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| ABSTRACT
The cross section for iho gcmral ructlon (p-e'udoocdu muc.m‘
+ nucleon ~ npln-% baryon + vector muon) and the dccsy angular dlnﬂbu- :
tions for tho final baryon and vector meson are calculated under th.
usumpuon that the reaction is dominated by the exchange of puudolcuur

and vector mesons,  The results are applied to an analysis of the reaction

" p-t’K"
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Production of Vector Mesons®
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Berkeley, California

September -. 5, 1963

I. INTRODUCTION
In this pﬁper the cross section for the general reaction (pseudoscalar
meson + nucleon - spin-% baryon + vector meson) is calculatéd. by' -
assuming that the reaction is dominated by the exchange of ps_eudo-calar and
vector mesons, In Section II, we derive expressions for this cross section,
and for the decay angular distributions for the final baryon and vector meson,
Section III contains a discussion of the structure of the form (a.ctou thit :
appear in these expressiona. Iu SectionlV we use the results of the
preceding sections in an analysis of the reaction ﬁ'p -_Z°K‘°. which

analysis is an extension of one reported earlier.‘

11. CALCULATION OF CROSS SECTIONS
We will use the conventions h = ¢ = {, g“v s{q, «f, 1, 1),
AB* = AR - A B, (v, v} =2g"" 0" 2 2Ly vV and v = yOyNAY)

Also, € is a completely antisymmetric tensor, which i{s +1 when

pvhe

(pvro) is an even perﬁmtation of (0123), -4 when it is odd, and zero

otherwise. All spinors will be normalized so that T ru;_(p) E}e-p)s L4 p%”\s,"’ + m,
Let us begin by considering the reaction K p - Aw -c(%u~¢p)_z (?,u.*m'w.");._

- Other reactions of the general form (pseudoscalar meson + nucleon - .’pi’nn%-

baryon + vector meson) will have the same results, except for a

possible overall numerical factor for isotopic spin and a posesible
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modification for different 'debcay interactions for the final particl}el.v Let
ps ¥, H, Q be the momenta of the target nucleon, incident pseudoscalar

meson, final baryon, and vector meson, respectively. Define two additional
' | 2

momenta, ks HepsrQ and esp+r=H+Q, sothat kz and s
are the squares of the invariant momentum transfer and of the total
center-of-mass energy, respectively, Let m, m, ' be the masses of the
target nucleon and incident pseudoscalar, M, M the masses of btha’ final
baryon and vector pdrticle. and vp ahd Vy the masses of the exchuhged _
pseudoscalar (K) and vectér (K") mesgons, respectively, Then the most
general Feynman amplitudes that can be written for the relevant three-

particle vertices are
7pKA) = (am 2 T [6y vg ) ulp) s (1a)
2K A) = (am 2T [1, v + 11, 0y M AM+m))ulp) O),  (1B)

s UMV [, 10,) vy o8, (g +Hg)/AM+m)] ulp) ek}, |

~{1e)
2 (KKw) = (4m) /2 £, ¢, eMo), | (1d)
and o
72 (KK*o) = (4m)1/2 4 €, q0p €1Q) 2¥(x) r° Qf /M, " {1e)

where e(k)v and e(Q) are the unit polarization vectors of the exchangéd“and

final vector particles, respectively, The five form factors, fi. are R

‘dimensionless functions of the single variabl‘a, ‘ k.z, ‘which may be

interpreted as the square of the 'effective maﬁs" of the exchanged part{cle.
The K~ and K*-exchange contributions then give a K'p - Aa

Feynman amplitude
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72pKAs) = 4 T(H) [N e*(Q)] ulp), t2)
where |
N‘l = FOYSrp + [F1Y6 - FZ (pb +,H6.)/ZM] (-ng + koky./vvz)'cpgkop; _rc OP‘/-LZ
| (3a)
e Foyr +[FyS - F.H/M] e, £° QP /W ()
o¥sT, T ¥y 2 op o |
with
Fy = fofS/(kZ_f vpz), o B Y
Foatty et il -vh, | ab)
and F, = [2MAM + m)] G0, /6% - v 2y . B (4c)

Ifthe w and A polari‘zationa’;re unobserved and the proton is
unpolarized, then the. K™p = Aw = (="p) (v v u®) differential cross section

in the c¢c.m. system is

% ® apao s nzhi‘" ‘ ‘;" Z _‘M(PKAwHZ - {8)
‘H,s ,64_1r 8 |.’1;‘|' Py Ay | |
~ n|H SR | _ |
T z-zl: . % Tr UHGY" + M) Nu(pﬂyp +m) V] (" + Q*0"/M%) .
~8 o

(6)

We obtain N from N by replacing the Fi by their complex conjugatee F‘.

The symbols A B g (.AB.' ﬁB) and @ refor to Che vector A and the

B A,B
direction of its spatial part, both evaluated in the 'rest frame' of the:
vector B, 1i.e,, the frame in which the spatial part of B vanhhé-av.f Thus
th§ subscripts s, Q, and H refer to the c.m. system, the w reat '!rame_.
and the A reat frame, respectively. "The subscripts to the summation

indicate which particles are included in the polarization sum, Note that we

have included a factor n = "a"H in the cross section, where '”Q( qH)v is the
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fraction of the final vector particles (baryons) that decay via the observed
aecay rode,

Rather than evaluate 0,; now, we firat inveastigate the decay distribue

1
tions predicted for the final particles, Y¥or the decay w -~ w+n°w'. the

most general [-gpin-conserving Feynman matrix element is

Pilenrun) = £e0Q) a,% QY €00 (1)
where 'q+. q, and q_ are the w momenta, and f5, is a function of two
variables [e.g., q° and (A= q,° - q;°)] which i{s completely symmetric
in the three w's. The w - w vy decay rate for a polarized w. is, in the

" w rest frame,

« 303 3 4 o o

d d’qd 6{Q=q, -q=~q) Lo

[ A2 e e (8)
(2w)” 16 M q+° q° qf_' B o

32 (27)° M

where B {8 a unit vector in the direction q, xXq, (l.e.. norziu.l to the
decay pléne) and ¢ 1is the azimuthal éngle‘ of q about By Note that E
throughout this section the vectors q+‘. q, and q_ are to be evaluated in tﬁe w
| rest frame although the aubacript' Q has been suppressed. .I
If the target proton is unpolarized and the A p'olarization is

unobserved, then the K™p = Aw - (w"p) (n'n n°) differential cross section is

b0 n|H db dq® dA 1 '
Tn® T " A 7 f . =3 Z ‘ZWPKA“’)W”""”Z
n,O 64w“s I.Ee' 32(27)° M P A (40)
n|H_| dy dg dA —
z__.i___.%Tr[(den+M)Q] -Af—L—(l——f_—_ 'Mf5 q+x.§.|‘z' ‘
2 g2 If.al 32(27)° M o (11)
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where o @= (N“ n") (ppyﬁi'm) ( ﬁv n") .. . (12 )v

Here A is a normalization factor to be chosen such ﬂmt jdﬂn.o aH.n'.aH‘
and n! is a covariant unit vegtor with the value vnQ“ = (0, nq) in t.he' w '
rest frame, From Eq, (11), we see that all ‘uiimuth'al orientations of fho w
decay plané about Dy a8 me;sured by ¢, are equally likely, Note also
that the distribution in q°. and A (i,e., the Dalitz-plof density) is
independent of n!, Both these results are consequences of the form of the
matrix element m&nmm). however. and cannot be used for an experimental
check of our K- and K -exchange model. In treating the w decay in this
way, we have assumed only that the w }had along enough lifetime -»-md thus
decayes sufficiently far from the A «-s0 that its decay pions do not interact
with the A. Use of the rglation jdﬂn.d ntnY = %‘I (-g“v+Q?‘Qv/-ﬁz). déng
with a compariadn qf Eqs. (6), (9), and ( 11), shows A = 1/I“m and

3n|H,|

R —S -3- Tr [(Hnyo‘ +M)&]. (.13)

g
H,n BtraZLEs'

Finally, we consider the A - w p decay, with a Feynman matrix .

element

“M{Anp) = u(h) [a+by Ju(H), | (14)

where the constants a and b are the parity-nonconserving and parity=
conserving amplitudes, respectively, and h is the decay proton momenturﬁ.
"Inthe A rest frame, a A of polarization’ P will ¢correspond to

u{H) v (H) = -g-M (1+vy°) (1+§ <o) = -;-'M(1+y°) {(1+4 P. 1\(5). If the
polarization of the decay proton is unobserved, then the A - n p decay

rate in the A rest frame is
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r, = [d“h.ﬂ Z 17;1([\"9”2 . '.‘.‘.ﬁl/” u?f M2 (15)
P - |
ln jd'.".fh.H(i-m hy » P) C |hyl/ 16 "M, o (.‘:»é) |
thvre | CCe lafz (,th°+1\4)'+ ‘b.'z (hHo-.M_)]_ ' e (‘7) :
a=2 ‘bﬂ' I (a.b*v)/C . | ( 1.8).
and }:H .is a unit vector in the direction of EH.

‘With unpolarized target protons and unobserved decay-proton po'l"ariz‘l- o

tion, the K p = Aw = (v p) (’nfv°n°) differential cross section is

b0 3l | |h | | o
H,n ~H 1. . .
g » = B T Tr [2B) ‘ (19)
H,n,h n 8us |r | ZMZ e : \

hH

where G = (H v + M) T+ yg) (hgyP rm) (a+by ) (Hpy M) . (20)
As before, B is & normalization factor to be choeen such that

jdnh.ﬂ oH\.n,h ] OHJ_" A eimple calculafion gives

L

Ha 2MC (141 ay, APy ) (H y® + M) = 2MCAD, (21)
. 57 T e ST

where l‘;“ is a c‘ovari&nt unit vector with the value ﬁ Ve (0 h ) in the A
reet frame. A compa.riaon of Eqs, (13). (16), and (19) then shows B = 1/1‘

and

3n| ’ '
“H,n,h * ""‘ZT"“"' T Tr (28] . (22)
2w
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The trace calculation is straightforward, and yiclds

1

L Tr[ak] =Dy +ahy < (D, + D, + Dy) s (23)
where ..DO = ';;' [(M - I,n)z ‘kZ] ”Fo‘z (f_. E)z + '_Fi'Z (£X 2)2]
| (24)
P NPV 2,2 2/, 2 2 |
t2[|Fy « > (1+m/MF, |% ]le /aM°I{HX r + )",
D, =tm [FyF,] [(M-m)o1* ]tz m) Ry s (258)
D,=2Im[Fo(F, «F,)](r« n)(HXr.n)py, A2s5b)
and D, = 21m [FF,J(HX r+ m (RyXpy) - t28¢)

Note that H, r, and n are to be eirb.luatgd in the « rest frame, although

- —~

the subscript Q has been suppressed for conciseness, R-is a covariant

vector with thé value R_. = (0, r X n) in the w rest {rame, .We oﬁtain 'OH ,

©
and Otrn BV simply integrating Eq. (22) with respect to the solid angles

0 and o

h,H nQ°*

The ‘'rest frames’ of s, Q, afnd H are related by Lorentz
transformations without spatial rotations, In order to avoid any poasibl§
ambiguities, those spatial vectors whose values in the A rest frame are
required in Ecis. (23) ﬂa.nd ( 25) are given below, expressed in tern'.u' of thé ‘

vectors H, r, n, and h_:
L 4 —— ~oo

a-o
aHa-r-H[M-r +(H-r)/(H °+M)]/M, ) - ('25.)-'
Ry = (£ X m) + HIHX £+ )/MHZ +M) , ” (26b)

and |hH[ fh u=hg - H (b +(H" h IAH, oy M)]/HS . { 26¢)



Note that hH° and 'EH! are constants, independent of EI and P.Q’

For other reactions we may have to modify the above expressions
because of isotopic -spin considerations, The isotopic-spin dependence of the
matrix elements in Eqs. (1) has not been exhibited because it results in a
factor of unity. For the reaction n p -= AK‘?. hOWe\}er, we would include
factors of Vi v Vv, ke Vps VioT Vo ond Vo7 Vi in Eqa. (1a), ('_u;)',,( 10).“
(1d), and ( 1e), reapectively. Here V and V are two-component laotopic‘
aplno:a. and T is the {sotopic-spin anal‘og o( the Pauli spin matrices, Thu-:
the above cross sections would be multiplied by an overall ﬁctor |
lvxt"’“vpl I(O. 1) (“j—— 0) (1>|2 = 2, Similarly, there would be a factor
2 for the reaction n p-"ZK*% and a factor 4 for a reaction such as -
wp =X K ¥, For the reaction K'p »K°n. which involves v and p*
exchange. the re io a factor 4 The factor is unity for the non-chirge ~exchange
reactions, K* p - Kk* p, but since | n and w exchange are coherent with «®
and p% exchange in these reactions, we must make the_ slubatitutioné
Fo = Fo, * Fopr F, +F, +F, and F, = F,

is the same as the K charge, and where FOn' F,Ow‘ Fiw'- Fip’ sz. and |

sz each have the form given by Eq. (4). Note that reactions with an

incident w will generally not involve both P and exchange, however, nor

* F?. . wherg _the sign %

both n and w exchange, because this would not conserve G parity,

Finally we consider the modifications to the above ;xpresalona that are
necessary when particles other than the « and A are produced, The ‘n‘mtrivx
element for decay of the vector particle can alwaya be written in the form
e Q) V“. The araplitude for production and decay would then have ihe form

u{H) [N“v“'] uwp), where v!'= (-g"v+0’*Qv/ﬁ2)Vv. Thus v.* =(0, -V

Q" =% Yol

and we obtain the correctly norinalized c¢ross sections simply by redefining n

a6 the unit vector in the direction -V For p-+» ww or K® - Kr, VP ia

-Q°
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just the momentum of one of the decay particles, so that n ip thus a unit
vector in the decayvdirectlon in the rest I_rame' of the decaying particle,

The results for the A decay distribution apply directly to the x*
decay, but with different experimental values for a, The situation is more
complicl.:ated' for npin-%— baryons that undergo-‘av sequence of decays, Tixe _
weak decay at the end ‘of the sequence is fhe only decay that can produce
anisotropy in the decay distributions, and is hence the only decay that can
| give ahy information on the polarization of the baryon. We will not consider
such cases further, except for one comment concerning the TP A4y

decay, It is predicted 1:11(!:oret:imsul.yz

that after integratioxi over the photon
direction and polarization, the average A polarization is one-third that of
“the 9 but in the opposite diréctlon. Therefore our previous results also
apply to =0 decgy if we use a value 5(2‘) = --;- a( A), a_qd 'ati_ll' let BH be-
the direction of the‘ decay proton in the A (not L) rest frame. Note that
with our convention (i.e., protons emitted prefer.evntially in the direction of

the baryon spin for a>0), experimental values for a ar03 a(A) = 0,62+ 0,07,

and therefore a(Z®%) = -0,212 0.02.

Iﬁ. DISCUSSION OF THE MODEL

Again let us consider the reaction K p - Aw as an example of our
general reaction, The Feynman diagrams for this reaction may be
seéarated into four sets of diagrams, The first set, represented by Fig. lia.~
contains all those diagrams that can be divided into two parts (oné connected
to the external p and A lines, and thé other to the external K~ and w
lines) by the cutting of a single intermil line. In other words, these are
merely the diagrams that contain a single virtual particle at some point in

the k channel., Similarly, the second and third sets of diagrarﬁs.
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represented in Fig. ib and ic, are those diagrams containing a single
particle at some poinf in the 8 and t channels, réupecti'vely,’ Whére '

t = H --r = p « Q. The foufth set, represented by Fig. 1d contains all -
diagramns that c.umot be so divided by cutting a slngle line, f.e,, that contain
two or more partlcles in each of the three cham\elu. |

Qur model includes only those diagrams of the ﬁr.qt set that_repreaent .
the exchahgc bf a vectof or paeudoncalar particle. Sca'lar'oxc5§nge c#nnot |
contribute because va scaiar and pseudoscala'.r cannot be coupled to form a
vector. We have not included the exchange of paeudovectora or of particlel
of epin greater than one, because we havo not yet seen such particlel
experimcntally. Diagrams of tha other three sets are not included in the_
model, [t ie for reanona of mathematicnl convenience and simplicity.
however,, that t.h«,ae other diagrama have been ignored rather than becaule
of any good experimantal evidence. -

A more‘detailed look at the atructure of thev \irertices. in Fig, 1a will
yield information on the fdr'm of the functions f‘-. .-Aa aeeﬂ in E‘go. .(‘4)- the
functions F, have poles at k.z 2 vz. where v is the physical mass of the
exchanged particle. Similarly, the form factors £ vhave ningularitiel
corresponding to the physical masses 6f the various inte rmed'ia_te‘ ntdﬁe- in
'tixe' vertices. Those vertex diagrams of the form of Fig. Za; Where the_rﬁlc '
a éingla intermediate particle, would be expected to contribute simple poles.
Diagrams of the form of Fig, 2b, with two or more intermediate part.iclel,.
will contribute branch cuts. If we use the Cauchy theorem and asume_the’
proper convergence at lnfinity. then the branch-cut contribation to f may
be writien in the {orm fdz. hi w.)/(k - z), which is xr;crely an integration
over a continuous distribution of poles. This is only to be expected, be_acaﬁse

& system of two or more particles has a mass that ranges continuously from -
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" some (positive) minimum up to infinity, Knowing the singularities of the
form factor Ili. we may easily write down the form of tho' lunctioxil F‘.

Nofo that the F‘i "have no multiple poles. Multiple poles would correspond to
a diagram such lu Fig. 3, which merely gives a self-energy correction to the
propagator, and does not (atter ronormauutlon.‘ at least) yleld a second-

order pole. Thus, where v, = o and v4,2% Yy We may write

| G glz) B
Fy(k%) = 2 z+jdn - (271)
k -Vi Ny ke
Note that from Eqs. (4) and (27) we have
Go = 2ai Res [F . x2 -vpz-] .f, (vpz) fy (vpz) . (2’8) '

and -imnarly for the othcr Oi. ‘

Since the torm tacton. Ii. evaluated on tho. mu shell, uc Just the |
corresponding renormaiized coupling constants, we see that the Gt are
merely proddct;o of the coupling conauﬁtc at the tw‘o vertices, Mwﬂon. in
which more tﬁ;n one vector particle cﬁn be exchanged (or more than one
pseudoscalar) would have additlon&l‘pole terms in Eq. (27), but these o“
would still be products of the coupung conuuntl at the two vertices.

Let us brleny mention the qu;ltutive effects to be oxpocud from the
other three oets of diagrame, Noto that the functions F from the first set

2

 of diagraml. are functions only of k© and are lndopendent of -z. Similarly,

the other diagrams would lntroduce additioul terms into the cross section,

involving functions of o? only (from the -econd set of diagrams), of t

2

only (third set), and of o and k% both (fourth set). (Note, incidentally,

that there are only two independent variables because of the lde;xtlty

et + kz + tz m M% + M° + mz + E"‘.) The functions from the second and third
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sets of diagrams would have, except for ditiqrent bvariables. the same Iqrm
as for Eq. (27). However, thoge from the fourth set have only the branchecut |
term, because, by definition, these diagrams do not have any s‘.lnglo -particle
intermediate states, Now consider those diagrams of Fig. | 1d in which the .
oxchanged system of particlen to ina JP 2 0% or JP u {° state. These
diagrame {.vm then give a scattering amplitude identical to that for the
exchange of a single poseudoscalar or vector particle, except that the functions
Fi would have only the branchecut tarm., The branch pdint will be the same
ae for single-particle exchange (because the pouihlo‘ ihtermodiato states in. |
Fig. 1d are the oame as those in Fig. 2b), but the discontinuity across the |

2 dependont, Therefore these diagrameo can be

branch cut will now be &
included in our original calculationo morely by replacing the functions g‘(s) |
in Eq. (27)_ by gi'(a. oz$ o g‘(n) + g"'(n. az). where g“'(n.,oa)‘ is the
conttthﬁtlon lromvthe exchaixge of tho pocudoocalar or vector systems of
particles. Thuo, the only effect of such dingrams {o to introduce an o’ _
dependence into tho branch-cut toarmo in Eq, (27_). and our r;outa will now

. deacribq any pseudoscalar or vocto‘r exchanges, regardiess of whether theso

are exchanges of single particles or of multiparticle nyateﬁw.

IV. APPLICATION TO »"p - £°K®°
In thic section, we precent details of a provlon§ axmlyeln‘ of the
reaction w"p-> £°K"?, and also extend that analysis in order to obtain
information about the.functione F,. As reported earlier, 1 209 evente at
incident-plon lab momenta of 2,47 and 2.25 BeV/c were attributed to

#p ~EZ°K°? 2% 's", and were found to have decay angular distributions

2

pla) = 4 +(1.99 = 0.55) cos” a , { 29a)



p(B) = 1 -(0.44 + 0.21) cos® B, - {29b)
and ply) = 1-(0.74 & 0.11) cos’ y. | {29¢)

Here a, B.‘ and’ y are the angles, in the K"l rest frame, between the -
direction of the decay pion and the unit vectors I:I. f, and T X 1:1,
respectively, where r is the incident~pion direction and ItI is the normal to
the production plane, Because of the small aumber of events, the effects of
a non-K. background (< 30%) were ignoréd. and no attempts were made to
determine either the I° decay distribution or the depeﬁdenc’e of the
functions }.""i upon'kz and sz (i.e., upon the n p c.m, energy and
production ar.gle).

The appropriate cross section, On szaﬂ.n,h th,H dﬂm..' is then
found from Eqs. (22) to (24) to be -

onacocoazp+01ainz_lp+czcoszc. (30)

where Ci'fd“‘ri' (31)
.1 2 .2y 112 2 2, L
Jo,4° 3 [{Mom)® ok ].Lx;] |ro.‘| |1, /%2, 1, (.3.23)

and 7, = 2[|F, - 3 (1+m/M) Fy |2 - kP |F, |2 /aMP] |, | e 17022 (32b)

Here . is the cosine of the angle between the final K. ’and the hwidenf \

in the c¢,m. system, and we have used the relation
2 20 ‘
lHxx|? e taei®) 1,12 |5, |2 0¥/ 922

An overall factor of 2 has been included for isotopic-spin cox;!sidefatlonl. v..

_discussed in Sec, II. We have set n = 2/3, because this is the branchlug'

fraction predicted by isotopiceapin congervation, for the K. - K*w' mode
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and because the corrections for the detection efficiency of the T? will be
included in the cxperimental data,
In our analysia.‘ we fitted Eq. (30) to Eqs, (29b) and (29c¢) and treated -

the err'orl‘cohsrently- by solving

. " C, =~ (0.11 + O.Zia)_(ZC‘ + CZ) .

ZCO . ZC

'Co+'ci’c

5% =(0,74 + 0,44b) (C; + C, + C,) ,

where .a, bs 0+ {, (vNote thgt Co. 1,2 corfespondo to 80,1,4 of
reference 4, but that Eq. (3d) of that reference is written incorrectly.) The

solution is then

€2 _4-2(1.89-0.218a)(0.26-0.11 b)
C,  (0.89-0.21a)(2.26-0,11 b)

& 1,50 + 0,44 a + 0,28 b = 4,50 £ 0,50
C,  (2.89-0.21 2)
— a PY -V, a1(0¢26‘0¢11 b)

and
Cy (0.89 ~0.21 a) (2.26 »0.11 b)

® 0,37 +0,06 8« 0,14 b= 0,37 ¢ 0,45,

. . ' : 4/ ; P ‘
Bef.'auoe our total croes sectionia 0o ’fdﬂn.o Op ™ 3" (C°‘+ ZC‘+CZ-) . We
may use the above solution to obtain '

C, ®(0.31 - 0,05 a) 30/4v,

C, = (0.145 - 0,045 b) 30/4w ,
" and C, ~{0.46 + 0.05 a + 0,09 b) 30/4w,

The measured total cross section’ for the reaction v p - TOK*e" ie

65+ 12 yb and 53+ 9 pb for incident-pion lab momenta of 2,17 and 2,25
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BeV/c, respectively. This gives a mean value of o = '59}: i1ub at 2.24

BeV/c, resulting in

4.4+ 1.4 b, : - (33a)

o
C, = 1.6+ 0.7ub, | : ' (33b)
and C,=652% 1.8ub. (33¢)

For convenience, we ignore the errors and use only the mean values for the
Ci in the rest of this paper,
To determine the form factors, fi(kz), we use Eqs, (4) and evaluate |

Eqs. {31) at & = 2,25 BeV (2.24 BeV/c incident momentum) to _obuin

o= (149 ub) 4= -0.438 )% (1. 0721g)|‘ |z.' (s4m)

' (1-0.619 p) ‘ o

= (5,92 ) 4= -0.438 1% (1« °7““) e, + 0,01, |2  (34b)
(4-0.435 1)° ‘

and

2 | |
J, = lop [(22.4 ub) |f1f4|2 +{5.10 ub) (1 + 0,765 y) |‘z‘4|z] ’
(40,435 4) | {34¢)

where k% = (-1.032 + 0,790) BeV>, By using Eqs. (31), (33), and (34), we

find that average values for the form factors hi the region of this experiment |

are |f6,]% w 0,19, J(,+£,),|% » 0.14, and |1t,]? |2= 0.20,

'Z

+0.20 |11,

the latter two of which yleld roughly |£‘f4 0.4 to 0.2 and 'le4|z < 0,2,
These average values give us very little information about the values of

the form factors on the mass shell, however, unless we can determine the

kz dependence of the fi from the production angular distribution, In this

reaction, the form factors have no single-particle poles, but only the branch
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cut from the multiparticle intermediate states, so that
2
fi(k“") = fdz hi(z)/(kz ~z). We will miake the approximation

> i b
f.l(k“) x 4/{k" - ./\l") in the physical region for this experiment, which gives

2_n 2y 2_ a2
Gy HH (v S AT v = ALS)
2y 0 0 p T T T3 1 (35)

(? . vpz) (k% . /\o"‘) (k. ASZ)

Fo(k

 and similarly for the other F,, The parameters A, may be interpreted as
average masses of the {ntermediate states of the form factora, Note that

Go + H, is the value of f.f. on the mass shell (kz = vp;)' in this approximae

0 0’3

tion, which is to be distinguished from the true value Go in Eqs. (27) and
(28). By rewriting Eq. (35) as a sum of poles, we see that this approximation
is equivalent to appidximating the branch-cut integral of Eq. (28) by a a\im of

three poles with mutually related residues,

"ggo(z) -~ H, (G0+H0)(A32-v 2 (GO+HO)(A02 -v. 3
fdzz'“z z+zzzpz+a‘zzpz'
kK'-z kT -v " (Ag - AN KT = AGT) (AT« AP (KT = A4T) (36)

The branch cut'in F. begins at (mK + .‘!mw)2 = 0,59 B'eVZ (because K + w

0
cannot be in a O state), which lg well above the‘polaj a.t v'pZ = 0,24 BQVI.
Thus in Fo the Ho/(l'kz - vpz) termvhal no direct phyl_ical meaning, and {s
‘introduced merely to improve the approxi’mation in the physical region. lf is
expected that Ho << OO' which mean; thgg G, +H0 isa good approximation
to Go. For }5‘1 20 however. the branch cut begins at (mK+m ) = 0,40 BOVZ

which is below the pole at v 7 = 0.78 BeVZ,

The corresponding
H1 Z/(k -v, ) term thus approximates the lower part of the branch cut, so
.

that H1 2 is 2 measure of the coupling to the low-mass multiparticle
. _
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intermediate states in F just as G1 , glvea the coupling to the K.. In
’ .

1,2°
view of the small number of events in this experiment, let us make the
further simplification of setting AO = A3 ) and /_\1 =A, = A4 = A. Thus our

final approximation is

2

ot/ = (v, N2 /% 2% (37a)

| o . e 2 222 a2 |
and : fif"/g‘nfz o8 = (v," =A%) Nk® =« A%)", (37b)
where ﬁo a G, + Hy, and iix;xuarly fdt. ﬁi 2
» ‘
When we combine Eqs. (31), {34), and (37) and compare the results

with the experimental values in Eqs. (33), we obtain equations of the form

l§o1% = A, o (38a)
léi"'ézl.z = B(A), o | - {(38b)
and - ctm g, | + play g, 12 = 1. (38c)

Since the relative phase of §1 and ﬁz is unknown, Eqs. (38) do not

determine the magnitudes of § 1 and §,, but only yleld the restriction

csl/2.(c +D.Bcn)’/2|‘ AP 'c 8Y/24(c +p.ncn)!/?
C+D 82 C+D
{39)

with a similar restriction on |§i| due to Eq. {38c). The production angular
distribution, p{u) = (Jo+zJ1 +JZV(CO+ZC1 +CZ), therefore involves the ’

three parameters i, A, and |§Z|Z. A maximhm_oltkelihood fit to the

+0.27 2 . +85
-0.33 |=0.174

with a xz of 6.2 for six degrees of freedom. The upper and lower values

experimentali pl) yielde A= w, A= 1,19 BeV, and lﬁa

for A are those for which the likelihood function, L, falls to 1/e of its
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-2 a 12
maximum value, : L ax® All values of |g2| in the region 0,1 < |gz| < 85,

as allowed by Eq. (39) for A = 1,19 BeV, correspond to values L>L /e.
The values for tlic other gy are |§0|z = 0,185, |§1+§Z'z |
12 |

= 30, and
27 2 |§1 214 for A= 1.19 BeV and 0.1 & |§2|2 € 85, The range of values
for \ with this fit may be seen by noting that the values \ = 2,06 (0.95) BeV,
A= 1.46(3.3)BeV, |§ 1% = 0.56(9.4), 1§, +4,]% = 4.3(0.29), |§1|z_‘=4.z(o.35).
and |g,|? = 0.001(0.,004) correspond to L= L__ fe(L=L_. /%), with
xz = 8,5 (10.2)., The variations about the mean values in Eqs. {(33) do not
significantly alter these results, | |

Note.tﬁat K and K'l exchanges do not contribute to the related
reaction u p - 2'&“: 8o that one would expect a considor;bly smaller
cross section for this reaction than for w'p = L°K"® if the K« and
K-exchange model s valid. Experimentally, at 1.90 and 2.05 BeV/c
incident~pion lab momenta, we have® o{u'p- E'K'H) w 30% 0(v'p~2°!€‘°).
This indicates that.other mechanisms are present, but the results are still’
consistent with the agsumption that K and K* | exchange is the dominant
mechanism for w"p - £°K*?,

The above values for Iﬁ.olz will yleld values for |£0( vpz)lz. since
the experimental K* width can be used to determine |13( vpz) Iz. In this

section, we have used tha Feynman matrix element
TAKK®) = Vw7 Ve« (42 15 eM(0)

The total K% -~ Kw decay rate is then

||
re—.1 R
BtrvP K*® K,w

where r 1is the decayepion momentum in the K‘ rest frame, and the
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summation ie over the K* polarization and the K and w isotopicespin

indices. Thus,
re |f3(vp2) |2|£|3/zvpz = (14.4 MeV) |f3(vp"')|Z .

By setting this decay rate equal to the experi.mcnta.l value of 50 MoV for the

full width at half maximum for the K, we obtain |f3(vp’-)|2 =35 We
2.12 - 12 2.12 :

thus obtain |£o(vp N = |8l /|£3(vp )|© = 0,053, 0.16, and 2.7 for

‘A ®o, 2,06, and 0,95 BeV, respectively. These values correspond to

values 0.47, 0.45, and 0.29 {or alternatively to 0.53, 0.55, and 0.71)for the

f parameter of Martin and Wali.6
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FIGURE CAPTIONS
Fig. 1. Diagrams that contribute to the reaction wp - Aw.
Fig. 2. Typical diagrams that make up a three«particle vertex,
Fig. 3. This diagram gives a‘ self-energy correction. to the K prépa_.gator

instead of producing a second-order pole in the scattering amplitude,
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