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· .. JJ.1icpcpepe11u11ar1b11b1e .ce<ie111rn peaKu11ii pD_ ➔ 3HeX, i:ue X = Tl, T]', ro, <;>. 
' . ) . 

Hbl<ilicJ,1e11bl ,ia OCIICJBe .UHYXCTyne11<iaTorn Mexa111l3Ma, HKJIIO'latOlllero 110.unpoueccu. 
', + + .'' ',' ' ,, ' ' 

pp :4. d1t H 1t 11 ➔ Xp. noKaJa110, 'ITO Mo.uenb xopowo 01111chrnaeT cpopMy m1e-
. IOlllllXCH .uauilblX 110. ::JKC11Cp11MellTaJlbllblM Ce<ielllrnM KaK cpyllKUIIIO 11atJaTlbllOii 

' ' . ' ' * .... ' ' ' •. ' •, 
, ::i11epn111 11p11 11!'.111yJlbcax MeJ011a H c.u.M .. p = 0,4 - I f::iB/c .WIH T\ 11 . i1pi1 

* ' -. ,_ . . ~ . . - ' ' . 
p. = 0 - 0,5, f::iB/c wrn OHteJ011a, a TaK)Ke ornowemrn R(T]'/ T]) 11 R( cpl ro). A6co~ 
JIIOTIIM HeJll!lllflla cc,,e,mii O'lellb 'IYHCTHIITeJlblla K' CIIIIIIOHO_ii CTpyKType ::JJleMell
rnpHblX ,lMIIJHITY.U II H 11p116J111)Ke111111 «tt11epe.u-mna.u» oKa:ihrnaeTCH 1111)Ke ,ua1111b1x 11a 

· 06m11ii cpaKTop -3 .u.11'51 Tl, Tl' 11 5-7 - wrn <;>, w. ··. · · 
. I, . . , , ~ 

·. ' f>a6orn HblllOJllleHa H Jla6oparnp111i H,uep111,1x 11po6J1e~1 OlUil1. 

npc11p1111T 06bCJlllllCIIIIOfO!IIICTIITYTa llllCPHblX 11cc.1c;1ona1i11ii.' Jly611a, 1995: 

Kondratyuk L.A., Uzikov Yu.N. 
Two Step Mechanism of 11, 11'. (J), ~-Mesl)ll Produ'ctil)ll 
in' Reaction pD ➔ 3HeX; ' ,' ' 

The differential cross sections of pD ➔ 3HeK reactions,; where 
X = T\, ~'. ro, <;>, are calcu_lated on the basis of a twCl-step mechanism invofving 

subprocesses pp ➔ d1t+ and 1t+11- ➔ Xp. It is shown that this model describes.well 
the form of ~vailable experimental cros,s sectitms as a func_tion of initial energy at 

the final c.m.s: momentump* = 0.4 - I G~V/c for the T\ and at p* '= 0 - 0.5. GeV/c 
·for the ro:meson as weILas the ratios R(rj'/11)and R(<p/ro). Theabslllute value of 
the cross section is very sensitive to the spin structure'l1f the elementary amplitudes 
and in the· forward-backward approximation is underestimated by an overall. factor·. 

,,of about 3 for .TJ, ri' and 5-7 for.·¢. ro. . . -
, " . , .' I. .. . . 

· The investigati6n has been perforined at the Laboratory of Nuclcai· Problems;'. JINR. ·., . ·, - . .· ... · . . . . 



.1. Reactions pD -+3 .HeX, where X'means a meson heavier 

than the pion, are of great-interest for several reasons. Firstly, high 

momentum transfe~ (~ 1 GeV/c) to the nucleons fakes place in 

thes~ processes'."Secondly, unexpJcted strong en~rgy dependence of -

77 ineson production was observed ne~r the, threshold [l]; In this 
I .· , . ;t • •". ,. 1\ • 

·. respect the possible existence ~f quasi-bound states in the 77 - 3 He 

. ·. system is discussed,ir; the literature [2]- [4]. Thirdly, production of 
I;, ·' 1 ' , • . ., ' . • \. , .. ' 

),he 17,171
, ¢ me.sons,-'whose wave functions contain valence strange 

·quarks,, raises a question concerning stra~geness .of the nucleon· and 

the~mechanism of Okubo~Z;eig-I~uki"rule violation [.5],'[6]. Finaliy, 

the preliminary, e.xperime~taldat~ on 11'. u¢ meson productio~' in 

the reactions pD -t3 H e17' and pD · ..:...+3 Ji eq> near the thresholds are 

. · ~v~ilable at present [7] at meson c.m.s. mo.men ta "p* ~ 20 Me V/ C. 

Bes.ides, new ~xperimentaldata on 'the pD -t3 Hew reaction ·were 

obtained recently i~ !lef. [8]. · In· this connecti~n the m~chanism _of 

the reactions inquestion seems to be very important. 

·2. The first attempt to describe the reactio'n pD -+3 H e17- on · · 

'the basis of ~he·thr~e-b~dy [9]' mechani~m displayed ~n·impo~tant 

role of intermediate pion beam in' this proce~s. As was rrientio.ned 

for tlie first time in Ref. [10], at the. threshold of.the r;eadion pD -+3
', 

H e17 the.two-step ~~c:lianism i¥duding. two s~bpr~cesses pp·~ d~+ .. 

and 7r+n -+ ,1JP is favoured. The advantage of.this m~chanism is. 

that at the threshold of this, ·reacti~n, and zero.momenta of Fermi • 

moticin in the deuteron ~nd 3 H e nu deus the amplitucles of these 
' . ) '' ' ·-· ' 

subprocesses are practically on'the energy shells. It is easy to check; 

that this peculiarity (the SC? called velocity matching or kinematic . 

. miracle) .takes pla:c~above the threshold foo; if ~he c.ni:s; angle : 

. 0c.m. of the 17 meso~ pr~duction in respect to"the proton beam' is' 

, 0c.m. ~ 90° .. The two~s'tep mod~! of th~ pD -+3 He77Teacti~~ is. 
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. develop.~d ~n Refs.· [3], [lILFof'the'~, t(artd J meson's the velocity: 

, ·mai;_;hi~gt~kes pl~ce'almve the c~rr~s~onding thresh<>l.ds on!y ~t 
·. Be,;;/ ~' 50" ...:. 9q0

: depending ~n the. meson mass. and energy of the 

incidei~t. pioton: Thus, the two st~p mechani~IIl cor:espond. to the 

. F~yuma1i·graph in: Fig.1 ·ri1ay be assuiiled·to<;lay an important ·rol~ . 
_I <. ' -I. , , . " ' ' • - ·' 

.p . x· c,,,.~:~•,'P)i 
~-._.:,_· .. 

,, 

3He ·. 

;,.;· 'J Figure 1: T~o~~tep/mech~nism of.th~1re~Jtion pD : 3 ,HeX. 'I 
1·;,;· .... ·, '•· ', ,.' ',-.' , . ,,. ;, ', \ ', \ .,, '. 1

··, ,'., , ., : ' 

both: in 77 , meson prodJ~tion, ~b9vi •,th~· threshold , and· ,ih the. ~as~ 
' • • ' ::_ '·, '. • •• '' • • .... - '',, • ' / - ,' ·,: • :, • ,' ✓-~-' ', ') ; ' • 

' of heavier rilescrns .. Indeed~: according to the experimeritaL data [8] 1 .· 
.·:,-~ i ·_ .. , : . -i'·' >,'· ,!: ,:,o .. ,:·,' -','· ·,.:·;·.•,,•. ,' ·; ·,', ,::, :;_ .•.'',, . ' ,i: ,1_~ < " 

the matrix element of the pD .~3 '1Jew 'reaction Bc.m:· ~ .90~. as a 
' • :· :,• :\ _' ,< ,·, _, ' .• · .• _, .,., : .: " ' ,·•,: -;_, -: \ •.: / •J,, • ., L• ,·. ..'. -'. ,' , •• ·: • • '· _. "'• '·. • •• ' '1. l, 

function of rr10.mentum p* exh.ibits behaviour similar'to 'that of ,the~ 
\ , 1·,•, I , ·\ •,,\ ,•. ,,_, .• i_ , ' ~ ·,,': , : .,,:.,, ',,' _: ·,'-,' .' • , •. \ '. , '. .'_ : , : . •~·,. .. , , \ .: •, ./ > 1 · _, 

7r+JJ ~ wn .re~ction [12r. The. investigation of this assumption is , 

. -tl1e ~i~ ofi this ~~rk> . . i' , . _, .· •·• .. ,> . ·. , ) .. . • • • . . • 

·. · · . : 3; Proce~ding from the 4~diinensional; techp.ique of nonrela-
,. ·, '·:: . : : ...... •·· . '· ... ;'. ·· .. ' .. \ , .. ·,., .. ", ... · 
tivistii:. graphs, one. gets the followjng expression for,1the amplitude .. 

ohh~ :pJ} 7 3 H eX r~~~tion int he fra~ework of the t~o~step inoclel 
J,lef.[~] .. :··· ··.·,.' '(: . . . ... , , ·.· ,.· : : 

,' :.,•:•', :1: :, ,:>.< .••• ,vi,:i\ ·•':/' .,/ · ',: •• ,,; ''/• ; .:< ··•k,•i 
. A(pD,:83 '/f eX) ~· q-· -. A1(pp"4 d7r±)A2(7r+n ➔ Xp):F(Po,E~), 

. .• : :,:,< ~ .. ··.·:. ,· .. •.,•:•\ . 2;/\ .. ,:·;i,'::;;\,· :,•,\ .. :·::· \.::, .,,s .,·, .· ·::: .. ·J\i) 
where A1 and"A2 are_the amplitudes of _the pp ·,0'. d1r+ .. and ·1r:f:n .:..+ 

• h ,' ,', > ,~ ', .,, o S ,, •; • •. ",•\ • ,••' • i \ ', < • •' •' ·• •; :- ' \ ) • ,> '•• •' • • • O ~ / • ,-_ o• • • • ' ; • •._' • ~- : 'ip 'pro~es~e.s''~e1,pe~tively, m. meaAs\the, hud~~iIIlas~/C. ~ '3/2 is 

. th~ isot~~i~\~i~ fa6t~~: taking iii to. aci6~nt th~ ;SU~ ov~r: i~otopic 
, • J •• :.' I ·, '·, ' , - , , ~ •:-', , ,,· ,;, . ·' , : "· i , I , . , . , . ", 

·• - •*•-s~ 
l'\1, ..... :t•'~ .. ;,,.,a·l'l·ir..,.:.,,;.'l~':r &' 
f;.9~~ -~~ wn.~.~ :.,ti~-", , ~i,, --:~:t;~t-~ J .. "', --~ 

·' .,.,...,,,,,,, ...... !·'t~ ""' "'""'"~'"''•1 ~ 

'

. ,,~..r,.• .. ,_;.:h~~ ,:- "'""~·.~:-:~~iT,1.~•~".·•. B ', 
•' 6t1S.fii-,,.,.,TEF :,, , <·~ 

~· ·:~.a,1' < .~~~ ~"-·,,'. 
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: • : "- I . ,, - • ( . '/ . ' I ' ·. 

, spin projections in the, intermediate state. _This factor is the·saine 
,. ,: ' / • ' ~ : • '• : •• • • '. \ • ' •, ' ,i ' < ' ' .' .. ;•. • / • • • • L 

for- all isoscalar mesons X 'tinder. discussion: -The·form ·factor has . ' 
' . • 1. . • . 

. /-

the'form .·- 0 _, __ , ,' ', ,.·. • : ·,.,, • ,, ,*_,,·:·••· ••-. 
,,:F·(·P.•···E') =J· · d3

q1 _!q2 , · _·, 1 wD(q~)wr(q2) :'·\ ·· , . ·(•)). 
0 , 0 _ ,_, 3 3· ,2 ·, - · ... 2 . . ._ -.: < ,. - ✓-- •• :_ • (2r)_.(2?l") E0 .-.(~o+q1 +.q2) .. +u 

/ He~e WD( q1}is_the:deuteron'wayeJuncti'on ;hd Wr( qi)'is the 3H e . 

---..· · ·v:rave functi~n-in~o~entu'rn' sp~ce'for the·d+ p charrnel;. E0 and

. ·p0 ~re the energ; and m~~~ntmnof the:interrii~diate 1r meson at 
' zero Fermi m"bmenta ii:dh~ nud~a; vertic~~-Cfl = q2 ~ 0: ' . -- . 

' ·, . , '. ~ ·i ; ' ~ . .. • 

. . ._ .. ' ' I1 · ·. ', L · - · · -9 , · 1 · 
Eo' ~ Ex+-Er -,·-Ev P~ = .,.:_.'.:'..pr - -Pv (3) 

. ;-. · · · , 3- 2 . ' ·. 3 2 ' '•"· . · .. . . _·,.. . . . . . : . ., ~ . -·' '. . ,, ' \ /' '" - . '. _. 

where Ei 
I 
is,.the_.eriergy of th~ j~tll partide in, _c:~.s., PD arid. P 1: · 

are the relative m~rti~nt~ in .the initial -a~dfinal 'states respectively ' 
'.,·1 · ;,_··.,· :,·- ·-;: ;1,, __ • ·r.·,f .·- .·,j;· ... , ·: •.:'·'- .,.' '·,_i · :~:·, 

:IP-rl =p*.'I~ compctrisortwith[ll] We do_ noLrestrict omselvesto 
' ' .1' ' ' '.. ' ·,! , ·'. \ ',!, i ', •,) 

. .,.-- thelinear_appi;oximation over-q1 and q2 in the·1r meson propagator . 

_ -.: ?-~d;t~kejnto.asi~~nt ~he '1ependenc~,o~· Fermi momenta~~a~t,ly. ,~ 

I. :It r:~s~l~~ iri faster decreasing j.r"(Po, Eo)rwith increasing mass'of 
· . the ipeson prnduce'd:than in..\Ref.[11]; 

1
• • • · ·-,,. • • 

. . _ .-,·-. ArnpHt~d~ ( l) )s rel~t~d t6 the diffei-~mti~l- cross_ secti6n ·of the· · 
• .'- •'f•. ', •,•, '• ' ' I ( ','. , • .• • • ,,- ; .• , •• ; '. \:,' 

pD:-+3 ·H_eX rea:ct'ionby ~he foHowingexpre~siori .· . ' .... : · ._---· , 

du:=; 1,2.£ IP;I IA(p;~ -+~-Hex{12:= •. IPjl 1/(pD- ~:;eiW,:· _\ ,· 
d!l. 641rsvdl~vl •· -· ., _ .. · .1,.,1:IPvl. : . . , ·· ._- ,_ 

. _ .. • .. ' - ' . ·. ·.. '." . . ' ·-. . . . . . ' .. . ''. (4) ,;., . 

.. ·, ~her~-js;v:i~ ii{e: in~~~i~nf p+IYmass;- The: a~plit~des·Ai(pp '-+ . , 
, ,· • • , • .- • , ! • ' •. , • I , . /_ I , , 

' .··,,_.dir:f-) ;and'A;(1r+n -+ X) •a;e simiJarly related to ·the correspondirig:~ 

cros~ ~ections; ! When' derjving' Eq ~·. •. (.1-') one fadore'd ·, the . arii~Ii~ 

tude~ ~f el~~e~tary-~ubp;o~esses·_Af' a~d,;A~,outside the 'illtegr~] i 

. · ~igi{_ over qi, and_ 92 ~t: the~ poi11tq1,;J'5; cfa(=f O .and<_t~e~ ·ripJ~ced 
'them _td the am:plithdes of the corresponding free pr:ocesses./Negl~c-.'.: 

· ; tion ~f ! th~ ,.off ~e11;r~y~sh~ll ,,effects'i's · ~Xpfctbd :to ,l>e. ~<>r:rect at. 'th;e' : 

;,· '. 

' -;,,_ •. , '_, ' -' :~; - ' . ' --. -, ,!. -:,, __ 1.·-: ·'' '. . -- . . 

\:; 

. \ 

':.4\,. 

,\ 

. \· 

1' 

I , 

. i 

. .,. 

.(' 

velocity ~atchfng condition~. T~.kinginto accmi~t the off-shell and

·}'ermi i:t1otio~ effects in the optimal approxi~ation (13] o~e 6btairis · .. 

._ numerical resi;lts v:ery ~lose to th~ appioxiri:tation· (1) if t'he eri~~gy 

clependence:~f the c1:o'ss.secti~ns-~f ele~entary_processes is .smooth 
• '", :- , ' ; • : , , • , • I •~ 

, _ enoi1gli. . 
- . The cross ~ection c~n be ah~"ar~ pre~ent in. the' following f~r-

nial_lr.separable form 

d&- · ·. ..- · -~ · da- - · · · d; . - :. . --· - . 
dff =:Rsl~IF(Po,Eo)l2 dD(pp 7 dr.+)dn{1r+n ~Xp) (5) 

. wl)ere [( i§-t~1e kinema~ic fadoi-° 1~fined ~~~~;dingto7E:q. (21) in 

Ref. [3] f~r th~ differenti~l cross se~tion developid.i~ ~ spinless'ap: 
_' \ ~; • •.. , '' •. • ' .. ·:' :• '( ,_, ;, •, • • • i • , • r ' ~• c• j ,- • ~ •: <c", 

proxirnation. The additionalfactorRs in Eq:(5),' which is absent in 

, ,Ref.[3],_ ·takes i~to•account- _spins an&gen~raily depends on.riJ.echa

•· nism of the readtion . .It is important to remarkthat-the approxima- ' 

.., 

'--- - ,. . . - ' - ' . - '. ,· . . - ~. .. ,. . 

tion (1) does-i:t~t lead generallytothe condition'Rs = const because -

ofcti~plicated spin structur~ ofthe amplitu'aes Ai (pp ~ dir+)' a11d _ 
, - I _-.- . _ .,. . . . ' ,:. ,.r -_- • "." _ •' 1 -~~_- ' , : - -· ·. ,. - , ·-;-: 

. _A2(1r+n '-+ Xp)~ Th~ analysis is simpler at the angles 0c.m: ~ O~~and ·. 
~ · iso°. In tl1is cas~, tli~produ~tiori'ofp~eu~os~alar Iilespn i+~ ~xi.-.--_ 

in the forward-l)ackwarcf diredtion is aescribed by only one inv~ri

ant ~mplitude:·'-r°he:proce~sespp -. d1r+ arid\;f~~-G w(rj>)p are.-·· 

:: /det~r~ined by two 
0

f6r\Vard-back\Vard invari-ant ampl~tud;s -a~ a~d ·-. ', 
' b; a~cordin~ t~:'thef6Ho;i~g exp_r~~sio~~ [14] - . '•. ' . - '., ' .. ·. < 

·,.. ~.--. ,i :. 

A1(pp-+ d1r+) = a1en + ibiu[e X-n], 
~ . "-, ._ 

(6) 

., 
.... ",:'.,'/ ', .' •. ':·' .•-:- ,' .. ', - ,'· ~. ·, ~· ",. 

th(1r+n~,~,pw) :;= aie.ci:+b2(~n)(eo-), _ -
- . . . ·- -- .. -. -' ... -. , . 

· ... {~j: .. 
__ .,,_;;.__ 

whe;~ 1Lis thr.unity \r~ctor.~long the inddent p;otori beam,, e is~ 

thepota/iz~tiod \7ecfor' of the;pin~ f p~rticle, {d,w, 4>, ),:o- d~notes: 
·<·:··._.: . ....._ .. \':_.;s.: - ·- -. ___ : ··': \ ··,.~--. ·.--~- ~--,. ·_. _ 

· t~e-l>auli -matrj£_Taking into account. Eq~.( 6, 7) and using_ the S -· -

. waJe a~proximatio~ 'for the nuclec1r wave fun~tk>ns ;e have- foi:ind
0 



(, 

the following_expressioris forthe f~rward-backward· spin ·factor Rs' 
in the: two-step model. 

•.• 11,; ac} Gia, i· + ~lbd';~ J Re ( a,bD}[t1a,I' ; ibi l'r (8) . 

:_ for thepseudoscalar m.esons and · 
/·· 

•,B1 ~½ [}1a11?_(3la21
2 
-~,r;}(la21 2 +~1)Re(a1bi)+ 11b1j2(9la_2l2 ; ,)l 

",x [~0~11' + 216}1')(3l~;I:+ 2Re(~;i,,) + lb,l'ir 
1
, . . . . . (9). 

' ; • - . '. I " ' • '-. ' _,- '. "~ 

for the vector mesons; ~~h:ere·, = lb21 2 + 2Re(a;b2 ). According to 

. Ref:. [l4];:at~the thr~shold .of~ m~;on prnductio~_1 Tv ~ 0.9.GeV. 

'one h,as]b1l/la1I -~ ·0.1, t_herefoi:e it alio~s o~e to pu't R~= T/~. ' 

'1n the:c~;e, of vector mes~ris onecan obtain .the value R1• == 1/3,:' . . . ;.. ' <: .. · ... .'·' . . . :_ '- ' : .. : .. ' ' : . . ., ' ' 
, f<>r example, at bi = p, a1 -=/= 0. and a2 =, b2 or b2 ·= 0,'a2 -=/= 0. 

'Ho~ever, the,ex;'erihl~ntal d;ta on the spin strudure of the PP~-' 

"'· . d1r+ ~nd i+n~~ w(q,)p ~mplitu1es at energie~ Tp ?. i4bOMeVare 
• / . ' . ' ·" 1· ," . • ... . • . ' '. .. • . . • •· 

- not available. Thus,:,it.is,impossible at.present_•to•findthe exact 

' abs6lufo mag11i~ude of the tross ;ectio~s; thereby for the. de,finitioii-
<'\ ':~ . .' ' ,,. . . ' ' - 'i -

the numerical calculations are i:>resentbelow at Ro= R1 =, L · · • 

\ 

< ,- The numerical'~alc~lations are performed usinithe RSC~wave ' 

·. · : functio~· of th~ d~u,terc>_n [15] .. The param~trization [i6] c,f. the. ~~~r:-\ · -~- · 

' lap integialbetwc~n the three-body ·wave funttion of 'the 3 H echu-. --._ 

. deus and the deuteron: is used for· the wa~e fu~ctionof 3 He; w .. , in , 
-. ' '. ' , . , , , ', / . --:-: . ~ -- - . , , l -'-. 

the channel· d + p. __ .·_T~~Nalue,s;d =, 1~5.is ta~en _f?: t~e- deuteron··. 
- • • ' "- - • _' ( - ' - C • ... • - , • - • ;c ; • < , ~- •' •, 

spectroscopicfactor in 3 He [17]. ~The numerical results are obtained - , 
' in -th~ s.:. w.ive: approxi~ati~ri: According' hi :u~ calculalion~;"- ' . '' 

. . .• , . • . \ C' ; / '• . ; . ;~, ,; : .'.:.; . ~<,, • 
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~)gure 2: ('.~kul~ted mo~lulussqua1:ed6fform facto1· IF0~0.(Po', Eo~li 
(2,10) as a [unction of ki1H't.ic;e11c•rgy ohll<' prot.on in lab. 1,ystem 
1~for ,71, 11', /.J, '¢n1e~~n production at 0, .. ;

11
• :=: J'so0:. . . 

' . ,·,. : ,· ' .·· ·' ' .'; '.'; '. ' ' ,':' :· ' ' :: : .. · .. '', 

.·' th~ i·onti·ibuGon' of ,th~~ I)_'._ comi><mc:,~.·.c>f 'nic; d~utc>i·on· ~11d' . 

' 3JH C to tl1e
1

1Hodulus s;11;an'Cl of ,thefoi111 ;fadc~r IF(Po, /~'t,)1 2 is lc>ss 

tha11 ·~ JO %} In. t.he'S'- ,,·~-~c ~ppi·oxi1~~at:i~m forn1 facto;· (2) t.~kc;s 
,,,, .'' ,, ' ,' - ' '1' ', ' • ! • • ' 

· the followi11g fo1:m ; ~ 

:,-' .· '· . .· l . . .· . . . . . . . . . ' . · .. · ... 

'Fooo(Po,J~) ==47r :i~io~Por)e~p(i~o7'.)cp,i(r)cpr(r)r dr. •· ((IO)· 

The p'ar~.i1wtrizati~1i [18] i~\1sc~dll('re for t.h_<' diffc;rc•ntial i:ross · 
; ',' .·' '' - ,' \ ' ·: ··.' '\ ',· ' ·! . .( .' :. .: ' \ i,•.··, -, ·. • . • ·, 

,section' of the~ PP -+ d1r+ rc>action. 'The ('X(><'rilll<'lllal data Oil I hP' 
total .·cross ~Pctio~l of th;('' n~a~~tions 7r+~·;· ~- p1J(i/. w, 9) a~-~~ •• ~kC'n '' 

fr~ml~ef. .. · [l-9] .a'nd _t.l;c: is<;t.1:~>pic. l><'l~avio11r-of .t.'l!<'.~li,ff<'!:ential .cros~ .· 
'i ' ,- ~l \'. ' \ ,, ' •'.; ; ' ' ; •,_·_·, ,_., i' : ;_ l- •· .~ ,, '.·.: \•' \ • ' :~.. ; I ' ,,,, 

I 

f. 



' l 0,.:, 

. .. ' . ·. . . . .~- -·_ ).'.---...._ 

sectionis_assumed he1:e. In Fig:2 are shown tlfr results ofcakula~ 

.. tions of the modulus squared i)f the form ·f~ctor: IFooo(P9-, Eo)l2 for 

the production of 17;-17';w, <f; m~sofo at thC'anglc iso0 ·as .. a fu;iction 
, •, • '• • • I : • y'• . 

of kinetic energy ,T,, of the incidei1t proton _in the laboratory sys-

. tem. One c~n see fromfhis figure that the value of IFooo(Po,Eo)l2 
\ ' , I • • , 

-~.'., • ,decreas~s exI)on~ntially. \~it\1. i~ci·easing :r;,,: and the slbpe i1~ tlw 

. logarithmic s·cale is the same for all mesons in question. It is iin~ 
,. . J . : : ✓- ' ' .•. ' , - • '' " ._· ' ' ,_. • - ' • .· ~: . \ ·, ' / 

portani to n~mark that at ·the definite ehergy 1;, the_ value of the 

•. fon11.i f~ct~r '(Fooo( Po,.Eo)l2 'is practically the ~am~ for ali mesons· 
·, • , ~ • • , i ., : • • , ._· , ' • _' ., • • • / r • : ,. . • , , '-

',vhose 'production thresh'olds in _th·e reaction pD ..:...+3 H eX is_ below 

1;,i Th'er~foie difference _in .the: productio~l"~r:oba:bility ~f different / 

: rn~sons i~- the t\VO:step>mo:dc~l i~ mainly dm.: fo difference of tlie . 
' .o/ • 

ir+n •~ X p il~·;1rlitudes. . ,··. . . .. . ._.• . . .. , _ 
. The re;ults of cakulations oft he differeht)al cross section~ ·· 

... are preser1ted in Fig.3 'in corn·p~rison ,with the' ex'perimental data 
I ... ·", , .. , . : , . . .. · • . , , 

[7] atO~_;,: = 180°. Fortner/ and w'inesons'the experimental data 
• ' . ..!.;_~, f ' ,r ,: '· l ·,· . . ' ''.' ',. _. . ' j ;. •. ·' \." ·, :,. . . ,. r - • 

. [20] at T; = 3 Ge\/ and ,e~:m. =. 60? are available. It follmvs fr~rn,. 

· Fig.~{ a th~t th~ ~~lculaied ·cross s~iti<~d· for· the 71 m~son prod uctio~ 
, ' , . , ,. , ·\ , , ·. -,.- • ·.\\ ·. ,',·· , ("'.., r" : . , : ·• . - ,: ,' . '· '. \ . ;, , 

· at t,hc e11ergies sµfficiently higher than· the threshold TP ?:. l':3 GeV 
· · (i ~ 0.4'~ 1.0 deV/c). i~ in_qualitative agr;~!llent wi~h the.exper-

ifoenta~ ·ci;ta in f9rm of energy dependence at 0c.m. ~ 1·80°.' As W!1S 
.• ,: ;•." ~--.; . ·.. .. •. i . ' . .. ..· . . .·· ·.• ··: " . '- ✓ ... " ••• • • • \. ' 

mentioned above, tlfo·st~ong discrepancy between the calculations 

ar~d th~ exp~rirh~ntal data near the ;t~~eshold ·. ~f~ m~s~~ p;od~c~ 

tion are conne~tedf with' st.rang .• firiaL 1''state .int~;action·b~causf of. 

~x-citation of th~ ~·ucleon ~~sonance N.;(1535) a~d p~ssible f~rrha

tiori ~i a'qu~~i:boulid st~t~ iri the 71 _:_ 3 iI e syst~rn. Al:c~rding\~ o~r 

,. · .calculation~ (Fig:3;b),.thc/cross.sccti~n or thc.77' r~e~on prncl~·cti~n. 
near the 'thresl10ld (i" = 22 .Me V) 'arid. at Tp ·= 3-G~V agrees 'with': 

\· .. \, .•. - . : ,•d<:' :: ii_··._, - ·"'; ;·:·,·~~_, ·; ··.,.·_~. ,_;. ; 1 :__'.:( /. 

the experimental data i6'. absolute value at the same factor !lo = l - . 
- ' ' . - ' ·,. 
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f:igt;ire 3: Differential cross se~tfo~s ~{the pD --+3 He71( 711
, w, '</>)re-. 

actions as ·a function'of lab .. kinetic energy/of ptoto:ri Tp. The curves ·· 
, (·, . . . - . \ .. '. \ 

_ show· the results of calculations at Rs ;,_ lfor different angles Be.~.: 
a- pD,--+3 He71:-0° (dots), 90° (dashes); 180° (fulUine), ,cirdes (o) 
are experimental data Ref. [1] ai0c . .:n, = 1180°; b ~ pD .:...+3 H e71'; 
Bc.m.>=. 180° (full), 0c.m. = 609 (dashed); \he :circles are experi.men~ 
taldata:' 0,: Oc.~. =180° Ref. [7]; •. _ _ 0c,rri-~= ~d0,:Ref.[20]; c,~ the., 

'same as b buffor _the reaction pD .:...+3 Hew;· d ~ the same as b but 
for the react!on pD ~ 3.He<f>. . .. , : . . · ·•' / · 

/ . ,' \', - ' ,·. ; t. '-. \. ,·- - > '. 

. ,as for the 71 meson. As one can see from Fig.4; the shape of the ·· 
• ' • \. •• • • .'' '. .. ' • --✓ • •• ' : • • ' \ 

modulus .squared l/12
· of .the pD _--+3 Hew reaction amplitude as a 

,: • •, ' • , •. \ • •..._, < C -,,, , •- ♦,., • • j • 

function of momentump*,agreesproperly with the forrri observed in· .. 
: . . . . •. ' " . . . - . \ . ' . . ' ' ·_. 

experimental data [8] i?, the range·p* = Q..L,500 MeV /c. To'des_cribe · 

· , 1 · t,he absolute magn~t~g~ of. the cross section :(Fig.3,~))p-this range . 

,, ' ' '' oneneeds the no;IIlaliiationJactor ~.3/R1 whe;eas at Tp = 3 GeV ' .. 

) ' ' for 0c.m. ~-60°[20] the corr~sponding facfor is~ 0.5/R1L.The cro~~ . 
} \' 
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section of the pD ~ 3 J/ c<f.> rea.dion predicted by the t\\'Oc 
1 ',, - \ " ". ' ~ - - ' ' •· _/ ;'· ~~ ' 

§tep model is shown iii -Fig.3, · d. T9c only experiincntal Y~lue 

[7] a.va.ila.l;le riea.r the threshold .(p* = 2,t ~IeV/c ) .. of the rea_c.ti01l 

.· .bD -+
3 ·lle<f> is\aj>proxiniatelyiwice ~s l;igl, a.~/thc calculafed oi1e 

",...+ ) "--...; ' -- •• ':•~ •, .:_ ".'' / •, :. •••, • •' ••r ,e:•·• ~., •,.•• ~, ~>. • \ 
~ at R1 =. l.· It. ·s!wuld bcnoted tilt' ratioR(ch/w) ~, lf(pD -1 

; H erp)l2 /If (pD --+3
• 11'cw) 12 11ea.1: tl~c cor .. resp6ndi11g thresholcis pr~- .· 

. / dict~d-by the ;node! ~R111 ' = ,0:052 is 'it;,. goocii a.g;'('('ll}('~lf.' ~vith th~· 
··:. ~7.· .·: • • • + . . 

experinie1'ita.l vah1e Re:rr =:;;_ 0.07 ....;_ 0,02'. · 

> 

. 5 .. ·111 coh~lusion~ it shmild .·be~ncntioiied tliat'the 't.wo step. 

mech~nism:favo~;ed in the ca.s~ bf 1/ me;Oll prdauction:·1~ea.1' the·. 
- ••• ' ' ,-· '·_ ' ; •• _:: :,· -· _, ; __ - ') ··_ --.' + • • • ' • • ' 

thresh9Jd and at o ... m. ~· 90° owing' to )he: kinematic-al ,;,elocit.Y 
- , .... - ' + 

· 111atclii;1ga.Iso tti:1:11~ oi1t to l>e.ycry·i;nport:irntbcyond t.he foa.t.chtng' 
• \~··,,·' "._ :~ •• --,•· _·_,.___~---', •• , .... • • •' , _,-'·:·-·, , •• - + -~-

·. conditimis, na.i11ely both· above the threshold of11 meson prod11ct.io"n 

, and -in ,the' c:ases of 1J';iw, 'a.tid~cf m.esou's_.''Desi>it/or it~. s.iri1pli<;it.y . 

'the-two-step model ·ciescrib~s-'.fa.jrJy\vell thc,a.~aiiahle-cx1jch:i,;1et.a.l . 
. • ·,. • , . '- .· .' , f . . • .. - ,, •• , 

-
1•, 

,. 
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-.Fig.,;:•];heinodulus ~q11;~9d of~~plitud~ (4) ofpD : 3 H~w - ; 
·- reactio.n via.:the c.m.s. m~me~turn of the ·w-, mcsoii; p*. The curve 

is die"res;lt of-calculation:at R=l (mi1ltip}iedby factoi-'3.2), the" -
.. drd_?\ ( o) are ~xpe'1;i~ciital ,data JS]., - , . 

. ~ . - - . ,.' ' ,, 

d~ta ()11 the ~rier~y·d~pcnd~nce of,,th~ cros~ s~c-tions of77 iind -· 
-- ·. . . -: , , . - .. ", ·, . .-· -- . - . . }- ,· -

r,'_ a<; well as·J he- ratios r,' /77-and .</>/w. ,The defii1ite absolute value 

•,.), 

of the cro~sscttiorl'can be obt~ined,when·tlie spin stfudureof th~ 

-- ,!P.-d~+--~~d ~+'.n j ·:.,( </>)p ar~piit11d
1

es ·~vifl b~.,-~vail~bl~. W~,: -. 
haye-found- n~~ericaHy from Eqs.(8~-9) that, 'tl1~yaluesRi·vary'in -

·the rang(fr~m !-/9 t,o 4/9 ~hen'the complcx·amplitiides1<11 aJ<l:b1 -_ 
0 

•• 

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

- vary arbitrary .. ·Therefor~~, •·in the fonvard-backward approximation 

-fo~ the ~lc_rr~~ntary.~mplitiidcs the a.bsolute,;aiueof the cal~~iat'ei: 

17( 77'.) mc~OI), prod~dio!I cross s~ction is by factc;r 2: t/ R;ax ·_:_, 2.25 _. C ,'• 

·. -:'.smaJlcr tl,aii. the exp';~rirn~~1tal ~~Ju~: '.In--the c;~"c of ~cctor:rriesons -: .. · 
-·,. - ; -- ;, - ' ~ -. _·, ·:" - •• : ·:: ·."":"·· • -. "> ; ' ,·_:_ : -- • ; - , .. _ :.-- ••• ' ' ··:-·. 

. th,e ove~all normalization fadorjs'.2:)/ /l'j"; = 4.5.for:the,f and,, 

. ' 
' 

,;'1'-. 

• • - - • ~· ~-' ' '. ' '. . ·.!·• ' \ ·,' . '. , ; ; - ~ ·- • 

2: :3.2/.Rj'"."' ~ 7.2 for the .'i:...· meson,. FronJ the. compa1:ison ,vith the 

· ·. '~pinless approxirnatioi1 ( Rs ~ I) \\'C- expect th~t perhaps one- can 

. -; _. ' '-i11creas~ the n~;;ii1it.ude of Rs -l~si1ig t.h~ ftill spi110-shuctt;1:~ o'r ;;;~:. 
, I. . . •. :· • I t ,· ''7 •1 .•' ' ·' 

•, . e.lement;~-yamplit.1ides beyond tlic· approxi;i1atioi1((G:7) ·an~l .(J) .. 
Ano_iher.n·asoii for tlie deficienc~; i11 absoh1tb-h1fup oft l~e- pfedicted 

. c~·6ss section mav be the c011tdbut.uio11 of non deuteron state~ in -

-. the subpr6cess -J~J - ' 7r N iV a( the' fir~t. st,t•p. . l'Or e~~n1~le. t l~e -• · . 

COJ;tribu{i~>n of_the two-nudeon state ~rith'.the spit~- b wi!F 111i:;dify . 

.:'i!1 ri. different w~y'. the ai'11iJ!it:1ide~ o_f the' pseudos;alar aiid,~ve~t6r 

-_- mesmi prod11ct.ion1 in t'IH' reaction i,D ~:i 1frX. , -. ' - --- -. 
i ' I" • • • ' ~ ' •• ' ' 

. Tl1e:•~ ~1/thors. are gr°;\tefur t~'l\LG.S~pozh~1ikci,·: for useful dis~ . 
. ' ., . / ' ~- . ' ·, , . . ,' ' ' ' : . . ,,., . ' 

ci1s'sio!l;. This work ·was· supp~rt~<Lill p~a by grant :.\:<) 93-02~:J7,1;j ' ' 
',• ' ' :. . . '; . ':,.. : . '"·. ' ') ·: \ : . '., . '. . ~ · .. ,, ~, ' .. . ' : : \ - :_ ·, ' 

-1: 'of thc~Ht1ssiai'1 l'Oundation.For Fui1damei1tal Hesearches. 
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