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Pl·oductlon of Vector Meaona 
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ABSTRACT 

The erose aec:tion lor the aeneral reaction (paeucloacalar meaoa 

+ nucleon ... apln- I baryoD + vectol' meaon) and the decay uawar cUatr.lbu• 

tiona lor the linal baryon and vector meaon are calculated UDder the 

aaaumpUoD that the reactiou h domlD&ted by the exchanae of paeucloac&lal' 

and vector meaona. The reaulta are &pplle4 to an &Dalyela of the reac&loa 

- .. o K•• w P-~ • 
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Pseudoscalar and Vector Exchanges ln the 
Production of Vector Meaona* 

Robert W. Huff 

University o! California 
Lawrence Radiation Laboratory 

Berkeley, California 

September 5, 1963 

t. INTRODUCTION 

In this paper the cross section for the general reaction (paeudoacalar 

. meson + nucleon- spin• ~. baryon + vector meson) il calculated, by 

aasuming that the reaction h dominated by the exchange ~f paeudoacalar anct 

vector mesons. _ln Section II, we derive expreeaiona for thh croa1 1ectlon, 

and for the decay angular distributions for the final baryon and vector melon, 

Section III contain• a discussion of the structure of the form factor• that 

appear ln these expressions. In Section lV we uae the re1ulta of the 

preceding sections ln an anal ysla of the reaction ,.. • p - I: OK *o, which 

analyab ls an extension of one reported earlier. 1 
' 

It. CALCULATION OF CROSS SECTIONS 

We will use the convention• fl = c • t, gf..l" • ( 1, •t, 

Al-1~~ • A0 B0 
• ~ • ~· {yr\ y"} • Zg~". crf.l" a f l[yf.l, y 11

], 

•1, ·1), 
0 1 1 , 

and Y 5 • V y Y Y • 

Alao, £ , la a completely anthymmetric tensor, which la +t when 
~""" 

(J..Lv>.a) l8 an even permutation of (OiZ3), -t. when it 11 odd, and zero 

otherwhe. All aplnors will be normalized so that I: rur(p) uzt'Pl' •· p<p. .,..,_ + m. 

Let ua begin by considering the reaction K•p- Aw -(~, .... p.;(tw-+·,,~,..~);. 

·. Other reactions of the general form (paeudoacalar meson+ nucleon,- 1pln•t 

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

poaaible overall numerical factor for ilotoplc •pin and a po••ible 
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modification for different decay interactions for the final particles. Let 

p, r, H, Q be the momenta o£ the target nucleon, incident paeudoecalar 

meson, final bax·yon, and vector meson, respectively. Define two additional 

momenta, k • H • p • r • Q and a • p + r a H + 0, so that k 2 aild a2 

are the square a of the invariant momentum transfer and of the total 

center-of-mass energy, respectively. Let m, m, be the masaea of the 

target nucleon and incident pseudoscalar, M, M the masses of the final 

baryon and vector particle, and vp and vv the masses of the exchanged 

• • pseudoacalar (K) and vector (1<. ) mesons, respectively. Then the moat 

general Feynrnan amplitudes that can be written for the r.elevant three

particle vertices are 

"l...( t/2 - . [ 1 ,, pKA) • (4w) . u(H) f0 'Ys u(p) , ( ta) 

/Jl(pK.J\) • (4v)t/Z u(H) [£
1 

'Y(j + l fz a
6

'A. k'A./(M+m))u(p) e 0(k), ( tb) 

• (4w)t/Z u(H) [(f
1 
tf2) 'Yo •fz (p0 +H6)/(M+m)] u(p) e(j(k), 

7/z.(KKw) 

and 

/Jl(KK• w) • (4w)t/z t
4 

c tTft e.,Q) ts "~tk) ra aP /M., 
~·'\' ~ ... 

( tc) 

( td, 

( te) 

where e(k) and e(Q) at·e the unit polarization vectors of the exchanged and 

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

dimensionless functions of the single variable, kl, which may be 

interpreted as the square of the "effective mass" of the exchanged particle • 

• The K· and K -exchange contributions then give a K•p- t\c.. 

Feynman amplitude 

r; 
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with 

and 
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( z) 

'3b) 

'4a) 

'4b) 

( 4c) 

If the w and 1\ polarizations are unobae rved and the proton 1a 

unpolarized, then the K. • p .. Aw .. ( 11' ·p) ( w +, ·v1 ) differential cro11 aectlon 

in the c. m. system ia 

(5) 

We obtain N from N by replacina the Fi by their complex conjugate• Fl. 

The symboh A 8 t1 • (A8
1 , ~8) and oA,B refer to the vector A and the. 

direction of ita •patial part, both evaluated in the 11reat frame tt of the-: 

vector B, i.e.. the frame in which the apatlal part of B v.anhhe•·· Tlu• 

the subscript• a, Q, and H refer to the c. m. system, the w reet frame, 

and the A re"t frame, respectively. ·The eubacrlpta to the summation 

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

have included a factor '1 a T/O'f!H in the croea section, where .,0 ( 'lHl ia the 
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fraction of the final v;;:ctor particles (baryons) that decay via the observed 

l~ather than evaluate ali now, we first inveatlgate the decay distribu• 

tions predicted for U1e final p;u-ticles. li'or the decay w- w+v•w•, the 

most general t-spin-conse1·ving Feynman matrix element h 

( 7) 

where q+' q, and q• are the w momenta, and £5 la a function of two 

variables [e.g., q 0 and (A e q~0 • q_')] which la completely aymmetric 

ln the three w'•· The w- w + w0 w • decay rate for a polarbed w· il, ln the 

w rest frame, 

( 8) 

f dn n, o d4> dq 0 dA 
1
- 12 Z • s . . M t5 q+ x o ( e0 • n0 ) • 

32 (Z.w) M - .;~. - -
(9) 

where ~ h a unit vector in the direction q+ X q• (i.e., normal to the · 

decay plane) and ~ is the azimuthal angle of 5. about !Q• Note that 

throughout this section the vectors q;, q, and q• are to be evaluated in the w 
. 

rest frame although the subscript 0 has been suppressed. 

If the target proton ls unpolarized and the 1\ polarization h 

unobserved, then the K•p- 1\w- (w.;.pf(1/1T ~11' 0 ) differential cross section is 

n l!!s I J d4> dq
0 

dA 1 ' ~ z. = A 2 2 . 5 - • Z L I L 7ll( pK !'\w)'nl( W1f'lf1f) I 
6-'hr s I r I 32(2,) .M 1\ ( , 0 ) 

-8 p. . w ;a. 

0 

• A J d.~ dq d..O. I- I z M £5 !!+X _s. . , 
32(21T}

5
M (ii) 
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where ( 1Z) 

Here A is a normalization factor to be chosen such that J dnn,O oH,n a aH • 

and ni-L iS a covariant unit vector with the value n0 tJ. • (0, .!a> in the w 

rest frame. From Eq. ( 11), we see that all azimuthal orientations of the w 

decay plane about ~O' aa measured by +, a1·e equally likely. Note abo 

that the distribution in q 0 and A (i.e., the Dalitz-plot denelty) i• 

independent 'of ni-L. Both the•e resulta are 'consequence• of the form of the 

matrix element fn(t.nl"'nr), however, and cannot be u1ed for an experimental . . ' 

check of our K· and K •exchange model. In treating the w decay in thb 

way, we have assumed only that the w has along enough llfetime••and thue 

decay• •u£ficiently far from the l\ ••eo that lte decay pions do not interact 

with the t\. U•e of the relation jdnn,O nlln", • ¥ ( -gl-1" +ella" /M'2). alons 

wlth a comparison o£ Eqa. (6), (9), and ( 11), show• A • 1/r and . w 

3 111~.1 '1 [ a. 1 
aH a----· i Tr (H y +M)Q. • 

,n 8v sz f!a f a. 
( t3) 

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

element 

i11.(!\1rp) 111 u(h) [a+b y
5

] u(H), ( 14) 

where the constants a and b are the parity•nonconserving and parity• 

conserving amplitudes, respectively, and h h the decay proton momentum. 

In the !\ rest frame, a !\ ol polarization· ~ will corre•pond to 

u(.H)u(H)a!M(1-+y 0 )(1+P· cr)=!·M(1t't' 0 ) (1+i_P· vy
5

). lfthe z - - z • 
polarization of the decay proton is uno bee rved, then the A - ,.. • p decay 

rate in th~ !\. 1·eat frame h 
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r 1\ = Jd~:h,H L 1'7~(/\np)ll • l~ul/32 nl Mz ( 15) 

p 

( 16) 

,..,·here ( 17) 

ca = 212Hf bn (ab*)/C. ( 18) 

... 
and hH is a unit vector in the direction of !!_H. 

With unpolari:l.ed target protons and .unobserved decay-proton polartza• 

tion, the K. p - 1\w - ( 1r .. p) (·,,.+ 1r. n°) differential croae section ls 

where 

A• before, B ia a normalization factor to be cboien such that 

jdnb,H aH,n,h • oH,n• A simple calculation gives 

( 19) 

( ZO) 

( 2 t) 

. .. '. where h~-' is a covariant unit vector with the value hH~-' • (0, hH). in·the 1\. 

reat frame. A comparison of Eqa. ( 13), ( 16), and ( 19) then ahowa B • t/r (\ 
and 

a = H,n,h ( !Z) 
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The trace calculation is straightlox·ward, and yields 

( Zl) 

where 

( Z4) 

( Z5a) 

( ZSb) 

and ( zsc) 

Note that H • r, and n are to be eviLluated in the w reet lrame, although - - -
the -subscript 0 has been 13Uppreeaed for conciseness, R is, a covariant 

vector with the value R
0 

= (0,!:. X~) ln the. w reet frame. We obtain a8 
' 

and aH by simply integrating Eq. (ZZ) with respect to. the solid angles .n 
0h,H and 0 n,O • 

The "rest fra.rriea" o£ s, Q, and H are related by Lorentr. 

tr~naformations without spatial rotations. In order to avoid any poaelble 

ambiguities, those spatial vectors whose values in the (\ rest frame are 

required in Eqs. (23) and ( 25) are given below, expressed in terma of the 

vectors !!• ;_, ~· and ~0 : 

( Z6a) 

( Z6b) 

and t Z6c) 
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Note that hH0 and !hal are constants, independent of ~ and ~· 

For other reactions we may have to modify the above expressions 

because of isotopic -spin considerations. The isotopic •&pin dependence of the 

matrix elements ln Eqe. ( 1) has not been exhibited because it results in a 

factor of unity. For the reaction w .. p- AK.*o, however, we would include 

factors of VK. v p' vK.. v p' VK•" 1f VK., And VK.•" "'VK• in Eqs. (ta), ( ib), ( 1c), 

( td), and ( ie), respectively. Here V and V are two-component isotopic 

epino'rs, and T ie the hotopic-spin analog of the Pauli spin matrices. Thus 

the above erose sections would be multiplied by an overall factor 

fVK*T,. V P 12 
• leo, i) (.,1 ~ ~) ( ~) lz • z. Similarly, theu would be a factor 

Z Cor the reaction w • p- '1: °K•0 , and a factor 4 for a reaction such as 

+ + •+ • -o * * "' p -I: K • For the reaction K p - K n •. which involves w and p 

exchange, there h a factor 4. The factor le unity for the non•charae-exchange 

reactions, K* p- K*p, but since 1) and w exchange are coherent with w• 
and p 0 exchange in these reactions, we must make the substitutions 

F 0 -F0,
1

:t: Fow• F 1 ·•F1w:t: Ftp' and F 2 -F2wz Fzp• wherethesign :t: 

ie the same as the K charge, and where FOil' F Ow' F tw• F ip, F Zc..l and 

F Zp each have the form given by Eq. (4). Note that reactions wlth an 
. 

incident w wUl generally not involve both p and w exchange, however, nor 

both 11 and w exchange, because this would not conserve G parity. 

Finally we consider the modifications to the above expreaaione that are 

necessary when particles other than the w and A are produced. The matrix 

dement for decay o£ the vector particle can always be written ln the form 

e~'(O) V • The amplitude for production and decay would then have the form 
p. 

u(H) [N,.Lvl-l] u(p)~ whcn·e vl·l = (·s11 v +ollav/M2 )Vv. Thuo VQ ..... (O, ·Yp), 

and we obtain the correcUy normalized erose sections &imply by redefinin1 n 

as the unit vector in the direction ·Yo· For p- "'"' or K• - Kw, ytJ. ia 
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just the momentum of one of the decay particles, ao that ~ is .thus a unit 

vector in the decay direction in the rest !rame of the decaying particle. 

The results for the l\ decay distribution apply direcUy to the :E* 

decay, but with different expe r\mental values for o.. The situation ia more 

complicated !or spin- i baryons that undergo a sequence of decays. The 

weak decay at the end o£ the sequence ie the only decay that can produce 

anisotropy in the decay distributions, and is hence the only decay that can 

give any information on. the polarization of the baryon. We will not consider 

such cases further, except !or one comment concerning the 1: 1 -I\ + y 

decay. lt la predicted theoreticallyl that after integration over the photon 

direction and polarization, the average l\. polarization ll one •third that of 

the 1: 0 , 

apply to 

but in the opposite direction. Therefore our previous reaults alao 

:E 0 decay if we use a value CL(E 0 ) a • .! o.(A), and stUllet bH be 
. 3 

the direction of the decay proton in the A (not E) rest frame. Note that 

with our convention (i.e., protons emitted preferenti&lly in the dir~ctlon of 

the baryon Bpin for o. > 0), experimental valuea for Cl are 3 
Cl( !\) • 0.6l :t: 0.07, · 

and therefore CL(E 0 ) D -0.2 1 :t O.OZ. 

Ill. DISCUSSION OF THE MODEL 

Again let us consider the reaction K .. p - 1\.w as an example of our 

general reaction. The Feynman diagrams for thle reaction may be 

separated into four sets of diagrams. The first set, represented by Fla. ta,. 

contains all those diagrams that can be divided into two parte (one connected 

to the external p and I\ 1 ine s. and the other to the external K • and w 

lines) by the cutting of a single internal line. [n other words, theae are 

merely the diagrams that contain a single virtual particle at some point in 

the k channel. Similarly, the auecond and third aeta of diagrams, 
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1·epresented in Fig. ib and ic, are those diagrams containing a single 

particle at son"le point in the e and t channels, respectively, where 

t = H • r ::~~ p • 0. The £ou1·th set, repreucnted by Fig. 1d, contains all 

diagl'<unl!l that cannot be ao dividt'!ld by cutting a single line, i.e., that contain 

two or lilc.>re parti<:les in each of the three cham1eh. 

Our model includes only those diagrams ol the £irst set that represent 

the exchange o£ a. vector or peeudoacalar particle. Scalar exchange cannot 

contl·ibute because a flCalar and pseudoscalar cannot be coupled to form a 

vector. We have not included U1e exchange of pseudovectore or of particle• 

of spin greater tha.n one, because we have not yet seen such particle• 

experimentally. Diagrams of Ule other three oets are. not included in the 

model. lt is for reaoons of nlathematical c.onvenience and slmpliclty, 

however,. that these other diagra~n~~ h~v'e.been ignored, ·raUler than becauae 

o! any good experimental evidence. 

A n1ore detailed look at the structure· ol the vertices ln Fls. ia wUl 

yield information on tho forl'n of the functions ft: · Ae seen in Eqe. (4), tho 

z z ~· . functione F 1 have poles at k a v , where v h the phyaical maa1 of the 

exchanged particle. Similarly, the form factor• t1 have ainaularitioa 

corresponding to the phyGical mat~see of Ule various intermediate atatea in 

the. verticee. Those vertex diagran•s of the form of l''lg. la, where there la 

a single intermediate particle. would be expected to contribute eimple polea. 

Dlag1·zuna of the form ol Fig. Zb, with two or more intermediate pa.rtlclea, 

will contribute branch cuts. 1£ we use the Cauchy theorem and assume the 

propel· conver~,:ence at infinity, then the branch-cut contribution to £1 may 

be wdtten in the {oun Jdl4 h
1
(l4)/(k2 • z), which h merely an lntegratlon 

ove1· a coutinuou6 Jist:dbution. of poles. Thh 18 only to be expected, becauee 

a ay1~tern of two or mox·e particlca has a rnaae that range• continuously from 

.• 
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· eome (positive) minimum up to infinity. Knowlna the alnaularltlea of the 

form factor t1, we may eaaUy write down the form of the func:tlou 1'1• 

Note that the F1 ·have no multiple polea. Multiple polea would correapond to 

a diagram such aa Fla. 3, which merely alvea a aelf•euriy correction to the 

propagator, and doea not (after renormallzatlon,4 at leaat) yield a aecoad• 

order pole.· Thua, where "o • "p and v t,l • "v' we may write 

z a, , .j aiCs) 
r 1Ck ) • z 2 + da z • 

k • "l . k •• 
( Z7) 

Note that from Eqa. (4) and (Z7) we have 

(ZI) 

and. almllarly for the other a,. 
Since the form tactore, fi' evaluated on the maee eheU, are Juet the 

correapondina renorma&lzed coupllna conatante, we aee that the a1 are 

merely product• of the couplins conatanta at the two vertlcee. R.eactlona ln 

which more than one vector particle can be excbanaed (or more than ooe 

paeudoecalar) would have additional pole terma in Eq. (Z7), but theae a1 

would aWl be product• of the coupllq conatanta at the two verdcee. 

Let ue briefly mention the qualitative effect• to be expected from the 

other three aeta of cUaarama. Note that the lunctlona Fi' from the flret aet 
. 2 . z 

of dlasrama, are function• only of k aDd are independent of • • SimUarly, 

the other dlagrama would introduce additional term• into the croae aectlon. 
z . z 

involving functlona of e only (!rom the aecon.d aet of dlaarama), of t 

only (third aet), and of e2 and k 2 ~th (fourth aet). (Note, incidentally, 

that there are only two independent variable• becauee of the identity 

ez + kz + t2 
n:1 MZ + MZ + m 2 + rif- .) The function• from the aecond and third 
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seta of diagrams would have, except for diff~rent variables, the 1ame form 

1u for Eq. (l7). However, thooe from the fourth set have only the branch-cut 

term, because, by definition, theoe diagrams do not have any elngle•particle 

intermediate atateo. Now consider thoae diagrams of Flg. td ln which the 

oxchanged ayotem of partlcleo l~ ln a JP a o• or JP • t state. The•• 
dlagrama will then give a acatterina amplitude identical to that to-, the 

oxchanae. of a ainsle poeudooc&lo.r or vector particle, except that the functiou 

F1 would have only the branch-cut term. The branch point wUl be the eame 

aa for alngle•particle exchange (becauae th~ poaalble intermediate 1tate1 lD· 

Fig. tel are the aame aa those in Flg. Zb) •. but the clilconUnulty acroe1 tbe 

branch cut wU1 now be o2 clependont,. Therefore theee dlagrame cua be 

included in our ortslnal calculationa rnoroly by replacln& the functlone ~tC•) 

ln Eq. (Z?) by a1•Cs. u2) a s1(a) + t~1 11 (z, o2), where a1
11 Ca,. e2) h the 

' ! 

contribution fl'om the e:"~Cchange of tho paoudooc:alar or vector eyatema of. 

parUcleu. Tbua, the o:aly effect of ouch dlograma la to inti'oc!uce u e2 

dependence lnto tho branch•cut tormo lll Eq. (27), ud our l'eaulte wUl aow 

cleacribe any paeudoac:alar OJ' YGC:tOI' GXC:han&el, reaarclle11 of wbe&her tbeao 

aro oxchADgea of alqle parUclee Ol'. of multlparticle eyatema. 

IV. APPLICATION TO w •p ... E'K0
0 

In tblo oectloD, we preoent detail a of a prevloua analyala t of the 

J"eaction w·p- E°K00 
• and aloo extend that analyai1 lD order to obtain 

it!Uormation about the functions F1• Ao reported earlier. t 2.09 eventa at 

hu:ident•pion la.b momenta of l.i7 and 2..2.5 BeV/c were attributed to 

- 0 o, • + • 
11' p -1: K -:z:: K w • and were found to have decay angular dlatrlbutloDa 

p (4) a t + ( 1.59 d: 0.55) COIZ a • ( Z9a) 
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p(f3) • 1 • (0.11 :t: O.Z1) coal l5 • ( Z9b) 

and 
z 

p (y) Ill 1 • ( o. 74 ,:t: 0.1 t) cos y • ( 29c) 

Here 4, f3, • and· y are the angles, in the K rest frame, between the · 
• • 

direction of the decay pion and the unit vectors N, r, and r X N, 
... 

respectively, where r is the lncident .. pion direction and N 18 the normal to 

the production plane. Because of the small number of events, the effectl of 

a non·K* background' (< 30o/o) were ignored, and no attempta were made to 

determine either the 1: 0 decay distribution 'or the dependence of 'the 

f ' , z z ( - --..:1 unctions F 1 upon k and s i.e.,· upon the ,.. p c.m. energy auu 

production a'r .. gle). 

The appropriate erose section, a0 111 JfoH,n,h df~,H dCH,a' ia then 

found from Eqa •. (ZZ) to (24) to be 

C SO) 

where c1 ~~~fdf.1J1 , CSt) 

Jo,t .. f [(M•m)z ·kz] f!f2 IFo,tlz I~.V·zl!al • C sza) 

and J z • z£1 F t • f ( t + m/M) F 2 I z _- k
2 IF z I 2 

/4M
2

] 1~.1 3 . I !a I/M'2 
• C 5Zb) 

• • 
Here J1 11 the cosine .. of the angle between the final K and tho incident w 

' ' ' ! 

in the c,m. eyetem, and we have uaed the rtrlation 

An overall factor.of Z has been include.d f()r lsotoph::•apln co~s\4t!fatlona, aa 

discussed ln Sec. II. We have set l7 111 Z/3, because thla h the branchiDI 

• + • fraction predicted by isotopic-spin conse1·vatlon, for the K - K ,.. mode 
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and because the corrections for the. detection efficiency of the 1:' will be 

included in the experimental data. 

In our analysis, 1 we fitted Eq. (30) to Eqs. (l9b) and (l9c) and treated 

the err~ra coherently by solving 

{
ic0 7 z~ 1 • Cz • • (0,~1 + o.zta) tzc 1 + c21, 

·Co+ . C 1 • Cz a • (0.74 + O,Hb) (C0 + C 1 + Cz), 

where a, b • 0 :t: t. (Note that c0 correaponde to g0 ... 4. of 
,t,Z .. •"• 

reference t, but that Eq. (3d) of that reference ia written incorrectly.) The 

aolution ia then 

and 

c 
~ • 4 •Z(1.89··0•Zt a) (O.Z6 -O.ti b) 
c 0 ( o.89 - o.z t a,) .tz.z6 • ·o. u b) 

... t.so + o.4t a·+ o.za b " t.so :t: o,so 

~ 
11 

(Z.89•0.Zt a}i0.26•0.tt b) 
c

0 
(0.89 •O.Zt a) (Z.Z6 •O.ti b) 

.., 0.37 + o.o6 a· o.t4 b • 0.37 * 0.15. 

Be~auee our total croea section h ·a ,·J dOn,O an • i 1 
n (C0 .+ zc1·+ C 2), we 

may use the· above solution to obtain· 

. c0 ., ( 0.31 • o.os a) 3q/4w , 

C 1 ., ( o. H5 • 0.045 b) 'Scr/4v , 

· and Cz ~ ( 0.46 + 0.05 a + 0,09 b) 3o/4v • 

The n1easured total cross section5 !or the reaction v·p -l:°K+,.• h~ 

65 :+: 12 Jib and 53 :1: 9 JJ.b for incident-pion lab momenta of z. t 7 and Z,Z5 



·15· UCRL-11003 

DeV/c, respectively. This gives a mean value of a • 59 tt U ~b at Z.Zt 

BeV /c, resulting in 

co • 4.4 :1: t.t ..,_b. ( lla) 

( llb) 

and c 2 • 6.5 : t.8 tJ.b • ( llc) 

For convenience, we ignore the errora and uae only the m.ean valuea for the 

Ci in the rest of thla paper. 

To determine the form factora, £1(k2), we uae Eqa, (4) and evaluate 

Eqe. ( 31) at a • Z.Z5 BoV (z.z t BeV /c Incident momentum) to obtalD 

( S4a) 

/ z 
J .. (rt. 92 b) (t -0.438 ~) (t .o.7zt p) Itt +t )f lz 

i ~. ll 2 . t z 4 • 
( t. 0.435 ~) 

( S4b) 

and 

( S4c l 

where k 2 • (•t.03Z + 0. 790) BeV2• By uslng Eqa. (31), (33), and (34), we 

find that average values for U1e form factors in the region of thia experiment 

are fr0t 3 1Z • 0.19, fU1 +fz)t4 f2 
• 0.14, and ft1t4 J

2
+ O.ZO ftzt4 f

2
• O.ZO, 

the latter two of which yield 1·oughly ft1t4 J2 • 0.1 to o.z and Jt2t4 (2 .~ o.z. 
These average valuee give us very little information about the valuea of 

the form factor• on the maas shell, however, Unleaa we can determine the 

k 2 dependence of the £1 from the production angular dhtrlbutlon. In thla 

reaction, the form !actors have no single-particle polea, but only the branch 
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cut f:rorn the multipa.l't.iclc intermediate states, so that 

f.(k.~) = Jdz h.(z) /(1,; 2 • z). We will n1.ake the appro>drnati.on 
1 1 

) , , 
fi{l<~'-) a: i/tk"' .. A

1 
") in tlu~ physical .region for thi~ experiment. which gives 

( 35) 

and simllarly for the othe1• F 1• The parameters 1\l may be interpreted ae · 

average masses of the intermediate states of the for~ ta.ctora. Note that 

0 0 + H0 ia the value of t
0
t
3 

on the inaas shell (k Z • v P 2)' ln thia approxlm&• 

tion, which is to be distinguished from the true value 0 0 in Eqo. (Z7) and 

(Z8). By rewriting Eq. (35) aa a sum of poles, we aee that thla approximatt.oa 

is equivalent to approximating the branch-cut integral of Eq. (Z8) by a aum of 

three poles with mutually related residues, 

The branch cut in F 0 begins at (mK ~ Zmv)Z • 0.59 BeV2 (because K + w 

cannot be in a 0 • state), which la well above the pole at ,,- Z • O.Z4 Be r. 
. . . p . 

I z z Thus in F 0 the H0 (k • vp ) term baa no direct physical meaning, and la 

introduced merely to improve the approximation in the physical region. It la 
. ' ' 

expected that H0 << 0 0, which means that a0 + H0 h a good approximation 

to 0 0 • For F t, 2 , however, the branch cut begins at ("i< + mv)Z • 0.40 aer, 
2 2 which ia below the pole at vv a 0.78 BeV • The corresponding 

I z z H
1
, 2 (k • vv ) term thus approximates the lower part of the branch cut, eo 

that Hi,Z is a measure of the coupling to the low•maaa multiparticle 
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intermediate states in F i,Z' just as a 1,z gives the coupling to the K•. In 

view of the small numb<.- r ol events in this experiment, let ue make the 

further siinplilication of setting Ao a A3 o >.. and A
1 

• Az • h 4 • 1\.. Thus our 

final approximation i1 

/
.. Z Z/ Z Z Z 

f0f3 !to a ( "p - >..) (k • >.. ) ( 37a) 

and ftf4/ii a fZ.£4/gz Ill '"vz. Az)z/(kz. Az)z I ( 37b) 

. , . 
where g0 • 0 0 + H0, and elmilarly for. lt,z• 

When we combine Eq1. (~1), (34), an~ (37) and compare the re1ult1 

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

and 

lio·lz•A(>..), 

li1 +i2 12 
• B(A). 

c (A) I i 1 12 + D( h) 1 i 2 I 
2 

• 1 • 

Since the relative phase of i
1 

and i 2 le unknown, Eqe. ( 38) do not 

determine the magnitudes of i
1 

and j 2, but only yield the restriction 

'

c n112 
.. (C+D-BCD)112 I . fc B1/ 2 +CC+D·BCD) 1/z I 

c + n c I Sz I ~ c + o 

( 38a) 

( 38b) 

( 38c) 

( 39) 

with a simUar r~atriction on li
1 
I due to Eq. (38c). The production anplar 

distribution, p(f.1) • (J0 +zJ 1 +J2)/(C0 +zC 1 +C 2), therefore involves the 

three parameteru >.., 1\, and I Sz I 2• A maximum•likeUhood fit to the 

1 +o z 1 1... I z +ss experimental p(tJ.) yielda ).. 111110 1 A • 1.19..,0: 33 BeV, and &z. •O.t.0 
2 . 

with a x of 6.Z for six degrees of freedom. The upper and lower value• 

for l\ are those for which the likelihood function, L, falh to 1/e of it• 



·18· UCRL·.i 1003 

maximum value, · Lmax• All values o£ I ¥2 12 
in the region 0.1 < I i 2 I Z < 85, 

as allowed by Eq. (39) !">r !\. = 1.19 .BeV, correspond to ~alues L >L /e. max 

The values for the other g1 are li012 = 0.185, li1 +i2 12 
• 30, and 

27 ~ lii11
2 >14 for 1\ • 1.19 BeV and 0.1 < li2 12 

<85. The range of values 

for \ with this fit may be seen by noting that the valuee ~ • 2.06 (0.95) BeY, 

1\ = 1.·t6(3.3)BeV, li01
2 ~~ o.s6(9.4), li1 +i2 12 ~~ 4.3(0.28), li112 •4.Z(0.35), 

and I i 2 1 2 = 0.001(0.004) corr~spond to L 111 Lmax/e (L=.Lm~x/,e 2 ), with 

2 ' 
X 111 8.5 ( 10~2). The variations about the mean values in Eqa. (33) do not 

significantly alter these results. . ' ,· ' 

Note that K and K exchanges do not contribute to the related 

• .. •+ ' 
reaction v p - :t K , so that one would expect a considerably smaller 

cross section for this reaction than for w ·p·- ::E°K*0 lf the K• and 

K*•exchange model le valid. Experime~tally, at 1.90 and 2.05 BeV/c 

incident-pion lab momenta, we have~ o(w·p- ::E•K*+) • 30%o( .. ·p-::E°K*1 ). 

Thie indicates that other mec:haniama are present, but the results are still 

• • consistent with the assumption that K and K exchange 1a the dominant 

mechaniam for w·p- E°K•o. 

The above values for I i 0 I 
2 

wlll yield value • for I t0( v p 
2) I 2, since 

the experimental K* width can be used to determine lt3(vpz)l 2• tn thil 

section, we have used the Feynrnan matrix element 

• The total K 0 - Kw decay rate h then 

where • r is the decay-pion momentum in the K reet frame, and the 
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• summation is over the K polarization and the K and , l1otoplc ·•pin 

indice a. Thus, 

By setting thil decay rate equal to the experimental value of 50 MeV for the 

. * I z lz !ullwidthathal£maximumforthe K, weobtain t 3(vp) •3.5. We 

thua obtain lt0(v z>lz = li0 lz/l£3(v z)lz • 0.053, o.t6, and Z.7 for 
' p ' p 

~ • ao, Z.06, and 0.95 BeV, respectively. These value• correapond to 

value• 0.47, 0~45, and O.Z9 (or alternatively to 0.53, 0.55, and o. 71)for the 

f parameter of Martin and Wall. 6 
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FIQU RE CAP1'IONS 

lfig. 1. Diagrams that contribute to the reaction vp - 1\.w • 
. 

Flg. Z. Typical diagrams that make up a three•partlcle vertex. 

Fig. 3. 'l'hh diagram gives a •~ll-energy correction to the K propagator 

instead of producing a second-order pole in the acattering amplitude. 



-22- UCRL-11003 

-k t s 

(a) 

~t 

(c) (d) 



-23- UCRL-11003 

(a) (b) 

MU-32003 

Fig. 2. 
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MU-32004 

Fig. 3. 
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