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KINEMATICS AND REGGE DYNAMICS 
-

OF QUASI-TWO-BODY N·N INTERACTIONS 



Recently considerable progress has been achieved in 

studying the quasi~two-body reactions by means of the Regge 

theory. There arise many interesting questions connected with the 

complications due to high spins and unequal-mass kinematics 

which can be treated exaotly[l,~ • 

For example, the t-channel helicity amplitudes may have 

singularitites or zeros at the thresholds and pseudothresholds 

i;. ( »1 i ± nt.. j/" . It is important to take into account such 

kinematic singularities in tile Regge model. Another aspect 

of the problem is connected with the existence of some 

relations between various helicity amplitudes at the thresholds 

and pseudothresholds. Such relations are called kinematic constra

ints and are discussed in a very general way, in.ref.f2J. Appli

cations of the general methods to the photoproduction of an 

ll-isobar can be found in[J]. In the present paper we will 

consider the quasi-two-body reactions N~N-, N -r ~(\T} J N+N*(~-) 
and N + N I (~ +) ~ • These processes have been recently 
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considered by Wang[4l in the framework of the Regge theory. 

However she did not consider,· the conspiracy relations and 

' the threshold and pseudothreshold constraints• Here we present 

systematically the kinematics of these processes and give the 

conspiracy relations,the threshold and pseudothreshold 

constraints. Because,at present 1 the energy achieved by 

accelerators is not high enough we take into account the· 

contribution of the all possible trajectories. Then we will 

accept the Wang one-trajectory-approximation and find some 

consequences for the spin density matrix elements of the 

isobar which can be checked by experiment in near future. Other 

approximations ( with the account of the 'ft- trajectory with 

and without conspiracy) will be considered elsewhere. In 

Se.ction 2 we present the kinematics of the processes, in 

.SectionJ we consider the conspiracy relations and the pseudo

threshold constraints. In Section 4 we give the factorization 

condition. Section 5 deals with the reggeization of the amplitude~ 

In Section 6 the observables are expressed in terms of the 

. reggeized ampl-itudes. Finally in Section 7 we consider some 
. . 

approximation, its consequences and draw conclusions. 

2. ~~~ 

In this section we use the'notations from our previous 

work [JJ j J-c~ • 2)€, C$,t) are the amplitudes in the crossing 
) . 
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channel of t}?.e process a + b -i' c + d , where o ,A,D, b is 

the helioity of particles o,A,D,b and A,D denote also the 

antiparticles of particles a,d1respectively. Then the amplitudes 

with definite parities[5]oan be written in the form\ll_ 

I (2.1) 

where 

(2. 2) 

~t: 
..J.cPrj X> & are the amplitudes without kinematic singularities 

in s and t • We reggeize them by the method .of Gell-Mann et al.~J 
The quantities ~~;pg are the factors containing all the 

kinematic singularities in t of the corresponding amplitudes. 

They can be found by the methods. of refs. [l, 21. We give 
I 

them in Tables 1-3. In these tables lj=- [ t- {Mt111).2.] t:J 

tp= [t- (M-Mr] ~ })v and /v1 

are the masses of the nucleon and isobar respectively. 
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Table 1. 

K:!: - functions for the process N+N_, Nt-.6 (12J6, ~t ) 
-- --- -------- ------

Amplitudes }{±-functions Dominant 
parity - ---- - -- ---

~Gt:-
-e-t '1'-1 (-i.) 'j YtL. ~ .L ' :l. :Z.J2:Z.. 

2 Gi --e-
f~ '{i~-lf~')J; (-i)-::l+i. f.L.L·l.L 

~2JLI,:t,:l-

2 ~t --e 
(-1.)~ f.L_t. g .L fl-; f-;i. 

:L 3.1 :t :L 

i G-~ --t:. 
'5--J.( &'lmz.) t. (-i)'j+:1. j..L_;, l. .l;; 

:b212z 

4 G; 
-t + 

(-i) 'j f.L.l ·.t-.L l.j (1:-'tm!-)i 2.'212 %, 

t --e- -..!. 
lt G-6' :5-.Ll12__.!. t ~ r (t-1m2.) (-irh-.1 2..2 1 2 .:L 

~ cr: -t + 
f.J--!..·.!. _.!. 

'2. Z,l 2 ~ 
. -(i 'J (t:-'ln,')i (-i)'j 

LtGJ 
-c-
f .J_-~ I 3 I . r c t- ({,, tJ (-:1f'1-1-' 2' r-z: 

G;-i: --e+ 
~ -.t c1 -;i. c -c- If n,,.ri j-.L.L '..!. 1. (-i.)J 9 2. 2. I '1. .2. 

i: -t- -c-t (Vi. <:Y-z (-j..pti G-,(l f.Ll.•l I 
2. z.l'; 7. 

~G1.~ 
-t-
.f,L_-;,l.l, 

2 2 1 2-i 
t/'-i. (-j_f' 

lG,; -e- -t -.!.. ~ 1. 
(-i)':1t'i 5-1.-.!... l .L t 2 cj (-t-<(,~ 'Z. 

2. 'Z-1 2. 2. 
t --t:- + 1 (},3 .fl.!.• 1 1 IJI-i (-1)J 2- '1.-1 -z-:; 

1 ~: 
--e-
'}l. I 1 I- I -.!. -i .L 

0i)Ji-i 2 21 ~ 2 t 2 Cj (-e-((m9-z. 
-t -i,+ 

t Chs- f.!.-.!.. l. 1 fi .t-1 (-.1)J 2 z.l 2~2. 
.t; -~ 2 G,h f.L_1_ . .!.-! ':J-j.. ( f-!{ IU:a.) i (;...1)";3+i 2. 1,1 '} 'L 

r 
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Table 2. .._ 
~~-functions for process 

---- ..;...__ ___ ---
Notations Amplitudes ~~functions Dominant 

parity 

NN -7 NN 'tl500, 1- ) 

-- f---t. -t --- --
' 2 H.1.~ .:f- .1. J.. I ~ J_ 

<;j-i. t~J'J 
"'-'!12 

2, H,-c .,...-t - f~f1.(t-({lt1~)t (-1?+1. ~i..!. ll-..!. 
']..I"Z-,2. 

1 H3 
..,.,t; .... 

.ft cg-i (-i) 'j fJ.-~ I~.!_ 
'-Z.'"J-21 

i H~ 
~t-

fi.( t-1{ K1 ~t (-ii+~ f.J--~ •; I :II,_,--
~ H} 

-t.+ 27.1 

:f-:ti; t-~ I (-i)'J t (i;-!{~.,~2: 
~Hi 

-t 2. -ft~q I I 
(-~)j+i 

4 Ht 
;,1--- .(i 'J ( i-<ftn~ . f-t + "2- "l-

-k-.!- ,.l I 
fi. t (t:-Cim~Jr (-i)~ ~Hi 

--c z,l~-i. 
t t,.:-..!. ''3 .L 

7-1--.,__ c.J (i-l(m~ (-i) 'Ji-:1. Ht: -t: "l. 

f.~.{ll-.l.. tJ~t-1 0 r.J.. 9 ~ 'l-1 2.. ,., -t-4n,'- 2. (-i) 'j 

H~ 
-t-fl.;. l.. .L -t! tj-1 t-:J.. (-j.) -:)+:i "2.'2,1 2..2> 
-t-

1 H;1 
f., ... ~I l,....!. lJ-1 C-i) 'j 2. 2.. I ;:v :2. 

~ HJ.21 f~~. !- J_ l f1. L (-i) -;)~1_ -e-'l. (+--~r.r)~ 
2-2.12.1. 

i H~ f*=-t- -;j I I I ., rJ-1 (-i) ~~~"i-2.. 

i H~ 
-t 
}j_ ~ 1 I I -rt f1. (t-tt~-z.) ~ (-i) Jt-i. 

:z. 2.. I ":£-_i: 

t H~ -t + 
-rt- f-i. (-i) -j . j-.Lj_' l.. _.!.. 

~ '1.-1 2. 2. 

~H~ --b 

~1..:-.!.. • .L_.!.. I 

(-i)"+:i. . :v 2.1"2.. 2 lf1..( t- l.(v.,'i-) 2, 
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Table J. k+ 
- ....: functions for prooess 

NN~ NN 1(1470l f+) 

t---- ---~-------- -
~otations Amplitudes KT . Dominant · -:.functions 

- -1------ parity ----- ---t--r 
F~· t.L, ·.!.J.. ~-i.e -t-4m!.rt ':) 

(-i) 
.i. .1'irZ2. 

F.t -t- l::-i t-1. (-i)~+J. 
f..tJ..;t.L 2. 

~ 1- 1 

2F
3
-t 

--c- Y' (-i).., 
f.L_.!. • .!.l 

'1 2./ :Lz. 
-tt- Fl.. (i 1. (-;1)~ .. .1. 

~F'1-t :h~J.. • I .L 
2. ':! f.. I( tl1 ') 2. 

'L l.fi: 1 

lF/ 
-t-t tY (-j}~ 

. Y.!.!.. LJ. 
z. l- I l. '1. 

~Ft 
--e t -l. 0 1 J"'t 

f.L 1~1 I 

2, <S t-4»1 '2.) "i (-t) 

I."£ li: -i 

9<t F/ --c + -r~ t (-~? 
fl-l•.L-L 

2. 2..''1. 1-

.iF~-e . j--t;_ I (-j_i't'-
..!. -'' J. -L 

Cj (i-lt111'~-J'i. 
l. 'tt 1.. 1. 
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J. ConsJU:!!!&L...!:~~!!h-Y'!!:~.!ill.21~d pseu~!!~~ 

2.2!!!!E~ 

As is known, the helicity amplitudes should obey the so-

called conspiracy relations at t- 0 as well as the threshold~ 

and pseudothreshold relations at -t=- (tnt.± rn...J-)9.,. ~ 
The conspiracy relations were first derived~b~d 

~ 

Gribov for forward (V N scattering[s].Hogaasen and Salin[T-] 

have considered ~~~b~for the general case •. The most 

complete tre tment of this problem is given in ref.E2J. Using 

th ethod of this work ( see also refs. [a,g]) we get the 

/-----------~ following conspiracy relations: 

For the processes N7N-7 1/+t:.. (t2S61 ~+) and N+N7 N-tW"'{15181 ~J 

~J.l) 

(J.2 ) 

(J.J) 

For· prooessc N t N 7 N "t N 
1 
{1'£'f01 I+) 
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1 c-t -t ) • L c-t: 7-t' 
t~ '*'·Ll.-.f, I•..LI =-_ttl- .f~-.l·.!...L1-'J..lJ..'' L) 

.:2~1z,2 z--iJ22 L-l"l-1.. I..·z..I'Z-2.. 
(J. 5) 

------i~E-+t -t .!. - t -to (J.6) 
-:;~·L_,L- J:.l.._ I ·.L 1\ -=--t. t2. ( J.J.. _, I L -' tj. I ) 
..-'Lrz-:::_~'Z.-)..Jl.-2,.) 2- ~'?.. 1 -[t~.!..-.L 

. -~ . 2.'2... 

It is s'een from TaUes 1-J and- the relations (J.l) - (J. 6) 

that (J.l), (J.2), (J.4), (J.6) belo~o~the third and (J.J) 
. ~ 

and (J.5) to the second olass of the conspiracy aoo~· _ 

the group theory olassificat1on[10- 12]. Some information on tne~_ -.. . 

solution of the conspiracy relations ( conspiratorial or ~ 

evasiveflJ]) can be obtained from the factorization condition, 

which will be considered in the next section. Hers we write 

down the conspiraoy relations only for the processes 

involved in the factorization condition, Namely, for process 

N 'c 1 +) + tJ ~ N 'c "iT) -+rv 

-~ --c J (-t --t ) -t(.f.L I. I \ + .t.. =--t: JL-L·.L,-l-J-_, L.·~-L ,_-1:.11.-2: -.~-.L•l.-L 1. ul 1. "i.z.-''7.- 'l. 
2.. Z,l '2. 'l. 

(J.7) 

for N-rtJ-:1 N+fl 

t- t 

~ L • L l. - ~.L -!... • .L .L 
,l'Z.- 1 '1.-2 2- t.-/'1-2 

t: 
.:h. I 

'i--2 

-t:' 

J_ I -} 1 I , o I -z.-z. -}.z,,z:-r. (J.a) 
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The relation (J.a) can be found in ref.f6]. The relations for 

process b-tN~ b+ N are considered in ref. (J~ The oonspiraoy 

relations for N YrhN-7 N'{f)-trJ are the same as for process 

.D(r}+N-7 b(t_+)-+ tJ • In order to find the threshold and pseudo

threshold relations which the helioity amplitudes[14J should 

obey we use, as was already mentioned, the method of Cohen- . 

Tanoudji-Morel-Naveletf2J. Here we only stress that the thres

hold at t-=-LJm~ is relatively far from the physical region 

of the a-channel , so that we shall consider the pseudothres

hold relations at t-::. {M-rn )2.. They read: 

For process N .-t tJ -7 N 1- b.. ( 123 6) 

11 



il,.t[ t -r: G-t r.: r'" . I t- t: G -t. *) ".t tl...v ,J/3 
-r· G-{311l)-tv3 lo+•3\.7'(hj/~)'ttlf~-G~-G-(,.,8)7J3 ~-VJ.Gj'f -<1G-&j-Y(J.14) 

tr t t I" t . ( .... b b i, ) ~ -t>] 3 
-iV L f3 G-c~,~.~r G-i~ -·"£,r.,6J -+l ~ .J3 G-z. "tV?.Gtf. 8> -tG-,~ -G:.., -JJ tt r;.6 ~'I' 

I I . (Jol,) 

'"2.r ,..-b i>_ r~ . ( t r.:: t t -e) r.: 1. ~]""·~3 
l cf3\J"'(38)-(l;j.O-t\T(Is,to)-+l't {3(7-~-v3(T{'f,8fG-l~ -(T/14 -v3\t Ut. - T (J.16) 

, \Ill\ Gt _r,:: r -b- '=' • (G-1:: 1> r:::: r -to r:; ~) 2. i:t~"\; ,J;~ 
'1' L- (I/?>}-V\J""~-t6G-{Jktr)+t'} ~-Gcn)-v3\T'i~-·dG;~ -CfG: _.,. . ~ "1" I 5 (Jo17) 

,,,2.[· ,...t t r.:: G-b . ( t: t i:t -b"\~ ~ t-1 II ~'f - \]" tit,3) +.J3 G-~ +113 c",,s)+\'6 .-G-j, -G-c8,~rr'<r11. +f3G-,3r't <rs-J~lf 
" "'f- .) (J.l8) 

For prooess _ N-tN ~ N+ N (J!i'IZ1 J:-J · 
·ll'[ C:-B H~N-tt H:b-+ i Hc~s;161 + tt (-V3 H~-13 1-f~<jJ-rH ~ -H ~)-iii tHS"'r~ 

. . (3.19) 

o/2[-1!3H~I()-t i H!- i H%>;u.;+.!ff(-V3 Hitf3 H~af~~~ -H~)-16 tHtJ~ + 7. 

(J.20). 

r~[- i{3 H{~,'i>-ti H1~ -i.H i,s;,~1 -+ca (oH;-£ H (~'3J+H 1~ -fH~)-l~ 'I'LH t]~-f · 
(3.21) 

12 



~2-[~H~~,:~)-l~ H; -d I§ Ht,,,sJt~(- Hi-t-H~,1rV3 H,~-J3 H~ )+i}H;}=~~t3 
(3.24) 

f f: 1 f3 H ~.,r' H! ,; H 1~61,1 +<J-(-B H ~ .,.J3 Hr~ ~t 1-1 ;j_ •I-I ~ )- Ni :~•HJ·P 
(3.25) 

(3.26) 

(3.27) 
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' ( 

For process tJ 1" N ~ N + N {Ill t-O/ ,i +) 

"' [F-b · F.-t · F-e t- J 2-. , 1J - L ~ 4 -t ( ~ (, -r FN,"t) ~ r (J.29) 

[ 
t , F-e . *: F t- l ·: ·'~ ~ o/ F.2 -+ l 'it 't - (. ~ F (, - ("'t'S) J !::::. T (J.JO) 

I 

4. ~~!!m 

The factorization condition oa~be written in the form(4 ) 

[ 
v + 1/ -t ( ot- M.z..l2. 
0~-[t-) "-z.-(t-) fcA P:DtJ J =-

[ 04± (tl I<: C<l ( Pt>t"'-M'l 0,±( <I kJ± (<I (Po s(.Pt>JJ (4.1) 

+ 
where o.- , ~ is the dynamical part of the residue functions. 

cf'r.,.t.J~ 
The index I corresponds to process D +b ~ D + b , the index 

2 to D + b -7 o + A , the index J to o + A -7 o +A. By 

, means of Tables 1-J we oan rewrite explicitly (4.1) in the form 

of Tables 4-5 • The factorization condition for the auxiliar,r 

processes are given in Tables 6-7 t while for process I> tJ~E AI 
'in refJ .31 The f~otorization condition for N + N -7 N + N'* 

(1518, 1.- ) is also given in Table 4 , only in this case 
:lJ -~ - *' 

process N (~-) i" tJ -7 N (f") ·tfV 

14 



should imply; index 1, and process tJ'* (!-)-tN-7 N+ N 
.should imply index 2. 

The solutions for the factorization condition with min1mum 

t-dependenoe are given in Tables 8,9. 

It follows from Tables B-9 that the factorization requires~ 

1.- The relations (3.1) (3.2) (3.6) should be satisfied by. 

the conspiratorial solu1;1on. 

2. The relations (3.3). and (3.5) should be satisfied by 

the evasive solution. 

For the auxiliary processes we are led to the following 

conclusions: 

1. The relations (3.7) and (3.8) are satisfied by 

the conspiratorial solution. 

2. The solution for·the conspiracy relations for 

process E;N-:7]5 W can be found in ref. DJ 

For reggeizaticn o:f the parity-conserving helioity 

amplitudes we follow the method given in [?J In order to decide 

what Rogge poles contribute to the definite partial amplitudes 

·it is convenient to decompose each o:f them into amplitudes _ 

:for transitions between states o:f definite parity. A nuoleon

antinuoleon helioity states with definite parity together 

with possible trajectories are given in Tables 10,11. 

15 
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Table 4 

Factorization cond1t1~or b+ N-7 -fv-t 1/ -[ Factor1;;t1on 
---- ------------ -!!~!!!!!~ 

t ( '6 ~ 1 ~ ~ 1 ,~ = . 
. 2.zJ"i2/ 

-ti. +3 
1)'3 L '1! . y..!.. ~ I 1...!.. 

"22-''22 'Z-2.'2.2. 
· t- -.1. · - 3 

C o;f.'.l. .J.) = 0.l.L ~ 1 .L • )(H.:iz 
:;., /.,) :J, :J, 2. :z 2 

( 'l('t-.2. )..t.- V+ 1. + 3 
u.L_!. J~i - a, 1 • ~ 1 • (5.L 1 ,!._l. 

J. 2 :z. "i-1.1 'i"i. ~-'i· l 'L 
1: ( 'It- ~ "\L v- ~ -3 

0 f -.I. I .1.L I - 0! J.. I '1 J. . t.. 1 • l. J.. 
:z./2 oz. 2 zl'i 2 1:-2:11.-2. 

t-z.,rx-r~ )·1. v+ v"" 3 
\U.l.J.•.!.-.1. :. O.l_l.•l-1.' O.!..L •,.L.L 

2-'2.11-l- 2.211-:Z, 2.2- 2.2. 

( -~ )2 - ~ -1 -c o.LJ.·1_.l. = Ol.-!.·1.-.L ·oi.1. ·l.l 
1-.._.I'Z- '1. 'J. :loll. 1. "L'L I "!..'2.. 

( 
1'2- 01 y+ '1. . +?. c 1 • '; l. ::. 0 2-l. •1__.!.. 01 .L • .L_ .L ~t-2' 1:-z '1. z.'l. 2 'i-l-''t 1. 

'2. - 2., )2. "- :1. - :J. f (o~ 1 .'l 1. = D3_.L;~-l'O.L_.L 1.L_l. 'i-"i,l'i-z. "i oz., 'Z- 2 1.. '2. "Z. "2. 

f. )2. ~ 1. . I Vi' ~ 
( "')('1" '.L -::. 0.1-.J-·.L.L OJ-.1.•.!..~ V J. I • - '1- -z_.l l- 7.. :L- ~I ~ :L'i''l-il-

( 
- L )'l.. y- :L - 3 

0.L.L • l L --- 1:: OJ. .L I L J. ·0' .l. i. . 1. .L 
-z.J-12.2. :z..:z.''l-2- z.-z../7--.:U 

( 
-+ !1- 0"2. 4 '!1.. +3 . 0 .l. _.!., • .L J... - 0 l- .L . .1.. L I 0 .L. .!- I .1.. - l. -z. ].,I'L '7-"l.l'l.'l.- 7.--'Z- z_ 'L 

. (v- L )2. -b Ol.-!..•.l..!. :: 
7,.. J..l-z.- '2-

-1. v . 1. 
0' ' '.l.-

- '?, I l, 
~ .L ·,-:;-'Z ;:-'1. ... 2,i:IL1.. 

( 
-+ 'L !L y+ -:1.. + 3 

-t: 0.L.L· l.._l.) ::. 0.!.-.l.· l._l.. t.L.l. • .1. .L 
1.--z-11-Z 'l.,l-''L'Z- Z.'l-11-'1. 

'2.. + 1. 
( ol-l. . .L -1..) '::.. tf.!.. -.!. • J.. -l. 

'2. vI 1. 1.. -z.. -z.,/ 'Z- 2-

(
-1,., ').. -1.. 

t '6'!..-.L·,.!.._.L,- o.1._l. ·, 
'2. .,.. 'L -z_l 1. '2-

> 
.l 1 .y
t-2. 0.!--:';- j !.,_L 
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yes 

yes 

no 

no 

no 

no 

no 

yes 

no 

yes 

no 

no 

yes 

yes 

no 
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Table 5 __________ , ___ ' 
actorization condition for N 1(J.+)-tN-? N -t N 

~ ' ------------

Table 6 

Factorization 
...2.1:!.!!!~~-

actorization condition for 

no 

no 
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Table 7 

act~:::~::-::~~~r N1(J.+)+N~ N-tN 
1
{{: ~) !Factorization 

• 8~~ 

L y± . ~± . 
± . - 0 l. I • L .L • 0 .!.. I ' .l -.!.. t(o, _l. 'l..L) - 1-"i-'oz.. z.. 7..-·:u .. 2 i 2. J '2- 2 . no 

( :t i, )(:I: ± t 0.!.. .l.. • .L l. \ :=. U l. -l 
1
• 1.. - l . 0 .1.. ..L • .1.. l. 

l-J,.I'}. z.) l- "1... 1.. 2. "l..Z,..Il-2.. no 

·--- ------------------ ----------1 
x) 

~'able 8 

---------. ---------
NN~NN bi tJ-7 "i> -ffJ 

. ---- -., 
b .. N-7N-rN 

·--+ --------------·----------------
y"t 3 
O.!....t•Ll.""'t 

l- ,_.} 2. 2.J 

. - ?> "-"t 0..!.._1 ,J.._L 
'Z- 1 1 2. 2 

i 1-0' l.1.' 1.1. .v t 
2-2-1 L Z.. 

+1._ 

?r; -l. ' 1 J.../Vt 
~ -z._J 1:- z. 

~he remaining behave like const. at t=O 

± Q., . 
O.l-.L.·L.L. ""'-t 

z z-' ~ z.. 

... '2... 

(r: _J.. ' l. .l -'It 
Z.. 2 I Z.. '1.. 

L---------------- ---------. 
x). This Table is also valid for process N~{t1+N-7 N rfl 

with replacement of the indices after eq. (4.1). · 
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Table 9 

N+ iJ -7 -N :N--r--w-'-(-l-+)_-t_N_,-;;rri--+J+_N_ "N-, r±~J+-~~---Y N-r,v l 
-------- --------

::J::L 
)( l.J.•.Ll."""" t 

:z.. Z.,.} v ~ 

.The remaining behave like oonst. at t=O 

-----------------------

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

--.....______ 

Table 10 
~, .. . - x) 

. Parity-helioity states of~ system 
~ ----- ----States p .P .PG G-

~Regge 

trajectories 
with I=l --- -sci+J"--

lit~~ /0-/ (-t.J"r 
+ 

0 + 7C( o-) 

11. -L_) : 11-/ 1. {-i)-:Jti. i" 5Cr) 
2. ;, - A1(1+) 

11 t>r:: /Ot)' 1 (-i)'::J + P(1-) 
Az (2.t) 

I ~-}:)+=li-t/ 1. (-i)J + P(1-) 
Az.(2.r} 

x)-;~~s Table is taken from ref~[l;1 
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Tabl~ 11. 

Parity7helioity states of NH system 

--- --...---:-----

lti?= lo-/ 

li-t~= li-/ 

lt±~~lo+/ 

Ii-i>~ lt-r-> 

~ 
1---

0 

1. 

1 

i 

-

P·· 

H.)!>ti. 

(-i)"'+i 

(-1)":1 

(-ii 

-

PG- G Regge 
trajectories 

_with r .. ~ 
+ - -

No 

+ + -
No 

+ -t- ~ .e: uJ(j_-) 

+ + v~ -

----
~ 

In these tables S,P,Gand/l are total spin, parity, G-

parity a~~-isospfn-of NN systemlrespeotively. 

-~---c.After some calculations ( for more details see ref • .3} it 

is possible to represent the reggeized amplitudes in the form: 

~ 

t: 7J fJ{~-) ;oli. . K± o/i (<e..)<li-M 
[j.= L /(<Xi~i)h-cAibf.(~i) CA;Df,(t)lfC/>.;7:1€ So (5.1) 

L-t ~ H t: ,:::-t J;.t. 
where . = G · , j. or I J , r<. - functions are given 

d J- ~. 
in Tables 1-J; M:::. tJ.tAv { /1'//JAr/t. 'v ' ::::. 

· "'" I I ) } 0 CJ+, '])(; 

::: (12tJ.i+!/ r(c:J.t1J & are the reduced residue functions of the 
"'l{ff J A -f- <7-'. fl'Y Dr • rrd.') 

appropriate ·process • '1'( ~i)- .. . J- v l M \-I l 
J . . .2.~Pitr~\ ' 

where ~L is the signature of the given trajectory; 
r).' 

k_;c~}2>t (~d are functions depending on the trajectories. 
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I We assume that trajectories P,P , A1 ,A2 are connected wth 

no~sense-nonsense channel and J>
1 

1C 
1 

B 
1 

uJ are connected with 

sense-sense channel. Then we can find explicitly these 

functions which are given in Table 12. 

Table 12 x) 

Functions h.,(o.. i) for all three processes considered 

~~;,p, B; w ----- - At~Az., t P1 ·-

1--------- ------~----------

(..!.li.L ') 
1- ?,..,1 " 2. 

ltol, {ol.-i} 

L; d, 9.-(ol.-1.) 

lf J. w. -l} 
4 oZ (d. -il 

oZ+:1_ 

ol. (d.. H) 

-
we write simply {c A-j '])f.} 
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Jl 

!I 

l !··~ 
~~ 

From ieospin conservation and restrictions on P-parity, Pj

parity and G-parity it follows that the contribution to the 

G-~o G-b- t r:- -t b t- ~""' t- 0 t-
amplitudes :1. 1 ~ 1 G-s- 1 v- f 1 G-'3 J G-:1.1 1 Lr 13 1 IJ'Js 

is given by the trajectories Y and AJ/ ; to the amplitudes 

t- -b t ~ 
G.t 1 G-~,, G,o 1 G:1l.f by the trajectories B, ~ and 

G,~ only by A 1.., t t -t to G-4 1 G'8 
1 
G,z 1 

' ' 
Ht- t- t ~ 

The contribution to the amplitudes ;1. 1 H3 1 Hr 1 H1-
1 

H t H ~ ~ H t- Ft. c-t- -t + 9 1 ~1. 
1 
H1~,, JJs- and :1., 13 1 Fs, F.r- is given by the 

trajectories f 
1 
Az. 

1 
p

1 
p 1 and· CJJ ; · to H2.t1 H { 1 H 1'! 1 H 1~, 

F"J. lc 1 F~'l.- give contribution 6 and It trajectories and 

to H .7- Hi H t, H c ~ t: Fot: only A~ give oontri-
..,, J '-1 1(~1 I 0 

bution. 

It should be noted that in our parametrization (5.1) the 

reduced residue functions differ from the W~ng ones ( see 

below, Section 7). 

6 • .QB§~!:.!ille quant~ 

The differential cross section without polarization . r J 
expressed in terms of the t-channel amplitudes reads16 

dv =- i. _d.. __ _ 

d-b 4~r1fa~ {:lJ'Jq+i.)(fl;Jt;+i) z } ·~A~ D~ (~, i-) } !U (6.1) 

c,A/D,~ 
From eq• (2.2), Tables 1-J and parity conservation (17) we 

have: for N -t N -7 N 7- D (12~61 ~+} 
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) 16TC$~~ ~= /G:/!l--t/ G-~12.-t (i-+xt.)[IG-~)2.+ /G-~/ 24 /G,~J'2.+ 

+ I G~l2 -i-lf "'(I G-~/ 'l--+ J Gill.) J + 1rt. [1cr; I~ I <ttl 2-1-· 

+ l G-~~ l\ I G;~) 'L+ I G~fl--d G,~J2. + ~2-(lcril~ /G-iJ~] + 

(6.2) 

Replacing in (6.2) G/; ~ H ~ we get the appropriate 

expression for process N+N ~ 

N;t-N (1479, I+ ) we have 

N+N 't 1518, ~- ). For N+N-::> 

~~ 1f5 P~~~ ~ =- / F:1+/~ / fi -ej ~ (t+:x}-) (/ F:)\ / F :Jz) ~ 
d-& ~ tt~ (1Ftl2-t I ~-el 'L-t-l Fi"J'·+ I r; J') -+ 

-+ 4':L Re r=t Fi* . 
By means of (5.1), Tables 1-J and 12 we can e~ress 

~· 
through the Regge parameters o< (. and (fc/+'; XJI, • 

(.6.J) 

The spin density matrix of the produced resonance 

can also be expressed vi~ the t-ohanncl helioity·amplitudes\iaJ 

In the Jackson frame it reads: 
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It is possible to express the matrix elements 

amplitudes with definite parities G-(1 H C 
through the 

and f l:+= 

by means of ( 5. .i ) and Tables 1,2,J, 12. But we shall not oon-

sider this in detail. 

7• ~imEl~_!~proximation 

As is seen from Sec.5, _almost all boson trajectories 

contribute to the amplitude of the processes oonsiqered. If the 

energy is high enough we can take into aooount only the 

contribution of a single pole vd.th the highest trajectories as was 

already_ done ·by' Wani 4 J Let us take into account only the f 
trajectory exchange in reaction N+N-:> N+:.L) (12J6) and the 

Pomeranchuk trajectory exchange in reaction N+N -7 N+N*(i:) 
- + . 
. and N+N -7 N+N 1 (1/2 ). Then only the amplitudes with 

G ~ G:.(: H t H += -t ~ 
odd indices :1 1 ~~·uJ :1., 3 ,,.,.1 F:1., F3 , "" 

do not vanish. The amplitudes 0;3-t (J+-b G -t H t- H t- H -+ 
· J J I) 1 3 1 1-1 f:J 

and f=rt must have an additional multiplier t, provided there 

is no conspiracy. Taking into consideration these remarks and 

using (6.2) (6.J) and (5.1), after substitution ( see the last 

sent.ence of Sec. 5) 

i. yljE 
't .r:=J 0J..L 'l.. L 

V 1L _ 1.. -z- 1 "l "2. 
----31 

f, f . 
ol.~·..L.L 

l:.. (of,.P 
.2. rrr .L -l .:z.. .L 

"2- 1../ "')... 'l-

yf, .e 
u.!._, .-; .1. 

-z. 1-!1..2-

")...)-l"l-2-

I 01. .l-• 31 1 OJ.. J_ 1 .J._ L Ol._J..,l..L 1 O.l-J.. J..-J. -,;> 
f'.P v.f.P PE f,.f ) 

_ 2.1-'z~ 2.--2-,1..--z..l ,_ 1.12-z.. Z.7..1~ z. 

P£ ri .e 
, o.!.l: 11, o~-L . ..!... -1 I o L.1.. ·l.~-

1.-t.. 1-t. t ,_11. 1-' 1. LIZ.t,l 
re 

QJ..j_l .1..-L. 
l l. I 1. -z.. 

_L ( P, £ P,E ) (rJ'ff'.!. •l_.t. 
'(ti- 0..!. -..!.. ll._L ) O.L;.. I 1--!. ~ ~ -"l/ 2 Z-

1\ "1.- 1.- • '1.- t.- }.. ..,__ 1 t. 2-
P, {! ) 

I 0 l. .I.. 1-.L 
'1- 1.1 2 2.. 
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we get the Wang's ~esults ( see eqs. (24), (J7) and (JO) in 

ref. l4~. At very high energies only the ap~plitudes G-i, H ~ 
and F ~·b give the main contribution and 

it is possible to retain only these amplitudes in tho 

expressions for_ the observable quantities. Then from (J.l)- · 

(J.6) we seo that there is no oonsp.iraoy and the pseudothreshold 

relations demand that the corresponding residue functions 

behave like I{JQ; near i:;-=- {M-ml: From th~se oonsi-. 

dera tiona and eqs. (6.4) and (5.1) it follows for processes 

N+N -7 N + I> and N+N -7 

Hence, in the Jackson frame tlB] the angular distribution 

of the isobar decay products is 

-1 
For process N+N-') N+N(t)the isobar d&.&lsity matriX 

can be represented in the form 

f.L-.!. J '1. '2. 

l..- f', f 
2.. --1..-'l.. 

25 
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. It. is known [l9) that only the parameter ~ .J.. Ji '2. 
can be 

measured experimentally. Then, under the assumption considered, 

we obtain 

.:Pil=~. . "i.J.. ;J '· C7.J) 

The expressions (7.2) and (7.J) are simple consequences of this 

approximation. Further we shall consider these processes 

under sam~ other approximations, taking into account for 

example, the contribution of It- trajectory with and 

without conspiracy. The study of N+N -7 N+bis also 

useful for understanding 

.been noted in ref. l 20). 

rr- conspiracy, as it has 

The authors are grateful to Profes~ors Nguyen Van Hieu 

and A.N.Tavkhelidze for the interest in the work and useful 

discussions. 
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