CLLALOE (5‘ c
5L Preprint HDN-8I2(39)-85

GredUvh DP2PYUBP PoUShSAHAS
EPEBAHCKHHA WH3HYECKHH HHCTHTYT

L.S.BAGDASARYAN, P.I.GALUMYAN, A.A.GRIGORYAN, S.P.KAZARYAN,
G.N.KHACHATRYAN, A.G.OGANESSYAN, H.H.VARTAPETYAN

EXOTIC BARYON RESONANCES. MODERN STATUS.
POSSIBILITIES TO SEARCH AND INVESTIGATE

. IlHHHaTomundopm
EPEBAH-1985



L) LieHTpANBHMA HEYUHO-HCCACNOBATEARCKHE AHCTHTYT KH(OPMGNEN

¥ TEXHHKO-SXOHOMNYECKNWX WCCACAOBaRH P 76 aTomHOR naywe
% TexHuke  (UHHWmrommdopws {9851,



1. Introduction,

The problem of the exotic (multiquark) resonances existence is of narti-
cular importance for understanding the hadron physics.

It was supposed for a long time that there exist only nonexotic part-
icles and resonances which can be composed of quark and anticuark qq (for
bosons) and three quarks qqq (for baryons).

At the same time, the existence of the exotic resonances is predicted ir
a variety of theoretical schemes, such as the strong counling model [1-3] ,
the Chew-Low bootstrap model [4] , the bag models [5-7], the strina models
[8] » the dual approach'[?,ld] , the dispersion sum rules for reggeon-
particle scattering [11-1:{] » the soliton model of baryons [14] . Beina an
inherent part of the cited schemes, the problem of the exotic states may turn
out crucial for the verification of the adequacy of the theoretical renre-
sentations which are the basis of one or another model.

A11 that points out the necessity of the investiacation of the multiomark
)

*
states, in particular the exotic baryon resonances ‘.

*) Hote that in the modern terminology, together with the multiquark reso-
nances, those composed of gluons and/or quark-gluon mixture are alsn re-
ferred to the exotic resonances. We consider the baryons which have the
“open" exotic quantum numbers of isospin, e.g. non-strance baryons with
isospin I=5/2 and hyperons with strangeness S=-1 and I=2, They must con-
sist at least of four quarks and one antiquark.
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Unfortunately, the present experimental situation with these states does
not seem very convincing. There are certain experimental evidences for the
existence of baryons with 1=5/2 in the pUi*Gi* and N3 Ji" systems; however
these experiments being performed mainly with the bubble chimbers #re poor
in statistics, and they cannot be considered as strong evidence for the
existence of the exotic baryons. It is obvious that a more careful analysis
of these states in experiments with large .tatistics is needed. .

Furtner, all the experiments are performed with the low-enerqy beams
( Py, < 5.5 GeV/c) at which the contribution of the backaround subprocesses
to the investigated system prevails over the resonance one. A substantial in-
crease in the initial energies, up to SPS beam energfes, is recuired to re-
duce the contribution of those subprocesses.

The aim of the present work is to ground the most favourable reactions
and kinematical regions where an effective search for the exotic baryons {s
possible. The contribution of the background subprocesses to the investiagatec
systems in various reactions and momenta confiqurations of the observed part-
ic es, as well as the dependence of these subprocesses on the incident part-
icles energies is discussed.

Sect. 2 represents a short review of the theoretical anrbroaches where the
exotic baryon rescnances are predicted. The features of the exotic resonances
wni;n follow from the sum rules for the reggeon-particle scatterina amplitudes
are given,

A number of experiments were performed since the early 60-jes to
searcn for the resonances in the isospin I=5/2 pﬁf*()‘r" and nJidA”
systens produced in the reactions on various beams and targets. The results
of these experiments are briefly reviewed in Sect. 3.

As tne processes of exatic state production proceed with small cross
sections, the choice of the optimum reactions and measurement reaimes is
wighly iuwportant to investigate effectively these states. These cuestions are

considerec in Sects 4-6.



Sect. 4 de. .s with the F)ﬁ?*ﬂ?f -system produced in the exclusive
PP = pat st oGP and J"T*P—;rﬁ?'fj?*&}*P - processes in the nroton
fragmentation region. The backaround subprocesses are analysed which minht be
reflected kinematically into the f)Cn'fGT*-system. thus emharrasina the oh-
servation of the resonances in this system., On the basis of this analysis,
the kinenatical restrictions which must be imnosed on the detectec narticles
niomenta to reduce the contribution of the backqround subprocesses are determ-
ined.

It 1s interestina to observe the fast-flyine F)ST*OT*

system produced
on 77T -beams. In this reaction the influence of the backaround processes is
small, so the effective investigation of the resonances is possible.

In Sect. 5 the exclusive ﬁT*PepJT*DT*ST" reaction is analysed. Usinn
the results of Ref.[1I] the theoretical estimations of the cross sections of
the exotic baryons produced in this reaction are given., These estimations
show that the optimum J7" -beam energies at which the cross section of exotic
baryon exclusive production is not too small are of the order of 20-90 GeV,
At higher energies one can increase the cross sections considerino the in-
clusive production of FDST*GT* -system which has a scalina nature.

In Sect. 6 the question of effective searching for the exotic resonances
in the processes of inclusive production is discussed,

Together with the non-strange baryons there must exist the exotic ones
with strangeness S=-1, -2, -3 (see Sect. 2). To search for the exotic hvne-
rons with S=-~1 strangeness, one should 1n§est1gate the systems A2+
and S. ¥ JTY | sect. 7 deals with the problem of searchina for baryons
in these systems as well as for the exotic hyperons with S=-2 and -3. .

To determine the resonance spin and parity, the angular distributions of
the decay products should be analysed. In Sect. 8 we oive the model-indenend-
ent theoretical predictions for the angular correlations between the decay
products for various cowmbinations of the resonance spin and parity.

There exists an interesting poscibility to investicate the exotic barven



Regge trajectories by observing th~ fuclusive production of A" (1232) and
:E* -resonaéces in the J7 -beams fragmentation region. This question is
elucidated in Sect. 9.

As was alregdy mentioned, the cross sections of the exotic baryons pro-
duction constitute a very small part of the main processes. To investigate
these baryons, one needs thr installations, which have a high efficiency ir
the particles registration in the wide-kinematical region. In Sect. 10 the
efficiency of an OMEGA-type spectrometer in the investigation of the exotic
baryons is considered. The expected number of the experimental events for
these baryons production 1s calculated. The calculations show that this num-
ber should exceed at least by two orders of magnitude the total statistics
up to now accumulated. It 1s shown that the OMEGA spectrometer allows one to
carry out measurements over the whole required reqion of initial eneraies and
kinematical configurations of the reactions products. Of great ymportance is
the conclusion that these measurements demand no changes in the construction

f OMEGA.

2. Theoretical Outlook.

The isospin I > §/2 baryon states appeared for the first time in the
work of G. Wentzel in 1940 [1] (see also [2] ). The interaction of the nucle-
on source with surrounding meson field was considered. From the solution of
the quantum—hechanica] problem on the energy eigenvalues for the nucleon +
pions system it was shown that at a large coupling constant there arise the
excited states with isospin I=3/2, 5/2,.... Within the analogous anproach
W. Pauli and S. Dancoff [3] took into account also the pion field ancular mo-
mentum. This gives rise to the correlation between spin and isosnin of the
excited states: J=1=1/2, 3/2, 5/2,.... Discovered in the early fifties,
the 43!41532)-resonance became a striking confirmat?on of the strong counl-
ing theory predictions.

The exotic baryons appear as natural components also in the models based



on more contempgrary approaches to the investigation of the dynamics of strong
interactions, such as the dispersion relations, QCD, etc.

So, a series of the IsJ baryon states, whose first terms are the nucleon
and the A (1232)-isobar, are predicted [4] in the Chew-Low Static bootstrap
model based on the dispersion relations and crossing-s}mmetry.

The baryon states with aqatn(qf) quark contents arise at the self-consist.
ent dual amplitudes construction [9,10] .

The idea of the colour confinement leads to the representations of hadrons
as bags consisting of quarks and also as chromodynamics strings. Within these
representaticns the exotic baryon resonances are also expected [5-&].

The hypothesis of a soliton nature of baryons 1s widely spread now [li].
The baryons are treated as soliton solutions of the effective lagranatan which
corresponds to the low-energy 1imit (the soft-pion 1imit) of the current al-
gebra. A series of baryon resonances with I=J=1/2, 3/2, 5/2,... .1s also pre-
dicted in this approach.

One of the theoretical approaches where the properties of the predicted
states obtain a rather quantitative description is that based on the disper-
sion sum rules for the reggeon-particle scattering ampliitudes {,LQ -ampli-
tudes). A good agreement of the oLQ -amplitude sum rules predictions with
the experimentally measured characteristics of the processes involving the
ordinary hadrons [}5} shows the large possibilities of this approach. In par-
ticular, it predicts the correct value of the A\ (1232) = MJ7T  decay
width ., the ratiosof the binary processes cross sections, the spin structure
in the vertices of the different reggeon couplings with AN and £&33 -
baryons.

The successive application of sum rules leads to the prediction of
I = 5/2 exotic baryons existence. The sum rules allow one to determine un-
ambiguously the spin and parity of these baryons (J=I, P=+). Thus we see that
the existence of the exotic baryon resonances is predicted in guite different

theoretical approaches. As to the properties of these resorances - spins,’



particles, nasses, decay modes and widths ~ the theoretical preaictions
either are absent in some approaches or represent a hiohly motley scale of
possibilities. From this viewpoint, the aareement between the strono counling
theory. bootstrap and soliton models and sum rules for the oL{ -amnlitudes
seens very intricuina. Probably, such acreement points out a closer relatinn-
ship between these approaches.

Consiuer now the properties of the I=J=5/2 state called in [}i] Ess -
resonance.

E 55 -baryon is an analog of N and z§35 in the world of 1=5/2 resonan-
ces - the ground state among these resonances. The most probable decay mode
of E 55 1is the cascade process Egs > Q5,07 > NTrIr . At small momenta
of the decay E g5 > Az3IT  for the width [:; a simnle formula s ore-
dicted [11) :

l—'\ - lBAls Ma (Gpawp)z (2.1
E 43S0 Mg

where Fi; is the decay momentum, S, =1 Gev,

The values of [ . at different ﬁ1E are oiven in Table 2.1.

E
Table 2.1
M () 1.42 1.44 1.52 1.56 1.60 1.65
IS SUUURIPONY (U] SR,
¢ an c 30 283
l—E AT a1 36 14 21 307
(Hev)

If the E 5- mass 1s less than 1.5 GeV, then ['; is rather small. In
tnis case an extraction of the resonance J;ak from the tackecround is pos-

sible. At M 2 1.8 GeV¥ the resonance discrimination mray turn out



very compHcateq. *),

Together with the non-strange baryons there must exist the exotic ones
with strangeness $=-1, -2, -3. E.g., from the sum rules for £LQ -amlitudes
it follows [13_] the existence of iwo resonances with S=-1 and 1=2 -
S;(Jgg: %-i pS.g:*) and SE(JS;%.; Pse=t) .

SE -resonance is the strange analog of E 55 -baryon. The decay into

Z'(1385) J=  channel is expected to be dominant for SE -hyperon. At
small decay momenta, for the width S; > T™*(1385)37 -decay the follow-
ing formula is predicted:

r\s - [5':*!3 Mz*(c

(2.2)

s;:ﬁZ")z

) s » 5 AR
with (C, gT= GZ TA) = 9/5

5=- hyperon can decay both into > Jy- and Z*( 1385) 37  -channels.

The corresponding partial decay widths are predicted to be

PP (Ez+Mz) (ST IR (2.3)
r;E*ZJT ~ 42:S, Ms, G )
with (GSEJTZ Gs:"‘.n/\)z - 32

and

- 5 |Perl? SeMER (o)
’_‘SE-"’Z’%T -~ 2ot Mg Ms+ (G )

where (GSE-T' 27(;2*“/\)2 = 18/25

*) Recently, there appeared certain experimental evidence for the existence
of the state with = 1.44 GeV mass in the PpPI*H?* and NIF~ sys-
tems. This state decays mainly into the Ay,J7 channel, its decay width
is in good agreement with formula (2.1), and the anoular distributions of
the decay products do not contradict J = 6/2 and P = + (see Sect. 3),
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Tables 2.2 and 2.5 iis. tne values of ISE*S"G'I and 'nsg-ab.'n”

at various masses.

Table 2.2

Mz (Gev) | 1.5 1.60 | 1.65 1.70 | 1.75 1.80

Fsg» z*ar 4 24 59 108 17 250
(MeVv)

Table 2.3

Ms (GeV) | 140 | 1.45 ) 1.50 | 1.55 | 1.60 | 1.65 | 1.70

r\Se +35 17 4 79 127 185 253 332

r\Se *>I%% ) 2 5 9

One can see from Table 2.2 that the effective search for the S; - re-

jonance can be carried out in the Z*(1385)3T -system at masses
< 1.75 GeV. At larger masses it will be difficult to discriminate the
SE -resonance because of its large width.

As to the SE -resonance, one can see from Table 2.3 that it should be
searchea for in the mass reaion =< 1.60 GeV of the system =37 . The
search for Sg 1n the 3*(1335)3F - system seems extremely ineffective
vecause of its weak coupling to this system, ’

Analogously, the resonance interaction in the exotic systems ,\:_‘,‘.’JT' (I=372)
anc 30 J7 should be expected.

tesume of this section. Cne rust investirate in detail the resorances in
Lhe p.?if:r:'f -systen ass distributicn in the thr< M (pgfog;')< 1.8 Gev
reyion. restricting the mass of the PJT T subsystem .to the A (1232) vre-

sonance recion.
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The exoti¢ S = -1 baryons should be searched for in the AJj*J5i* —
(with the extraction of the = '(1385)-resonance reaion in the AJr sub-
system) and aiso in the ZtJTt-systems in the Mu,,, < 1.8 GeV mass
interval.

To search for the exotic baryons with S = -2 and -3 one has to investi-

- Oy = o Lyl NS
gate, e.g. the systems = i and = N° ; S I°T ad = I°5¥

{with the selection 3‘-(1520) D H R ar .

3. Experimental Status.

The present section contains a brief review of the experiments on baryon
resonance search in the exotic systems pﬁ*ST *and NITIT,

" The first experiments on investigation of the PJT':B’ system were
carried out in the early sixtles., A few reports concernina this subfect were
contributed to the XII International Conference on Hiah Eneray bhysics
(Dubna, 1964). Among those reports, the work on studying the Jf'p-v:n".'ﬁ'm’p
reaction at Py, = 3.65 GeV/c 1s of particular interest [16]. It was shown
in this work that the peak 1n the PJ:"JT*- system mass distribution at
L (p:n-*:rrf) 2= 1560 MeV can be treated as a kinematical reflection of the
Ftp- SGFta) + AT'(>p3it) subprocess.

Later on, the I = 5/2 states were from time to time investigated by
various groups. The results of those experiments are rather conflicting. So,
in Ref.[17] a peak in the systey NJ"I~ at M (NT~Ti~ ) = 1640 MeV in
the reaction 91 d > pnar-Ji-3T*  at Py, = 2.26 GeV/c was observed.
In the same 1969. there was published the work [18] on studying the mass
spectrum of the pJTfJT*- system produced in the reaction

Ttd > npIt - at P, = 1.1 & 2.37 GeV/c. The mass distri-
butfon does not reveal any distinct structure in the reaion M (P *GiY) =
= 1500 + 2000 MeV.

The nJi~J7 " -system was studied 1n a series of K -beam exneriments in
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the reaction K'd - R_OPJT *NJI~Ji~ , the incident momenta being
4.91 Gev/c [19] . 5.5 Gev/c [20] , 4.48 Gev/c [21]. It is claimed in
Ref. [19] that a peak is observed at M (NJF~Ji~ ) = 1630 MeV, whereas
the results of [20, 21] testify against this peak,

Note that the above-mentioned experiments were performed with the bubble
chambers, so they are poor in statistics. The authors of [22] investicated
the inclusive reaction UT*p-’:JT"XH*at Plap = 1.9 GeV/c using a snark
chamber. They claim that the )(.r** mass distribution is described by the
one-pion-exchange (OPE) model and reveals no resonance structures at
Mo sy 1750 MeV. The same distribution at the Jit -@eson momentum 3,88 GeV/c
was studied by the authors of [23] . Nithin the experimental errors {pretty
large) they observed no resonance peaks in the )<f+’ system in the
Myser = 1.2 ¢+ 2.2 GeV interval, and the observed distribution was exnlained
as the kinesatical reflections of the other subprocesses.

Kecently. the systems with the exotic quantum numbers and particularly
the 1 = 5/2 baryons have become attractive again.

Tne mass distribution in the pP¥F*Ji*-and NJI"Ji" - systems nroduced
in the reaction np-'n:n“.ﬂ‘pm*:n’ at the monochromatic neutron momenta
Piap = 3.83, 4.35 and 5.10 GeV/c was studfed at JINR 122,25 On a level of
3-4 standard deviations at M ( NI3T3T ) & 1.43 GeV there was observed
a resonance which decays mainly into the chanmnel A, . The experiment-
al width of this state { r;,p = 23 + 10 MeV) agrees well with the formula
{2.1) predictéd value { ¢ = 36 MeV at a mass E ;. = 1.44 GeV), and the
decay product angular distribution does not contradict the spin-parity
values 5/2+. Ref.l}&] reports the observation of the resonance with
M R 1.42 GeV in the pJIr*Ji'-system produced in the reaction
TP FYFTF-HOP  at Py, = 4.37 GeV/c. The width of this state
(13 = 7 MeV) also agrees with the tneoretical one { F‘E > 20 MeV; M =

= 1,42 GeV). The authors of the Tatter work emphasize that this resonance is



the decay product of the heavy 43** (1890)-isobar nreliminarilv nroduced
in the pJT'Ji*JT"-system.

Besides the above-quoted state, in the works [24-2€] as well as in the
other ITEP experiments [27, 28} different sinaularities were observed ir the
p:lT*JT* - and NJi~Ji” - systems with I = 5/2 at various masses: 1.52
and 1.89 GeV [25] : 1.56 and 1.69 GeV [26] ; 2.76 and 2.15 gev [27] : 1.52,
1.74 and 1.99 GeV [28] . These experiments also were performed with the

bubble chambers. this resulting in poor statistics.

Thus we see that the situation with searchina for the resonances in the
I =52 PI*IT*~ and NI "I "~ systems {s hiohly comolicated, this
obviously demandina setting up the exneriments with hich statistics. Such
experiments would appear a crucial check for the existence of the 1 = §/2
baryon states.

Further, all the experiments performed up to now were carried out with
low-energy beams { < 5 GeV/c). At such enercies, the reflections of the
background processes give a large contribution to the investioated svstemrs.
To separate the kinematical regions where the contrihution cf these reflect-
ions is small, an essential increase in the beam enerny {s necessary (see

sect. 4 ).

4, Search for the Exotic Baryons in the Proton Fraomentation Reaien.

The Kinematical Reflection Problem.

The basic problem arising in the investination of resonance states in the
mass spectra consists in a possibility to discriminate the resonarce signal
from the backoround. The cuestion of the resomance sional discrimination
becomes especia]ly jmportant in studyino the exotic states which have small
production cross section. The backoround processes can give a laraer contri-
bution to the investigated system, thus making the resonance ohservation
impossible because of too small signal-backaround ratio. Moreover. the back-

ground processes may display themselves in the form of kinematical {non-
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resonant) peaks in the studied system. In this connection, 1t is highly im-
portant to determine correctly the kinematical recions where the contribution
of background processes is small,

To 11lustrate what 1s said above, let us consider the system j)JT*JT'

produced in the reaction

pp — PII AP (0.1

in the proton fragmentation region.
In our further analysis we shall use the one-pion-exchanae (0OPE) model
which is successfully applied to describe the processes with ordinary hadrons.

**7_ vesonance decay

Let the pIF'JT*-system be a product of E
(E™ AT*J7* — PIT*ITTT ). In the OPE model the diaoram descrihina
the E* ¥ resonance production in the proton fraomentation region has the

form shown in Fig. 4.1.

Fig. 4.1

Let us turn now to the backaround contribution. This contribution can be
divided into two parts. A first part is a backaround connected with the dyna-
mics of the non-resonant interactions in the f)JT*JW*' (A*™37T) = system,

A second part has a kinematical nature and is associated with the fact that
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the proton and J7* -mesons (A'" and Ji* -meson) can be produced in the
other subprocesses and contribute to the system under study.

What subprocesses of the reaction (4.1) can be reflected into the
PIT* Ji* (AT T*) — system?

Turn to Fig. 4.1, The upper block of the diacram describes the E¥"" nro-
duction process in the virtual ﬂl—f -meson-broton scattering reaction.
Therefore, it is obvious that the kinematical backaround in reaction (2.1)

is closely connected with that in the reaction

JT*P—v ST"JT'\'JT"F) (4.2)

(As the virtual Ji -meson in the multiperipheral kinematics is not too far
from the mass shell , one may consider the process of the real Ji -meson
scattering).

As was already mentioned in Sect: 3, to the system PJIT'Ji* (ar*Tm)
produced in the proton fragmentation region of reaction (4.2) a large con-
tribution comes from the decay products of the Ui"’p-v vean't subnre-
cesses, whose cross section is not small. As a result, the PJi*JI* (A" J7*)-
system is produced majnly via the background subprocesses, this stronoly
complicating the resonance observation in this system,

How can one reduce the background subprocesses contribution?

Consider a diagram plotted in Fig. 4.2 and discuss the reflection

P AH’ e
) ~s_
[ % 5
51 Yﬂ- +



of the process shown in this diagram to the afven mass Myx (a*" )
of the A'TI T - system at different Sy . It is obvious that with in-
creasing Sy the contribution to the aiven mass My, (A" T*) is made
by larger and larger values of the masses F1JT'JT- at the hottom of the
diagram. As to the small ”137'31- mass reflection recion. it shifts
towards the large masses of the AT 7Y — system.

Fig. 4.3 presents the Ji*Ji~ - 31" Jit - nrocess cross section as
a function of Mugy+3- . In the larce mass reaion this cross section is

very small, since it is determined by the contributior of the t-channel

ingularities with 1 = 2,

A

- (Myea-)

v

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.5 20 2.2
Mar+a- (Gev)

Fia. 4.3
In this region the cross sections of heoth tha L¥*T— vesgnance ard ner-
resonant ATYITT - sys.ten; rroducticon shoulsd he of the same order, as
they are détermined by the t-channel exchange with I[ = 7 fses Fin 4.4 apY,
5s for the region of srmal) S, ot Mg;'gr . the pap-rescrapt neeycte

: + . . N . . .
oot v ATTITT < svsten it the macharism shewn i- Ficl A2, temdnntes

(5 -



there.

a) b)
Fia. 4.4
Now turn back to the reaction {4.1) and consider the fast-flying system
ATTITT | If we impose no additional conditions on the JT~ -meson momenta,
then the diffractive production of the small mass of the A"J’!'Tl'-'l‘\-—sys-
tem (and respectively of the small S, of the AT"07*J1” system) dominates
{see Fig. 4.5).
P N
——a=0t

——*._. "
—‘_"5.‘,_

fig. 4.5

( P is the vacuum trajectory)
Therefore, even at very high eneraies of the incident proton. in the mass
reglon My, < M(A*'J*) < 1.8 GeV of the ATt system one will

observe a large background which imitates that at low fnitial energles.
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Thus, for the effective observation of the exotic baryon resonances nro-
duced in the reaction (4.1) in the projectile proton fraamentation region,
additional conditions, the J7~ -mesons momenta in the lab. system to be
sufficiently smaller than the J7* -mesons ones, should be imposed.

Obviously, when searching for the exotic resonances in the taraet-nroton
fragmentation region in the reaction (4.1), these conditions are to be re-
placed by the fnverse ones - the JT~ -mesons momenta must be Taraer than
the Ji* -mesons ones.

The positions of the peaks caused by the background subprocesses must
depend on the momenta configurations. As distinct from the resonance neaks,
these ones have to shift uncer the variation of the imposed kinematical con-
straints. In particular, the kinematical peaks in the fDST*JT*— system nro-
duced in reactfons (4.1) and (4.2) must shift and vary in their shane at
variation in the relation between the Ji~ -mesons and the PJT*JT’— svster
momenta ( S, variation), and also between the J7"- and 37T < mesons mo-
menta ( Mgezy-variation).

At present, using the plon-exchance realistic model, the calculatiors
of the contribution of the background subprocess shown in Fic. 4.2 to the

F)JTtJT'(zg**JT')-system mass distribution have been carrying out.

5. EY*YT observation in the Backward Production Processes

on the Ji? -Beams.

The search for the E ™" -resonances in the fast-flying PF*ITT (A''3i")-
system produced in the Ji' -beam processes (the so-called backward product.
ion processes) seems to be most effective. Consider the exclusive reaction
— - 1
J‘;‘*p = pITIITTH (5.1

[ ]
in the kinematics where the F)JT'JT*-system flies in the 377 -beam di-
rection (the choice of such kinematics can be realized by a simnle master-

signal when Ji~ 1in the lab. system flies to the back hemisphecel. The
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diagram describing this process corresponds to the exchanqe in the U -

channel by the baryon /\ -~pole (see Fig. 5.1).

USNE™ A &0

+
-

Fig. 5.1

Important in this kinematics is that the background processes which
can reflect into the A TIT*- system also proceed via the baryon poles ex-
change. Owing to that, the ratio of the production probabilities for the
background system and the resonance may be not as large as in the oroton
fragmentation region production. Fig. 5.2 shows a diagram of the OT"P-'PAHVO

background process similar to the diagram in Figo. 4.2,
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There 1s a possibility to estimate the cross section which corresponds

to the Fig. 5.1 diagram for the case of the E 5o

Let us consider the UT'p-backwar'd scatterine process (see Fia, 5.2).

Fig. 5.3

-resonance oroduction.

We see that both the E 55 -resonance production and the Ji"p-backward

scattering are determined by the /A -Regge trajectory contribution. The

oLQ -amplitude sum rules (see Sect, 2) predict a definite relation between
the NTTA ~ and ATT E 55— vertices incasewhen A , A and Ess

are on the mass shell.

Assuming that the formfactor of A  which describes the off-mass shell

effects is the same in both reactions, we can use the prediction of sum

rules and get

%(JT«-P_, .E;;*m_%lgg (Jitp~ pd‘l") = -:f—5 w(v)

- 2
with g(u):i-ﬁ‘l.é.,_#_‘;
E

Fig. 5.4 presents the experimental data [29] on

Se@rp>pa)

U=0
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as a function of initial momentum.

(5.2)

(5.3)
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Fig. 5.4
The curve 1n Fig. 5.4 represents the experimental data parametrization in the

forn of K Diap  with N =2.080.06 [29] .

There exists an interesting possibility to search for the |

- resp-
nances in reaction (4.1) at high energies at a specfal momenta confiauration

which imitates the backward scatterina process. This configuration becomes
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apparent from the consideration of Fig. 5.5.

P N

-

‘5\_'
hao
P P
Fig. 5.5

The kinematfcal restrictions leading to the configuration described by
the Fig. 5.5 diacras and enabling one to study effectively the E*** - reso.

nances have the following form in the lab. system:

’|_—,-,-*-A”3,-r 2 M‘"’s’ .t are the large quantities [see the analysis
in Sect. &).

t. Search for the Exotic Baryons in the Inclusive Production

Processes in the J7 - Beam Fraomentation Reaion.

An essential increase in the cross section of the fast system F)ST*ST*
production in the processes with high-energy J7* beams ( 2z 100 GeV) can

be achieved under the observation of the inclusive nroduction of this system

{see Fig. 6.1).
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Fig. 6.1

Just as in Sect. 5, one can estimate theoretically the E };.* inclusive pro-

duction cross section in the Ji* -beam fragmentation reaion:
+ +++ (5.1)
Jrp-> B X

In the A\ -reggeon exchange model this cross section has the followina

form:
dGT™ESS  4-24a(V) By
dxdu = @) e V) thp(Mf,U) 2

where X 1s a scaling variable (momentum fraction carried by E - barven),
fE (U) 1s A - reggeon formfactor, G?;_P(M,z, U) is total cross sect-
fon of the scattering on the proton of the virtual A -resonance with
mass U '

On the other hand, the cross section of the proton inclusive production

in the 07~ - beam fragmentation region

7-p - pX (6.3)

which also is determined by the A\ -reggeon exchanae (see Fio. 6.?) 1is

as follows:
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Fig. 6.2

d G NP
dx dvu

1-2 'A(U)§

= (4-x PGPy Y

where 5P (U) is the corresponding A -reggeon formfactor. Just as for
the exclusive production processes (see Sect. 5), assumina the formfactor

of /A s the same in the processes (6.1) and (6.3), one can aet the relation

between the cross sections (6.2) and (6.4):

dc Tt Ess dg¥=p 2
gz - (6.5
dxduv dxdu ~ 45 (V)

where tg(u) is determined by the expression {5.3).

Unfortunately, no data are availakle in the reaction (6.3). There exist.

however, experimental data on the Ji~ -meson inclusive production in pp -

collisions:

pp -~ J" X (6.5)

This process is described by the diagram shown in Fig. 6.3.
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P
Fig. 6.3

The cross section corresponding to this diagram has the form:

P 1-24a(V) .
c?fdu = (1-x) A {p(v) G‘fotp (ML, V) (£.7)

'l.e.__the ratio of the cross scctions (6.4) and (6.7) is determined by
) ?;’tp(Msju)./G' fo"tp(M%, v) = f3 . Take for [3 the value of
the ratio G-E,E (M})/G‘t‘:f(M%) . At Mf > 5 6eVZ the latter
is 2 1, hence we may use formula (6.5) to estimate the ratio of the
cross sections (6.2) and (6.7).

Fig. 6.4 shows the dependence of the Oi~ -meson distributions {in no-
collisions at the transferred momentum souares U = -0,05 and
U = -0.45 GevZ on the scaling variable X . The data are taken from
[30] .

The experimental measurements of the Ji~ -meson spectra at larcer %X
and smaller lUl are absent. One may, however, exmect {by analoay with
the X < 0.7 region} that for x > 0.7 the cross section at

U & 0 1s approximately three times the one at U = -0.45.
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Let us*dwell now on the background contributions problem . In the case
of the inclusive reactlions the analysis of these contributions is rather

intricate, since particles entering into the missing mass are not identified.
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This complicates the concrete definition of the background subprocesses.

Nevertheless, using the analysis carried out in Sects 4 and 5 one can
determine the kinematical restrictions which allow one to reduce the con-
tribution of the background subprocesses to the in*JT",(A”OT*)— system.
Consider, e.g. the diagram shown in Fig. 6.5:

\in--i- A'l'"'

S

Fig. 6.5

This diagram is an inclusive analog of the background diacrams (4.2) and
(5.2a).

From the analysis of Sect. 4 we know that to reduce the contribution
of the diagram 6.5 to the Atart- system one should increase the rela-
tive momentum between the system ATTITT and JITx (increase S, ).
In tnhe case of inclusive processes the condition of the large relative momen-
tum between A J7T and Jix  is formulated as a requirement for the
system NTTT to carry the large momentum fractions,

i - XA~+:,T+ << i (6.8)

This requirement implies that the momentum fraction carried by the X—sys-
tem is much less than that carried by the A”JT"‘- system (the lab. frame
js considered). It is obvious that 1in this case X, +5+ 15 much larger
than the momentum fraction of any particle {J;x enterino into the missina

mass: .
X v > Xa,, (6.9)
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Consider now at greater length the PJI"“'—- system which is oroduced

-+
from the fast-flying E* "1 — resonance along the £~ '— /_f"ijI; -

o T T

pIa Jig scheme. In this case, for the Dn . Pp and p.,...'r momenta
the following restrictions hold:

.EE *_pt _Pi * v D0
ME(EA PA) < Pa < ME(EA Pa)

(6.10
—E(I:F*-Pb)é p:r* < == E;;E"P:)
a(Ep-P< Po < FERT PR

Lo (Eqs-PR)< Prg < £2 (Eag+p})

In formulae (6.10) and (6.11) PZ and p; are the decay momenta of
E—=> AT and A>NF inthe E and A

c.m.s., respectively:
»
Ei are the corresponding energies.

At Mg =1.42and M, = 1.23 GeV we have:

0.79pg < Pa < 0.96p¢

(6.12)
0.04Pg < pPxg< 0.21p¢
0.60 < < 0
Pe PP O pa (6,13
0.03pa < Pxz< 0.40pPa
Onre can see from these formulae that the allowed values of the Wi* -mesons

momenta 1ie in a pretty wide range and even at very larae Xp:n*:n* the 1n-
variant mass M 37 Ty of the system 57{'57, may be small and lo-
cated in the resonance reajon of Jv '* Ji'x = scatterina. Therefore, under

the investigation of the PJT *JT ¥~ system, besides the vnqtrictions (6.9)
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on the total momentum of the whole system, additional restrictions on momenta
of the .’JT;" -mesons themselves should be imposed.
The above analysis is ceneral enough and holds aiso for the nther hack-

ground subprocesses, e.a. for the one shown in Fig, €.6:

~—t ++
~v| A
b
Tt -
Fig. 6.6 el

P

Thus. to search effectively for the resonances in the P:JT'ZTT’(A"\"T*)'
system produced in the Ji* -beam fraamentation reaion one should work at
large Xpgregpe - Varying xP”""' and the momentum fraction XJ;,: of
JT.:' ~mesons from the DJT'JT* -system at fixed Xpjezt we thus vary the
~elative energy between the in"JT' -system and any particle d;, enter-
ing into the missing mass and vary the mass M:F.‘;’OJ; . This makes 1t pos-
sible both to vary the background processes contribution and ascertain the
nature of possible peaks in the system PJT"JT"(A"'JT") , for if
those peaks have a kinematical origin, then their position and shape should

vary under the above-mentioned variations of the kinematical confiourations

7. Observation of the Exotic Hyperons,

Now discuss the choice of optimum reactions and measurement recimes to
search for the S;- and SE ~resonances, Just 11ke in the case of non-
strange exotic baryons, the search for S; and SE seems to be more
effective in the Loson Leam exneriments. So. the backaround subnrecesses
shown in Fig. 7.1 contritute to tne /137"0‘1‘*(2“(1385)\?7')- svstem

produced in the incident rroton fraamentation reafon.
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a) b)
Fig. 7.1
These processes proceed via the strange boson trajectory exchanae
(e = K, K*; K‘;,.,), while the 5;-— production is determined by the
contribution of the exotic t-channel singularity with strangeness S = -1

and positive charge +1 (see Fig, 7.2):

Fig. 7.2
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In case of production in the boson (Ji- K=~ ) beam fraomertatine rerfon.

the production mechanisms for the backaround system a.w' the rssersrce 2re the
same (both processes proceed via the baryon poles exchapre). sr t4r rrve ~F
the kinematical reflections 1s not as dominant as for the areduc?inr or P :

. ; Lk
beams. Fig. 7.3 presents the diagrams describine the Z T~ - svstam ren.

”
duction in the resonance (from SE } and backaround nracesses.

a) By

Fig. 7.3
»

)’ denotes the Z - and Z— trajectories.
E -
More effective seems the search for SE ( SE) in the K -heams

»
experiments, since in this case SE(SE) is nroduced due to the A(MA)-

trajectory exchange, the latter beina in the j-nlane on the rinht of the

Z *(Zt Z)— trajectory. The diagrams for the main and backormrynd rra-

) » 52 *
cesses in case cf S'E - production are nlotted in Fia., 7.4 "~

*) »+t ++ +
Note that the production of SE and SE on the K -heams is
determined by the contribution of the t-channel exotic baryon sinnularity

with strangeness S = -2 and charge +1, and its cross section must be
suppressed against the SE and SE,“ preduction cross section in the

K~ ~beam experiments.
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a) h)
Fig. 7.4
The analogous diagrams describing the SE-production are shown

in Fig. 7.5.

»d
X

%)x

S S

a) b)
Fig. 7.5
As to the choice of the kinematical region where the influence of the
background processes is small, it is evident that the conclusions of
Sects 4-6 are quite applicable to the analysis of the resonance§ in the

ATTdi- and 297 - systems.
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In conclusion, let us dwell briefly on the search for the baryon resoc-
nances with S = -2, -3.

More preferable is the search for these resorances in the K~ -bear ex-

. X X Lol /O ..
periments in the following systens: a) = J7 : BY &= Ot an ard

- Vaunt e -
E: Ji%Jv, with the selection 2 (1520)J7

Jr

IR LA P s SRR T

)

i

t+ )

8. Angular Uistribtution. The Resonance Spin and Paritv,

To determine spins and parities of the resmnances, the analvsis af annular
distributions of their decay products is necessary. YWe censider hers the
angular correlation between @G- and b- narticles in the rest €frame nf re.
.sonance ¢l which decays as d = b+Jr-» a+3Jr+J7 (sec Fia, 9.1V,
Important is the fact that this correlation does net denend on the resnnance

d production dynamics and is cetermined onlv hv the narticle b alianmert

which depends on the resonance d spin-parity.

Fia, 8.1

Fia. 8.2 opresents the calculations of \XVY¥9Qb)-distr1hut1ons ag
functions of (,os@éb at various th and pd in case wvhen
?’:b = ?/Ef (A-, " -resonances) and }Qpa = 1724 fnicleen,
A -hyneron). The curves correspond to the masses My = 1.42, ™, =1.23,

Mg = 0.34.
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9. Observation of Exotic Baryon Regge Trajectorfes,

There exits a highly attractive possibility to study the Regage trajector-
ies, corresponding to the exotic baryons, in the reactions with the ordinary
particle production. .

Consider the inclusive process

The diagram describing the spectrum of z3+* -resbnances oroduced in the
JT~ -meson fragmentation region (the fast A" ) has at small transferred

momenta ( JU] = -1 Gevz) the usual Regae form:
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where oC'E are I = 5/2 baryon trajectories contributi ng to this process.
The cross section of process (9.1) is expressed through the cont.r'lhut'lon
of the three-reggeon vertices (see Fig. 9.2) in the following way:

dGm"-"A*: g dR(O)"i . _{:
dxdv -%fm(u)(—s- (1-xpiR©@-Li(W)-Li (V) (9.2
R

Fig. 9.2
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were R are the boson Recoe-tra jectories l:p, S, A , W,
{the pion pole does not contribute , since #ts wresidue in the lower vertex

is equal to zero). As usual, aoproxirate the exmression (2.?) hy the sum of

0.5- 245w

i-Za[fE“( )"i"g( )ﬁ" ) (9.7

dfdu f"( )L~

Toe first tere in (9.3) corresponds to the comtritwtion of the vacuum tra-
Jjector., while the second one to the effectiwe contribution of the secondary
trajectorfes R with o(,g(s) 2 N.5. o(‘éf ) is the effective
exotic baryon trajectorv.
It is seen fror (2.3) that varytne X . U a2nd S one can determine

o(,eEH(U) as well as fP(U) and ‘fg(U) . In the same wav one
can investicate the exotic baryon trajectorfes wiith S = -land 1 = 2,
analysing the inclusive spectra of Z*i (1285} and 2. * hy-
»erons in the fragmentation reoion of 37; ~beams (see Fio, 9.3},




10. The Experimental Feasibilities to Search for the Exotic

Resonances with the OMEGA Spectrometer.

In the previous sections we have analysed the processes and kinematical
sonfigurations which are most reasonable for studying the exotic baryon re-
sonances. In this section we show that the OMEGA parameters (eneray range,
luminosity, capability of the particles identification in the wide momentum
range and the mass resolution) allow one to search for these resonances and
investigate them at a high confidence level. The analysis was nerformed for
E ;?‘ baryon production in JiTp -collisions at the JiT -beam energy
range from 30 to 200 GeV/c.

E*?? identification has to be done by the analysis of the effective
mass distribution of the fast-flyinc system FXF*JT* (the mass rannes
from the threshold up to 1.8 GeV) with the extraction of Ay, -resonance
region in the fDUT*~ system. The measurement of the JT 1 -mesons momenta
in the range 0.5 ¢« 60 GeY/c and the protons ones 1in the rance & + 200 GeV/c
is necessary (see Sect. 6}. The square of momentum transfer from the heam
to the OT*JTT~ system is in the range from Umgx to -1 (Ge"/c}?

(the [)JT*JT*; system transverse momenta are 0 # 1 GeV/c). This kinematic-
al comain is completely covered by the OMEGA accentznce. The narticles with
0.5 :+ 5 GeV/c momenta are detected with the forward detectnrs, The 580 GeV/c
particles are registered and identified by means of the forward detac’ -rs,
drift chambers, threshold C-counters and ring-image E—counters. For the
particle identification in the reaion above 80 FeV/c the XTP-cetector is
used. In the nomenta recion, where it is difficult to semarate P and P(',
tne restriction on the invariant mass of Jr T -rescn and preton in the
Ay -isobar mass region 1s to allow one to reduce essentially the Tt K-

configuration backaround.

37



Lof_the OMEGA spectrometer.

As shown 1n Sect. 2, the expected width of low-1ying exotic resonances
may be relatively small (FE 2c 10 MeV); therefore the se?-up mass resolu-
tion 1s essential to {dentify them reliably in the presence of non-resonance
backgrecund.

For precise calculations, the correct simulations of the studied process
which take into account the real parameters of OMEGA and the track 1dentifi-
cation program (TRIDENT) are needed.,

The estimations of the OMEGA mass resolution (in the approximation of the
momentum and angular “{deal" resolutions) agive the value 3+10 MeV for the

resonance masses 1.4 + 2.0 GeV,

c) Estimation o_f number of E_}.;.: _ production events for the OMEGA,

The expected number of events for E;;* production was estimated using

the formula:

/\/E = G‘Ess'NH'I't

55
where G‘E:s is E ;__:.* production cross section
5

/V H s the number of the hydrogen target atoms per cm2 (NH=2.5 . 1024/cm2)
T 1is the average intensity of Ji'¥ -mesons beam (1= 5« 105/sec)
+ 1s the exposure time { = 480 hours).

Taking into account the theoretical estimations of the cross sections
(see (5.2) and (6.5)) and the experimental U -dependence [29,30] , we oh-

tain for the reaction

*

Ne 55 = 20,000, P = 30 Gev/c
il

A/Ess = 2.000 , Piap = 90 Gev/e

In the inclusive production case, Gé o is enerqy-‘lnde.pendent {has a

8



scaling nature).
The estimations show that for
Uma, ++¥
" de 1"~ Ess

Sd Sdu

09 -1 dxdy

The obtained estimations show that the OMEGA spectrometer at CEPN is
suitable to realize (without any modification) the search for the exotic

~esonances and their investigation at a hich exoerimental level,

The authors are grateful to A.Ts. Amatuni for %is nermanent {nterest in

the work and useful discussions.
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