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Recentiy Armenteros et al preaented sugéestiva evidance th&t the spin

of the K* reoonance s notkzaro Su'baequently ChinoWsky. at al; have com:luded
g3

: that the K haa spm one and odd spatial parity.? In tha pxesent Letter we give

* further evidence, based on a. apin-aligumant effect, for the K apm Bl as observed

o
e r

in‘the reaction n P EOK . In addition we diacusa the poantbzlity that K -o1a~ *K'
', axchange mechanisms can account for the a,hgnmenv 1»5. I ‘ "- | ' -
The Lawrence Radiation Labnratory'a 72-»!;::. liquid hydrogen bubble
chamber was exposed to a % beam msulting u; &pproximately 225 000 picturea
of 10 to 20 tracks eaeh In a’ aystematic analynis of e\rentn ;;i the type " p"YKﬂ
at incident momenta of 2. 17 and 2 25 BeV/c. we have identiﬂed 209 eVents in the
category 2xte™. A eventa were maaaured ax;d proceased throngh the kine-
matical constraint program PACKAG‘E:. In most caeea xdentiﬁcation of the re-.
action was unamb1guaus betwecn A°K+n and EOK+1! . For evonts that were
consxdered ambiguous the xdentiﬁca.tion was baued an X T alone CA _detaile_d atudy
of the relative confidence leveln ‘of the fits in this Iatter category» iﬁdicated thdt :
<10% of the E0K'n" sample could possibly be A° Kt although thé probable

value is estimated to be somewhat less,
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In Fig. 1 we preunt the effectwe maﬂeuaquared diatributmn £or the K-ﬂ, )

1

eysterii in the reaction w p-v EOK T, The data, arg conaisteat mth strong K .

4 .

_ productsom the non-K backgrcmnd ia eotimated tcﬁn,dea# t’!&ﬁn 33% of the t.atal
sample. mmass of 885 Mev amd a fun mam at' m!ummmm 6: r : »59 Mev

..sV, ~ . .
k L Tk e

.....

4, 5 It shouid hn noted that, m addu;ion ta ’che s.mall

3 (”‘;

background in the sa.mple, this reactmn ic yarticulaﬂy adva;,ntagaeuis ibr M:udying ;-ﬂgﬁ

~ width of the K reaenance.

K> properties since the strong Y-w reeonances. ’fl (1385 M&V}. YO (1405“19.{{3’01’)

b.\ ,.r' « ey r‘ ;—_ 1

and Y (1520 MeV), aremot preaant in the Eﬁ n reactioxz.&y .; “; A ;.f, 'j

#\ ‘a f:,.»‘ i

In an attempt to obserw 1{ npip alignmeht efiectswwe have conattucteci |

. Sy
v ’ - )- ‘,}_.j.* .

" three anglea, a. p. and’ y, all of which are meaaured m the & rést syctem t: s

2

e is the angle of decay‘thh reepect to a unit vectar ﬁ norma}fto thé producticm - SRR

1 - B - ' i
EEPIAIRE ,f,, ;v u' i ,,,» - _-s‘

N:i’respect w a unit SRR

vector i ahmg the direction of the incident pian in the i( ‘reat irameu and “( o
+ hi),, i . . n\’* s (‘-@r“

_is the angle o£ decay wath respcct to the’ dtrectton Ix'ﬁ,, h‘Zl‘hq\aete angl.es deﬁne a’ ST

. v-‘:w{ s b iy

iy

set of dxrect:on conines inthe K* reat frame. The expaiimaatal distribnﬁopﬁ in  §

these angien au gi\ren in F;g. 2. ? ’I‘he curvea am a reeult of 8 maximumdikolia o

”l, K

hood fit to a polynomial in the &osine of the angle up through the sccond order. T:he -

et
E

data in cosa and cos v are f;t Gatisfactarily wit.h only terms i even pawers of '\

cosa and cos y reapectively. whereaa the distﬂbution ,"coﬂ ﬁ is eanant!ally

icotropic, The ameotropws i’n the data clearly rule out a spin aasignment oi zero _' '

i s B . N o
. N R LIRS . . ; IR T

’fortheK L s e e T e
i D : Lo LT .‘-f 2 LT

T

1t is of intereat to conmder mechmusms that cdnld pféducéétheae alignment

e o w«\-v

effects,  The simplest dia.grama involve K m‘n !{ exchange as mdicated in I“ig. 3 B

The K decay distributmna arwmg from. thess diagrams may be ctmsiderad i!i

terms of the fouowing general a@rgum;nts based on aengulglr-mqmenwm and p@rity,._‘

-
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' ue so exclude a ntate of m‘rwﬂ, since the (L = l.

' éennervation.: The peeudoscalar nature o{ tke K’ an& n raquires an L

R M P R UCRL-10873

+

6 . .
orbztal state of the K-n systcm at vcrtex II o{ I‘lg. B(a). ; Therefore, the dacay

of the x* mth mspect to tha d:rectian of thvé incident plon: would' exhihit & dwtrx-

C o .
i 'z'n} Lo s

bution characterimd by cos {3, sinca the orhital projection‘on thin axxs in "

..
-

necessnrﬂy zero.. ‘”i’uming now to the K axshange dxagram af E‘ig."3(b), .fsvc

agaln note that the pxon abuarptiou at H muat»go thrmxgh an ,L_ ;-lif orbimi utata..

},» ‘5% Y“'

* J\\

do not‘couple.‘ ’rhus. m the ﬁnal state the K, dg:in muﬂt be dencm bad hy the
quamum numbers (J.mJ) 2 (S. é) k (l -l) &nd (1 l) and *thc dehay of the K
.y

wou&d be characterized by am ﬁ. »Slnce the da.ta‘arewot saﬁaﬁn& by eithb: gf o

f r

thése dxa.gramn alone, _w*e'have 'anawed for & mix&ure ""f R .,aud K exchange. 'We»
: w“‘ ts 1__‘ )

."y

(1)

1 . 0

¢ ke n

whcre A and B are K exchange amplltndes,;
Lo h “—',4 ‘71»,. 3‘ 'm
amplituﬂ& { m general A B and G’ nre funatimas éf*;z, the cea‘lm‘of the center-ol— _'

.

T4

mass production angle of the K )i I‘b;erefora t,lw decay ini:eﬁsity p is

St . r"-' ¥
..__{.» e 1

m. &)= [(a-b) $dan si;x (e 45 *-ﬂoin s _‘_‘ =

PR
. 1.

. - + 2,\/‘2“6713 coa(I* -&)-aeoa(r‘zwj simﬁcosﬁ

ial" Sk

v ; i ’

where a, b and c a,re the absoluee values ofﬂA, 23. and (;.. I"i, I“Z. and I*3 aro
the relative phasea of A and B A and ﬁ. aﬂd B and C, reapeeti;ely, and é'
ig the azxmuthal angle measured in the plana deﬁned by ﬂ and f xﬁ, with b= G

- ! [ - N R - ' N ) ' v B .
along ﬁ . . . . r . '- )‘.‘ ..‘V A .. . . .

"

T
+

amil C in tha K e;changﬂ SRR
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The complete diagrams of Fig. 3 have been calculated in order to obtain
the depez;dencé-%f A, B, and C upcm';; 9 !ntegration of Eq, (Z) over p and over

the appropriate dscay angle (¢ or cos 8. respectively) yields the decay angular

distributions
' . o . :. ) L ,': 20 B P .‘_\
p(B) @5'1 + [(280 - ZSI"" 84)/(231‘ ‘5‘54,] cos f . (3a)
poYx 1 4 [34/(2»3, rgy+8g))coszh. L o)
where the g, are positwe definite combmationa of form facters 'I‘he projection = -

- of Eq {2) onto fi and IXﬂ gwem (after integratmn over ® and over the correapond—
e

ing azimuths) o ’ S T
pla) « } + “gl' -~ 8y + Zg;.)/.(gl +'g6)] .cbsza. ' . ' _ e (3.c')
plv) = 1 + [(2g, = 5 - 8/ (8p ¢ 34)J o’y T pa
We note that the. interference term between K and K exchange in Eq. (Z) does .
not contribute to any of the Eqs {3) ' . |
The ma.xlmum-likelihﬁod fits to the expetimental distr:butiona in
p(ﬁ) and p(v) (Fig 2) were used to determine the coeiﬁcxents 30' gl, and 84 in
- Egs. (3a) and {3d). with the reeulteh g0/34 = 0.67 z!.-O.ZZ and 'Bf/gﬁ = 0.37 0, 15
These values gwe~ (a) a predicfed pla) of 1- + (1 74 &0 74):;032(;, in agreement
with the correopondmg maximum hkelihood ﬂt to the data of 1v+ {1, 59 ﬁO 55)coaza. o
{b) a predicted p(%) nf 1+ (0 48 *0 GS)cos ¢, whkich'is coneiﬂtant with the d&ta
presented in Fig (4a), a.nd (c) a ratio of 0.45 tc 10 for tha X tD K exchangc _
cross sections, Theae coeffmients (ph:a the. rela.tians of motnote (9))3.180 preak:t
the prodnction angular distribution - ' \
pli) = (a-b) ‘+2ab+cz'.-{ : N o T @

which is compared with the data in ¥ig. (4b). The solid ,éurve correaponds to thé



e e .uc;aL-les.'r;

mean values o! the max:mm-likelihbod fﬂ:s ﬁn p{B) and p(v). the datted cuﬂre
correcponds to these valuea each shifted by bne standard &evzation upward "in .
magmtude from the mean. Both the assumptiah o! a background isotrbpic in

production and decay a.nglen. and the normal variation of the £orm factors would

v
‘H .

tend to brmg the solid curve af Fig (éb) mto better pgreement with the data. bat |

- we are unable to provide quautitatwe emtmates ‘of. them factéra. W@ conclude that

s . &L .

a cumbinatmn of K- and K cxchange nattoﬁea the major £eatutes of the data.
The aﬁuthora wxsh to thank Profeaaor Luie W Alvarea £or hia encouragement
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Y;a» A% the cxpected number Y:‘?» =% ie X4, An analysis of ofhc
= w mass distribution fOriiauz." 209 EO events indicates no significant
enhancement in thdregion of 1385 MeV, consistent v‘ai‘ch the expectation.
7. We _h.-ive considered AO and .Z' events and find that the distributions in
cos g, co.s‘{:’;, and cos vy az’*e‘qualitatively dissimilar from those ‘Of the
EG events., The interpretation of .these distributions is confused by the
pregence of the sgréng Y-w resonances, " The =¥ events cannot contribute
to this analysis since the K-w system is in 2 pure I'= 3/2 state. An
anzlysis of only those Z‘O events in a very narrow band defined By
.73 < "\/12(1@#‘; < 0.82 BeVZ indicates no qualitative differences between this
sample and all 209 events, |
8. It should be noted tizéﬁ similar diagrame can be constructed for AOK* pro-
duction, whereas this is not the case for E-K* prcduction since the latter
1'<~:quirés an exchange particle of I‘Z = 3/2.
9. Ata 'e’r"gi center-of-mass energy of 2.25 BeV {(2.21-BeV/c pion laboratory

momentum) a calculation of the complete diagrams of Fig. 3 gives

4ab = (g, - g3m(¥x-g2) (1-6.434u)72, )
(a-b)* = g,(1-0.724), ' | S {2)
2¢% = gol1-0.35), : : o (3)
and |
Dy=m (@)
where
- hoal i 1 2 2 2 : ) o
80 = [Fxx % &) Frpye ()] (5)
S 2,12 20 o 2, 2 - |
gy = [Pt GO P T - F, ()] (6)
. 2,2 coy 1w 12 q 2y
g, = gFK%K%?Wl(k oL 7s6) |7, |7 + (0.392) |F, 7] S (7)
- and
o v a2 Eyn - 2 o
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The PZK interaction’ "ifs'éthe form Py Wit F,0*k,, where k

is the K momentum and we have = M +Is;2. Here gl,gz and 83
are not entirely independent. and thh the ana.lys 8 of this paper we find
83/8, = 0.22 £0.06. The average (ovnr p) of 4ab gzvea |

By =0.755 3, - 0.138 g, .
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FIGURE LEGENDS

Fig. 1. MZ(Kﬁ) igr ZOQ‘EOE\ w events at incident pion momenta of 2, 17,
and 2.25 BeV/c. The curve represents a Qreit-Wigner resonance form
for the K with mass 885 MeV and full width at half maximum
I =50 Me“V wezghted with nonresonant phase spa.ce (70% h 30% phase spacc)

) Fig. 2. (a) .v.§ decay relatwe to the normal ﬁ to the EQK productinn plane.

-

" The curvev is an independent maximum»ukekihéod fit of the form X

L + (1,59 20.55)con%0 with a x % value of 2.4 for eight degrees of froedom.
() K” decay relative to i, the direction of.th_e incident ‘plon in the K~
rest frame, ~The curve ig an i_ndépen'deht maxi.nium-ﬁkeuhood fit 6! the
form 1 - {0.11 $0.21) cos’p wi;iré. x 2 value of 2.7 for eight dégrees of
freédom. c) K* i‘decay feiati{ve to i’x'ﬁ. : The a@ﬁe is of the .forvm

i - (0 74 £0, ll)coszy thh a xz value of 12 9 for eight degreen of fmedom.
' F‘ig 3. Possible d&agrams contz'ibq;ing to EOK pro&uctmn. ‘

E’ig. 4. {a) Azirnuthal dxstmbut?o:gtofazhe K dﬁcay measuréd in the plane
‘defined by fi and xa. Here hb_‘(b. =0 is selected along, fi. The curve )
is of the form 1 + {0, 48 +0. Oa)coa @ as. predzcted by the exchange medel
discusacd in _;hg test. ‘I'lm fit has a x ~ 'valug"g_f 3.8 for ten degrees of -
freedom. (b} -Angular dist;'ibution of the BZ*; izi the‘prodﬁction center of
mass. The 8011(4 curve represents the prediction of the exchanga model

discussed in'the teet; the dotted curve m ana standard devia,tion oluft

from the solid curve,
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