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Abstract

He review structures appearing in various experimental data
(particularly those with polarized beams) in nucleon-nucleon systems. e
present a number of candidates for dibaryon resonances which can couple to

nucleon-nucleon systems.
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H Introduction
We would Tike to start out by discussing the proton-proton total

cross-section data at the intermediate-energy region. As shown in Fig. 1,

up to 1.2-GeV/c incident proton momentum, the total cross section, which

mainly consists of the elastic process, Talls and then rises due to the

inelastic-channel opening. The cross section flattens above 1.5 GeV/c.

We observe no structures that may suggest the possible existence of a

resonance.
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However, we have observed totally unexpected structures in the total cross

section when both the incident protons and target protons were longitudinally

polarized. The most remarkable structure appears around Plab 1.2 and

1.5 GeV/c.



We discuss the existence of dibaryon rescnances which can couple
to dinucleon systems and théir properties. Such a resonance opens a new
era in the nucleon-nucleon system and also is crucially important for
further development of the quark models that require six quarks in a bag.1'4
First, we describe experimental observables in terms of the helicity

amplitudes, and then in terms of singlet and triplet partial-wave amplitudes.

There are three s-channel helicity amplitudes at ac _— 0:

¢ = <+,
¢2 = <--|++>, and
93 = <t- 4>

These amplitudes are related to total cross section as follows:

i) Spin averaged total cross section
o™t = (20/K)In(e (0) + 65(0)} = (1/2)1s™° @) + ™3 (1)

ii) Difference between total cross sections for parallel and

antiparallel spin states (longitudinal)

-

b0, = (8n/K)Im{ey (0) - 83(0)3 = o1°F(T) - <1O%(=)) (2)

ii1) Difference between total cross sections for parallel and

antiparallel spin states (transverse)
oy = -(4n/k)Im ¢2(0) = cTOt(H) - cTOt(M) (3)

Argonne ZGS facilities provide various spin directions of incident

beam and target. Spin directions are illustrated below.
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INCIDENT | — o
N\'l

N: NORMAL TO THE SCATTERING PLANE
L: LONGITUDINAL DIRECTION
S=NxL IN THE SCATTERING PLANE

10 express observables in elastic scattering, we adopt the notation
(Beam, Target; Scattered, Recoil); (0,N;0,0) for polarization, (N,N;0,0)
and (L,L;0,0) for spin correlation parameters, etc. A typical experi-
mental setup for Aoy is shown in Fig. 2 (a). The measurements were

done in standard transmission experiment.
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Fig. 2 (a) Beam line for the aAs; rmeasurement.
(b) Experimental setup for elastic~scattering measurements.



I1. égL(I=1) and AoT(I=1) Measurements

We show the results of 4o| measurements from 1.0 to 6.0 GeV/c
(Fig. 3a).%7 There is a sharp peak near 1.2 GeV/c and a dip near 1.5

GeV/c. From Eq. 2, a structure in ¢](O) and ¢3(0) should appear as a

TOt(Z) TOt(:)

peak and dip, respectively, in to) . Figure 3b shows o and ¢

Totixy, we

as obtained from Eqs. 1 and 2. There is a clear bump in o
observe the third structure in cTOt(:) near 2.0 GeV/c although that is

not as remarkable as the one appearing in Aoy which will be discussed later.
Several momentum points between 3 and 6 GeV/c have recently been measured

as shown in Fig. 3a.

AtrL {mb)
&
I

PLagtG2i/e)

Fig. 3a Total cross-section difference g = aTOt(t) - oTOt(:).

The white circles are preliminary data.
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Fig. 3b Total cross sections for pure initial spin state.
The dotted curves are only to guide the eye.

In Fig. 4, results of several Ao, measurements up to 12 GeV/c are

shown, MNote that 4o % - 500 ub at 12 GeV/c.
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Fig. 4 Total cross section difference, bo; , up to 12 GeV/c.
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To study the behavior in terms of the partial scattering amplitudes,
the data on (k2/4'rr)Ach are plotted in Fig. 5 as a function of the center-of-mass
energy,8 where k is the c.m. momentum. If the dip in Aoy is considered to
be due to a resonance, the mass is about 2260 MeV with a width of about
200 MeV. The 1.2-GeV/c peak is seen in g and possibly in sog data. The

2.0-GeV/c peak is clearly visible in AGT.
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Fig. 5 Total cross-section difference AGT =



Using the data on Ay, Grein and Kroll have calculated the real

part of [¢](O) - ¢3(0)] by applying dispersion relations.9 In the Argand

plot of the [¢](0) - ¢3(0)] amplitude, we observe a clear resonance-like

behavior around the incident proton momentum of 1.5 GeV/c (mass % 2260

MeVY) and possibly at 1.2 GeV/c (mass % 2100 MeV) as shown in Fig. 6.
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Fig. 6 Argand plot of the [¢](O) - ¢3(0)].

When the helicity amplitudes are decomposed into partial waves,]0

Ime, (0) = ):;. In((20 + 1Ry + (3 + DRy, 5+ Ry, 5+ 20327, (4

I, (0) = 1 Z:].' In{-(20 + 1)Ry + (J + 1)R

2 -
41,0 * Ry g+ 2LETRY, (5)

and



Imp5(0) = ¢ 5 INC(20 + 1Ry + IRy 5+ (0 + 1Ry 5 - 2000 + 1127, (6)
J

where RJ is the spin-singlet partial-wave amplitudes with J = L = even,

R,, and R are spin-triplet waves with J = L = odd and J = L *1 = even,

JJ J+1,d
respectively, and RJ is the mixing term. The partial wave characteristics

to ¢](0) is R‘J and to ¢3(0) is RJJ; the peak in Fig. 3a is due to one of

the singlets ]S ’ ]D , and the dip is due to one of the triplets 3P],

3

0 IR

F3,...

Tot
el

So far, such a behavior is discussed only at |t] = 0, and the prcperties

II1. Structure in o and Polarization

of the possible resonance (e.g., spin and parity) are not determined. One
needs to study the angular distributions of the observables in pp scattering.

Let us see if we observe a similar structure in other channels. Figure 7 shows
11,12

the elastic total cross section, og?t. There is also a structure in the
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Fig. 7 Elastic total cross section.
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plot of polarization against incident momentum at fixed |t|, as shown

13 We note that the structure in polarization has nothing to do

‘n Fig. 8.
with the peak in AUL at 1.2 GeV/c, because the polarization does not include

singlet terms.
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Fig. 8 Polarization at 0.1 < |t]| < 0.2.

Iv. Legendre Coefficient Analysis

Using polarization data, we investigate whether an RJJ partial
wave has the behavior of the Breit-Wigner *I"ormula..lo The effect of resonance
can be studied through the energy dependence of the Legendre expansion
coeTficients obtained from the product of differential cross-sectior and

polarization data.]z’]3 We expand differential cross sections and polari-

zation as follows:



do/da = 'I/k2 2: a P (cos 5} and (7}
n=g "°"
P do/da = 1/k% ¥ bnpnm {cos 8) . (8)

Hote that, because of symmetries, n must be even. All the cbserved
coefficients a, and b, with n > 8 almost vanish in Piap = 1-0 - 2.0 Gev/c.
This means we can ignore partial waves with J > 4 and L > 4 in this enargy
range. Therefore the possible RJJ resonance is R]] = 3P] or R33 = 3F3.

As shown in Fig. 9, all the coefficients bn have a strong energy dependence
around 1.5 GeV/c, where ba has the prominent structure. We examine whether
3P or 3F3 resonance can explain all these structures by studying each

1
coefficient. The caefficients a, and bn are expressed in terms of partial-

.

vwave amplitudes (see Ref. 14).
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Fig. 9 Results of Legendre coefficient analysis of polarization
data; the coefficient bn of Eq. 8 vs. laboratory
momentum.
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Coefficient bs_

The coefficient b6 is related with partial-wave amplitudes as foligws:

3

3
= 1.8 (In'FyRe¥F, - redF,lnF )e... (2)

where the residual terms (...) include neither 3F3 nor 3P]. A rapid incrzases
with energy in b6 can be explained with the 3F3 wave following the Breit-Wignar
forrula and the other amplitudes varying slowly with energy. By unitarity, )
Im3F4 is positive. Therefore, if we assume that the 3F3 wave has 2 Breii-

Wigner behavier such as

T

3 e+ 1 “ex N

Fy = e (10)
372, T

with e = 2(M - E)/T, M = 2260 MeV, and T = 200 MeV, then each term of £q. ¢

behaves as shown in Fig. 10. In any case, the sum of the first two terms

3

increases rapidly with energy a whole. Here note that P] resonanca can

not explain this increase with energy because b6 does not include the 3?] wave.

I [ I N i
0.8 10O .2 14 1.6 1.8 2.0

P,p (GeV/e)

Fig. 10 Plots of each term of Eq. 9 against laboratory momentum {vertical
sca]e is arb1tra*y) Solid curve represents the second term -1.5

(Re F )(Im F ) Dashed curve and dotted curve show the flrs- Terr
1. 8(Im F )(Re F ) corresponding to positive and neqative Re s
respectlvely
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Coefficients b2 and b,

Here we examine whether the structure in b2 and b4 can be interpreted

with 3F3 following the Breit-Wigner formula of Eq. 10. In terms of partial-

wave amplitudes, b2 and b4 are given as:

b, = (Im3F3)(ReA) - (Re’F,)(Im A) + (terms without 3F3)

and
- 3 ) 3 ' < ey 3
b4 = (Im F3)(ReA ) - (Re F3)(Im A') + (terms without F3) .
where
_ 3 3 2 3
A=2.0 P2 - 2.0 F2 +0.8R +2.8 F4
v 3 3 2 3
A' =1.2 P2 - 1.5 FZ + 0.6 R-+ 2.5 F4

In the region around 1.5 Ge¥/c, both phase-shift analyses o7 MacGregor

15 :16,17

et al. =~ and Hoshizaki give

ReA>ImA>0
Re A' >> ImA' > 0

The second tarm in Egs. 11 and 12 can be neglected, and the first term
in the same equations has a peak at 1.5 GeV/c. We thereforz expact b2
and b4 to have a bump around 1.5 GeV/c. Indeed, b2 and b4 ~ave such &

behavior, as shown in Fig. 9. Thus we can say that strong znergy

(1)

(12)
(13}

(14)

(15)

(16)

dependences of b2, b4 and b6 can be explained with 3F3 consistent with the
Breit-Wigner formula. From day data we can estimate the elasticity Feg/r

of the possible 3F3 resonances as 0.15-0.25.
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V. )

Simultaneously with AcL measurements, we have measured the spin-spin

L= {L,L;0,0) Measurements

correlation parameter CLL(ec } = (L,L;0,0) in p-p elastic scattering

.m.
for 70° <% m < 110° at Pab = 1.0 to 3.0 GeV/c.]8 A typical experimeantal

setup is shown in Fig. 2(b}.

The differential cross section for a particular spin direction of

*x

beam and target, I77, is given by

¥, ) = 1,800 ) [0+ (Pg)(=Pr)C (o )T, (17)

c.m. 4]

where PB and PT are the beam and target polarization respectively, and
+ (-) refers to the spin state parallel {antiparallel) to the L direction
{beam direction); Io(ec m ) is the spin-averaged differential cross section.

The parareter CLL(ec.m.) is then found to be

1 (.l++ " ]--) _ (.l+- " .l-+)
c, (o ) = — —L . (13)
LL c.m. PBPT (]++ + ]-') + (]+ + 1 iR :

’

The values of the parameter CLL at various incident-beam momenta are all

positive over the angular range covered, and are consistent with a

symmetry about ec.m. = 90° as expected for scattering of identical particies.
The values of CLL at ec.m' = 90° are plotted with respect to the

incident momenta as shown in Fig. 11. %e observe a sharp dip near Play =

1.2 GeV/c, rapid decrease near 1.5 GeV/c, and additional structure near

= 2.0 GoV/c. A way to study these structures is to define CLL in

p1ab
terms of partial wave amplitudes. Using the s-channel helicity amplitudss

-
1l

<++[¢I++>, = <--[¢.|++>, ¢3 = <+-f¢!+->, ¢4 = <+- s -+>, and

7
<++|¢|+->, we have

"

%5
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€y (do/da) = 1/2[-16,12 - Jopl? + [og1% + 15,12, (19)

where do/da = 1/2[[¢]]2 + I¢2|2 + |¢3|2 + |¢4|2 +4

averaged differential cross section.

0.3 7 ¥ T [ r T T T [ 1 T T T T
oY
72
< ',' ‘\ 1
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T § “ ’l \\% T
- \ [ B T !
F ool é% 3 -
ob——t 4 | I WY AN A AN AN TUNE SHNN WO N
0 . 1.0 2.0

GeV/
PLas (Gevse)

Fig. 11 CLL = (L,L;0,0) at .m = 90

The amplitudes 9] through bg are then expanded in ter-s of partial

1T
wave amplitudes. The spin-singlet partial waves, ]SO, ]DZ, 'G4 ..., @ppaar
in ¢] and $5 with opposite signs, and the spin-triplet partisl waves with
L =4Jd = odd, 3P1, 3F3, «..y appear in ) and o with crposizz signs.

Figure 12a shows the quantity on kZCLL(do/dQ) at e, = 90° plotted
with respect to the incident momenta..l9 This quality is di~ensionless
and allows us to study the contributions of partial waves ~are directly.
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Fig. 12 (a) kZCLL (do/de) at 8¢ @, ¥ vs. py,n. The dashed curve is
only to_quide the eye. The so]l curve is the contribution
of the F3 resonance over a smooth background.

(b) kZCLL (do/de) at e . N 74° ys. p]ab. The dashed curve
is only to guide the eye.

First we examine if the rapid decrease in Figs. 11 and 12a near Plab =
1.5 GeV¥/c is consistent with the partial wave 3F3 having a resonant behav1’m~.10

Eq. 19 can be expressed in terms of 3F3 and interfering partial waves as
2 , 3. 2 3 3
[k CLL(do,dQ)]900 = [0.77] F3| + a(Re F3) + b(Im F3) +...] (20)

where (b) is the real (imaginary) part of the sum of other partial waves

and the values can be estimated from the results of a phase-shift ana]ysis.”’zO
By substituting these values and the 3F3 resonance at mass = 2260 MeVY with
a width = 200 MeV and elasticity = 0.2 into Eq. 20, we find the same amwount

of rapid decrease as shown in Fig. 12a.

Next, we discuss the structure around Plab = 2 GeV/c in Fig. 12a.

From the resonant-like structure in (k2/4ﬁ)AoT as shown in Fig. 5, we
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expect it is due to a singlet spin state.7’8 The contribution of spin

singlet waves to Eq. 19 is
12+ ...

k2c, (do/dn) = |5y + 5 'D,Py(cos3) + 9'G,P, (coso) + ... ., (21

in which the contribution of ]G4 vanished at & % 70°, where P4 =0,

The structure around 2 GeY/c is absent in Fig. 12(b), where the
values of kzcLL do/dQ at B m. = 70° are plotted as a function of beam
momentum. Thus we may conclude that ]G4 wave is responsible for the
structure.

Next, we discuss the sharp dip observed at 1.17 GeV/c as shown in
Figs. 12a and 12b. We consider this due to a spin-singlet wave, because

structures also appear as a peak both in Aoy and AcT.7’8

1

In particular,
we suspect they are due to the D2 wave, because it is the only wave that
couples to the s wave NA state, which is responsible for the rapid increase
of pp total cross section near 1.2 GeV/c. We also point out that a resonance-
like bump was observed in the cross-section of pp +~ nd in the same energy
range,ZI which is usually interpreted in terms of the final-state interaction
between one of the nucleons and -, forming 4(1236) in the intermediate state.
The dip structure in Figs. 12a and 12b may come from the resonant-

like behavior of the ]Dz state.m’”’zo’22

We conclude that the measurement of the spin-spin correlation parameter
CLL in pp elastic scattering near % m = 90° has revealed rich structure
in Plab = 1.0 - 3.0 GeV/c, which is consistent with the presence of 3 30

and possibly ]G4 and ]Dz resonances.
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VI. ENN = (N,N;0,0) Measurements at 9 M 90

The measurement of the spin-spin correlation parameter CNN in pp
elastic scattering at ec _ 90° also reveals a strong energy dependence.

A plot of kZCNN {do/d2) in the momentui region 1 to 6 GeV/c is shown in

Fig. 13.23’24 We find that the energy dependence is consistent with the

1

. 3
existence of D2 and F3 resonances.
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Fig. 13 k°Cyy (do/dR) at o, = 90°.

VII. Real Part of Scattering Amplitude at [t] = 0

The real part of scattering amplitude in the forward region in pp

elastic scattering has been experimentally determined.25 A plot of Re/Im
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at |{t| = 0 is shown in Fig. 14. The real part changes from positive to
negative as energy increases and becomes zero at around 1.5 GeV/c. The

behavior is consistent with the existence of ]DZ and 3F3 resonances.]7

‘g T TTITI T T T Ty T 71
0.2 i PP =

Lol v v gl v g

I 10 100 1000

Fig. 14 Re/Im at |t] =

VIII. pp Phase-Shift Analyses

During the past several years, there has been a concentrated effort
in pp phase-shift analyses. Hoshizaki estabiished evidence for the existence
of resonances in his phase-shift analysis.]7 Indication of diproton resonances
in the F, (2.22 GeV) and 'D, (2.17 GeV) states is shown in Fig. 15. Arndt]
recently extended and revised his phase-shift analysis up to 750 MeV for the
energy-independent analysis and to 850 MeV for the energy-dependent analysis.
His results give strong indication of resonances in the ]DZ and 3F3 states

as sihown in Fig. 16.
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imaginary parts of the amplitudes for energy-independent solutions.
The continuous curves represent the energy-dependent solutions.

a4

Since then, additional evidence for the existence of dinucleons has

become available. These new findings are covered below.

IX. Other Structure in the pp System (I = 1)

As discussed earlier, bop data contain only singlet structures. Then
we expect to see only the triplet structure in (Ac% - AoL), as shown in
Fig. 17. Ue observe a new triplet structure at 2.0 GeV.c in addition to
the one at 1.5 GeV/c (see Fig. 18). We can deduce that the quantum number
of the triplet peak at 2.0 GeV/c is as follows: The absence of this structure
in 4o, suggests that, from Eas. 4 and 6, ejther ) (22 + ])RJ = (2J + 1)RJJ
or ii) (2 + ])RJ = RJ_],J. We can eliminate the latter possibility by
examining Eq. 5 from the fact that there is a peak in dop at 2 GeV/c. There-

fore the triplet peak at 2.0 GeV/c is due to a partial wave RJJ.
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We note that there is no 3F3 partial-wave contribution to the polari-
zation data at Oc.m. = 63°. tlle see an interesting structure in a plot of
k2P (do/de)/sin 29C m. VS Ppap 25 shown in Fig. 19. This quantity is
proportional to

3 3 3 3, . 3 3,
(2 Im PO + 3 Im P])(Re P2) - (2 Re PO + 3 Re P])(Im ?2) .
Since the 3P2 partial wave has very little energy dependence, there is a

good chance that either 3PD or 3P] might be resonating.

1.0 ’ I
g
3 Oom ® 63
S o5 —
= i
& LIS

. & | tis

0 1.0 2.0 3.0

Prab {Gev/c)
Fig. 19 Energy dependence of P(do/da) at S .m. v 63°

Do we observe any structure above a mass of 2500 MeV? Measurements
of Aoy and Aoy are yet to be made at small-momentum interval. However,

we observe a remarkable energy dependence in CNN = (N,N;C,0) data at all
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anq1e526 and also at 9 = 90°. As shown in Fig. 11, CLL data are all

c.m.
positive at large angles up to 3.0 GeV/c, but we observe negative values as

large as -33% at o GeY/c.27

égL(I=O) Measurements

An Argonne group28 has recently measured the difference between isoscaler.

nucleon-nucleon total cross sections for pure longitudinal initial spin states,
LGL(I = 0), using a polarized proton heam and a polarized deuteron target.

In the AoL(I = 0) preliminary data, as shown in Fig. 20, a significant structure
is observed around 1.5 GeV/c. This seems to suggest the existence of a new
isoscalar spin-singlet dinucleon resonance. We note here that there exists

a clear bump in the np total cross-section data29 in the vicinity of 1.5 GeY/c

as shown in Fig. 21.
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Fig. 20 AcL(I = 0) together with AGL(I =1).
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Fig. 21 np total cross section.

A recent phase-shift analysis using these preliminary data by Hoshizaki
et a1.30 suggests that there exists a partial wave whose behavior is consistent
with the Breit-Wigner resonance formula, namely, the spin-singlet ]F3 viave.
From the dispersion analysis of a forward I = 0 scattaring amolitude using
the data on AcL(I = 0), Grein and Kroll showed that the Argand plot of the

amplitude has a resonancelike behavior arcund 1.5 Ge'/c, and that suggests the

existence of a spin-singlet dibaryon resonance.

XI. Conclusion on I = 0 and I = 1 Resonances

Dibaryon resonances that can couple te nucleon-nucleon systems are

summarized below. The name, BZ, of resonances was adopted during the 1978

International Tokyo conference.
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B2 (2.14) B (2.18) B2 (2.22) 8% (2.4 8,2 (2.23)
Mass, GeVY 2.14 - 2.17 2.18 - 2.20 2.20 - 2.25 2.43 - 2.50 2.43 - 2.32
Width, MeV 50 - 100 100 - 200 100 - 200 ~150 =120
- . 1 . 3 1 ;
I = 1 State 02 Triplet P F3 G4 RJJ
ii) I =0
B.2 (2.14) B.2 (2.22) B2 (2.43)
- = o———I=_
Mass, GeV 2.14 - 2.17 2.20 - 2.26 2.40 - 2.50
Width, MeV 50 - 100 100 - 200
I =0 State Triplet ]F3 Triplet
In order to clarify the nature of I = 1 8% (2.18), B? (2.43) singlet,
and 82 (2.43) triplet, & number of measurements on CLL’ CSL etc. covering
all .. 1e> have been carried out from 1- to 2.5-GeV/c incident momenta.
These data should be available within a year.
XII. Possible Dibaryon Resonance in yd Scattering Experiment
Kanae et a1.31 suggested the passihle existence of a dinucleon resanzncz

by measuring the proton polarization ir the reaction vd » p,n. They observzd
an energy dependence in the palarizaticn. They interpret some of the data

as an indication of an existence of a deeply bound A-A state. Their estimates
of mass and width of the possible resonance are 2380 and 200 MeV. From the

angular dependence of their polarization data, they estimated spin parity
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and isospin as (JP, I) = (3+, 0). They obtained reasonable fits to the
polarization data by introducing their dibarycr resonance with mass around
2380 MeV in addition to the 3F3 dinucleon resonance with mass around 2260
MeV described in previous pages. Without the 3F3 raesonance, they could not
obtain good fits by using only one resonance of 2380 MeV. Tnis fact also

supporis the 3F3 diproton-resonance picture.

XIII. Other References on Dibaryons

Other authors have suggested the possibility of the existence of
diproton resonances. R. Kammerud et al. analyzed the data of large-angle
proton-proton elastic scattering at intermediate momenta, and they speculated

the existence of dibaryon masses at about 2.2, 2.6, 3.4 and 3.9 GeV by

32

observing <lope changes in do/dt. A similar conclusion was also drawn

earlier by L. M. Libby and E. Predazzi.33 K. Kanai et al. show that there

are effects of dinucleon resonances in wd elastic scattering.34 The effects

are clearly seen in the angular region of % m. > 100°. H. Kamo and W. Watari
find effects of dinucleon reconances in the polarization data in pp = nd
reaction.35 R. Frascaria et al. observe dinucleon-r2sonance signals in

the w+d excitation function of 180°.36 T. Ueda et al. discuss the existence

of dinucleon resonances in «NN and ~=NN dynamics.37 S. Furuichi et al.

investigated channel coupling effects in relation to the exotic resonances.38
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A1V. Are There Lower-Mass Narrow-Width Dibaryon Resonances Than Those

Described Above?

At CERN there will be a LEAR (low energy p ring) facility which
will allow total cross-section measurements in the Ep system at small
steps in the momentum range of 0.1-2 GeV/c.

How well were the total cross-section measurements in the pp system
done? As shown in Fig. 22, pp total cross sections were not well measured.
A narrow-width structure could have been overlooked. For instance, the
energy region of 2020- and 2060-MeV resonances, which are on MacGregor's

40 was not well covered. We illustrate a possible

diproton trajectory,
resonance with width 3 15 MeV in Fig. 22. It seems highly desirable to

make precision pp total cross-section measurements with small energy
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Fig. 22 pp total cross section at interrmediate energies (black circles:
G. Giacomel1i; white circles: P. Schwaller et al.).39
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XV. Quark-Models and Dibaryons

Several models predict the existence of dinucleon resonances. For
example, i) the bag model predicts a dibaryon resonance, which is made
of six quarks inside a cavity, depicted in Fig. 23; e.g. Aerts et a1.2

predicted many dintcleon resanances with mass of 2.1 to 2.5 GaVy.

Fig. 23 Dibaryon resonance in bag model. Solid line and circles represent
cavity and quarks respectively.

42

ii) The string model gives a dibaryon resonance, which is made of six

quarks combined together with strings, such as shown in Fig. 24.

Fig. 24 Dibaryon resonance in
string nodel.

Dinucleon resonances open a new era in the nucleon-nucleon system and

are also crucially important for further develonment of the guark models.
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