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. "'.:. . .•. 
A phenomenological model ,is :c~nsider~d: wher'eanucleon 1s;"supposed '. 

" "j. . . ' 
" 

to pe "pI'e~iss,ociatedn ~nto a~Virtual (I\+!<)' or(I~',+:: ,K) combination. 
,t 

ine'idellt pion •.. Reasonable parameters'forthe model' aZ;eobtai~ed ',from:, 

'fit~i,ngto 11, +',pmea~u;emen~s;~~~yalue ~'t' acor~:e~p'oriding'Tf+ +, p 

,measurement in t~i$cO~ec;t:.ion ,l.~,po~ritedbut~'ThE! ,t'radius" of. the .{A + 'K), 
",' ,,-14' ",', . '.' .:': '"',, 

,systemttirns out to be of order5:'x 10. ,cm." ThesamemodelCanb~ 

app1:ied~ to K' production in 6' Bevp~o~~'n~nu~ie~ri:'b;m~aridme~~r'it~i~ldS 
.~. "\. . -' . , '., - ~. ',-' . 

(me component of, 'K'a ,wfth~nextreme1y,strorig f~rw~rd-backw~~'peaking 
• T. ~. '... • .".. -. • '" ' • ,,' ." . I .' • .,'", .. i '..... ,. - ". '. 

in the .center-of,:"momentum system.6f' the tWodlucleons." ". " 
. . , ." ) , .'.' . , , . .~. : ," " .. ~', ~ . : . 

. ' .. 
;: . 

( ~' . 
.... : 

, .-." :. - : .. (,:~" .-'- ,:: '. 

rhis work wa.s, performedurider the'a.uspices' ~f ,the ,U., 5. Atomic Energy 
" . , ., ,~ " . " . ' ... ' . ." . . , 

coriDnission. 
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STATIC MODEL FOR MESON PRODUCTION 

D.C. Peaslee 

The present note discusses some numerical calculations with the 

following simplified model: a nucl'eon is regarded as being to some ' 

extent Ilpredissociated ll into .avirtual (/\' + K) or (2:., +- K) combination, 

with relat'ive amplitudes <x" and/ The 1\ - L mass difference 

is neglected, and each combination is associated with the· same internal 

. mOrilerttilin, distributiGnl g (k~1 2 Productio~ of rel?l. K" 1\ J 'and r: is 

effected by absorption of a iT' meson through three basic, processes: 

TT +K~ K, 11 + /\,~ r:. (or11+L ~I\ .; which is the inverse) 

and 7T +E ~ 2../' , with respective amplitudes, aO' al anda2 •· The 
, 1 

treatment is entirely phenomenological in character; but the use of g(k) 

1 
The'corresponding field theoretical p~ocedure, has been described by 

'Saul Barshay, UCRL-3482 (1956). 

and the relative amplitudes allows a, 'si~ple and fairly se1f~~onsistent 

interpretation of the ~ol~owing da.ta: the relative charged ~o" ,neutral 
o '0 

a.nd L to /\ 'production in ,7j ':'nucleon collisions.t as well as 

the angular distributions and forward-to-ba.ck rations;~ also, the strongly 

peaked angular dis;~~ibutlon found for eO produced 'by 6 Bev protonf?'?' In 

2 " 

Budde, Chretien, Leitner, Sarnios, Schwartz and Steinberger~ Nevis Report 
. . 

R135 (1956) ; Fowler, Shutt, Thorndike and Whittemore, Phys. Rev. i!!. 121 (1954). 
3 

Osher, Moyer and Parker, Bull. Am. Phys. Soc. 1, 185 (1956) and private 

communication. 

I 

tem.softhe model, the features of physical interest obta.ined from 

experimental comparison are the follOwing: the preijissociation into 
~. 

(t + K) 
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se_ onlT about 1/3 as like17 8S that into (/\ + K); the ampUtude tor 

tbe process 71 t- K ~ Jt is comparable with and perhaps s01Uewhat larger 

than that for either process ot pion absorption by hJperonsj a mean ttradlus" 

ot the predlssoc1ated state 1s of order 5 X 10-14 em. 'l11e parameters 

obtained from Tl + p collisions can .be ueed to estimate the h1Peron 

production from the 7et unobserved n + + p at comparable ener!ies j the 

measurement of this reaction would. provide a check on the selt-conslstenc;r 

ot the model and alldw a better determination ot its parameters. 

All h1gher--order processes like n + p ~ 1\'" I + n rr are 

neglectedl the,- are expected to become increasingly prevalent with 
• 

increasing enerU, so that the present simple treatment is limited to 

energies not too tar above threahold tor f\ + K or 1: + It procluction. 

It ie thus appropriate to ana17sIa ot present 1'1 + p experiments but 

represents onlT a traction of the total process in1tlated b.1 6 Bev·protons. 

Its implIcations tor the latter case are thus only ot a qualitative nature. 

I. Relative intensities ot tinal at&tes. 

The relative intensities'of the initial states are d:. 2 . tor 

(/\ + X) and (f 2 tor (!. + K); tor a proton the latter i8 1/3 ,+ l: 0 

0+ 1/ 00 /3 -and 2/3 I !: , tor a neutron :3 K l: and 2 g I:. • Only the 

relative quantities 0<. / P and a2l&0' &1/&0 vill be or importance; 

sinoe those are all ASsumed to be real, no absolute magnitude signa will 

be used. Since few interference eftects among tinal BtatGa vl11he 

considered, it is not necessary to consider the relative algebraic signa 

ot the amplitude ratios or of the Cleba~-Gord&n coefficients for isotopic 

spln, exoept in one special case: there the amblguIt7 ot sign 18 explicitly 

introduced and determined by comparison with experiment. 
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2 
The intensity tor TJ ... (4 It is FQportional to &0' with 

coetficients' for isotopic spin combination of 2/3 for -rrt + ,0 ~ K + 

... ... 0 I 0 0 0 0 + ...+ 
and Tf i" Jt ---t It and 1 :3 tor 11 + k ~ Jt, 11 + JC ~ A • 

2 
POl' it + 1\ ----4 I:' J 11 + £. ~ 1\ , the intensity i8 &1 tor all cases, 

2 
with no reduction factors; and for TT + ~ ~ ~ , the intensity &2 

bas a reduction tactor ot ·1/2 in all cases, except tor 7i 0 + L 0 ~ 2:
0

, 

whioh 1& forbidden. 

The 1 - T1 abeorption results in " "stripping" reaction with 

the I projected forward in the center-ot-aass 87st.1 the other 

absorption processes strip ott the ~ron and leave the I going .. 
backwards in tb. cem..r-ot-ma8s s78tem. We thus neglect interterence 

between X-forward and I-backward tinal states, even though the particles 

JIIa7 be ident1cal; this •• aumpt.lon i8 valid to the extent that the stripping 

momentum. 1s large relat1ve to the intemal. momentUlll ot the pred18sociatecl 

state and seems to be in good accord with obs8,rY&t10n. With th1s 

approximation one obtains the relative 1ntenaitles of t1nal. states shown 

in Table I. !he corresponding final states tor a p10n incident on a 

neutron tollow s1mpl,y by the eubstItut10ns 1"1 +~ " 
... 

~+ r-+ r~ , 
PHn, KO~ g+ • and. 0 

it , 1\0 , £ o~iJo, AO , L o. 

By assum1.ng 

2 2 2 
(~/(X ) ~ (al/ao) "- (a2/ao) - 1/3 ,.... ,..... 

(1) 

X = +1 

-one can estimate trom. Table I the foliowing rat108 tor 1'1 + p: 

0 0 
I+(~orward)/l+(back) - 0 E/A "- .15 ...... -

(2) 

,o(back)/Ko(fOrward) 
0 

~ .15 ~ -/(1: + 1\0) :::::: .24 
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, TABLE I: ReJ:ative intensities' of t~i' stat.es ' 
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. ." " . 'Int~~it.ies~. bae~ard K ' 
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• C' .' , ',' ',,'. 2,',· ''2 
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, '. ':.,:, . 
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tor 1T+ + 'PI 

am tor the total 7ield8 under canpa.rable conditione . 

2 
The ratlos Eq. (2) are in satistactor)" agreement with observation at 

Elt :: 1.4 BeY, it ODe t.akes into account that the est.1JDated ettietancl' 
, 0 

ot observing ,,0 aDd/orK is about 50%. 'the o~ re&l disagreement 

is tbe observation at about. 15% . K + (3 events) in the tar to~rd direction; 

and this cannot be 1nterprete4 on the present. simple model tor any choice 

ot parameters • 

. The ratios Eqs. en and. (4) tor 11-+ + p at the same eners:r haTe 

not been observed; their measurement would proTide further intormation 

on t.he interterence ettect tor backward. K production. Altnougnthe 

parameters Eq. (1) seem rea80Dable, it has not been eatabll8bed that the,

are unique in fitting observed ratios like Eq. (2). Tr1al. calculationa, 

however, bave t,lot rev •• led ar:ry parameter assignments substantiall;r eiitlennt 

trom Eq. (1). tleasurements Eqs. (3) and (4) would theretore be of great. 

interest, to Check the 1nter#al consistencl' of the model and to provide 

more definite values tor its paraaetera. Ot course Eqs. 0) and (4) can 

al$O be obtained from ,.,. - on neutrOns in heaV7 nuclei, but the (ito t 1:-) 

product is harder to dlstlngu1shwtt.h certainty. 

2. !nelar distribution in :n t p. 

To estillate angular cl1atrtbut,1on8 frOl:ll the eiaple knock-on model, 

we shall be content with very crude approximations-; in particular t certain 

reJ.a.tlv1stic effects are not VfSr7 preCisely treated. After tr&ns.tormat1on 

to the center-ot-DlOlll6nt.lUll STstemof the ~ + p. t.he total. momentlUll ot the 
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p must be apportioned between the K and 1\ (i) ot the precU.saociated 

state. Non-relativist1callJr this dirialon would be in proportion tQ the 

ratio ot the rest masses of the K am. 1\ (!); relatlrletlcally, this 

division cannot be made wit.hout going into details of the 1\ - K torces. 

For a phenomenological treatment ve theretore take the angular distribution 
2 

to be given by Ig( A k) l, ,mere 

(forward Kle) 
(5) 

(backward K ;~rb) • 

Here ! 1s the I IlOmentum.1n· the center ... ot-moment.um BYet.a, ~ 18' the 

ine1di.mt pion momentum in t.he same qst_, and fl + f" :: 1 are 

the tractions ot the proton momentum (it> apportlonedto the K and. 

1\ (~). Nonrelativisticall.7, tt = .• 3, ~ :: .7; when E" = 1.4 Bev, 

the center-ot-momentum trall8formatiGA has ~:: 0.6, '(= 1.25, 80 that. 

we may allow aome dev1ation trom t.bese n.luee tor II' ~.).~' ,. . .';! 

For simplicitY' in c&loulation we t.ake 
2 _€. ~ I g(k).J "'"- e (6) 

This can ecarcelT be correct tor aU k but may be a sufticient approximation 

over the range ot interest. 1he angular dependence in the center-ot~ 
. . 4 
momentum system is t.hen as 

4 

e (7) 

This dis~ribut1or1 canoe st.ronglypeakM, ~oe all orbital angular 

momentum values are taken 1ntQ account. In the model or Lal:ldovitz and . 
Leitner, hovo c1Jnent.o 1, 1093 (1956), a sevel'erestrlc,,"on 18 imposect 
that J = 6 + tor the total system, preclud.ing the poss1bU1ty. ot tm:T 
ver'T peaked angular dist.ributions. 
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where e 18 the angle of K relative t.o ~, the ± s1gn and appropr1ate 
~ -

t are chosen tor forward aDd backward K emission. The variation ot· t 

between forward. and backward emission implies t.hat the forward angular 

clistribution should be mora narrowq peaked. t.han tbe backward 41stribut1on. 

This 1s not pecul1ar to the torm Eq. (6) but would occur with arfI' la(k) 1 2 

that decreased monoton1callT with increasing k prad;ded f" ) flO 

Actually, the Qlea8Urem.enta on 11 - .. p at El1 = 1.4 BeT do not 

show any apprec1able di8t~lon between the forward am:l backward (average 
o 

of I and () distributions. ThiB makes the determination ot , 

somewhat, uncertain) but bT weight.ing most heav1l7 the forward K~, vbere 

the 8tat~8tic& are best, one conoludes t.hat 

EK~ .- , • 

2', ' 
In this case J{){ : .32 (BeY/o) • The mean square momentum given by 

xq. (6)" 1s ot order ('II?> =.1... ; and a cOft'espond1ng "racU.us" of 
2E. 

the pred.1sBoc1ated. 1\ - .I s7Btem is 

r '-

Which seems not unreasonable. 

1. AnPlar distribution in P t P, , P ... n. 

The same moclel can be applied. to describe one component of I, 

(8) 

(9) 

A production in nucleon-nucleon collisions at. high energy. The nucleon 

at rest (its motion in a tarpt nucleus lI18.y be !&nored) 1s again predi&sociatal 

into. a Jt &Del ,,( ~ ) J the dissociation is r.:J.lzed by absorption of a 

p10n ti-om ~e cloud 8\UTOundiag the incident nucleon. A 6.2 Bev nucleon 

hae ,,: (1 -, 2)-1 ~ 7.7; the energy of a pion moving'with this 

vs10c1t7 is B1't = 1.1 8eV', which ls' not tar from. the conditione considered 

above. We theretore assume the same parameters throughout. In the 
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laboratory qat.., the incident pion transter. a moment.um k,., ~ 1.1 kf/c 

, to either the It or 1\ (i ). stripping it ott with t.h1$ moment,. and 

leaVing the other component about at rest • 

lcoording to Eqa. (6) and (8), tbe mean t.ranevara. momentua of the 
o. t . . , 

1\ - It 8TSt.- is - .33 Rev/c, whU. tbat paraUel t.o "1,. '"i.e ';"'" .23' '-/c. 

Tbi. latter is neglected' in comparison with k''YY' &net the ~ent. distribution 
\ ' 

of the.,., in the inc1dent DUcleon 1e entlre13 ne&lected a.s 811&11' "lat1y. 

to tbat of the 1\ - I ,syste. If we no..., traQBtol"Jll to the center-ot

momentum qat_ of the two incident nucleons, the tran.veree m01Dent.um o,t 
, - .,<" -1'.' ,. '. t 

the stripped particles 1s unchanged, their long1tud~j;. mClllterita are 
" .... ,.' 

'kx = .1, ';'.9 &ev/c, ~'1: = -.6, -2.0 BeY/o, according ae the'parti1cl. 

was It ripped torward or .. lett. beh1nd1n the laboratoJ7 $78t-. The moat 

et.rong17 peakad' components are thua b&ckWarfla in the center-ot-lllOlUntUl\ 
, . 

ot course there 1.s a ~r1cal torwaJ'd peak. ob\.alnod. by reYerS1ng 

the picture. 1"ransfol'm to a qateat where the1ncldent, nucleon 1e at reat, 

',and the target nucleon .1Dlp!ngn at 6.2 BeY trom tbe opposit.e d~r.ction., ' 

AcBi.n let the nucleon at re8t. be pred1s8oclated. ~ subJeot· to stripp1Dg. 

, Then a repet1tion of t.beargmnnt aboy. shaw. & strang peald.n8.ln· the center

ot-moaentum system ot the two mlcleoms i this time 1n the d.irection of tho 

original.ly incident nucleon., Thie 1s juat a leDgt.by atateJnent.· ot th.r.crt; 
that a p-p collision must be S1lBetr1c in all respect. ~ :It. center-ot-

DtOIfte~um spt_. 

To estimate the degree ot peald.ns ()f the I meson ocaponent in the ',:1 

, . J,i,f·" 

cente~-ot-momentum .7et.~ .. note tJ:lat. the ~ value ot cos 9 tor ,t.he, atr.ont' 

peaked component ie of order (1 + (.33/19) ) -I : 0.94. 'tt QQ. take. a' '.: 
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2 t <. cos 9 > . = 0.94 

115 m·.N 30. It is perhaJ)s j,f ,interest to note that t.he C()r~esponding A , 

I peak shoUld be -even sharper than the. It peak, this 1ebecauee the" , , 

I- carJ.'7 a larger fraction of the original logitu41nal momentum, while 
. '., . 

'haV1Qg tbe 'Same. transver.se momentum distribution as the· Ite. There are,' 

, of ·course, fll8.D7 additional components in the total ~ productions' that 

. ~i!t.··le8s ~trongl1 peaked, such ,~ the h1gher-o~er processes' 
" .~ . . 

.p' +p .... K +i\'" Nt nTh etc.; and even the first-order process 

ccme1dered here 'haa a second compOnent that, is much broader. 
'. ..' 

TheauthQr wishes to thank .Professor Burton ,J. Moyer forsuggest1ng 

thli prOblem and ror b'elptul. d1acu~s1ons • . " .. ,,". 
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