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I. IHTRODnCTION 

Let me begin by making a trivial, but important remark. 
The existence of "true" exotic mesons (i.e. mesons whose quan
tum numbers cannot be obtained from a gq system but only from 
a multiquark system) is crucial for all existing theoretical 
schemes of baryonium . Even in the baryonium models (e.g., 
the bag model )in which the role of colour is very much 
emphasized compared with the role of flavour, the existence 
of the "true" exotics is a necessary condition for the vali
dity of these models. Of course, the "true" exotic states are 
expected, for various reasons, to decouple from the meson-
meson channels. However, no analogous argument has been given 
for their systematic decoupling from the baryon-antibaryon 
channels, and in fact one expects them to be strongly coupled 
to these channels . 

In spite of the present proliferation of the meson sta
tes which are good candidates for being members of the baryonium 

4) family , for the moment only few of them could be "true" 
exotics. In fact there are only three candidates for the "true" 
exotics : one 1=2 meson strongly coupled to the NNir channel 
and two 1=3/2 mesons strongly coupled to the lA + or Ys^+p chan
nels . Their existences are not well established ; the corres-

5) 7) ponding experimental data are either controversial or 
very preliminary 

However, we can already extract some important informa
tion concerning these "true" exotic baryonium states from the 

81 data involving their exchange as Regge poles . The short review 
I present here will be devoted to the answering of the following 
questions : 1) is there some phenomenological evidence for the 
existence of exotic baryonium as Regge pole exchange ? ; 2) if 
these exotic baryonium Regge poles are indeed present in the 
data, what are their main properties ? 
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II. ARGUMENTS FOR THE EXISTENCE OF EXOTIC BARYOSIOM EXCHANGES 

Since the " cryptoexotic" baryonium contribution is mixed 
with the ordinary meson contribution, the separation of the 
baryonium contribution will be, in general, delicate and ambi
guous. Therefore, in order to make crucial tests of the existen
ce of the baryonium exchange, one must look at the special class 
of reactions involving pure baryonium (i.e., "true'exotic) t-
channels. 

The reactions involving pure baryonium t-channels studied 
9) -13) in this section are of the following types : 

Bi Ba •+ Di D2 (1) 
B B + D D (2) 
Bi Bi + B 2 B 2 (3) 
Mi Bi + M 2 D 2 (4) 

and 
Mi Bi + M 2 B 2 , (5) 

vhere M denotes mesons belonging to the 0~ octet, B denotes 
b.Aryons belonging to the 1 
gi'lag to the 3/2 + decuplet. 
b.Aryons belonging to the 1/2 octet, and D denotes baryons belon-

In fact, we will focus our discussion on the reactions of 
the type (1), (2) and (4) involving production of 3/2 + decuplet 
baryons. The reasons for this restriction are both theoretical 
and practical. 

It is well known that empirically there is an important 
suppression of the reactions (3) and (5) involving production of 
1/2 octet baryons when compared with the reactions of the type 
(1.) , (2) or (4) . For example, at p.=4.2 GeV/c the forward diffe
rential cross section for K~p+ir+Y*~ is ten times larger then the 
one for K"p*ir+E" 1 0 k > ' 1 3 > . 

14) Theoretically, as was shown by Boyer and Quigg , one 
can understand this suppression using the triple-Regge expansion 
at fixed s and different (mass) of the produced baryon. The 



4 

2 

explicit (mass) dependence of cross sections implies that the 

larger the mass of the produced resonance - the larger the "for

bidden" cross section. For some particular cases the suppression 

of octet final states is reinforced by SU(6) Clebsch-Gordan 

s. For exe 

4/2 that of pZ~ 1 5 ) , 

coefficients. For example, the coupling of pY*~ to baryonium is 

On a practical level, the above discussed suppression 

implies that the detection of the experimental effects in the 

pure baryonium channels for the reactions (3) and (5) is possible 

only in high precision experiments, which unfortunately are rare 

at the present time. 

The particular reactions used in our analysis are the 

following : 

i) pure 1=2 baryonium channel 9&'~"' (corresponding, e.g., 

to a u u 3~ 3 exchange) 

pn + A'A** (6) 

and 

ir"p •* ir A" 

ÏÏ n + ir_A"* 

(7) 

i i ) pure 1=3/2 baryonium channel 9c)-d),10a)-k) (corres

ponding, e . g . , to M û û o r s u î â exchanges) 

pp -*• Y*+ Y*~ (8) 

and *"P + K + Y * ~ ( 9 ) 

K"P •* I T V " do ) 

iii) pure S= 2 baryonium channel *»>-«> .H>W."«>-b> 

(corresponding, e.g., to a s û û, s s cf d* or ssû'3 exchanges) 

K -p + K +S*~ (11) 

(There is no data for the interesting reaction pp •*• 2 2*"). 
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Let us notice that the 1=3/2 and the S- 2 baryonium chan
nels can also be reached from the corresponding reactions invol
ving the production of 1/2 octet bar 
cant data 1 2 > ' 1 3 ' for reactions like 
ving the production of 1/2 octet baryons. There is some signifi-

pp * f + E~ . (12) 

and 

K~p + n +E~ (13) 

which will also be used in our analysis. 

One must note that the quality of the existing data for 
the reactions (1), (2) and (4) do not allow a very detailed quan-
tative Regge analysis ; however, there is a relatively large 
number of data points in the medium energy region (p.=2-10 GeV/c) 
and their precision is sufficient to test the major qualitative 
effects expected from the exchange of baryonium trajectories. 

One must also remark that much of the existing data in the 
medium energy region is concentrated at the lower end of this 
energy range (p =2-4 GeV/c) where a Regge expansion is not accura
tely valid. However, this fact is not essential for the present 
purpose which is to look for generic and not for detailed quanti
tative features associated with the exchange of baryonium. There
fore we expect that our basic conclusions will not be altered by 
a more accurate treatment. 

1) The existence of forward peaks in the pure baryonium channels. 

This subject received some attention in the early 1970's, 
after the discovery of "forbidden" peaks in the reactions (6)-(ll), 
where the differential cross section shows a typical decrease of 
one order of magnitude in the forward hemisphere (see figs. la)-f) 
for some examples). A comprehensive review of the experimental 
situation at that time was given by Rosner . The excitement 
provoked by this discovery was soon dulled by skepticism, due to 
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the following three fundamental objections : 

a) the lack of evidence for forward psaks in octet-produc

tion reactions ; 

b) the possibility of simulating forward peaks in decu-

plet- production reactions by "kinematical" reflections, as first 

suggested by Berger or of producing them by double-reggeon 

exchange ; 

c) the spectroscopic absence of baryonium states. 

This skeptical attitude persisted until last year. Howe

ver,, now the experimental situation is rather drastically 

changed. 

First, forward peaks in octet-production reactions are 

observed. For example, high statistics experimental data showing 

the definite confirmation of a forward peak in K~p * ir+Z~ at 
13) 

p.=4.2 GeV/c were published last year . Also, there is evidence 
" — — + - 12) 

of ft forward peak in pp •* Z Z at p. =3.6 GeV/c '. As we expiai-

ned above, the fact that it is so difficult to observe the 

expected effects in the octet-production reactions must not be 

considered surprising, due to the natural suppression of lower-

mass produced baryons in the class of reactions involving pure 

baryonium channels. 

Secondly, the "kinematical" reflections (see fig.2 for an 

example) which are surely a possible process, cannot account 

quantitatively for the forward peaks in the reactions (6)-(11), 

as was discussed extensively in the literature (see e.g. Refs. 

9b),9d),10fl,10k)). Moreover, the "kinematical" reflections obvious

ly cannot occur in the reactions involving stable particle final 

states, like K~p + ir Z~, where the forward peaks are nevertheless 

observed. Therefore the "kinematical" reflections cannot be the 

general mechanism giving forward peaks in the pure baryonium 

channels. 

The alternative mechanism of double-Regge exchange can, 

of course, account qualitatively for all the observed"forbidden" 

forward peaks. However, at the quantitative level, the existing 

models >~20' show a tendency of giving too low values for the 

forward cross sections. For example, they predict for K~p*ir+Ï~, 
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at PT-4 GeV/c ,a value 01 ^O.lyb/GeV or even smaller, while the 
experimental value is 10 times larger. 

Finally, narrow-width mesons which are good candidates 
4) for being baryonium states were recently discovered . It is 

true that these mesons have the usual quantum numbers (i.e. they 
can be considered only as "cryptoexotics") but in the baryonium 
scheme they appear on the same footing as the 1=2 or 3/2 or S=2 
mesons. 

In conclusion, the main objections against the descrip
tion of the "forbidden" forward peaks as resulting from baryonium 
exchange seem now to weaken. 

2) The change of the energy variation regime from the low energy 
to the medium energy region. 

The fast decrease of the cross sections with the energy 
— 9 —10 

(=s -s ) below 2 GeV/c is common to many inelastic reactions, 
involving or not pure baryonium channels. After 2 GeV/c there is 
known to be a break in the energy dependence, showing the transi
tion to a Regge regime, not only in the reactions involving the 
usual meson exchanges but also in the octet-production reactions 
(3) and (5) . Here we will show that the same break, in agree
ment with the Regge-pole behavior, occurs in the decuplet-produc-
tion reactions (1), (2) and (4). In order to extract the Regge 
intercepts corresponding to the baryonium trajectories, we will 
use the data on the integrated cross section in the forward direc
tion, a,, which, in the Regge pole model, has the approximate 
form : 

- O r ) " ' " - • • • • • , » , 

(here K is a constant and s 0 is fixed at the standard value 
so=l GeV ). In fig. 3 we present a compilation of the world-data 
for the reactions (6)-(11) . By plotting the quantity of.ins as a 
function of s one can directly extract from the data the baryonium 
intercepts. 
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i) 1=2 (S=0) baryonium 

fig.4a)) 

From the data on ir-p-*ir A~ and IT n*ir~i++, one obtains (see 

a jg ( I = 2) (0) = -0.75 ± 0.2 (15) 

The data on pn*&~& are in agreement with the correspon

ding energy variation i.s (fig. 4a)). 

This value (IS) of the isospin 2 baryonium intercept is 

in agreement with a recent theoretical estimate in the framework 

of S-Matrix theory. Namely, using a simple planar self-consistent 

multiperipheral model with a finite-energy sum-rule constraint 

one generates, without any free parameters, an infinitely-rising 
21) 

baryonium trajectory, dual to vector exchange . This trajecto

ry (see fig .5) satisfies to a high degree of accuracy the isospin 

1=0, 1, 2 degeneracy property and at t=0 is consistent with the 

value (15). 

Obviously, due to the arbitrary assignment of the diffe

rent quantum numbers and in particular of the spin, we by no means 

claim that all the experimental states shown in fig .5 lie on our 

baryonium trajectory. However, the agreement between, on one side, 

the predicted and the experimental mass spectrum of baryonium 

states and, on the other side, the theoretical and the experimen

tal intercept is rather impressive and strongly suggests the 

existence of isospin 2 baryonium states. 

ii) 1=3/2 (S=l) baryonium. 

From the data on ir~p*K+Y*~• or K~p*ir+Y*"", one obtains (see 

fig. 4b)) 

a jg( I = 3 /2)
 ( 0> = - 1 - 2 * °'2 < 1 6> 

The data on pp+ï* + v*~ are in agreement with the corres

ponding energy variation "vs . 
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One notes the relative suppression of the S=l pure 

baryonium channels compared with the S=0 ones. For example, 

c f (TT"P+K
+Y* -) - 4.74 ± 1.66 ub at p L - 3 GeV/c

 9 d ) , while 

<jf (IT"P*TT
+A~) = 50.1 ± 12.2 pb at a similar value of p L(p L=3.2 

GeV/c) 9 d ) ; at p L « 3.7 GeV/c, a£(pp+Y*
+Y*") = 8 ± 3 yb 1 0 a ) , 

while a f (pn-*A~A
++) = 550 ± 200 pb 9 a ) . 

One can also note the difference in magnitude between 

K~yv*rt~ and iTp-'-K'"**" . a f (K~p+irV~) is systematically higher 

than a-(ir~p+K *Y*™). For example, at p. •* 4 GeV/c, af(K~p*ir Y*
-) = 

= 2.8 ± 0.5 ub 1 0 k } , while a f (iTp+K
+Y*~) = l v b

 1 0 g ' . This diffe

rence in magnitude, which results from the line-reversal symmetry 

breaking, is a similar phenomenon to that observed in the analo

gous reactions involving usual meson exchanges, for example 

K~p*ir"z+ and ir+p+K+E+ 2 2 ) . 

Let us finally remark that, assuming the universal slope 

and the approximate isospin 1/2 and 3/2 degeneracy, one obtains 

also a rich spectrum of the strange baryonium states. For example. 

one expects a narrow-width spin 3 particle near the NÏ" threshold, 

a narrow-width spin 4 particle near the NY^ threshold, and a 

narrow-width spin 5 particle near m * 2500 HeV. The spin 5 recur

rence is not far from the region of mass (m « 2460 MeV) in which 

a narrow <r < 20 MeV) isospin 3/2 meson seems to be observed . 

i i i ) S=2 baryonium. 
— +wJfe— 

There is not a sufficient number of data on K p*K e. in 

order to make a precise evaluation of the corresponding baryonium 

intercept. However, from fig. 4b) one can deduce that 

° J3(S=2) ( 0 > I ° $(1=3/2) { 0 ) * _ 1 - 2 * °' 2 ( 1 7 ) 

One may also observe the relative suppression of the S=2 

pure baryonium channels compared with the 3=1 ones. For example, 

at p.=3 GeV/c, o-<K"p*K+S*") = 2 ± 2 yb, while a*(K~p+ir+Y*~) = 

12 ± 2 yb . Concerning the mass spectrum of the S=2 baryonium 

states, one expects from (17) and the assumed universal slope, 

that it will be rather similar to that of S=l baryonium states. 
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One must note th. t the above discussed energy dependence 
of the "forbidden" peaks is not in obvious contradiction with the 
double-Segge model, which is very flexible in its predictions. 
For example, in ir~p+K+Y*~ a p-K* cut will correspond to ct(0)=-0.3, 
while a ir-K cut will correspond to ot(0)=-1.25, the phenomenologi-
cal value of the intercept being a(0)=-1.2. 

However, the consistency between the information on the 
baryonium Regge trajectory, extracted from the negative t region, 
and the new mesons, which are possibly Regge recurrences corres
ponding to the same trajectory is indeed an attractive feature of 
the baryonium scheme. The alternative mechanism, that of Regge 
cuts, cannot provide, by its very rature, any connection with the 
observed new mesons. 

3) The slopes of the forward "forbidden" peaks. 

At fixed s, the t-dependence of the forward peaks corres
ponding to the exchange of baryonium will be much sharper than 
the t-dependence corresponding to the Regge-Regge cut. This fact 
is a direct consequence of the relation between the Regge slopes 
(a' =1/2 a' > and of the hypothesis of approximately cons
tant Regge residues near the forward direction. 

As an example, in the table given below, we compare the 
available experimental slopes of the forward peaks in ir~p*K Y 
and K~p*7T Y (corresponding, as usual, to an exponential parame-
trization) with the slopes due to the baryonium Regge pole exchan
ge (with <x'=i GeV - 2). 

Table la) Slopes of the forward peaks in 
n~p + K +Y»- (Ref. 9d)). 

P L, GeV/c 2 3 4 

Experimental slope, 
GeV - 2 

3.2 1 0.8 4 ± 1 5.4 ± 2 

2 a' *ns(a'=l GeV - 2) = 3.1 = 3.8 * 4.3 
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Table lb) Slopes of the forward peaks in 
K -p + ir+Y*~ (Refs. 9d) and 10k)). 

P L , GeV/c 2.1 2.6 4.2 

Experimental slope, 
GeV - 2 2.2 ±-0.8 3 ± 1 5.7 ± 0.5 

2a*Jlns (a' = l GeV - 2) « 3.3 = 3.6 = 4.4 

One can note the general agreement between the predicted 
slopes and the experimental slopes. The slopes due to the Regge 
cut exchange are systematically lower (by =50%) than the experi
mental slopes. 

One can conclude that not only the s-dependence, but also 
the t-dependence of the forward "forbidden" peaks seems to be 
consistent with the baryonium Regge pole exchange mechanism. 

III. SOME PROPERTIES OF THE EXOTIC BARYONIUM COUPLINGS. 

1) The coupling of baryonium to the meson-meson channel. 

An interesting regularity in the data is the smallness of 
cross-sections in the reactions (4)-(5) (involving the coupling 
of baryonium to both baryon-antibaryon and meson-meson channels), 
as compared with those in the reactions (l)-(3) (involving the 
coupling of baryonium only to baryon-antibaryon channels). 

For example, assuming that, for 1=2 baryonium exchange, 

crf (pn ->- A - A + + ) = K t . s"3'5/fcn s 

of(ir"p •+ TT +A" or ir+n ->• ir~A++) = K 2.s" 3 , 5/^n s 
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one obtains from the existing data on these reactions 

K1/K2 * 25-50 (19) 

(see fig.6, which corresponds to K1/K2 = 38). 

By comparing (in the case of 1=3/2 baryonium exchange) 

" f(pp + ?* + Y*~) = K 3.s~ 4* 4/*n s (20) 

and 
af(ir"p + K + Y*" ) = K*.s" 4 , 4An s (21) 

with the data one obtains also a relatively large ratic 

K,/K„ = 5 - 1 0 (22) 

(see fig.6, which corresponds to K3/K1, = 7.5). 

It is interesting to note that a large value of the ratio 
of the couplings can also be obtained by comparing the octet-
production reactions (3) and (5). For example, cf(pp * Z+Z~) 
5.9 ± 1.1 lib at s=8.76 GeV 2 1 2 ) , while 0f(K-p-»-ir Z~)=0.6±0.1 ub 
at s=9.0b" GeV 2 , and these \ 
the couplings of the order =10. 

2 13) at s=9.0ti GeV , and these values correspond to a ratio of 

2a) 
The above mentioned regularity was already interpreted 

as due to a spin effect. However, in order to check this inter
pretation one needs, e.g. in the case of 1=2 baryonium exchange, 
data involving p production, data which are not available now. 

Another possible interpretation, obviously less attrac
tive on theoretical grounds, is that the selection rule responsi
ble for the small widths of the baryonium states '* 2 3', is not 
too badly violated in going from the positive t to the small 
negative t region. 
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2) A possible enhancem. .it of the barvonium exchange in the case 
of baryon decuplet production. 

A striking feature of the experimental data is the fact 
that the pure baryonium channel cross sections (o * ) for the 
decuplet-production is quite comparable with those corresponding 
to the usual mesonic Regge exchanges (o_). From the assumed Regge 
behavior of the cross sections one has 

fa..* s 2 l a ^ l 0 ) - aR ( 0>J (23) 
°R *R 

where 8 denotes the respective Regge residue. 

Because of the relatively large gap between the Regge 
intercepts one expects large suppression factors to occur. For 
example, if 0 % <*R«» £ V 2 and if 6|/Bjig = 1/ one expects at 
s =-• 10 GeV a suppression factor =1/30 - 1/300 for the 1=2 baryo
nium cross sections, and a suppression factor =1/250 - 1/2500 for 
the 1=3/2 baryonium cross sections. 

The experimental ratios o* / o R are in fact much larger 
than these values expected from the naive Regge arguments. For 
example o f (pn-wTA + +)/o f (pn+A + +A -) • 1/2 at s=8.94 GeV 2 9 a ) and 
ido/dt) (K"p*ir+Y*")/(da/dt) (K~p*ir"y*+) = 1/6 at s=9.06 GeV 2 and 
near the forward direction '. One is therefore forced to draw 
the rather surprising conclusion that, for decuplet-production 
reactions, 

6J5 > eR • ( 2 4 ) 

In particular, the baryonium coupling to the baryon-antibaryon 
channel is much stronger than the usual meson coupling. (Obvious
ly this conclusion depends critically on the assumption, which we 

2 
regard as reasonable, that the scale factor so - 1 GeV ). There
fore one has a much weaker suppression of the pure baryonium 
channels than that expected on the basis of the rather large gap 
between the reggeon intercepts. 
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In order to te t this effect as being a true dynamical 
effect and not a spurious one as due to a dip in the forward di
rection in the usual Regge exchange reactions, one needs much more 
data on the corresponding pair of reactions. 

One must note that, at comparable energies, there is a 
much stronger suppression of the pure baryonium channels for the - + - ' baryon octet production. For example, (dcr/dt) (K P*TT Z )/(dc/dt) 

- — + 2 
(K p+ir Z ) = 1/700 at s=9.06 GeV and near the forward direc-13) tion . This value of the suppression factor is in the range 
given by the above discussed naive Regge arguments. 

IV. CONCLUSIONS 

In the present talk we have reviewed the major experimen
tal effects supposed to be associated with the exchange of exotic 
baryonium trajectories. 

The presence of all expected prominent effects, strongly 
suggests that the baryonium exchange mechanism is a correct pheno-
menological picture and that mesons with isospin 2 or 3/2 or with 
strangeness 2, coupled essentially to the baryon-antibaryon chan
nel, must be observed. 

Of course, the double-Regge exchange mechanism can explain 
some of the effects observed in the pure baryonium channels and 
therefore this alternative scheme cannot be completely ruled out 
at the present time. We think that the only crucial test in order 
to choose between the baryonium scheme and Regge-Regge cut scheme 
is provided by the existence or non-existence of the "true" exo
tic mesons, strongly coupled to the baryon-antibaryon channel. 
This test is not yet performed. However, the recent discovery of 
narrow-width mesons which can be interpreted as baryonium states, 
the tendency of all existing double-Regge models to give too low 
cross-sections for K~p+ir+£~, as well as the systematic trends in 
the s and t-dependence of the forward "forbidden" peaks favor, in 
our opinion, the baryonium exchange mechanism. The non-existence 
of the "true" exotic baryonium states would therefore be highly 
surprising. 
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Fig. 5 The non-strange (s=0) baryonium Regge trajectory 
evaluated without free parameters from the model 
of Sef.21 for m, Nà, and ÛÛ scattering, respecti
vely (solia curves). The experimental masses of 
all the recently discovered mesons which can possi
bly be associated with the Regge recurrences of 
this trajectory are indicated on the horizontal axis. 
The open circles correspond to mesons whose spins 
are well established experimentally. The linear 
extrapolation from the o-l and a-2 states on the NN 
trajectory is indicated by the dashed line. The value 
U5) of thé isospin 2 baryonium intercept is also 
indicated on this figure. 



T—CI 1 1 1 1 1 1 1 1 1 1—3 
• pn —A"A + + 

A 7T"P— TT*A~ 
(TT+n — T T ~ A 

x p p - Y * + Y * -
• 77-p — K + Y * ~ 

6 Illustration of the property discussed in Section 
I I I . 1 ) . 


