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1. The recent experimcutal data on the pp and fin annihilation at rest 
obtained by the ASTERIX, CRYSTAL BARREL and OBELIX groups[!, 2, 3] 
at- LEAR, have shown that the branching ratios of the reactions jip -+ cp1r0

, 

pn -+ cp1r- and jip -+ ¢>··/are mucli bigger than_ expected from naive OZI-rule 
estimations. For example, as follows from the present data on the ¢>w mixing 
angle, a ¢/w production ratio should be 4-10-3 or less while in practice[!, 2, 3] 

' ' 

Br(pp -+ ¢>ir0
)/ Br(pp -+ ~1r0) = 0.14 ± 0.004, 

- . Br(fin - · ¢>1r-)/ Br(fin -+ w1r-)= 0:16 ± o.o4; 

Br(jip-+ ¢>1)/Br(jip-+ w1) = 0.33 ±0.15. 

{1) 

{2) 

(3) 

·The interest.tothe reactions violating the"OZI-rule is connected with expec­
tations that- these reactions may give evidence of the existence of exotic states-_ 
such as hybrids and glueballs and of the considerable admixture of strange 
quarks in the nucleon {see for example the discussion in refs.[4, 5]). For this 
reason it is important to investigate whether some of the re~ctions 'violating 
the OZI rule can be explained by usual mechanisms. In particular, the authors 
of ref.[6] have shown that the data on the reaction pp-+ ¢>¢> can by explained 
by the triangle mechanism with I< mesons in the intermediate state. These 
authors also claim that their estimate for the branching ratio of cl>1r usi'ng the 
same mechanism with /(* and I< mesons in the intermediate state is <of the ' ' 
same order as the experimental values[l, 2], but no calculations of the ci>1r 
branching ratio in re£.[6] were given. , -

· In the present paper we explicitly calculate in the on~shell appro~imation 
·the contribution of the /(* /( intermediate states to the reactions jip -+ cp1r0

, 

pn -+ cp1r- and pp -+ ¢>1 assuming that the initial antiproton and nucleon are 
'at rest and their orbital angular mom~ tum is 'equal to zero. It is easy to show 
that to conserve the C, G and P parities in this case, the antiproton-nuch!on 
system should annihilate into </J1r only from thestate with the spinS~ 1 and 
the final <jJ1r system is in the state with I = 1, while the pp annihilation into 
</11 occurs only from the state with S = 0. 

The contribution of the triangle mechanism with I<* and I< mesons in the 
intermediate state to the reaction pn -+ cl>1r- is described by the two graphs 
in fig.l, and such a contribution for the reaction pp-+ cp1r0 is described by the -
four graphs in fig.2. Taking into account the isotopic invariance it easy to show 
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. that if S = 1 arid]~ 1 (where 1 is the isospin), th~q thecont~ibutions ofth~ 
: graphs la and\lh are e'qualtoeach other and th<c~ntribt{tions of ail-thefour 

' ' ' \,' ' ' ' . ' . ' ' . '\ '' ' . ,•' ' ' . ' . . '" . ' . ' ' 

. graphs in fig.2 are also equal to each other. In addition; the amplitude of the 
reactio~ 1pn-:-+ cp1r- is by v'2 times bigger than the ·amplitude of the reaction· 
PP -· ¢'-rr0 , ; " ' : . -, ": . ' . •, : ', ' ,. ' . ' ,. ' ' 

' ' ..•. The c6~tribution. ~f the. ~~iangle mechanism ~ith K* and /( n'iesons in the 
. inte~mediate state to the ·r~action pp ~ ct>1:is desciibed .by'tlie ~~me graphs 
as in fig.2 but 1r0 is replaced by I· If S =· 0 thi:m.in this case the contrib.ution 
of the graph a) is equal to that-of the graph dfano the 'contribuiiori~ of the 
g~·~phs·b) andc) are also,equal to ~ach·.other~ How~ver.since'the isotopic. 

. ' ' - . . ) ' . . ' ' ' . ' . ' ' 

invariance doesn'ttake place' m ~he process /(*-+ I< 1, we.cannot relate directly 
the graph~ ~) a~d b). · · ~ . ' , .. ·. . : · · ' , . . ' . . 

2.Atthe cou'ditions sp~cified abo~e there exists·only o~e rei'ativistically 
inv~riant~mplitude for the reaction pn ~ cp7r7": ·, ' ·' .. ' ... ' . ' ' 

' ' ' ~ . . . 

· Apn-<P,.- ~· fpn_;,<P,.~ (q,~ ~~~)el'v;qev•pjp~ = (2~):2 fpn-4>,.- ( <p~Ta~a;<p )eieiklPI· 
. . . ' . ': i . . ., ' (4) 

Here f 15n_,p,.- is some constant,· \11 is the Dirac byspinor,describing the initial · 
:deutron, \11 _ is the Dirac byspinor with the negative energy. describing the . 
initial antiproton; ev is the polarization vector of the ¢>meson, P1 is the 4- ,· 
momentum of 1r-, p2 is the 4-momentum:-of ~. nUs the nucle~n mass, <p is the . 
us~al spinor d~scribh1g the neutron, a; (i = 1,2,_3)ai-~ the P~uli inatrices,'cf>'. 

' _, ' ' ' ·'· '; ' ' 
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,- ' ' ., ~- ', . .L'• ' - ! ".- '.- ., ,. ' . /' ' . ' ·._ I 

· is the charge conjugatea spinor. describing the antiproton, the index T1 means 
the transposed ~pinor, p is the mo~eri.turii of 1( in:the c.m.frame or' the <P; 
system, e~"P"' ande;kt are the absolutely:~ntisyrnmetrictensors and a sum over 
repeated indices is assumed: The Greek indices take the values 0,1,2;3 and the 
Latinindices,take the values 1;2,3. A standard calculation using Eq.4 gives: 

- ~ - ' 

~~(ftn __; ;r) -~ (2:)a'lfP~~¢,.- I; p3
Cfin, • (5) 

where; =I p I andCpn•is so~~ constant~i_c~ is fully deter~ined byth~ total 
cross section of the'pn ·an'nihilation frornthe state~with l.= 0. ; ; . ._· . 

The pn sy;t~mcan imriihilate intoK~0J(- from both;stateswith: S·~ 1 ~nd . 
S = 0: The ampiitude corre~popding to,S ~ 1 can_ be·w~itten by ai1alogy with 
Eq~ 4: Let p~·be the momentum of J<*0 and p~be the momentumof !(-:-_. The' 
amplitude corresponding fo S = 0 can· be proportional only to (W.:..15 1ll)( e* P) 
where e is th~ polahzatiori v~ctor of I<* and P ~ p~· +p~, Therefore·, as follows 
from(4) · · . · · · ·~ 

A 
.. • . <-(·2· ·)2[!(1) : ,(· '/y ·· '. ) * <· I·, .>c;2·•,.j·. (0) ' •:-(· IT ) *] 

pn-+K•O K-: 7 ffi, ,·. pn-+K•OK-: c.p, <I2<I;c.p ekeiklPt+V~m pn-+K•DK:- c.p a2c.p eo , 
. . .· •.. _· .. ' ' .. ··. ·.· • . < ' -.... . • . ', ·.•. · .. ,·, .. · ,· (6) 

~here.m*is themass off(*, e0 .is:the time component'of ep.; J:s are• some· 
con~tants ~and p 1 is the momentumofK*0 • A standard 'calculation gives then:·< . 

' - '' ' > '' < •._-,.-,,) • - ~ • • • • • •''-< • ' " ~- ~ r 

. • . . ··'·· .. -::. ... f . . (.2 ~·)3'· .. ·:" . ·' ;·. . '·'. · .. · .• ;, - . •. ~ .. o . .c. . •·. . m .. ,13(·1·f<1) .· ···. 12 - I f(o) . ; .· . 12)C 
Br(pn,-+ /\. K ,) =· , 

4
7r ·e:, pn~K~~ K"- · + · pn.:..K•o K- . pn • 

. '\. . ·.~ 

(7) 

- . ,:. -·. ':.,_,.. . : ·-,. . ':·. ·.··._ .-_ .', t . '• . ' .···.':-- •) . . .. 
where p'=l p' 1. and'Cp~•i1; th:e same constant as in (5)~ .Then asfollowsfrom 
_(5) . ·. :~~ --~ -+ ~·-. < . ·. , . •• .. , . • _· , , _:. ': . .· .. . 

. (p · . ¢ · ) . . . ( P )3 .. · · . I fvn-+¢1r I. · .. . 
Br(pri '-t /{*~/{=.) ,-:- P' -I !~1) . ·. j2 +' I f~o)· , ; . 12 '. 

(8) 
·'. ·.. ·.,- · · . .. -,· ··. · pn-+Jf•O K- .; . , pn-+Jf. •O I<.-: .. · 

lt:is •wdlknowii: .. th~t.if the vector·meson ·withthe,mass M ··decays·into · 
pseudoscala~ meson_s with'the4cmomenta(q1 and qz then' the' amplitudeof 
such a decay can b~ written as ·:.• .•.. • · • .·· · : . . . .. . .. 

.-. '" - ·. . - I '· ·/ ·-

. '·. •.- '··I . J1. 
A= g(q1 .-: qz)11 e (9) 

t / 

and the.width: of th~ vectbr_·;u~on',relativ~ t~sucha decayis 
. . ·'• . ... ·. t·/' 

. r ·•· I g I k3 · · . ···.· ·=: 6rrM:2 ' 
(10) 

. where k is the magnitude of ~he mri~~nta of the pseudoscal~r mesons in their 
c~m.frame: As follows from the fact~ that J(* in. almost 100% cases decays into 
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· I< rr ~nd <Pin .87% ~as~~ deca~s int6· I< R, ir g~ i~th:e constant entering. into.the. 
ampl}tude '!(*0 -+ rr.- I<.+. and g2 is the crinstant entering int~ the amplitude 
¢-+ 1/(+J(-then:. . . , .· ! • , 

I g1 1
2P;K· ~- ~~~ .. ·I g2l

2 
P=:a/= ~0 . 87r' , · 

6rrm* 2 3 6rrm2 · 2 ¢ 

"' 
(11) 

· '~here P~K is the momentum in the 'c.m. frame oft he/( rr system created in 
.. the decay off{*, PRK is them~me~tm1~'in·the c.m. fram~ ofthe Kj( system 

created in the decay of <fo, f* is the full ~iclth of /{* and r ¢ is the .full width 
of <fo. · : · · · · - · · · · 

The amplitude of the decay I<:·~·K{has the for~ :. 
-\ \ ·' ,· '.

1

. ' ••· I'. I·.-;_;·····,-.'-.·.~ .. 'JL*. ;,'~_:_~· (T 

' AK•-,.KT=f~·:-+K'YeP."P"e E P k • . (12) 
. ·I , 

where e~ is the polarization veCtor of the photon, E is the poiarization vector of ; 
the k~ meson, pis the 4-mo~entuni ofthe/{* meson and k is the 4-moinentuin' 
of the photon. The amplitude (12) is, gaugeinvariarit'and automatically, ensures 

. ·the' gauge: invariance of the amplitude pp. ~ <fo1,.Let PK'Y be the magnitude of.· 
j 'themomentumiJ:.l the ~:m:fra;ne of1<1, andf~ be the·r~diativewidth off<*. 

Then, as'follo;vs frqm U2) .· - . ·' .. - r- ' . ,·····. . . ' . ! • . 
.r , l., j. .. .. \ } ' ' - • 

". ,· 3 . . . . ·.' 

. r..- - PK"~ I f. 12 . =- . K• K 
· "~:.: 12rr """ "' · 

/' 

; (13) ·. 

3. We . have done ~ll the prep~ratory, work fdr calcul~ting the graphs in 
. figs.l,2: Ho~ve,verit is easyto.see that thes~.graphs diyere;e if no form factors 

a):e introduced into the vertices since K* is' the vector meson: At the same 
ti~e the imagi~ary part of th~se graphs can be calc~lated rathe~ reliably. · 

. Comider.forexanwle theiim.ginary part oftheigraphin fig.la. The amplitude 
· pn --~; -1{*0 /{·...: ';Ilters into this graph ,whe~ ~U the particles are on their mass 
shells,·and .in the amplitudes /{*0 .,-t rr- J(+ and J(+ ]{'- -+' 4> only J(+ isn't 

.· . ' . . . \ ' . ', ' \ ' . . ' . 
on the mass shell. However,, as c~n- ht:; ~een from a simple numerical estimate, 
the mass ofithe virtual J(+ me~on doesn't·.differ considerably from the mass 

. \ '. \ . . ' ~ . . ' - . 

of the real J(+ meson. Therefore with a good accuracy all .the ainplitudesin 
the vertic~s can be taken in the same form as for real particles. Then, as ·can -
be shown ·by a str~ightfor~~rd c~kulation, the integrals defining_the imagina~y . 

. pf!d of the graph~ in figs.l ,_2 can be calculated an_alytically. : . . · · . 
In particular, using Eqs: 6 and 9 it can be shown that theimaginary part 

of the graphs in fig:1· contributes to' th~ 'amplit~de pn -+ ¢rr- asfollows: · . 
·. . . · ... -~2· •. .. ·.. . , . . . "' .... 

. · mp f(l) · · . · . · ( 1r ·) *( ( 2)l a + 1·) 
tApn-+¢".- = .--- -n ..... f\•OK-g1g2 c.p. a2(}'1'P eikiPke/ 2a- 1 +a n-- ' 

" -4rrp P_ • : · '· •. : . ·, : .· · _. • ' , • ._ • . • a- 1 . 
(14) 

.5 



'•;. 

' > 

where a = (2E* E1r + .mk - m;--' m*2 )j.2pp', E* :::::" (m,*2 +p'2)1/
2, E.;, .­

(m;_ + p2 ) 112 • ~t is importantthat thekinematical conditio~s are such that 
a > 1 and therefore the integrals defining the imaginary part of the amplitudes 
pn -t cfnr- and pp -t #o don't iontain singularities (t_he_ same is true fo~ the 
case pp -t. 4>1).Comparing.equations4 and 14 we find that: · · . . . , - ' 

. . • t2 . . • .... '.. . 
·. ., _ _ Z9t92P (I) , .. . . 2 ·.·a+ 1 . 

ft>ntt/>1r- - 161rmp fpn-+K~OK~(2a ~(1 +a )lna-:- 1) (15) 
/ 

and therefo;e>a8 follows from Eqs. 8 an_9: 11: ,'""-:....__ 

I 
.. 

), ·. , .2 2r·r· . I f<r> . . 12 
. Br(pn -t 4>1r- · 3 pp,m. mt/> c/> · · pn-+K*oK-
' ' ) = 0.87 . ( . )3 (1) . . . (0) ' . 
Br(p-n -t K*0 I<- · · 64 m2 P1rKPKK. I f- · ·1 2 + !·f- -~- · .:.. 12

' . · .. .. . pn-+K•OK- · · pn-+K*°K 

\' 
\ .~ . . · '(2a -Jt+ ~2 )~n :·~ ~ )~(16) 

Analogous 'calculations ·give that: 
I 

. ,: . _' . . ·(, " . ' . . 

Br(pp -t ¢1r0 ), , . .-· 3 pp'm*2m~r·r q, ; · LJ11
• 12 ' 

Br(pp -t K*0 !<"")= 0.~7 32 m2 (p1rKPKK )3 1 J~V. · · · 12 +I f~o) , , ·12 
· · i ! . . pp-+K•+~- ' · . pp-+K•+K_- ·'\;. · 

. ·'· ' · · ' · · · · · .. · _ · a+ 1 ·· · ·· / /' .··(2a-(1+a2)ln--):(17)·· 
,.. . · :- ... . .. a.-1 . 

< . ' . . . . . 
Here' we have introduced thepotation'f1~ for the part ofth~ constant ~~:~K·+~­
corresponding to the contribution of the isospin I. Using the numerical ;values 
of the quantities entering into Eqs.l6 and 17we can'rewrite the'se expressions'·, .. 
in the form: · · . . . - ·. . . .. 

Br(pn _;-4>~-) ='=0.38!.~!11 .+for 'If: tflo+ ;?0-~2 Br(p? ~ I<*
0

J<--;}, (18) 

·. , , . . . . . ·. I ful2 . .· ;;.._ ·•·· .. · .... •. . . 
Br(pp'~· </>7ro)'~ 0.761 JII +.fOI 121;- !.flo+ fOO 17Br\fiP~ J(*~J<~). (19) 

The result· of the analogous calculation for Br(pp ~ · 4>1 }.is the following: 

_ . · ; · :. .·· _31:1 1f1o _:1oorl +0.5 I po + joo 12 . 

Br(pp -t 4>1) = (10 .... I po+foo 12 + I Jll 'tJOlf2 .. ·~ . 
· .. • _

3
L_4coso:_l po ..:..,ro 11 Jw+Ioo 1· ·· 

+10 · .. I po+foo 12 +I Jll+ rr p ? ·. 
· . , . . Br(pp -t K*+Jc), · (20) 

where a is the,(unknown) difference 9fphases,be~weeri,the~raph~·a) and b) 
infig.2fortliecasefip-t4>1·.. .~· · ·' ' ·•.· .' - . ' 
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4;Let us now discuss the obtained. results. As follows from Eqs: . 18~20, · 
e~en ir~the on-shell approximation the branching ratios under cor'!.sideration 
aren't expressed only. in terms of obse~vable quantities. since .we should kliow 

'· additionallythe quantities f 15 .. The analysis' carried out by different authors ' 
has shown. that the channel with F= S ::::: 1 is prepond~rant. For example,. 
ac~ordingto re£.[7]: · · . . . 

.. 1111 1 2~ (23.4 ± 2.0)10-:4,-. 

lf0 12= (1.7 ± 1.0) 10-4
, 

I JOI 12= {6.6 ± 2.7) 10-:4 . 
I f 00 

1
2= (8.4 ± 1.4) 10"'4 • 

. "/ 
(21) 

The quantities given in re£.[8] do not .differ signific~ntly fro~ these .ones. If 
we as~mme additionally that the quantities f 08 arid f 15don't interfere with 

. each .other' (this isn't a ~rucial assumptio~) and do not take into. accotmt the 
. uncertainty :in Eq: 2f then~ , . . 

' . . ,· ' \ 
' 't' !'' . . 

. Br(pn ~:4>1r-) = o'.22Br(pn -t ](*0 /C) __ 

') .· Br(PP.'4 4>1r0 ) ~ 0.44Br(pp'-t JC+ I<-) ·. (22) 

;Br(pp--+ 1>1) = 0.25 ~ 10;_3 (1.6 + 1A cos a)Br(pp ~ ](!+ ]{-) · . 
' ' . ' ' \ ~ -

A direct com~arison b~tw~en ~he first ~xjn·es~ion in· Eq. 22 .. and the experi~ . 
mentaLdata isn't.possible since'Bdfin -t /(*0 /(-:-)hasn'tbeen measured so 
far.' At the same time,. the s~cond expression is in good agree~~nt'with'the 
data (sec Table 1 )if we takejntp accourit that. according to re£.[9]: . · 

' . ·. ' ' ' j) ' . ·. . ( .' ' • . . . 

... • Br(pp ~ ](*+ 1(-.) = (0.70 ± '0.04) · 1Q-3 
. 

-•, ' ' I" • 

.j 

(23) 
l 

TABLE 1 - --

·.Reaction pp-+ ¢rr!l pn-'-+ ¢rr ·pp..:.. 0')' ·pp-+ ¢TJ PP -+ <Pl PP _, ¢'1-' 
. ·'.\ 

'?--', 

. I, S. • 1, 1 •1, 1. .s = 0 .. 0, 1 . '.1. 0 - 0, 0 
I .. 

. I - ' 

Theory 3.i± 0.2 7.7±0.5 0~510-2 1.0 ± 0.1 1.10.;.2 .. · . 0.5 

' 
' . i . 

!J .... . Experiment 7.8 ± 1.0 12.41 ± 0.88· 0.22±0.06 0.94 ±0.28 3.4 ± 1.0 5.3 ± 2.2 

') 

., 
'' ., 

Comparison of our results obtained by calculating the contribution of the . 
triangle mechanism with /{*](intermediate states to the bi'ancHing. ratios. of 
different reactions with the experimental data of refs. [lc3]. The theoretical 

. y~lue for the Br(pp -t 1>1) is 'the uppe~-, bound. fo~ Eq: 20, the value ~f 
· BT'(pp -t 4>TJ) is cal~ulated asstim.ing the SU(3) symmetry relation between the 
·constants ](~- -t- K-1ro arid /(*- -t·](-rJ, and the. values for Br(fip -t </>p0

) 

. an,d Br(i1z( ~ 4>w) are the rough est}m~tions. AlL the branching ,ratios a:re ' 
.givenin units 10-4

• ~ / 

7 \ 



... 
\ 

. The\ua~tiii~~ Br(pp -+'. ~1r0 )' ;u~d B~(ph ·~ ~1r~) can be r~la:t~~ to each " 
·other as foliows. · Since Br(pp · ~ "¢>1r0}. ~. a15P:...;4>rr~/a15P; Br(pn -+ ¢>1r-). = 
apn-+r/>rr-fap~,where af5~ and'ap~ are the'total cross sections ~fthe pp and fin 
annihilations, and the amplitude pn -+ <(>1r- is by v'2 times bigger than the 
. amplitude pp -+ ¢>1r0 ;. t~en: ·. · · · · ·· · · · · · · · 

. Br(pn ~ r/>Ir-)/Br(pp-+_<?,;0
) '= 2a~pf~f5n ·. 

. ' . ' ' . . . .. ' ! (24)\'' 
\. .•,' 

., 

.According to the analysis· of data imid.e'in re£.[10], the ratio a15;/a15n for the 
. S wave annihilation near thr~shold is L25. Therefore Br(pn -+ · ¢>1r-) =· 

2:5 Br(jip-+ ¢>1r0
), 'and, as follows-from Table 1, our ~esult forBr(pn --:7 <jl1r..:.) 

is in good agreemenLwith the;data<At._the,_samrtim.e, as,foll?ws froll! (23), 
even. the upper bound for Br(pp-;-+ ¢ry) Is by the order of magmtude less than 

. . ' ' . ,' t . ' . . . . 

the experimental quantitY,(see Table 1). · ' 1 · 

. · Some d~viati6n 'from·theOZI~mle' (though pot ~o strong·as in the above 
·cases) has been also observed in the reactions pp -;-+·¢>TJ, ··pp'-4 '¢>p0 'and. pp -+ 

¢>w[1, 2]. The cqntributi?n ofthec~nsidered mechanism to these~feactions 
is d~scribed by ~he gniphs in fig:2 where the i 0 meson is repl~ced by the 7], 

l and w meso~s respectively. The\value of Br(pp-+ ¢>TJ) ~an be calculated , 
by \analogy.with tpe calculation.f{>r Br(pp -+·¢>1r0 ), and Br(pjJ -+-'¢>l) an'd .. 

· Br(pp ~ ¢>w) can be 'calculated by analogy with Br(pp '-+ .¢>1); The results of 
such calculations. are the Jollowing: · 

, , · . . · •· ' Ol2 ' ' '. 2.. .' · ," 

Br(pp~ tf>TJ) ;,·0.641f. 1-·I9K·+-K+!)I Br(pp.-+ r/>7ro), . '(25) 
· ' ' .· lf11 1~ I9K•+-+K+irol 2 

·. · · · •·· •• 

: :· ' ,• ... IJlOiiJg.· .' '• 12 \ . . 
...: . ' 0 .. ' K·+-K+ p0 :... : ' . 0 .. ' 

Br(pp .,.-+ rf>p )-= 0.151f111219K·+-K+rro 12 B~r(pp -~· r/>7r.), . , (26) 

' . uooJ21 . ·~ ' 12 ' ' . ' . . 
Br(pp-+ ¢>w) =:0.151f11121~K·+-K+w 12Br(pp -4'¢>7ro)'. . (27)' 
. ' . . , 9K•+:.....K+7r0 . . \ , . 

where the g;s a~e the. c~nstan~s of the cor~yspondi~g d~cays and\9K·+~K+7ro 
is ·.a formal quantity equal to the constant of th~ decay 1(*+. -4<K~Jr0 in 
the hypothetical case- when 1r0 would' be a vector·particle. Since the' processes 
](*+ -+ J(+1r0

; ](*+ ~ J(+TJ and /(*.+-+ ](+w ~an be only.virtual, W~ cannot 
determine. experiment~lly the corresponding . de~ay constants. ·Assuming the · 
SU(3) sylllmetry ~e can connect the quantities· 9K•,+,-+K+!) .and '9x·+:;..K~7ro: 
9K•'+-K+!J = .../3gK•+_;K+7ro; Then O'!Jr result for Br(pp'-+ ¢>TJ) ·appears to be 
in s'atisfactory agreement with the experimental quantity (s.ee :Table 1} At 
the same tim~, even assuming the SU(3) symmetry, we cannot determine the 
consta~fs 9K·+-K+ Po ~n<l'g~~+.::..:i<+w ent~ring into Eqs. 26 and 2J. Assuming 

' 
8 .·. 

. ' 

,· 

' 
.·1 

that these consta~ts ~re\equal t~· g~·+-K~1ro we~get fo; Br(pp j~ ¢>p0
) and 

Br(pp -+ ¢>w) the estimations given in Table 1.' . . . 
~ We can conclude that our results give strong evidences what the violation 

. ,of t~eOZI-p.tlein the reactions pn---? ~7r- a:nd pp-+ ljl1r0 can b~ explained by 
the mechanism c6rresponding'to.the graphs; in figs.r,2: At the same time this 

.. mechanism cannot explain.the strong violationof the OZI~rule obs~rve<l)n the . 
reaction pp -+ ¢>1. ·Let' us' note that. this · p~oce~~ ca~not be also explain~d by · 

. · · the.triangl~ mechani~m with the J(. and k mesons .in the intermediate state 
. . . since if I = 0 then the pp system can annihilate into . .k K only from the state 

with S = 1. Therefore the problem of explaining thev~hie. of Br(pp -+.h) 

. rem~ins open. ; . · · . ·. . , .. · . · .. · · . . . , . . . . . .. ·. .. . ·· , .. 
The result for Br(pp -+ ¢TJ) has been obtained by using additionally the 

SU(3)'symmetryrelation betweenthe c~nstants 9K~+-,+K+!) and g~./.; .. K+7ro. At 
, · the. same time, our estimations forBr(pp-+ ¢p0

) and :Br(pp :-7 </>w) are'much 
.less than the corresponding experimental values. , Since the violation .of the 
OZI~rule in the reacti~ns' jip . ...:::-+ r/>l and pp ~ ¢>w are not so drastic a~· in the 
rea:ctions pp .--+ r/>7r0 and pp -+ ¢>1,. one might think that the main contribution : 
in the cases '0(¢>p0 and ¢>w is given not by the mechani~m considered .ab~e b~t 
by the~ <Pw. mixing. Let us also notetha( the </>1r '· ¢>TJ, ¢>p 'and </>w channels in· 

. the nucleori~antinucleori annihilation are independent of each other since they . 
correspond todifferentquantum'numbers (I,S).(seeTable 1). :Therefore there 

. may exist 1\lechanisms of annihilation which' contribute t~ some. channels and 
'iao' notcontributetb others. ,. . . .. .. ' . \ ' .. 

To.better understand the problem oftheOZI-ruleviolation . it~is necessary, 
' ·to carry 'out both experimental ~and the~retical study of this problem~. For: ... 

example; the conclusion 'about the dominant role of the channel with.i = s = 1 .. 
in the annihilation into J(* J( was ni~de only using the indirect <lata \Vhile the 
direct measurement. of the reaction pn ~ ](*0 /("'7. hasn't been .made:' An 
interesting theoretical problem is to explain th~ experi~ental facts[ll] that 
when the' pp system annihilates from the l= 1 state of the hydrogen-like atom 
th~n·Br(pp-;-+ ¢>1r0) is sm~llwhile Br(pp -+:1/JTJ), Br(pp ~ ¢p0 )and-Br(fiP, ~. 

I 1/Jw) .are of the sam.e or~er of rnagnitud~ as in the case l = 0. Jn this connection 
it is important to measure the br~nching ratios, of. the pp aimihilation into. 
I<*K. ~tates from the state of the hydrog~n-like atom with l = 1.'· . . ., . ' . 
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ByaaTy .n;., JleB <I>~M. 
0 po;m K* K npoMe:x<yTO'IHHx cocro.snmii B pe 
HapymaiO~ npaBHJIO OIJ,H 

llpoBeAeH 51BHHH paC'IeT BKJI(lAa TpeyroJJ 
30HaMH Ha MaCCOBOH noBepXHOCTH B npoMe:x<y~ 

·HymBepo.srmoCrb pea~pp-+ tpn°; pn-+ tp1 
Hhle AaHHble 0 KOTOphiX CHJibHO paCXOA.siTC.si C I 
BhltJHCJieHHhle OTHOCHTeJibHhle Bepo.siTHOCTH ; 
A.siTC.si B. cornacHH c 3KcnepHMeHTa.JlbHhiMH J. 
BepXH5151 rpaHHD;a AJl5I. OTHOCHTeJibHOH BepoJ 
nOp.sJAOK MeHbille COOTBeTCTByiOm;ero 3KCnep1! 
AaeTC.si TaK:x<e BKJI(lA yKa3aHHOIO MeXaHH3Mc 
peaKD;HH pp;.. tprj, pp -+ tpp0 H pp -+ tpW. 

· Pa6oTa BNnonHeHa B Jia6opaTopHH .sJAepl 

IlpenpHHT 06'be~HHeHHOro HHCTII'Ij'TR R~epHl 

Buzatu D., Lev F.M. 
On the Role'of K*K Intermediate States inO: 
Reactions of Antiproton Annihilation 

We explicitly calculate in the on-shell app 
triangle mechanism with K* and K mesons 
branching ratios of. the reactions pn -+ tp11 
experimental values of which strongly disagr 
The calculated branching ratios for the first tv 
experimental data while even the upper bou 
latter reaction is by the order ofmagnitude 
We also discuss the contribution of the al: 

:-pp-+ tp1J, pp-+ ~p0 and pp ... tpw. 

The ·investigation has been performec 
Problems, JINR. ·. 
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