 1?-+'p+1r+

nonresonant, 6%.

11

We have also calculated the differential éross section, using the equations
of Salzman and Salzman [Phys. Rev. 120, 599 (1960)]. We get res;ults
consistent with curve A, Fig. 4, when we take into ac‘éount the p-wave
‘nature of both resonances.

12 G. F. Chew and F. E. Low, Phys. Rev. 113, 1640 (1959).

13 Recent analysis of data on pion production in p-p collisions has also showr
the necessity of introducing a form factor into the OPE model in order to

fit the experimental differential cross-section data. See, for example,

E. Ferrari and F. Selleri, Nuovo Cimento 27, 1450 (1963).



-10- o - UCRL-10799

FIGURE CAPTIONS

' ’;E.“lg. 1. . Scatter diagrama ofiﬂ'xe'effective n'mé;‘s ‘distributioxm'f()‘x"'the varié‘ua

B : t\§/'o_4pax'ticln éoﬁrﬂ.péﬂltbes in tha : fevaction. xt {p-I{% 'p"n"'.. . The
‘tfidngﬁl«aé"deiikleate;the lclx;e:n‘xatical liraits; the daéixéd 'curv,és olnb"n
/the mass projections correspond to plmse-épace cévlcvulat::'ibns with -
out dynamic effects, It élxould be noted that the scale for rr.x__asts

_ projection is not the.vsa.m.e in (a).as_in (b) and (c). -

' Flgx."rz.v- A .a';:ettt'er plot of.’t_li'e foﬁr-monmnfu‘m transfer sqm'“.tred.v _AZ,, vgrgﬁ‘s

‘ iha Kn"scéttc.rihé angle a. The events shown are those lying inside

the "dQul)Iéufé$6n111nce r:ec.tavn[_;'lef' whose mass limits are gn}en in

the text. 'Hevre‘ thé angle @ is défined as the anglg bét\&eeh the

incoming an’d outgoing K meson, hoth in the K" c.m. system.

The projections of the 'diétributiﬁns_ in cosa are given belovw,.yhe

2

scatter plot, in ;cgi_on I for A™ >25 mi and inv‘region I for

A%< 25 r_ni . The iirojection on fhg IA.Z a_ida is shown on the rigilt.
The .curve':s co.rre;spond to a fit with f(a) = a+b cosa + ccosa. |
: The coefficieﬁ-ts'for the two regions are given in the text. ‘.
. Fig. 3. The '1~reiman‘...Y§ng angle d’is't_ributic’m.. The definitions of the angles,
. wh'ich'co'rr.e'spond_tq a test for symmétry around the exéha_nge
particle axis, are given on 'ti:e figurgl The shaded region corre-
épqnds to the "'dbuble-'resénaﬂca x;ectangle" whose maas limits a'fe_
‘glven in the text. The data a¥e fol{ded'around the 0°-180° axis, |
which takes into account parity céﬁ'servatloa m strong interaction.
Fig. 4. The differential cross section for events lying in the "double-

resonance rectangle' region. Curves A, B, and C refer to the

OPrPE react'ion. (A) as given in Eq. (6), (13) with the spin factors
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avaluated on the masws shell, and (C) with a form factor, but with

the spin factors evalaated in the physical reglon. The AZ scale
: "

in this figure was computed by taking the masses of the K and

* ' I3
N as fixed at their respective resonance values.



212- UCRL-10799

Kt e p—{K*s =) e(penwt) §
1500 (410 events) b3
< 1400} § .
3 s
z 2
% 1300f z
: = +*
= 3
1200} 8=
100} 18
” N 20 302010 ©
€ ¢ Number of events per
£> 40 e
[
5=
52 20
€% LTI
E4 P
=z Atyp : , AT o
¥56 760 800 990 1000 1100
Mt o (MeV)
I Kt ps(Krem*) +(ps+m™)
15008 (410 events)
— I {b) o
3 1400} &
] i &
. 1300} %
£ S
= o
1200} |* S &
- 1100k
§ aof g g
29 - Number of events
5= er 20 MeV
co 20} P
2q
s
= 600 800 ]
Myg+a+ (MeV)
o
1900 K‘*p-'(1r’+1r')*(K’4'P) g
1800 (410 events) 8
3 (e} 2=
2 z
a 17001 ,8 a
. E
L4 §¥
1s00] 8
[=d
1500} 2
© a0 20 ©
&8 . Number of events per
o aof 20 Mev
[~
2>
22 20}
o8
3% o . . D
£ 300 400 500 600 700 800
z M_+ ~(MeV)
MUuB-1780



80

.60

40

n
(®)

A? (m2  units )

o

0.2 in cos a
NN — - ™
o o 8 O 0 o u O

;M

Number of events per

O

1

R=25m?,
127 events

N S I 1

1.0

06

02 -02 -06

Cos a

Fig. 2

-13- UCRL-10799
| I 1 1 I 1 1 1 1 1 1
. K*ep —K* N*
- . 260 events 1 1 T
::o .. .0 . ... .:.o.. Tt B Nh
. o o o ¢ °.’ ¢ . : E

e , © . o’ . ......'- B o)
- * voe °3 s . o

. M ° oo . . 1 N"
._L.‘_".___...'H 3. . teo, oo} 9
': I SO Y .: : ":..:;Jj' ...:‘ B
';' et o TR :

. g T |

| | | 1 1 L 1 ! { | L L | ] O

O O O O O o

T T ] T 7 T 1 T I n < M N -

_l A">25m3, Number of events
I 133 events
- { ‘ T -
\

B hapts |

MUB-1762



interval

Number of events per 30-degree

-14-

Treiman-Yang angle

K} K* :K';
p, ilm ::;
. N" ) p2

100

80

"Laboratory system (p, ot rest) )
(410 events) K x K* bax Tt
(a) cos Og==F—=¢ ===

IKyx k¥ oy x ¥ }

60
40
20
o )
o] 30 60 90 120 150 180
6, (deg)
KT rest system e . e
100 (410 events) P} xN* Kpxw™
Coseb=_.—'=07.—:
r (o ] Ip, x N¥I IKgxr™|
80F 1

I

——t

150 180

MU.29056

UCRL-10799



do/d§l

(mb/sr)

-15-

nooFr—r—TT—TT"T"T—T7

0.l

0.0l

I0 20 30 40 50 60 70

A% (m2 units)

MU-30148

Fig. 4

UCRL-10799



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to thé use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" 1includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








