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~1. Introduction 

As the basic sources for experimental study of characteris­

tics of high J spin resonances there serve quasi-two-body pro­

cesses of !ii N-collisions: 

9IN - :JN (1.1) 

and 

~N - JA (1.2) 

Today we have considerable information on differential cross 

sections of these processes for resonances lying on ~ - and. 

f-Regge trajectories, up to J•6. Production of these resonances 

at not very high energies is caused largely by t-channel pion 

exchange. Here a question arises concerning the systematical 

theoretical analysis of the whole set of available experimental 

data on processes (1.1) and (1.2) (differential and integral 

cross sections, density matrices) in the framework of one-pioa 

exchange(OPE) modelo 

This problem was partly coll91dered in Ref.[1]. B7 fittS.S 
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ditfer91lttal oro•s sections and partial probabilities of reso­

nance cleCM119, authors analyzed dependence of integral cross 

Hction of naction ( 1 .1) a'~ ( S) on spin J. They concluded 

that it S. po•sible to self-consistently describe all e:xperi-

11ental oroaa aectione of high spin production in process (1.1) . 

However &et. [1] contains some inaccuracies (in particular, 

th• coetf1o1ent before formula (6) 8.11 well as the cross sec­

tioDa 1Jl ~1'.5 are twice underrated). As will be shown in the 

on .... 1 predictions (even with account of cut contributions). 

there111,J differing from the rest of the world data on reactione 

(1.1) 8D4 (1.2) which are in good agreement with theoretical 

calculatiou. 

The work is designed as follows . In Section 2 we give a 

description of the model. Section 3 is devoted to the analysis 

of e:xper:t..ntal data on differential cross sections of produced 

meso119 .... 11 as to their comparison with theoretical predic­

tion.a. Characteristic features of the model proposed are dis­

cussed: t-clependence o! processes (1.1) and (1.2) cross sec­

tiom, their dependence on resonance spin J and on initial 

energJ", out contributions. Section 4 deals with integral pro-
:J duction c:roaa sections and density matrices ~~~· of highest 

states. In particular, we give predictions of the model for 
':1 :J 

<TH and ~A~' at Batavia energies E~ • 100 and 175 GeV. 

In Section 5 we analyse correct choice of fiDal states ( 9ifil , 

KK • HH , etc.) e.a a baaia for most effective search !or 
. . 

high spin rAon"'lllCee in·these states. In Appendix we have cal-
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culated ·s-channel helicity amplitudes of processes ~N -- :1d 

(d•N, 6 ) corresponding to !ii -exchange. 

2. Description of the Model 

Our proposed model to describe resonance production in 

processes m N - :1d ( d = N 1 6) is based on predictions of 

the quark-gluon picture (QGP) of strong interactions !or two­

body decays J - all [J,4] and reggeized pion exchange (OPER\. 

In one-pion approxima~ion these reactions are described by a 

diagram shown in Fig.1a. The corresponding amplitude 
!Ii 

JUJ.N-Ar~d (5,t) is as follows: 

vnn':f 
'-:s 

~ ~n:J N~d 
.JU.~N-.11:1Ad cs, t> .. v;).'J vAt1-Ad F:n (s, t) 

represents the vertex ::1 - !Tr!ir where one of the 

pions is off mass shell and its invariant ·form is 

stst:J 1 ,._ 1'1 J'1)· ' ('P."' "') 
V')..:i = 2, u-,-<:f'p1 ... J1:1(P3 ,l:i){P:;i -9' · ··· '1 - ~ 

(2.1) 

{2.2) 

where ~J'i·-·J':J(P:i,A:i) is a wave !unction of resonance with 

spin J and helici ty .71.:i • According to the boson resonance de-

cay model (3] based on QGP of strong interactions, the decay 

constant G, depends on spin J as follows: 

2 e e:tH 

G:i = 9si s~- 1 ( J-1 )! 

I - f 2 
where 50 = (dp ) • 1.1 (GeV/c) , and 

ined from decay 9 - 25i 
N~cl 

For vertices v:AN-J.d. ( d = N 

correspondin~ helicitiea} we have 
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(2.J) 

t 
.if_ c 2.93 is determ-
4~ 

I:. ; .?Id are the 



.... 

NSl'N - I I 5 
v).N_]\.H = G,U!N u(PN, .'.7\N)~ u(PN,.AN) 

NS!A _ .!._ - fl fl 
v~N-11..ll - z GNnAU}l(PA,.At.)U(PN,.AN)(PN -~) 

Constants GN.11N and GNirA have the following values: 

z 
GPJr0

P = 14.6 
~ 

2. , -2 
GpJf+AH= 19 GeV 

4n 

(2.4) 

Turn now to the Green !unction Fn ( s, t) • Nearness o! 

pion pole to physical scattering region allows one to !ix 

!or small jtl~J'2 
normalization o! cross sections of consi­

dered processes in an absolute way. Pion of! mass shell effects 

are taken into account by means o! the form-factor F~ (s,t) 

which in the OPER model is pa~:unetrized as follows: 

F_cs, t). e •«-1\·•••«Ct -p'412 , 2 "" ~ "< ( t _ J'') ' It I < I to/ 

{ 

~oek- (2.5) 

~ ol~ e R~ (t-to) 

2s~n ~ a'.x(to-J.12) 1 ltl > ltol 

2 I 5 2. 2 
Here A• R, +a:aen 5

0 
, R1 .. O.J (GeV/c)- , 

Z 2 . 2 I 
Rz • 2.0 (GeV/c)- , t 0 .. -o.6 (GeV/c) , ol~(t-}1 2)=0!'.:rr><(t-.1" 2) 

' -2 z Rz t o(si • 1 (GeV/c) • Parameters R, , 2 and o were determined 

from data on differential cross sections of 

duction1>. 
~ -meson pro-

1) They turned out rather close to the values obtained in 

Re!. (5] from the analysis of nucleon inclusive spect:ca. 
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Thus the pion pole contribution to the differential cross 

sections of reactions (1.1) and (1.2) is 

dcrJ 
~ = 643IP

0
zs 

1 ~ I ~ 2 
2J+I L- JUJ.N-A314(S,t)/ = 

J.3,lN,ld (2.6) 

= G4~P;s I v~n:i<t>i2" lvN8Id(t)l
2 

IF•la,t)j
2 

2 2 
In expression (2 .6) Pc,= Q (5 1 ITTN>Jl ) 

the c .m. s. o! initial ~ -meson and .nucleon; 

i• )-momentum in 

Q.(x,y,1) • 

.. J(x-tj-2f-4~a ';2.fX; 

I V!JI•a--3o(t)/z = 202 ( 4Pi ):i Soj!J 
di' So (2:1)! (2.7) 

z i 
pt= ~ ( M :i ' I' 't) is )-momentum o! a re8.J. and virtual piona 

in the rest frame o! resonance J; 

z z j V H"1'H ( t) I = - G NnN t 
(2.8) 

'l 

IV NstA Ii GNnA [ z ][ 2 Jz (t) = Gmi (m.11-mH)-t (rn4+rnN)-t 

Since experimentally the resonances are observed in con­

crete channels, then to compare our predictions with experi-

mental data it is necessary to take account of the decay facto: 

connected with the decay mode to this channel (see diagram in 

Fig.1c). Its account effectively is reduced to multiplication 

o! theoretical cross sections of resonance production by proba-

bility of decay channel. For partial decay widths we used QGP 

predictions presented in Table 1. 
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It should.be noted that theoretical cross sections (as well 

as predictions an decay widths) for high spins are rather sen­

sitive to the resonance mass M:i • According to (2.7), they 
23 2:1 

behave e.s P. " M:i • Therefore, in Table 1 we give values of 

masses at which partial widths and cross sections of resonance 

production were calculated. 

:Further on, the cross sections are multipli~d by the correc­

tion factor a.( r:i) connected with experimental cutoff imposed 

on invariant mass of decay products. On the assumption of the 

Breit-W1'uer form of distribution the factor a.(r;) is 

. 2 t 2 .Mz 
1 Me - M:i M:i - H ) 

a(G) = m (a-zct~ ri .. r.. - aicts M~ r.. , 

where M~ and MH are outoff upper and lower boundaries, and 

f:i is total width of resonance. 

Now we'd like to discuss th~ question of pion-pomeron cut 

contribution (see Fig.1b). When calculating it, we used forma­

lism of . a-channel helicity amplitudes. The helicity amplitude 

corresponding to pole exchange is determined by projection of 

invariant form (2.1) on states with given helicity in the 

infinite momentum frame (see Appendix). The expression that 

describes contribution of mJP -cut to the a-channel helicity 

amplitude is of the form [6] : 

!itlP i. ~ ( 2 

JUlN-~:Jlci (S,CJl.) = 85teS l~,.11 ~ d Kl. x 
{2.9) 

1P - 1r -
" AfAN+A"*]\H• (S,_K~) JU.At"*AH*-.1\~Ad (S, KJ.) . . -In formula (2.9) !it and N are intemediate states; Ki= 

qJ. - K.1. :··. • Let's usum.e that &llODg the intermadiat~ a.ts.tea 
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the pole one, ( !ii + N ) , dominates. Then the right-hand side 

of formula (2.9) will contain amplitudes of elastic fiN -

JU lP -scattering, A"'-.h'"' (51 K.1J , corresponding to single-pomeron 

exchange, and amplitude (A.5) of one-pion exchange, 2 ) 

Under this assumption, the major contribution is made by 

the cuts corresponding to the transition in vertex N lPN with 

conserved helicity. A simple analysis shows that the contribu­

tion to the cross section of cuts corresponding to spin-flip 

transition in vertex N 1P N is negligibly small, This is due 

to both the smallness of spin-flip residue of vacuum pole and 

the numerical smallness of resultant coefficients. 
1P 

For the spin-nonflip amplitude JU lN- AN we used the fol-

lowing parametrization: 

-zp 
JP - . 1P 5 - K.l OJP 

JU~1(•.AH(s, K.1.) = l.~ s e (2.10) 

where - 2 s = 1 GeV • 

Using for contribution (2.10) to the elastic ~N -scattering 

the optical theorem we obtain: 

1P 4p JU - ) . :iiN -K.LOJP 
.AN-.?tH (S, K.1. = l..S<Ttot e (2.11) 

From the analysis of total cross sections and slopes of 5LN -

processes we have the following values: 

SiN 

CJtot 25 mb glP 4 (GeV/c) 2 

2 ) It may be thu~ contribution of inelastic states is not small 

in the case of highest spins J; however the analysis of this 
question is beyond the scope of our paper. 
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Return to formula (2.9). After integration over angle 
2'1: -

~d2 KJ. = ~ d'f ~Ki. dK 1 ) we obtain: 
0 

0 2 

!JtlP (jt~~ -~'t~ oo\d -!;1PK.1. 
JU cs a ) : - -- e KJ. KJ. e x 

J.H-l:iAci I rJ. 45I 
0 

( 2.12 ) 
jL 

}( I11<2SP'i.1.KJ.) fU11H-A'Jld(S,K.1..) 

Here In (.X) is a modified Bessel function; n = /J.3- .Ad+ .Ad I 

J. Differential Cross Sections 

Thus the model proposed allows one to take account of con­

tributions of pion pole and 5rTP -cut to !ir N - :1 d ( d = N, .t1) 

processes. Before starting a comparison between experimental 

data and theoretical predictions, let us consider some typical 

features of our model. 

In the region of small values of transferred momenta in 

the considered reactions the one-pion exchange is dominant , 

which is due to nearness of the pion pole to the physical re ­

gion of scattering. Amplitudes of processes (1 . 1) and (1.2) a t 

small t behave as 

and 

.[f 
t-,µ2 

con st 
t-}'2 

(J. 1) 

(J .2) 

respectively. So long as amplitudes (2 . 12) have no pole behavior, 

t he account of 5rlP -~ut does not ~ssentially affect predi c­

t i ons of one-pion approximation , The cut contribution i s negli­

gi bly small in differential cross section maxima which coincide 
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with maxima of expressions (J.1) ( t•--pi ) and (J.2) ( t'~o ) 
and slowly increases with growing I t I . Our calculations show 

that the fraction of cut contributions to cross sections is 

weakly dependent on spin J. We shall ndt dwell in detail on 

9 (770)-meson production experiments because a large number of 

works are devoted to their analysis within the one-pion exchange 

model. We'll present only some data that demonstrate the vali­

dity region of the model. 

Figs. 2a and 2b show differential cross sections of p0 
-

meson production in reactions (1,1) and (1.2). At not high 

energies (up to P~ = 17 GeV/c) one can observe a good des­

cription in a large range of transferred momenta. Of great 

interest are the cross sections measured at high energies 

(100 and 175 GeV). As one can see from Fig. 2b, even at these 

energies the pion exchange is dominant in the region of small 

values of transferred momenta (up to f-t • O.J GeV/c). The 

deviation of predictions of the mode~.: from experimental data. 

at .J=t > 0,J GeV/c stands for the 1 fact that at these energies 

the contribution of Regge poles with natural parity becomes 

significant. 

In Fig.2, to illustrate relative contributions of the pole 

and cut, the contribution of pole amplitude (2.1) is separated . 

In order not to encumber the figures, we'll give for resonances 

with J ~ 2 only the contribution of total amplitude with cut 

( 2 .12 ) 

Comparison of t heoretical predi ctions wi th exper imental 

data on production of f,(1270)-meson (J=2) is pr esented in 

Fig.J . Except for the experiment [2] at P~· JS GeV/c one can 



observe a good description of data in a large (up to -1 (GeV/c) 2 ) 

range of t. 

Processes with production of .Pa ( 1690) (j=3) resonance are 

studied in less detail experimentally. Fig.4a presents predic-

tions for reaction :n-p- p
3 

(1690) n at P~"' 7 and 8 GeV/c . 

Ibidem we present comparison with experimental data for process 
~ ++ rrc p-- p3 ( 1690) 6 at P ... 18.5 GeV /c. In both cases the 

theoretical curve keeps within experimental errors, althoagh, 

owing to large values of the lattera, it is hard to judge of 

the accuracy of predictions . 

As for the resonances with J=4, here experimental informa­

tion on differential cross sections of their production is 

fairly scarce. The available data for h (2050)- and r (2510 ) ­

meaons (J=4 and 6, respectively) at f1.o • 38 GeV/c are given 

in Fig.4b. One can see that these data obtained in the experi­

ment [2] are several times leas than the model predictions . 

Thus the simple model with a universal J spin-independent 

pion form-factor (2.5) describes rather successfully a large 

set of differential cross sections of resonance production . The 

exception here are the data on f 2- , f 
4
- and r -mesons ob 

tained at Pi. = 38 GeV/ c on a Gil!S-2000 spectrometer [ 2 ] tha 

are considerabl y l ower than theoreti cal predict ions . The attemp~s 

to attain an agre ement be t ween t heore tical predic tions and re­

sults of [2] by means of enhancing cut contribution (this would 

have corresponded to anomalously large contribution to (2.9 1 

from other intermediate states, :;r.,,. + N * ) lead to a disagree · 

ment with other world data. Besides, recently in Ref. [7] dat 

were published on l 2 - and f4- meson production cross sectio 

'1 

at the same energy 38 GeV. These data are higher than those 

reported in Ref. [2] and are in better agreement with theoreti­

cal predictions (see Fig.7a). 

4. Integral Cross Sections. Density Matrices. 

Predictions of the model for integral cross sections (J'~(S) 
of resonance production in processes (1.1) up to 50 GeV are 

presented in Fig.5a. For convenience in comparison, all consi­

dered cross sections (both theoretical and experimental})) are 

reduced to the value corresponding to integration region 
. I 'I 2 'J o(2 d<r(s,t) , 

0 < t < 0.2 (GeV/c) , i.e. (J'N (5):: l dt' cl.It I· 
0 

In this region the cut contribution is not large, it does not 

exceed 15% in all cases considered. 

Our predictions for integral cross sections of 
~ ~ 

with a good accuracy have a behavior ~H (5) ""'Pi.. 
f 2 -meson 

• At suffi· 

ciently high energies the curves for _J .> 2 behave similarly. 
~ 

As can be seen from Fig.5a, the available experimental data 

(except [2] ) are in reasonable agreement with theoretical pre­

iictions , 

3 ) The cross section data were taken from the following papers: 
f or J=2 - (8] ( Pi.. = 4,5 GeV/c), [9] (6), [10} (8), (11] 

( 12' 15) ' [ 12] ( 16) ' [ 13] ( 17) ' [ 2 '7] ( 38) ; 
J=3 - [9] ( Pi. =6 GeV/c) , (14] (7), [10) (8); 
J=4 - [15] (Pi. a:10 GeV/c), (16] (18.4), (2,7] (38); 
J=6 - [2] ( Pi.. =38 GeV/c) . 

f 
In determining the quantities (JN

4 (s) from data [7,15,16] 
we used the table value B'tl! ~KK)= O 7 +0.4" The QGP 

'- 1i. • -0.2 /O• 

predictions for f 4 _.. K K decay (see Table 1) are somewhat 
higher. 
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To elucidate the role of pion exchange at high energies, 

the measurements of cross sections of high spin production at 

energies o! Batavia experiment [17] are highly interesting. 

l!'ig.5b showa our pred·ictions for these cross sections ( up to 

J•6) at BL • 100 and 175 GeV. As was mentioned in the previous 

section, the data of (17] on ? -meso~ production restrict the 

validity region o! the !ii -meson ·approach at these energies 

to values .J=t &_0,J GeV/c. Therefore, our predictions in 

Fig.5b have narrower boundaries of intergration: 

0 <It' I < 0.1 (GeV/c) 2 • 

Turn now to density matrices 
:J 

~~A' of high spins. Experi-

mental data are available only on density matrix of f-meson 

[11,18] being, we should note, not model-independent. The ele­

ments ~!A' weT'e calculated from data on angular distribution of 

resonance decay products under some assumptions on the nature 

of exchange amplitudes. 

In Fig.6a,b we present a comparison between data of those 

works and predictions of our model. The density matrix elements 

are given in the s-channel helicity frame. Reasonable agreement 

between predictions and experiment stands for the fact that the 

helicity amplitudes (2.12) and (A.2) (see t~e Appendix) have a 

correct t-behavior. 

To illustrate the 'lilP -cut contribution, we also present 

~urves corresponding to contributions of pole amplitudes. 

One can see that account of cut affects weakly the predictions 

being most sensible in the region of superlow values of 

transferred momenta !ti < 0.01 (GeV/c) 2 • In all cases the na-

ture of t-dependence of quantities 

1'1 

:J 
~u· depends weakly on 

initial energy. 

Changes in a-channel density matrices that are due to 

growing resonance spin are demonstrated in Fig.6c. Here we give 

predictions for J=2 and 6 at E~ = 100 GeV. Predictions for 

J=J,4 and 5 lie in the narrow interval between curves given in 

Fig.6c. As for contributions of amplitudes with a-channel heli­

ci ty I J.., I ~ 2 , the calculations show that they are 

negligi bl Y small. 

5. In What Systems the High-Spin Resonances Should Be 

Searched for? 

Now we'd like to dwell at greater length on experimental 

data on 9- , ft- and s>s -meson production at 17 GeV [13] • 

The 91 + !t- system produced on a !IC - beam was analyzed experi­

mentally. Fig.7a shows that experimental data prevail over our 

predictions, the discrepancy being enhanced with increaaing 

mass of the g-r+ fl- system. However o~e can readily be convinced 

that this discrepancy is seeming. The point is that the Ref, [13] 
presents data on :ir+gr- system production in the mass regions 

oorresponding to ~-, fz- and ~3- mesons without separation o! 

the background under resonances. A simple duality-based analysis 

shows that in the 1£+ !IT- system produced on gr:t - beams the back­

ground under resonances may be large and must grow with increas­

ing mass M~ + sr- • Indeed, consider the amplitude <Jt+.tC - fl+ Sl­

in the upper block of diagram 1c. Following two-component Ha­

rari-Freund duality, secondary Regge trajectories exchanges in 

t-channel correspond to resonance contribution in direct 

channel (see Fi~.8a). and background under resonances is dual 

1-
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to contribution of vacuum nonplanar singulari1;y (see Fig.8bJ, 

Insofar as to seconadry Regge-trajectories there corresponds 
2 oCf(O)o::0.5 

the behavior ( M3r+.!f-) , and to vacuum singularity -
2 el.p(0)"'1 -

(M91:+sr-) , then with increasing the !IT"" !IT system mass 
2 -0.5 

the signal-~aclcground ratio falls off as ( M !It -t- sr-) • 

Thua the resonances produced on gr:!: beams should be 

searched !or in the systems for which the diagram of E'ig.8b is 

absent, To thoQe systems there refer, for instance·, ~ 0 :1I 0 

KK , NN • I! we isolate in them states with the given spin 

J, then according to the dual Veneziano model the corresponding 

partial amplitude is zero up to the mass of the resonance 

lying on t~e rightmost Regge trajectory, For example, a signal 

in partial amplitudes with J=2 and J=4 must appear beginning 

with the ~2 (1270) and f~(2050) resonance masses, respectively. 

Such a behavior of partial amplitudes actually is observed in 

the system K; K; in experiments [7 J 4). 

Similarly, in order to effectively search for strange high­

apin resonances produced on K+ (K-) beams, one should study the 
0 -o + 

systems K ~ ( K st) . In K :rr (K-1r) channels a large back-

ground is expected, The same background is to be observed in 

the pp system too, produced in experiments on the LEAR at 

C.BRJ, • 

The separation of the resonance signal from the background 
~+~ -in experimental data [13] on ~l a1 production in the region of 

ii(1270)~aon was realized in Ref, [19] • Fig.7b demonstrate s 

a good agreement between our predictions and obtained data . 

4> V.N. Nozdrachev, private commu,nication , 
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Conclusion 

Thus the model based on reggeized one-pion exchange and QGP 

predictions for resonance decays allows to describe 

the large set of experimental data on exclusive pro­

duction of p - and !-trajectory resonances on ~ -beams. 

The main conclusions resultant from the above analysis are 

as follows: 

i) the pion exchange has a universal nature, i.e. the form­

factor that describes the off mass shell fil -meson 

is spin-independent. Note that our used form-factor (2.5) des­

cribes correctly inclusive spectra of nucleons [5] and ~(770)­

meson (to be published), i.e. here too one can ob~erve pion 

exchange universality; 

ii) at small It\ IT~ O.J GeV/c) pion exchange dominates 

up to the energy of 175 Gev · (measurements at high energies are 

absent). At not very high energies OPERdescribes ~xperimental 

data in a sufficiently large region of transferred momenta 

It\ ~ 1 (GeV/c) 2); 

iii) account of pion-pomeron cuts does not essentially affect 

predictions of one-pion approximation5), 

To enlarge the applicability region of the proposed model, 

it is interesting to analyze exclusive and inclusive production 

of kaon resonances in K -beam experiments as well as to include 

into the scheme the contributions of natural Regge poles in 

5, We do not discuss here a very narrow region of variabl e t 

< It I « p"" where contribution of cuts not conserving 

parity can be crucia.L. 
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order to describe experimental data in a wide interval of 

transferred momenta at high energies. 

On the other hand, in the experimental situation concerning 

the analysis of high spin production there exists a fairly 

large number of ambiguities, so in independent experiments 

it is necessary to solve such problems as1 

I. Measurements at very high energies (E~ ~ 200· GeV) of 

exclusive cross sections of production of ~ -meson as well as 

the highest states. 

II. Analysis of inclusive spectra of spin J' 2 states. pro-

duced on 51' - and K -beams. 

III. Accurate measurements of density matrix elements of pro-

duced resonances. 

IV. Simultaneous study of characteristics of spin J reso-

nances in different final states (~:IL , KK , N N , etc.). 

18 

APPENDIX 

Firstly, we calculate a-channel helicity amplitudes · corres­

~onding to one-pion exchange. To do that, we project expression 

(21) on helicity states in the frame where the incident pion 

has a large momentum, i.e. in the infinite momentum frame (IMF). 

Obviously, the I.MF in a natural way corresponds to the a-channel 

scattering frame at high energies. 

To calculate helicity projections of vertex (2.2), we make 

use of the wave function If J't ... }J, ( PJ , -h,) of state with 

spin J and helici ty .A3 in Rari ta-Schwinger formalism: 

Y7J1,···J13 ( PJ I A.,) = z:i <:r+.A,)! c:1-J,)! L.. [ c 1 + .N ! ( 1-J31) ! 
(2J)! p, ···P, 

l:J3i"-'l 

-1/2 

(1+ ~,)U1-j3,)!] SJ'1(P,,j3,) ... fJ':iC P,,fo,) 

where vector SJCt (P:i ,J\) describes a state -with spin 

helicity _f3t • 

(A.1) 

and 

With the use of (A.1) we come to the following representa­

tion for helicity transitions (2.2) in IMF: 

z:1(:J+J.,ff(~ -i.tf~J ( a (si.gn~,) )p,,1 
(2J)J e ..f2' /( 

5Ut:I .... 
VJ.:i < ~J.) = G, 

m )( L c:I c' "'~ I •2n ( ):J-)}.,)-2n ( a(1)a(-1))n 
n=O IJ1.3(1-2n n Q(O) ~- ~ 

(A.2) 

:irn:i -i.';fAJ 
= v1<:i ('h) e 
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p1 
In !ormula (A.2) c~ = q.! ( P-cp! , summation over integer n 

goes up to m satisfying the condition: 

:1-l.A,l-1 :i-1.i\,I 
2 'm~ 2. 

* J' L'fA a( j\) = ~,,{A~ e • 'f is the angle b~tween the x 

axis and Cf'.1. (the incident pion momentum is directed along 

the z axis). 

In the IMF we have 

( + f) - 'h Q_ =+.[2'' . J 2 -2 a(O)= Pt-Cf-.1. (A.3) 

.Nsrcl 
Projections of vertices V).M ..... )d on helicity states in the IMF 

(for these vertices the IMF momentum coincides with initial 

nucleon momentum in the c.m.s. of the reaction) are as follows: 

Nffd - Nnd -i.'f('/2-ld) 
Yvi-Ad < <t.1.) = 'li12-Ad < q,.1.> e 

where 
NstN 

Yy2 1/z = 0 

PISHI 

V,k-1/2 = qlGNsrN 

( 
2 2 

NsrA __ m4+mN) (mA-mH)-<J..1..(2m4+m,..) 

vl/2 1/2 - .f6'mt. GNnA 

yNfrA ,.. 

1/2 -1/z 

2 crnA + mH)(2m4-mN)- q..1. 
Wm A 

VNJIA 
1/z B/z = - (m.4+mH) q. GHsrA 

{f .I. 

.N51A f Z v,,z -312. = - .fl 'J,.1.. G IUlA 
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q..t. GNstA 

(A.4) 

Thus the expression for the contribution of pion pole to the 

a-channel helicity amplitude describing processes (1.1) and 

(1.2) at high energies is of the form: 

~ - jC ~';f'(-~-.A,•ld) 
.JUYz.-~'JAd (51 'h) = JUy2 -lJAd (S,CJ.1.) e 

(A.5) 

~ ~~j N~d 
JUY2-~:i.Ad (S,Ch) =VA, (C}.1.) v'h-.Ad CCJ..1.) F. (s,t) 

ll1'r:J Nnd 
with v)., <<i-.1.> and V112-+).d <<t.1.> defined in (A.2) and (A.4). 

-2 Note, that we keep the variable t = tmin - q. .1. in the Green 

function Fn(S,t) because at not very large S and large 

•asses M:1 the effects connected with tmi.n are essential • 



!<IP.I 

Table QGP predictions for widths of 

resonance decays to two pseudoscalars 
N(P.) 

Resonance jp M:i(MeV) rn+ 31-(MeV) rKK (MeV) 

f2(1270) . 2+ 1274 83 ± 3 J.B ± O.J 

J>3 (1690) 3- 1691 54 ± 3 4.7 ± 0.4 

f1t(2050) 4+ 2027 32 ± 4 3 ± 0.4 

~5 5- 2240 20 :!: 5 1.6 ± 0.2 

r (2510) 6+ 2510 14. 5 ± 2 0.8 ± 0.1 
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Figure Captions 

Fig.1. Contributions to amplitudes of processes (1.1) and (1.2) 

of pion pole - a) and 'ir'IP -cut - b); c) - diagram of 

!iiN- ~d(d =N,A) process in one-pion approximation. 
L. 2S"L (K K) 

Fig.2. Comparison of model predictions with experiment (solid 

line) for differential cross sections of processes 

m-+p -- f 0

A++ (data of Refs: [20] (Pi.. • 5,45 GeV/c), 

[21) (13.1 GeV/c), [22] (18.5 GeV/c)) and ~-p- p0 n 

(data of Refs [13] (17.2 GeV/c) and (17] (100,175 GeV/C)). 

Dots - pion pole contribution. 

Fig,3. a) Comparison with experiment of predictions for 

production of f2(1270) in (1.2) at Pi.· · 5 (23] 

8 (24] ; 13.1 [21] and 18.5 (22] GeV/c; 

b) production of fi{1270) in (1.1) at Pi.• 4,5 [8), 

8 (10) , 12 and 15 [11] , 38 (2] GeV/c. 

Fig.4. a) Differential cross sections of production of 

r3(1690) at Pi.• 7 [14] , 8 (10] and 18.5 (22) GeY/c; 

b) differential cross sections of production of 

f
4

<2050)- and rc2510)-mesons at Pi..• 38 GeV/c [2] • 

Fig.5, a) Comparison of predictions of the model for integral 

cross sections of resonances in processes ~-p ~ ~n 

with experimental data; o - data on f2 -meson, 

6. - on ~a -meson, a - on f 
4 

-meson; 

o) predictions for integral cross sections at 

P~c 100 and 175 GeV/c depending on spin J. 
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Fig.6. a), b) Comparison o! predictions o! the model !or 

density matrix o! fi(1270)-meson in process (1 .• 1) 

with data o! Re!s [11] ( Pi. .. 15 GeV/c) and (13,18] 

(17.2 GeV/c); dots - 51-meson contribution; 

c) predictions !or density matrices of resonances with 

spin J•2 and 6 at Pi.• 100 GeV/c. Predictions for 

J•3,4 and 5 lie between curves given in Fig,6c. All 

predictions are given in the a-channel helicity fr~e. 

Fig. 7. a) Differential croi:is sections o! process !it - p-~-f[i"r 

in mass regions of ~ (0.7 < ~mr< o.85 GeV/c2), 

fi (1.17 < M"sr < 1.37 GeV/c2) and 

?
3 

(1.55 < Msnr < 1.85 GeV/c2) [13] 

b) comparison o! model predictions with experimental 

data on fi-meeon production a!ter separation o! 

background • 

Fig.a. Contributions to ~Si -sea ttering amplitude o! 

planar - a) and vacuum - b) diagrams. 
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