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1. Introduction.

The problem of exotic resonances (baryons. which cannot be constructed

of 3 valence quarks and mesons, which consist of « r e than one a i -Mir

of valence quarks) 1s of particular Importance for hadron «hvsics. tto exist-

ence of such states 1s predicted in a variety of theoretical «Kris ft**

strong coupling theory, the bootstrap model, the strings, bans. etc.К Jte

approach to Investigation of spin hadrons Interactions, which ft iwaJ en

the^superconvergent sum rules (SSR) for the reqgeon-particle scatterino am-

plitudes ( ota -amplitudes), was developed 1n the works [l-3j . In the

framework of this approach the existence of series of exotic barvon reso-

nances with Isospins I £ 5/2, spins "$ sr I and positive parity P was

predicted £*-6j . The experiments to search for the baryon resonances with

I • 5/2 have been carried out now at JINR and ITEP. The results of these

experiments look very promising and point out the necessity of the activizat-

Ion of the exotic states Investigation efforts. In particular, search for

the strange exotic baryons 1s of great Interest. The existence of these ba-

ryons Is predicted [7] under consideration of SSR for the scatterino of

reggeons on baryons with nonzero strangeness S . So, 1n the case of bary-

ons with S • -1, two resonances, £> and 5 , with 1sosp1n 1*2,



«pins jg* * 5/2, J £ c B *</* and positive parities, are predicted.

The aim of this work Is to calculate some characteristics of exotic bary-

>n production. The theoretical calculations can be useful 1n pianninq and

performing the experiments for the exotic baryons Investigations.

In Sect. 2 the properties of F . £ _ >nd S e » which are predict-as r: fc

ed from SSR, are given.

Since the processes of the exotic states production have small cross

sections, 1t 1s very Important to choose the optimum reactions and measure-

nent regimes to Investigate effectively these states.

As was mentioned in [4,5] , the most favourable for the experimental ob-

servation of the resonances 1n the pjr+3T ( Д
+
 Я"*") - system 1s the

process, where this system 1s fast flying 1n the direction of the Incident

3T
+
-meson (the so-called backward scatterino). Usino the predictions of

sum rules for otCf -amplitudes, one can estimate the £ 5 5 backward pro-

duction cross section relating It with the JTp -backward cross section

which 1s studied rather well experimentally (see Sect. 3).

The active search for the Se. and S>c resonances can be carried out

In the "2_ -beams experiments. It should be noted that 1n the J£L -beams

experiments the £ _ and <Se resonances have to be created via different

mechanisms. For the & £ production at the energy £ 50 GeV the one-pion ex-

change mechanism 1s expected to dominate. The ;Sg -resonance should be pro-

duced 1n the same manner as the Egj-baryon 1n NN-co111s1ons, I.e. throuoh

two-p1on exchange mechanism [s] . Sects 4 and 5 are devoted to the theoretical

calculations of the corresponding cross sections.

To determine the spin and parity of observed resonance, 1t 1s necessary

to Investigate the angular correlations of Its decay products. In Sect. <5

we give the calculations of the distribution on the angle Qa£ between the

particles a and fc C5a - Yz ', J& ~ У& ) In the rest frame



of resonance R decaying as R

2. Properties of £ , S c and £>_ -Resonances.

H 5g -baryon ( 1 = 5/2, ^
 ж
 5/2

+
) 1s an analog of nucieon and

1n the world of states with 1=5/2. The dominant mode of E.„-decay 1s the

cascade process

The width of В
ес

decay has the followino form [б]

«here bj-
f
 and Цг, are the Invariant functions enterinq 1n the

Invariant expression for the Е л A -vertex

with U ^ and J
e
 being the wave functions of A ^ and EL

s
r .

Sum rules for oca -amplitudes predict the definite value for the

coupling

«here S
o 1 GeV As to the function

J

Q , Its value Is not fixed

frtm the considered in Г4,5] sum rules. In the approximation of the small

decay momenta ( | j £ l V > \ i ^ 1 ) one can neglect Q-^ 1n (2.1)



and then
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In Table 2.1 the values of 1£->дзг at different masses of £55 are

given

S6 (1=2, 3P«5/2+) 1s the analog of E5b- with stranqeness S«-l.

The decay scheme 1s

(I2>8S) +3T-

Д +5Г

It Is seen that the search for $
g
 -baryon should be carried out 1n the

distribution on the effective mass of the system ЛЯ'ЗТ , extractino

the 2 (1385)-resonance region In the ЛЗГ" -subsystem.

The 3 jr decay also 1s described by formulae (2.1) and (2.2).

For the small decay momenta

(2.5)

The SSR for occ\ -amplitudes predict the following relation between

S>
f
 л л * ' * T*~

C~
 e
 and the 5_ (1385) -> A OT decay coupling Q"



(2.fi)

where is fixed from

In Table 2.2 the values of I S*->Z*JT
£

at some are listed.

Table 2.?

1.55 1.60 ! 1.65 ! 1.70 1.75 1.80

..№V).
24 59 i 108 172

L
250 j
1

* P

As distinct from £ e , the hyperor S g (Г=2, 5̂ -3/?
+
) 1s

coupled «1th both 2- (1385) JT and 21л channels

The corresponding widths are



with

и

and

with

As 1n the case of vertices с ^ ^ з з and b
e
 nZ- , the constant

(j
 e
 does not enter in the sum rules considered 1n (j?l . Therefore

we will work 1n the small energy release approximation, when one can neolect

the contribution of (V in (2.11), and then

(2.13)

For the constants

are predicted

and the followino values

0 / - 3/2 (2.14)

(2.15)



The values of widths (2.9) and (2.13) at different

In Table 2.3.

г--

are gfven

Table 2.3

:(MeV)'

*MeV) '

17

1.45

43

1.50

79

1
i

1.55

127

1.60

185

2

1.65

253

5

1.70

332

9

As 1s seen from Table 2.1 , one can effectively search for E^-resonance

In the Л JT* ( й я " ) system masses region 4b 1.55 GeV. At Moher

masses the separation of the resonance from the background win be difficult

because of Its large width. The analogous region of the

system masses, where one can search for £>e -baryon, Is

M ( Г ^ Ь Я О З Г
1
) %.

 1 > 7 5 GeV
. As to the

from Table 2.3 that it must be searched 1n the system Z.

£ 1.60 GeV. The search for

system seems to be ve'y Ineffective due to the weak coupling of £>g to

this system.

(1385)57"

-resonance. It 1s seen

~* at masses

1n the mass distribution of Z (13Я5)ЗГ -

3. Production of £ 5 5 -Baryon 1n Backward Scattering Processes.

The basic problem arising in the Investigation of resonance states 1n

the mass spectra consists in the possibility to discriminate the resonance

signal from the background. The question of the resonance sianai seoaratior

becomes especially Important 1n studying the exotic states which have small

production cross sections. The background processes can give a laraer con-



tMbution, thus making the resonance observation Impossible because of too

small signal-background ratio. So, 1t 1s well known that for the slow-flying

system рзГ 5Г which 1s created in the process

(3.1)

a large contribution Into the distribution on the mass /A (pjrt»r
+
) at small

by the b a c k
9

r o u n d
 subprocesses

where V -p,^,... . Moreover, the (3.2)-type processes may display

themselves In the form of kinematics 1 peaks 1n the distribution on f\(jp

E.g., as mentioned 1n the pioneer work [9] , the peak at A\(pffV
+
)*1560 MeV

observed 1n the reaction (3.1), at P^g * 3.65 GeV, can be explained as

a kinematical reflection of the process (3.2) with V ° = o ° . F1q. 3.1 pre-

sents the diagrams which describe the production of system psr
+
:$r

t
 from

^- and from the subprocess (3.2).resonance

a)

F1g. 3.1

10

b)



Since the resonance bgg 1s produced via the t-channei exchanoe by

the I
f c
 = 2 singularity, I.e. with small cross section, then at not too

high energies the main contribution Into the distribution on /Л
 y
.,-'~*̂

T
'

at A\Cpjr
r
5T

+
) ^ 2 GeV 1s given by the subprocesses (3.2)

Consider now the process

) * \

where the system рзтЪг
1
" 1s fast flying In the lab. frame. Diaaram which

describes the resonante production of this system 1s shown in F1o. 3.2a.

F1g. 3.2

The details omitted, note that at high incident enerqy one can select

the kinematical region where the contribution of background diaorams

3.1b becomes of the same order as that of the resonant production

diagram 3.1a.

11



It 1s important that 1n the backward kinematics the (3.2)-type backqround

processes also are determined by the baryon exchange mechanism (see F1q.3.2b),

I.e. one can expect, that their contribution Into the distribution on

Л\ ( p 3 T " V
+
 ) does not prevail so strongly over the resonant one as It

is the case with forward production.

Using the prediction of sum rules for ciQ -amplitudes, one can estimate

the cross section of E 5 5 backward production process

p ^ T . (3.4)

Consider jr~p -backward scattering

3Tp-*pjr" (3.5)

which also proceeds via Д , , -Regge trajectory exchange (see F1g. 3.3).

The ratio of the cross sections of the processes (3.4) and (3.5) has the form:

12



a
where A^.*^ are the helidty amplitudes.

To calculate helicity transitions 1n the vertex ^ ^ E ^ w e will use the

Invariant expression (2.2) putting the quantity G-
z
 (which 1s not fixed

from sum rules) equal to zero. Analogously, the transitions in the vertex

L are calculated projecting the Invariant expression

Up р ^ Ы д u on the helidty states.

Assuming that all the helicity amplitudes are reqgeized In the same

manner, we have

(3.7)

(З.Я)

D
V i ,• / %. , .-.

where U =

The explicit expressions for /
v
\^ ^'{%) «re given 1n Table 3.1

( 0 1s the transverse component of the transferred momentum о ).

13



Table 3.1

X е

! 1/2

; -1/2

±5/2

и

0

3/2

1

0

-3/2

Л

1/2

" • '

-1/?

Sum rules for cxa-amplitudes predict the definite relation between

Q."1 - ^ and Lr (u) on the mass shell of &5Ь-, Л

and /[/(i.e. at u = M"^ )» namely

(3.9)

^ssuming that the formfactor of Л which describes the off-mass shell

effects is the same In the reactions (3.4) and (3.5) ( I .e. the relation (3.4
. P r e г р г E / x

fiolds at a l l и and {(u) = { Ы) , f ( u ) = Г л <-u) ), we oet

after simple calculations:

Г'. 31)



F1g. 3.4 presents the experimental data [l6\ on - p (ЗГр-»рЗГ~) \

as a function of I n i t i a l momentum. The curve represents the parametrization

of the experimental data In the form К p ^ with n • 2.08 ± 0.06 [lO] .

iO1

10'

iCT
I l l I I l_

60

P,ob

F1g. 3.4
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Note that formula (3.10) can be used also to estimate the ratio of the

cross sections of the Inclusive production of E ^ - and p 1n the frag-

mentation region of Я'* and JT~ -beams, respectively (see F1g. 3.5 a,b).

a) b)

F1g. 3.5

4. Production of S c -Resonance 1n -Beam Processes.

Consider the processes

Z.'o

(4.1)

(4.2)

Sum rules for OLQ -amplitudes predict the strong coupHno 1n the ver-

tices SLdihg . where Qi; are regqeons with X =• 1 "^Л^ •

This means that the production of &
р
 in the reactions (4.1) and (4.2)

have to proceed via these reggeons exchange (see F1g. 4.1).

16



a)

F1g. 4.1

As to the relative size of these reggeons contributions, 1t 1s not fixed

from the sum rules. We will assume that, as 1t 1s the case with the reactions

NN ~ * N & W "* А Д .
 t h e

 dominant contribution at P^, -£ 50 GeV/c

gives 5\ -exchange. The expressions for the differential cross sections,

which correspond to the diagrams 4.1a and 4.1b with realized 5Г , are

*l •—.

(4.4)
2

17



a n d ' j w ^ а г е f o ™ f a c t o r s which describe the T -meson

off-mass shell effects.

Assume that

•i -•! fit parameters a and R. from the comparison with the experimental

ciata on the processes //M~*H/A3i , А^-^&зъ&ъ?. a n d

l'-V-ъЛ, Л-т. П-16 , taking the universal form (4.5) of ЗГ -mesoa

ъъ s *
fo-tfactor in the (4.3) and (4.4)-Hke formulae for these processes cross
sections

3 GeV"
2
 ; R =• 2.2 G e V

2

The other parameters 1n (4.3) and (4.4) have the foiiowinq values:

(G

/G ) - z >

2.

The .«iations (4.6) are the oiCt -amplitude sum rules predictions (see {2.3^

and !"3J ).

П о . 4.2 presents the results of theoretical calculations of the differ-

ential cross sections of the process (4.1) at different energies, and

Fig. '4.3 - those of the process (4.2). The correspondino integrated cross

sect ons zr4 given in Fig. 4.4. А П calculations are made at Л ц * 1.5 GeV.

"E

To J:• ;-;->nstrate the dependence on ,M$
E
 , we give in Fig. 4.3 the cross

sect-:or of the process (4.2) at /\^ 1.45 GeV too,. .

18



I I Г 1 1 Г

0.2 О.Ъ ОМ 0.5 0.6

1*1
F1q. 4.?



F1g. 4 .3



6 8 10 20 40 60$0

F1g. 4 .4
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5. Production of $>£ -Resonance In Z p -Collisions.

21 ¥ -collisions

Unlike the $>E , resonance S e cannot Interact Immediately with

лурегоп (the vertices -2Го^£
Е
 are predicted to be zero 1n sum rules).

Therefore S e -resonance should be produced 1n

through cascade mechanism - just as B
ss
- 1n NN-coll1s1ons

In this section we calculate the cross section which corresponds to the

one of the possible £>e -production mechanisms, namely to the two-p1on ex-

change mechanism presented 1n F1g. 5.1.

#--

&*v

a)

F1g. 5.1

b)

The detailed description of the model was done In [8] , where the reactions

MM-^Ess-^i^ *nd Л^И"*' B
S
s~B

ss
- were considered. Formfactors

of JT -mesons are Uken the same as In [в] . For the couplings In the

vertices 1n Fig. 5.1 SSR predict the following values

M *~М
Х

=
0 , which

*) Strictly speaking, the conclusion that the Z — $ g coupling 1s

vanishing Is closely connected with the conditiw

follows fro* the neglect of higher states cmtrftatfm Into sum rules. It

1s possible, 1n principle, that at M e * ~ l A
z
+ 0 tkt transitions

* * oi;X ( t = Л ^ . 4
Я
) are nonzero M i ttaa «• tM "«Ki^tion of

on I -beams the one-p1on exchange nechanisa will contribute.

22



-Л

U ~ ~ Iff •"

The values of Q. , Q. and £r are oiven In (?.]d),

(2.6) and (2.3).

Fig. 5.2 shows the differential cross sections at 2L -hyDeron momenta

10, 20, 50 GeV/c, and F1g. 5.3 presents the deoendence of the inteorated

cross section on p ^

It is worth emphasizing that the cross section which corresponds to the

diagrams of F1q. 5.1 turns out to be rather small as compared to the cross

section of E s s -production 1n NN-coll1s1ons [sj . This 1s connected with

the relative smallness of vertices which involve stranqe particles.

Further, in the theoretical calculations the corrections which are due to

the experimental cut-off Imposed on the masses of systems 21 (1^Я5> JT~

(when selecting ,S>£ ) and Air . Х'зг (when electing £_{НЯ5Ч are

not taken into account. For example, .^ssumina the
 f
5reit-Wianer shane distri-

*
bution for the system 2. (1385)3T , one must -ultinlv the cross section

of b
c
 -production by the coeffic • nt i

s
 (.'<!• * jj with

i r- •, ... j_

L

where M«j» and is* are the mass a.-., wirith nf . t'. . /v\., and А'', зге

^he uDDer -jnd lower M^iits of ex пег 1m0j4.il cut-r-''f.



ft'
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It»
Fig. 5.2
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Fig. 5.3
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6. Spin and Parity of Resonances. The Angular Distribution

of Decay Products.

Under the analysis of the spin and parity of resonance , 1t 1s Important

to study the correlations of the decay products which do not depend on the

details of resonance production dynamics. Such a correlation 1s the distri-

bution \)(/(0ai)
in t n e ar

^
1e
 between particles О and & In the rest

frame of resonance R , which decays 1n the cascade vein:

g-> ^-Kjr -* Q + J T + JT . The distribution W ( 6 ^ ) 1s determined

by the mean value of helidty of particle ь which depends on the so1n and

parity of R .In this section we derive the formula which describes

V/(^o«)
 a t

 deferent values of '5 * 1n case when л g •=• /z

( Д . Z* -resonances) and \* = fe
+
 (Ы, \

 г
 )

The cross section of the resonance R> production with the subsequent

decay R-> ^+JT-» a+5? + 5? (see F1g. 6.1) has the following form:

F1g. 6.1

26



(6.1 )

where l\\ ^ ^.^ ^ are the helidty amplitudes

and

V c W ^ W ^ (6.3,

In (6.2) and (6.3) 6(^(0 and 6 ( ^ g ) are the prooagators of К

and i .

Taking Into account (6.2) and (6.3) and makinq the trivial transformations,

rewrite the expression (6.1) In the following form

<r -

27



In (в.4) P » Is the density matrix of resonance R .
J 'V

s
 я

Take the z-axis 1n the direction of momentum of Я an* turn Into the

rest frame of Я . Then [l7
a

where t | and -f Q are the polar and azimuthal anaies of the К -reso-

nance flight, "I ,
u
 are the Wigner 01 -functions (here and 1n what

follows we denote by asterisk the variables 1n the rest frame of fx ).

Further, one can show that

where b
a
l Is the angle between p^ and pg , Ц> Is the azimuthal

*angle of p ^ 1n the plane which 1s perpendicular to jp* . The quantities

n
 R
/\ \

 and
 4 \' possess the foliowina symmetry orooerties

(6.7)

Substitute (6.5) and (6.6) Into (6.4). Takino Into account (6.7) we tret

(6.8)

3*

28



where G
 c

 is the cross section of resonance R. production.

It is seen from (6.8) that indeed, the distribution on b
Q
g does not

depend on the dynamics of К Droduction and is determined by the &
*<

heiicity mean value, i.e. the coefficients jflfp depend on

(the kinematical factors in (6.8) are connected to the Dhase space).

In the case under consideration ( J - /i the

Ustribution has the form (for the concreteness denote Q =M k —— А

where

'P

-<

(6.Ш)

Let us write out the values of

and Рк. [б]

a)

at some values of Jc

?9



-%-1- (6.11)

b) - 1 + — -
i A/1м д м»

Мд (P.12)

In (6.11) and (6.12)

the Invariant functions the

ц. / ^i , where the (jf.

-* АЗГ decay amplitude depends on.

are

c) for the case

s o

-Уз. (Ра.= * ) i t follows from (6.5) that
t n e term'with ^. ^ \QMC±) remains in (6.9)./ k v^fc. ^ ' s o o n ^ y t n e termwith ^. ^

I t follows from (6.11) and (6.12) that at -$« = 5/2 and 3/2 the anoular

distribution depends on the rat io of functions Q- ' and Lr{

Assuming, however, that ^ p R are not too larqe, one can neolect the term

with ^ at \fJZ/n\ ^ \ and then

Fig. 6.2 denrenstrates the theoretical calculations of \Vp

carried out at M ^ « 1.42 GeV and M ^ « 1.23 GeV.
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