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As e a r l y as 1956, j u s l hal1' а уеаг a 1'ler l he di s c o v er y 0 1' l h e 

anli p rolon , B . P onlec or v o d r ew a l l e n l i o n [ 1 1 l o l h e p o ssibil i l y 0 1' 

u n u sua l a n n i h i l a l i o n p r o c e s s e s 1'orbidden оп а 1' г ее n u c l e o n bu l allowe d 

оп а bound nuc l e on. Тhese аг е ~he a n n i hil a t i on reactions wi t h onl y опе 

me s o n in l he 1' i nal s l ale : 

р + d ~ n + р ( 1 ) 

-
Р + d .. к+ + ~ ( 2 ) 

Р + d .. КО + Л ( 3 ) 

ог annihi lalion "'! lhoul а пу meso n s al a l l : 

р + 3Не .. р + п С 4 ) 

n + 3Не ~ р + р . ( 5 ) 

Un 1'o rl u n a l e l y l he Ponle cor v o r eac lions have nol Ьееп pr acl i c all y 

i n v e s l i g a l e d u p lo n o w. On l y r e a c t i o n ( 1) h a s Ьееп observed . I n t h e 

e xpe r i me n l [ 2 1 6 evenls 01' r e a cli o n ( 1) "'ег е f o u n d i n l h e a n l i p r o l o n 

annihi lal ion al r e s l . Тh e cor r esp o n d ing r e l ali уе ргоЬаЫ 1 i ly о!' (1 ) 

- 5 
was WCn p)~ СО . 9:!: 0. 4) • 1 0 оС l h e lola l р г оЬаЫ 1 i l y о!' 

pd-annihilalion . Recenl ly reacl ion ( 1 ) h a s Ьееп measured i n l he LE AR 
- - 5 

experiment [ 3 ], wh e r e il was f oun d thal WC n р) ~C2 .8:!: 0 .3)-10 • and 
+ ­

the upper l i mi t оп the relative prob abilily о !' reaction (2) : W с к ~ ) 
-6

8 - 1 0 wa s f' o u n d Сог lhe slopped a n t iprotons . The me son less 

annihi lation processes ( 4)-С 5) h a v e not Ьееп o bserved yel . 

Interesl in sludуlпg Lhe Ponlecorva reaclions (1)-(5) 1s ma i nly 

moli v aled Ьу thei г sensi li у! ty lo hi gh moment um componenls о!' lhe 

nuclear ",а Уе f'unclion, where q uarlc-gluon degrees о!' f'reedom тау pl a y 

ап imporlanl role Csee. c.f' . [4,51). Let us illustrate this stalemenl 

considering the two-slep annihilation mechanism о!' lhe triangle 

diagrams о!' Fig.1. A1'ler antiprolon annihilalion оп а nucleon i n the 

deuteron two high energy mesons with T ~ m аге crealed, опе о!'
lci n N 

the mesons being absorbed оп а second nucleon о!' the deuleron. It is 

clear lhal lhis process cannol conserve energy-momenlum al each slep 

and lhe virluality оС the parlicles i n lhe i n t e r me d i a l e stale should 

Ье уегу considerable ~ m Тhus the amplilude must Ье уегу
N 

sensilive to the small inlernucleon distances in the deuteron . 
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We h a v e calcula t e d t he prob ability of reac tions (1)-(З) using 

t he t wo-step mode l (see, Figs. 1 а) and b)) .Тhe prel iminary res ults оС 

оиг ana l ysi s we r e published in [ 5 ) ( t he d i a g r a m of Fig.1 а) has been 

ma1 nly analysed ). 

-:,.­ /~ 
. ",./"'" "'" р - - - - --:;../ р ", 

: /\!f~iр n 

L pn 

8\0\ 
F ig . 1 Diagrams of the t wo-step model for the reaction (1) 

Un d er t he assumption that the two-meson ann1h11at10n amplitude NN 

+ ­~ м м e xhi bits а s moother mo me n t u m dependence than the deuteron wave 

func ti on o n e тау obtain the follow1ng : 
- - + ­

F (pd ~ МN) = F (pN ~ М М ) A~. (Ю 

wh er e A~ i s the meson absorption amplitude d e s cr i b e d Ьу the 

t r 1 angle d i a g r a m оС Fig . 1а); 

2 4 G ( Р2 -рз)/2)gМNN( q ) d Р2 d n p( 
(7)

i J- - - - - - - - - - - - ­A~ 
2 2 222 

(2n) 4 (Р2- 1&) (рз- mз + 1&) ( q - ~ +1&)т2+ 
2 

Неге Р2 ' рз аге the momenta оС the neutron and proton , gМNN(q) 1s 

t he МNN vertex funct10n, Gdnp(p) is related to the deuteron wa v e 

f unct ion ~d( P) as follows : 

.... 5/2... ..2 
Gdnp(p) = 8 m ~d(P) (&Ь + Р / m) , 

( Ю 

here &Ь 1s the deuteron binding energy. m and М аге the nucleon and 

meson masses, respect1vely. We used only the S -state оС the deuteron 

wave funct10n . 

Тhe amp11tude A~ Сгот (7) was calculated according to usu.a.l 

rules оС the nonrelativist1c d1agram technique (see, е . g. [6)) . Тhen 

the n ucleon propagator тау Ье treated as follows : 

- 1 ~ 2
 
Ср j - mj + 1 &) = (Е j - ~ Pj + mj + 1&) (E j + ~Pj+ mj
 

..2 -1 

2 2 -1 г:;г 2 + 1&) 
-1 
~ 

(9):::: (2 mj (Тj - Р j /2тj + 1 &) • 

2 

wher e E a nd T stan d f o r t h e t ot a l a n d ki n e ti c ener gy o f the nuc leo n 
j j 

j . 

I n t e g r a t i o n оС (7) о уег t h e ener g y i s r e d u c e d to t h e e v al u a t i o n 

оС t h e r e s 1 d u e 1n t he pos1 t ive e n e r g y p o l e оС t h e n e u tr on p r o pag a tor 
2 2 - 1 

( Р2- т2+ i&) . After t hat , in the d e u t e r o n r es t frame : 

d 
з
Р2 gМNN( q2) 

A~ = 2 -г;- ~d(P2 ) ( 1 о)J 
(2n) З q2 _ ~ .. i& 

wh e r e 
2 ... 2 .. ... .. 

q - ~ 60( Р1) ( Р2 .. Р2К .. пм( Р1 ' М) ) ( 11 ) 

60( Р1) = 1 .. ( Т1 .. f>m) /m ( 1 2) 

k = - 2 Р1 / 60 ( 1 З) 

.. 2 2 
Р1 .. м- - ( Т1 

.. l>m )2 

С1 4)пм( Р1 'Ю 
6 
о 

He~e Т1 Рl a n d т1 аге t he k i n e t ic e n e rgy. mo me n L u m and mas s оГ t he' 
f 1nal s tate b aryo n ; l>m = - m 1s t h e di f ference between t h e h y p e ronт1 
a n d nuc leon ma s s e s 1 n rea c t 10ns (2) -(З) , f or r e a c t ion ( 1 ) Ьт = о . 

No t e t hat 1n t h e n onr e l a t 1 v i s t i c 11mit t h e ampl i t ude (7) i s p ure r e a l 

b e c a u s e t h e n ucleon m and t h e me s o n М canno t Ье si mul tane o us ly оп t he 

mass shell . 

F1 nall y , eq . ( 10) тау Ье rewг1 t ten a s: 

3 F" ( .. ....
d Р2 MNN Р2 ' К ) 

2 m ( 1 5)А!> gМNN J--- ~d(Р2) ---------------
..2 .. .. ..( 2n) З 6 0 (Р2 .. Р2 k .. (3м( Р1 , Ю ) 

То c l a r if y t he ma1 n f ea t u r es оС t he Pont e c o r v o react1 0 n s l e t u s 

tr e at ( 1 5) u nder t h e a s sumpt 1 0n that t he d euteron wa v e f unc ti o n h a s 

тог е sharp d e pend e n c e оп Р2 as c o mp ar ed w1 t h the f o rrn f a c t o r FМN N a n d 

me s o n propag a t o r . Тhen we f 1 nd : 

FМNN(P2=O ,k) 

V'd ( г .. 0)---------------- ( 1 ЮA l> 2 гm gМNN 

- 60 ( (3м( Р1 ' м) ) 

з 
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One сап see lhal At; depends slrong1y оп lhe behav10ur of lhe 

deulron ""а уе func lion II'd al sma11 1nlernuc1eon d 1 slan c e s However 

II'dCr) ~ О when г ~ О. lherefore lhe Ponlecorvo reac l10ns s h ou1d a1so 

.. с 1 22Ье sens1l1 уе lo lhe meson-nuc1 eon forrn factor F МNH q) al ar ge q We 
2

used lhe f0110 w1 ng МNH form factors FМNNCq ) : 

2 . 2 2 2 л2 )]n (17)FМNNCq ) = [ С м'" - ЛП ) /С q 
n 

л2 2 2
wilh n=1 ог 2 Cmonopo1e ог d1po1e form factors) and 1.44 fm , Л21 

2
0 .71 fm . 

Expression (15) was a1so used lo ca1cu1ale lhe conlr1bul10n from 

t h e vector meson absorpllon 1 n lhe lnlermed1ale slate. Тhe 1nleracl10n 

o f veclor mesons wilh nuc1eons 1s descrlbed Ьу lwo conslanls f and f
1 2 

О о 
~V · V 

u С Y/-l + f ) u . С1Юf 1 2 
2 т 

In оиг esl1malions ""е conf1ne ourse1ves Ьу lalc1ng 1nto accounl 

on1y lhe charge-11ke inleraclion and pul gМNN = f 1 
- + ­I f lhe HH~ n n ann1hi1al10n proceeds 1n lhe S-wave С from lhe 

ЗЗ S1 slal e), lhen n -mesons аге i n lhe p -wave and lhe sp1n slructure 

.. ,,~.. Ст) .. 
of lhe a mp1 i l u d e (6) 1s of lhe form 11' CP1)C~ о)Со &d ) Со 19 \l'Cp), 

where 

р= 2 т1СР1 /СЕ1 + т1 ) - Р2/С Е2 + т2 )), 

&d 
Ст) 

is lhe veclor of deuleron po1arizal10n, К is lhe re1al1ve 

mo me n t u m оС n-mesons \I'C р) slands for lh.. anl1 prolon sp1 nor: 11' = .. 
102 11'т . 

1 l means lhal i n lhe саве of рь оп absorpl10n 1nslead of lhe 

sca1ar At> (15) we have lo 1nlroduce lhe veclor amp1ilude 

з 
d Р2 

CP2,k) Pk/:FМN N 
2 

А =~ gМNN k \l'CP2 )t; __ 
.. ..2 .. ,.. .. 

1 
Jт 60СР1)СР2 + Р21с + ()МС Р1'Ю ) 

(19) 

wher e 9 + = ~ 9 , g2/4 n с14 . 
n пр о о 

Тhen , ca1cu1al1ng lhe probabi11ly we shou1 d average lhe 

a mp11l u de squared ОУег l he sp1n proJecl10ns of lhe anl 1pr o lon and l he 

deu t e r o n . 

Тher efor e , t.he P-wave str uct.ur e of МN H v e r t. e x ln t.he case of 

p s e u d o s c a 1ar me s a n absor pt i o n с ап Ье taken into accounl Ьу 

~ 2 
subst.1lut.1ng I At>1 inst.ead o f At> 12 . 

Тhe a mp11t u des from ( 6) аг е norma1 l z e d 1 n а s t andard ""ау : 

d o 2 - + -
C pH~ M M) ~ 1 F СрН "о м+м- ) I .. 2

d t. 6 4nS РррN 

d o 1 1 2 (20)
 
С Рd~р М-) --.. 2 I F Cpd * Р м- ) 1
 

d t 6 4 nSd P p d
 

.. .. 
Her e _ S _ , Рр р CSd , p p d ) ar e l he l ota1 energy and t he C .m.S . mo me n tum o f N
l he pNCpd) -sys t.em. 

Тhe re1 at lve proba bi 1ity o f o n e -me s o n annl hi1at10n is: 

oC p d * p M) 

(21) 

At; I2 - i n t. he c a s e of vect.or 

me s on a bsorption 

~ 2 
=W Срр .. м м ) At;1 - i n t.he case of pseudo­

+ ­

" 
scalar meson absorption 

Неге .. ..
 
C P P) р ­

С 22) 
°ann Ррр SN 

" .. 
n 

.. 
°annCp d) р

п 
+ Ppd Sd 

wh e r e р .. - and р..+ аг е t. h e C .m. S . mome n t. a of t. h e mesons 1n t h e f i n a 1 
n n - - - .... ­

st.ate of the reactio n s p d ~ Р n and рр * м М , r espect.lve1y . 

It fo11ows from t.he dat.a [7] t. h at near l h e t hresho1 d О Ср р)/ _ a-nn 
0annCpd)= 0 .552. Тhen l he coeff1c1 e n t " for r eacl10n (1) 15 e qua1 

l o 0.247 . 

One musl a1so consi der l he contribut10n from ann1hl 1at10n оп l he 

neutron CF1g.1b). I n r eacli on (1) , for ins lance. I I 1s p o s 5 1 bl e ъо 

- о - -о о 

c r e ale а ра1г n n С pn ~ n n ) f o 1 1 owe d Ьу n a bsor pl10n. As foun d 

recent1y 1n l h e exper i menl [ 8] • the S -wave 1 s domi nanl 1 n the НН * 
пп ann1hi1al10n amp11lude n еаг lhe lhresho1d. It 1 mp1le5 l h al her e 

lhe 1soveclor 5tate 1 в lhe ma 1 n one. Тhen 1l 15 еаву lo ca1c u1 ate the 

l o l a 1 conlribul1 0 n o f d 1agrams 1 n F i g . 1 a ) and 1Ь) : 

4 
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W Cpd ~ л р) = 4 W CPct q пр), С2З) 
р 

ТаЫе 2 shows t he resu1ts оГ the ca1cu1ation оГ the probabi1 1 t-y ОГwhere W Cpd q л р) stands Гог the probabi1 i ty оГ annih11at1on оп the 
Р 

react-ion (1) Гог different deut-eron ",ауе func tions and form fac t o r s 
рг ол.оп (d i a g r am оГ Fig. т аэ э . 

2 
In the ca1cu1at.1on оГ the лр-сhаппеl cont.ribut.ion we consider FМNNCq э , 

on1y t-he annih11ation оп the proton because accord1ng to [9] 84% оГ 

event-s оГ annihi1ation оГ antiprotons at rest in the reaction рр q лр ТаЫе 2. Тhe re1at-ive probabi11ty W оГ the r e a c t i o n р + d ~ л +р , 

ca1cu1ated ГОГ Par1s [ 1 4 ] , Reid soft соге [15] and Hu1 t h enсоте	 Ггот the 13S 1 state "'! th the 1 sosp1 n 1 =0 . 1 t i s с1 еаг that the 

deuteron wave f unct.ions .contribution ггот the w -meson absorption is due to the diagram ОГ )
F1g .	 1Ь) оГ the annihi1ation оп the neutron. 

React-ion (2) тау proceed оп1у via annihi1at1on оп the proton. PARIS REID НULТНЕN FМNN 
80th annih11at1on d1agrams аге i mportant in react-ion (3). Let us 

W Сл 
-

. л 
+

) 5.7' 10-6 9.2'10-6 1 . 4'10-3 monopolewгite the answer У1а W скол) which correspunds t-o the annihi1at1on оп 
+р	 

W Сл 
-
.р ) з.9. 10-8 1 . 1 ' 1 0-1 О з.5 '10-5 mo nop o lethe proton CFig. 1а)) : 

- о 2 о (24) W С л- . w) 5 . 8.10-8 1 . 4 ' 1 0-11 4 . 7 '1 0 - 5 топоро1 еWCpd	 .. К Л) = 11 WpCK Л) , 

where 
- +

W Сл	 . л ) 2.7.10-6 1 .0.10-6 4. 1'10-5 d1po1e11 = [с э - - 1,	 (25)А1	 Ао)/СА1 Ао) 
- +

W Сл .р ) 1 .8'10-10 5.9'10-11 3 ,3'10-9 dipo1 e
 
and аге Lhe isoveclor and i s o s c a l a r amp1itudes оГ NN q КК .
А1 Ао W Сп .w) 1.1.10-10 з.8.10-11 2.2.10-9 d1po1e 

8earing i n mi n d that [10.13] 
- +-

WCpp .. к К) IA - - 5 1 
Ао,2 Ехрег i me n t : WC Р d .. л - р) СО .9± 0.6)' 10 [ 2 ] 

=0.65 ~ 0 .11 (26) - 5 
- - о 

С 2 . В ± 0 .3) " 10 [ 31 
WC pn .. KK) 4 IA

1 
12 

()ne с ап s e e that the resu1 t s аг е st- rong1y mode1 dependent-. 
and us1ng t he d a t a оГ [ 1 0 ] оп sma11 interference between 

Nevert-he1ess. some common conclusi o ns тау Ье dr a wn : 
t-he amp11tudes А and 1п t-he S-state опе тау f1nd : 

о 2 i) For а11 У'dC р) a nd F МNNC q 2 ) t-he con tr i but i ons Ггот р- and 
11 ~ 4 " 

А1 
(27) 

w-meson absorpt.ions seem to Ье sma11 С t wo or ders оГ magn1tude) i n 

In ТаЫе the branch1ng ratios оГ different NN ann1hi1at1on compar1son w1th the р10П absorpt1on. 

channels into two mesons used in our calculalion аге collecled . 2
11) Тhe sens1t1v1t-y оГ the resu1ts to t-h e cho1ce оГ FMNNCq) 

1s subst-ant1a1 . Тhe steeper depend ence оп q2 t-he 1ess t.he
ТаЫе 1 . Re1alive probabi1ities W оГ d1fferent two meson NN 

probabi11ty WC Рd-+Л-р) .ann1hi1ation channe1s Гог the stopped ant1prot-ons. 

ii1) Тhe probabi11t-y оГ (1) ca1cu1ated w1th the rea11st-1c Y'dCp) 

and МNN form factor 1 s a1 ways 1 ess than the ехрег1 ment-a1 resu1 t-. For 
Channe1 1l n n р 1l w к к 

+ - - +	 - + кОК'" 
ехатр1е . ca1cu1at1ons with t-he Par1s "'ауе f u n c t 1 0 n and the d1po1e 

- - -6form factor glves WC pd-+л р) = 2 .7'10 
W С,....) О . 37~0. 03 1.35~0.2M) 0 .41~0.08 0.096~0 .OO8 0.08±0.05 

Тhe reason Гог t-h1s suppress10n 1s t-he strong osci11at1ons оГ t-he 

rea11st1c ",аУе funct-1ons Y'dCp) at 1arge momenta Ср ~ 1 ЭвV/с), wh1ch 
Refs . 11 12 13 11 11 

аге re1evant- 1п t-he Pontecorvo react1ons . Such osc111at-1on5 аг15е due 

t-o the NN гери151уе соге resu1t 1п Y'dCr)" О at- г .. О С see 

eq.(16)) . Тhe quark degrees оГ freedom shou1d 1ead t-o the nonzoro 

va1ues оГ "'dCr ) at- 5та11 d1st-ances ow1ng to the t-unne111ng оГ t-he± :+:
и) In [ 1 2 1 t-he branch1ng ratio оГ п р was measured but- there 1s 

quarks between dlfferent- пис1еоп bags .CNot-е. that eq. (16) 100ks 11ke 
- +	 ± :+ 

ап 1nd1cat-1on that 1l р is about- а ha1f оГ 1l р 

the resu1t- foll owed Гг от t-he reduced QCD forma11sm proposed Ьу Brod5ky 

6 7 
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1
1

[4] ) . Qu a1 i l a l i v e 1 y , l h i s s il u a l i on is i mi l al e d Ьу l h e Hu 1 l h e n 'Иа Уе 

func l ion whi c h агюпъа Г оыв Г у s low1 y decr e a s e s a l 1 a r g e р As опе с ап 

s e e in ТаЫ е 2. lhe c a 1cu1a lion wi lh lhe Hu1l hen 'Иа уе funcli o n and lhe 

di p o1 e f orm facto r d e mo n s l r a l e s r e a s o n a bl e a g ree menl wilh lhe 

experi me n l a1 d a l a . of course. l hi s a gr eeme nl sho u ld n o l Ье 

over esli ma t..e d . 

А simi 1 a r l r e al me n l оГ lhe di agrams оГ F"i g 1 . • wh i c h includes s o me 

re1alivi s li c c o r r e c li o n s wa s d one 1п [ 16]. However . in [ 1 6 ] lhe 

ca1cu1alions 'Иег е p e r f orme d оп1 у w1 l h lhe Hu 1t.h e n 'ИаУе funct-10n a nd 

Гог t-he топоро1е f o r mf ac t-or. It- was 
- 4 

·10 . Accor d i n g lo Е . 

deu t-eron 'Иа уе f u nc l ion 

The br a n c h ing s 

рг осшс ь г оп ( 2)-(3) а ге 

Ose t- pri va l e 

a 1 so 1ea d s t-o 

o f one-meson 

co1 1 ec t-ed i n 

ТаЫ е 3 . Тhe re1 at- ive p r o b a bi 1i l ies 

fou n d t-h a t- W Cpd .. n р) = 1 . 5 

c o mmunicati o ns. us i ng t-h e Вопп 

t-he d e c r e a s e оГ WCpd .. n-р ) * ). 

a n n i hi l alion wi t h slrange meson 

ТаЫе З . 

+
W оГ r e a c t-1 0 n s р +d ~ + Е-. 

к
О+ 

Л c a 1 c u 1at-ed Гог l h e P a r i s [ 1 4 ] a n d Hu1t-hen deut- eron ""аУе 

f uncl1 0 n s. Тhe v a1ue s R оГ l h e r a l i o оГ t-he probabi 1i t-ies оГ 

r e a c t-i o n s ( 2 ) a n d ( 3) lo l h al оГ (1) R= WCK ,X) / WC n -р) аг е 
a 1 so g i уеп. 

W с к ++
 

W с кО+
 

W с к" + 

wс кО+ 

+	 ­
RCK Е ) 

RС КОл) 

+	 ­
RC K Е ) 

RС КОл) 

P ARI S 

Е ) 5 . 0 ' 10- 9 

Л ) 1 . 5' 1 0 -7 

Е ) 7 . 3 . 1 0 - 1 0 

л) з.0 - 10-8 

8.8 ' 1 0 - 4 

2 . 6 . 1 0 - 2 

2.7'1 0-4 

1.1'10-2 

НULТНЕN F"МNN 

5 . 2 ' 1 0 - 7 mon o pol e 

2 . 7 . 1 0 - 5 топоро1 е 

7 . 1 ' 1 0 -9 dipo1e 

з . 1 . 1 0 -7 d1po1e 

2 . 7 '1 0 - 5 топоро1 е 

1 . 9' 10-2 топоро1е 

1.7'10-4 dipo1 e 

7. 6' 1 0-3 dipo1e 

- + - -6 + -
Exper i me n t- : WC р d .. К Е ) < 8 · 1 0 ; RCK Е ) <0.29 [ 3 ]. 

* ) Il mu s l Ье st- r e ssed l hal in [ 1 6 ] lher e was ап erroneous 

st-at- e ment- t-hal оиг ca1cu1at-ion [5] t-akes inlo a c c o u n l оп1у lhe 

on-she11 meson absorpt-ion. In fact-. lh1s conlribulion is s1mp1y 

z er o i n t-he f ramework оГ t-he nonr e1 at-1 v 1 st-1c for ma1ism which 'Ие 

u s ed . Ouг ca1cu1 a l i o n s con s i der оп1 у lhe vir l u a 1 mes o n absor plion . 

Тhi s conlri b ulion is lhe domi n a n l опе a s s hown in [1 6]. 

8 

Тhe branchings оГ one-meson annihi1at-ion wilh а slrange meson 

аге a1so st-rong1y model-dependent. Тhough. lhe ralios R оГ l h e 

t-hal R WCK / WCn 2 .7'10 and R 1.1·10 

probabL1ilies оГ reaclions (2) and (3) lo lhal оГ (1) do nol уагу loo 

much w1t-h а mode1 and тау ье regarded as а guide Гог fut-ure 

experiment-s . For ехатр1в. using lhe Paris 'ИаУе funct-10n it- was found 
+ - + - - -4 О 

СК Е)= Е) р)=	 СК Л)= 

whereas using lhe Hullhen wave funclion lhe corresponding ralios аге 

+ - -4 О -2
RCK Е)= 1.7.10 and R СК Л)= 0 .8 ·10 . I n а11 var1anls lhe 

probabi1it-y оГ react-10n (2) 1s 1ess t-han t-hat- оГ reacl10n (3) because 

lhe СК Е N) coup1ing conslanl is sma11er t-han lhe СК Л N) опе . 

Using lhe ca1cu1aled rat-10s R and 

WCPcto+n-р) [3] 'Ив сап оЫа1п t-he fo110wing 
- + -

WCpd .. К Е ) 7.6.10-9 
-7

W(Pct .. КОЛ) = 3.1'10 . 

Therefore, the lwo-step mechanlsm 

t-he ехрег1 menla1 value Гог 

predict-10ns: 

С 28) 

Гог lhe one-slrange-meson 

annihi1at-10n provides lhe probabi1it-1es wh1ch аге Ьу one-t-hree orders 
+	 ­

оГ magn1lude 10wer t-han lhe known exper1ment-a1 иррег 1im1l W СК Е ) < 
-6

8.10	 [3]. Тhв d1scovery оГ lhese reacl10ns at- t-he 1еУе1 оГ 

-6 -7 
10 -10 wou1d ье а с1еаг signa1 оГ lhe nonlrivia1 physics. 

For ехатр1е. 1п [17] lhe yie1ds оГ react-10ns (2)-С3) _ге 

ca1cu1at-ect 1 п lhe mode1 оГ evaporalion оГ а Г1геЬа11 w1lh lhe nonzero 
- + - ~ 

Ьагуоп charge . I t- was found t-hal W(pd .. К Е ) = С7.8 ± 0.8)·10 • and 

RСК°л)=0. 29. Тhese resu1ls аге in а · st-rong cont-rasl w1t-h t-he 

predict-10ns оГ t-he convenl10na1 lr1ang1e d1agram С 28) Furt-her 

experiment-s 1п lh1s f1e1d w1lh grealer slat-islics wi11 ье уегу 

desirable. 

In conc1usion. in lhe framework оГ nonre1aliv1st-1c diagram 

t-echniques Сог lwo-slep mechanism lhe probabi11l1es оС lhe react-10ns 

оГ one-meson anliprolon annih11alion al resl 1п deuler1um have Ьееп 

ca1cu1alect. Il was Cound lhal lhese processes аге Уегу sens1live lo 

lhe deuleron 'ИаУе Cuncl10n al sma11 d1slances as _11 as t-o lhe meson 

form factors.Тhe ca1cu1al10ns wilh rea11sl1c 'l'dCp) resu1l 1п lhe 

ргоЬаЫ11 ly оГ WC Pct .... - р) ап order оГ magnilude 10wer lhan lhe 

experimenla1 уа1ие. Тh1s resu1l тау ind1cale lhe 1mporlance оГ quark 

dвgrees оГ Ггвedoт in lhe deuleron 'ИаУе Cunclion. Il appears lhal lhe 
-2

rat-10s	 WCKX)/WCn-р) аге much 1ess mode1-dependenl and аге aboul 10 
о -4 + ­

Сог RCK л) and 10 ("ог RCK Е э , 
Il 1s с1еаг lhal ап increase 1п lhe energy оС lhe anliprolon 

g1vвs ап opporlun1ly t-o sludy lhe deuleron 'ИаУе funclion al momenla 

grealer lhan 1 GeV/c 1п lhe Ponlecorvo reacl10ns . Searching Сог lh. 

Ponlвcorvo reacl10ns wh1ch 1s p1anned al lhe OВELIX d e l e c l o r al LEAR 

mау provlde thls unlque lnformatlon. 
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We аг е уе гу gгаtеf u 1 to В. М.Ропtесог vо wh o dг еw оиг a t t e n L i o n Lo 

the a na1 ys i s of t h e s e попLгiviа 1 г еас t i опs . We wo u1 d 1 i !ce Lo L han k 

G.Smi t h f ог sending u s Lhe ехрег imе пL а 1 d a L a a nd YU . A . S i mo n o v . 

S .Nozawa and М . Р . Lос h ег f ог va1uable c o mmenLs and discussions . 
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Кондратюк Л.А., С апож ников М .Г . Е4-88-808 
Реак ция Понтекорво двухчас тично й 

Pd _ а ннигиляции 

в рамках нерелятивистской, диагр аммной техники выполнен 

расчет реакций одноме зонной аннигиляции а нтипротонов на 

дейтерии . Показаио , что характеристики этой р еакции очень 

~увствительны к виду ВОЛНОВОЙ функции дейтрона на малых 

расстояниях и выбору мезонных формфакт оро в . Расчеты с реа­

листичес кой Ч' 'd (k) приводят к значениям W(p d .. п- р ) на по­
рядок меньшим экспери мент ально го , что может служить указа-' 

нием на существеННЫЙlвк лад к варковых степ еней свободы 

в таких процес сах. Пока зано , что отношени е в еро я тно с тей 

R(КХ)zW(КХ)/W(п-р) слабо завис ят от	 модельных пр едположе­

ний и их величина составляет 10- 2 для R(КОЛ ) и lo-q для 

R(k+r:- ) • 

Работа выполнена в Лаборатории ядер ных проблем оияи . 

ПрenplDlТ Oбi.едннениого иисти ..-ута ядерных исследований . Дубиа 1988 

Копdrаtуuk L.A. , 5apozhnikov M. G.	 Е4-88-808 

~ntecorvo Reactions of Two-Body An t i pr o t on 
Annihilation in Deuterium 

Rare annihilation reactions for stopped antiprotons in 
deuterium, ~d .. п-р; К+r-; кол , are considered using the 
two-step model described Ьу ~he triangle diagram. It was 
found that (Ье probilities, (~ , of these processes are very 
sensitive (о the behaviour of the deuteron wave function at 

':smal1 distances a~ well as to thEo meson form factors. It 
appears t h a t the ratios R(КХ) =W(КХ)/W(п-р)аrе much less 
model-dependent and are about 10-2 for R(КОЛ) and 10-q for 
R(k+r:-) • 

Т Ье investigation has Ьееп perfor med a t the La bor a to ry 
o f Nucle a r Problems , JINR . 

Preprlnt of the Joint Inatitute for Nucl'ar Research . Dubna 1988 
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