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1. Introduction 

In the recent years exotic states attract both experimenta l and theoreti· 

cal special interest. 
. I 

Several theoretical schemes such as old bootstrap model, strings, bags, 

dual and quasinuclear.approacheJl-~predict the existence of exotic reso-

nances. 

Recently a method of superconvergent sum rules (SSR) for the reggeon­

particle scattering amplitudes has been developed by A.B.Kaidalov and one 

of us ~-a]. A whole seties of exotic baryon resonances with isospins 
. . . f?, 1Ql 
has been predicted in the framework of SSR · • 

Properties of the first resonance from this series with I=5/2 (call.ed E55) 

have been analyzed in Ref.(9]. It has been sh0wn that SSR allow one to deter-

mine unambiguousl.v the spin (SE• 5/2.), P-parfty ('1.e= + ) of E55 -
o.«· A 

aaryon and relations. between the helicity residl,les G,_a.·~l: (a.:A3 ~· 
E55 ,,i.:._o,'.ii,Ae) of reggeons o\i. 

As a consequence the following relation between the widths of 

and 4 
3

?> - NSi decays holds 
(1.1) 

'4 ( K ,,._ )°' r;_Am= 3 K" rA-NSf 

3 



where K and K.,..are the gr -meson momenta in E55 and ~ll!> decays. 

An experimental evidence for the I= 5/2 resonance existence has been 

given recently in JINR experiments on the neutron beam at fki=5.f, 4.B, 3.SGeV/c 
. ~· ++ -~-A narrow peak with a mass 1.42 GeV in ;i1 A and A ;i1 systems has been 

rn-ur- <ii"+ +[ ] observed in the reaction 11.p-P~ ~I p.il !f' 11,12_. This maximum is pro-

bably the predicted E ss -resonance since: a) its mass in theoretically 

expected interval (1.4 :!: ME :E; 1.7 GeV); b) its width is close to the one 

·predicted from Eq.(1.1) ( rE ~ - 30 MeV at Me· =1.42 GeV and rA =115 MeV) 

and c) the observed angular distribution .of decay ~roducts does not contra­

dict the spin 5/ 2 and positive P-parity. 

The relations between the helicity _vertices obtained from SSR allow one 

to estimate theoretically the cross sections of the processes 

N N - E ss ~33 _.. -
NN -Ess A::1:i.. 

NN -£55 Ab?! 

NN - E5s Ess 

NN - Ess Ess 

(1.2) 

(1.3) 

and to give the .prediction for E55 density matrix elements . In Sec.2 we 

formulate the model. In Sec.3 the calculations results are presented. 

2. Model 

Our calculations are based on the reggeized two pions exchange diagram 

(Fig.1). 

In the processes (1.2) the main ~ -channel contribution give -the inter-

mediate states !;,. ?>?> ll.!!> and ll. ll?. N ( Q "'~?.3-N ) and in the processes 

{1.3) the contribution of ·6:0?> 6. ?>!> state dominates. Moreover, at not too; 

4 

high energy one can neglect the contribution of other t -channel exchanges 

such as o(i ST , oli clK ( i, I( =J,Ac.) for the following reasons. 
. . [13,14] P. . 

As it follows from the experimental data , at e<tb :SlOO GeV/c the main 

contribution _to the reactions N N-. NI\ :!> 3 and N N -+A3~ A33 gives 

the 9i -pole, the contribution of 5> and A~ pol_es being negli~ 
gibly small. On the other hand, the sum rules predict t_hat the :ratio of· 

9T and s>(A2 ) poles contributions is the same for all the reactions 

NN - N A!?i , NN-~ 3!'JA 3?J. N_L\ 3?>-633E 55 and 

6?.
3 

l'J. - E
55 

Ess. Hence i.t is natural to assume that .9i' -meson 
. 3?> . . 

exchange dominates also in the amplitudes 'f'l'6.33 ...... A3?>E591 A3?,l133_.,'E 55 E55 

which enter in the diagram in Fig .1. 

The formalism of s-·channel helicity amplitudes fn. the infinite momentum 

frame is used for the calculations. In this formalism the contribution of 

diagram 1 in the helfcity amplitudes M,. ~ -. 11 11 . of the reactions (1.21, 
r1 :i '" 2 E. ·b 

(1.3) has the form ~ 5J: 

Ntl-..Eg ~ i. .'1 r NN....,.A~ . .u.-U, d~~ (2.1) 

M,.,,.a .... ,.,~.,: 2asL..., J M"•"'?"A'll.o.(o,.,s) ~ >- ..... ,.. <«te.
5
) tei)~ 

)\Alica. . . A CL 11',._ " 

where S = (Pi + Pa ) a .... ' -, <} J. is the transverse component of momentum 

transfer. The factor ~ in . (2.1) is due to the identity of reggeons. The 
. tJll-Aa. 

one-pion-exchange contribution to the amplitudes M (~ s) and 
i.0--E~ . . . 11,11e-"A"11. ' ' 

M (<fe.S) is parametrized in the standard form: 
llA~o.->.E)\\ 

a.~-cd · i'f((>-ca. - ~c)-(.>.g - }\J )] L l)\a.· lie l +I ?\r, • Adl 
M (0y,s)"' e · . '}. ~ (2.2 

>-a.l-t-,..e>-cl ' · 

de it tid t a..t-ed it 

l! G>-a.-A}'r~) G11, ... ,.}ctt ) bi9i ~5i ( 'l-., s) 

i:; 



\f is the angle between ~J. and X-axis; ::Ot!ii is the gr -meson pro-

pagator 

1 
oZ> i. !ii : '\.~ t. 

mSl 

Q.f.-cc:I ~ 
ca5i (q.L I s ) 

• 
is the form-factor which describes the 5i -meson 

off-mass shel l effects. cr-fll5i°A AJIA A!iE EtrlO. 
The residues G ~ , G ~· , G ~· and G~. +">-· 

71\- <'j., 'llt '° nj. lit+ "J ••• ) 

are detennined by projecting the invariant expressions for the vertices 

i} N!iT N F N!lf~ G t19ilt u t Pr11) 05 ll( Pr1i.) ( 2 .3) 

ii)N9iAz,?>. Ftl9f•\ GNSfAil.ri(PA)P: tt(P11) (2.4) 

iii) A?>!> !f A&& &A A!fA JI ~ 1 ) 
FASi'A., U.J"(PAj) [G ca.I"\)+ G-a PAl PAt u..,, (PAi (2.5) 

i iii} A&~sr E55 

. ASl'E ~ A!iiE JO A!il'E ./A ~ 
F =- UJI" (Pe )[G, PA ~~.?+ G, ~ PA 

J' 
PE J U_p(fa) (2 .6) 

on the helicity states in the infinite momentum frame (see Table 1) .. · 
N5iA A!fA AfilE 

The values of couplings G ; G1 . and G 1 are taken as 
++• - -

predicted from the SSR. E.g., 'in the case of processes pn-E55 E55 
++ - p!jf+,o.++ A.Si-A-

and pp - E ss A ~!I the couplings G , G, and 

A++ + + + + G . 3 .E 
5 

s enter into the vertices. The SSR predictions for these 
I 

6 

"' 

coup 1 i ngs are 
[a,9) 

p!JI"·+ A++ )a 9 .p!JT•p e 
(G . "'Tso(G ) 

G
A.5i.-A- ~ 3./6' p!ifop 

=-- - G rs. s 

4~+5i 4 E+ ... )a 3 ( PSi•p a 
(G . =es. G · ) 

p3f•p )·a/ 
and 

2 
S., = 1 GeV 

(2 .7) 

with (G A~~!if = 14.6 . 

fls to G, (Q. •An,tss). their values are not fixed from the SSR 
[s,9] 

ccnsidere~ in and they are taken zero. 

We put 101-..NA a . l'JN .... AA 2 <h (q,,5)=<a-!f (cr~s)='J91'(q.,s) .. 

r .1.2 J.~ L . " s t. a = l1+a.0y + t<\- ) · exp (~!lf \.11. s;, + R )<J.. ] ( d.~ t 1Gev·
2
). 

The parameters a., ~ and Ra are found out b~ fitting the experimen­

tal data on the processes N N - NA a~ , N N-+- b.o~ t.?I~ and 

NN-A~~ A?I?> [16-18l. The expressions for the cross sections of these 

processes are: 

(2.8) 
NN-~A NtJ-1"A .1. ·1a 

dEi ~ -tVf4·1GfJ·S(S-4m~)]·L IM,.,>- :_n·tq.,5.) ::. 
cl(f.t l! )., 'lla ~!>)I·' ' i!. 

_ (c;; . G . . <y.1.[<j..1.+(mA-mH) J ~ +(mA+mN (~ (~,s)) N!TN N9l'A)a {-
2 

... i 2 [•.1.2 )e]1.} a C! 

- l! ?. ) Si 16fr 6""'A_ S(S-4m N 
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nnd 
(2.9) 

d 6 1o1'4-AA 
--- -
d-J.~ -
~ 

( G ""!Ir" ) 4 
)( 

165i '!>Gm4
14 S (S- 4 m';j) 

·{ 
. a 

-•'" a][_J.._ a]~ } 
['} +{mA-mM) 9' +(m4+tn,,i) ~j(<}',s) 

(q/-m~) 

Note that since the ·ca l culations are carri ed out at the nonasymtot ic 

l. e. t - J.a 
energies, the .: 1ni.n effects, i.e. 9' "' rntn -cy are taken i nto 

account in 2)9i and <aS!"(C\-t1 S) The compari son wi th experiment s gi ves 

e. - 2 R = 3.7 GeV , 

The form-factors 
AN-+-A E 
<a-!! t °r2. s) 

-.2 
Q = -3 GeV 

0 -4 
b = 10 GeV 

44-. E £ AA .., A I: · 
<Jfr' (t}~S) , ca-~ (<).'\ s) 

are taken equal to ~ ( ~2, s) 
!11 

3 . Production Cr oss Section and Density Matrix 

and 

In Fi gs . 2 and 3 the theoretica l predi ctions f or t he di f f erent cross 

;ecti ons 

(3 .1) 

c'6 - . 1 \ M tit.I - E g ·\ a 
d-.i.e. - G4~S(S-4mt.) L ~.1'a-'ll.E l\\. 

<j. . lol ?I, 1'~'1\E ?I.e. 

+++ · - +++ --
of the reactions ? P - E A and P · - E E 

SS n SS 55 

(at ME = ' 1 .42 GeV) are pl otted . · In Figs .4 , 5 the corresponding tot al 

8 

<I• 

~ 

cross sections are presented. 

I n the considered· production mechanism the cross section of 

E+++,..-- - E+++E+++ pn-
55 

c.
55 

and pp-+ 55 55 are equal: 

.... +++ ++:+) ( +++ -- ) 
6 {pp - Ess E ss = 6 pn - Ess Ess 

and they are the greatest among the cross sections of orocesses 

NN - Ess Ess and N N - E55 f 55 . The simnle isotopic cal -

culations show, e.o. that 

++ - 16 ( +++ --
6 (pn- E55Ess)::.256 pn-E55 Ess) 

+ + 
in the kinematical region where the ll'Qmentum of E 55 

is close to the 

proton's one and 

6 (pn -E~5 E;;)::. ~5 6 (pn -E;;+ E;6-) 

when the momentum E ;S is close to the proton momentum. 
. +++ -

As to the processes (1.2), the cross section of pp- E. 55 .t. 33 

is maxi ma l, and, for example, the following relation :1olds 

( 
- + + ++ ) 'f ( '+ + + -

-5 pp-Ess !::.!?> = 106 pp-Ess l::i.) 
++ 

when t he E SS momentum is close to the proton's one. 

It is worth emphasizing that in the theoretical calculations the correc­

tions which are due to · the experimental cut-off imooscd on the mu sses of 

t!:..!~~ (when selecting E 55 ) and N!Jf" (when selecting A~!>) sys-

te~s are not included. For example, assuming the Breit-Wigner shape distribu­

tion for \~!?191" system the formula (3.1) must be multiplied by coefficient 

( Q. ( r E J ) a with 

g 



a.(ri;)=ii {a."tei~ 
2 " Mu. - Me 
Me rE 

2. a. 
ME - Mt. } 

ME re 
(3.2) + a.td~ 

where ME and re- are the mass. and ~lidth of E: 55 , MIL and M. 
l. 

are the upper and lower limits of the experimental cut··off. 

Taking, for example, the values ME =1.42 GeV , rE =22 MeV, 

Mu= 1.44 GeV, ML. = 1.4 GeV one has 

a( rE) = o.6s .. 

The measurements of density matrix elements are of special. interest to 

identify the spin and P-parity of observed resonance. In Figs.S, 6 the pre-

dictions for the s-channel density matrix elements of E 55 in the reac-

E + ++ - D 
tions pp- 55 A (at •ea.t =20 GeV/c, ME =1.42 GeV) and 

E+++E-- A M pn- _
55 55 

(at tat=S.1 f,eV/c, E. =1.42 GeV) are presented. 

It is worth emphasizing that one must consider our calculations only as 

nn attempt to estimate theoretically the cross section of 1::55 production. 

Indeed, . on the one hand, the contribution of other mechanisms, such as in 

Fig.7, can be essential, especially at high energies . On the other hand, 

due to the asymptotic character of considered model its predictions at low 

energies pretend only on the order of magnitude. 

Nevertheless our calculations demonstrate that the effective experimental 

search for the exotic baryon resonances production in NN and NN-collisions 

is available in .a sufficiently large range Of energies. 

\.le are grateful to K.G.Boreskov and A.B.Kaidalov for valuable remarks. 
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