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We review structures appearing in various experimental data

(particularly those with polarized beams) in nucleon-nucleon systems. We

present a number of candidates for dibaryon resonances which can couple to
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I. Introduction

We would like to s tar t 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, falls 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.

Fig. 1 pp Total Cross Section

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 p ^ % 1.2 and

1.5 GeV/c.
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We discuss the existence of dibaryon resonances which can couple

to dinucleon systems and the i r propert ies . Such a resonance opens a new

era in the nucleon-nucleon system and also is crucia l ly important for

further development of the quark models tha t require six quarks in a bag. ""*

F i r s t , we describe experimental observables in terms of the he l i c i ty

amplitudes, and then in terms of s ingle t and t r i p l e t partial-wave amplitudes.

There are three s-channel he l i c i ty amplitudes a t 3 = 0 :

A = <—|++>, and

These amplitudes are related to total cross section as follows:

i) Spin averaged total cross section

a T 0 t = ^ / k ^ m ^ t O ) + $3(0)} = (l/2){a
T0t(?) + aTot(J)} (1)

ii) Difference between total cross sections for parallel and

antiparallel spin states (longitudinal)

AaL = (^/'<)lm{^(0) - *3(0)} = {o
l0t(z) - clot(z)} (2)

iii) Difference between total cross sections for parallel and

antiparallel spin states (transverse)

AaT = -(4ir/k)Im <!>2(0) = a
Tot( + +) - o T o t(M) (3)

Argonne ZGS facilities provide various spin directions of incident

beam and target. Spin directions are illustrated below.
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N: NORMAL TO THE SCATTERING PLANE

L: LONGITUDINAL DIRECTION

S = N x L 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;O,O)

and (L,L;O,O) for spin correlation parameters, etc. A typical experi-

mental setup for Aa. is shown in Fig. 2 (a). The measurements were

done in standard transmission experiment.

8203-04

/ ' • " •

Q6
CH5

FI-F3

CRYOSTAT .

RI-R6

100

SCALE (cm)

(b)

Fig. 2 (a) Beam line for the Aa[_ measurement.
(b) Experimental setup for elastic-scattering measurements.
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11 - AaL(I=1) and Ao-p(I=l) Measurements

We show the results of Aa^ measurements from 1.0 to 6.0 GeV/c

(Fig. 3a). " There is a sharp peak near 1.2 GeV/c and a dip near 1.5

GeV/c. From Eq. 2, a structure in $,(0) and -*,(0) should appear as a

peak and dip, respectively, in AoL. Figure 3b shows aTot(2) and aTot(J)

as obtained from Eqs. 1 and 2. There is a clear bump in aJot(t). We

observe the third structure in oTot(J) near 2.0 GeV/c although that is

not as remarkable as the one appearing in AoT which will be discussed later.

Several momentum points between 3 and 6 GeV/c have recently been measured

as shown in Fig. 3a.

Fig. 3a Total cross-section difference iaL = a
Tot(;) - a T o t(i).

The white circles are preliminary data.
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In Fig. 4, results of several AaL measurements up to 12 GeV/c are

shown. Note that AoL £ - 500 ub at 12 GeV/c.
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Fig. 4 Total cross section difference, Aa. , up to 12 GeV/c.
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To study the behavior in terms of the partial scattering amplitudes,

the data on (k /4ir)AaT are plotted in Fig. 5 as a function of the center-of-mass

energy, where k is the cm. momentum. I f the dip in Aa. 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 ia L and possibly in isj data. The

2.0-GeV/c peak is clearly visible in Aoy.
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Using the data on ACT,, Grein and Krol l have calculated the real

part of [<t>-j(O) - 4>3(0)] by applying dispersion re la t ions . In the Argand

plo t of the [<j>-|(0) - <f>3(0)] amplitude, we observe a clear resonance-like

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

MeV) and possibly at 1.2 GeV/c (mass % 2100 MeV) as shown in F ig. 6.

10

Fig. 6 Argand p lo t of the [ ^ ( O ) - <f>3(0)].

When the h e ! i c i t y amplitudes are decomposed into pa r t i a l waves,'

1 ^ ( 0 ) = 1 I Im{(2J + l ) R j + (J + l ) R J + l j J + J R J . ^ J + 2 [ J ( J + 1 ) ] 1 / 2 R J } , (4)

Im*2(0) = 1 I Imf-(2J + l )R j + (J + l ) R J + 1 > J + JRj_-, ^ + 2 [ J ( J + 1 ) ] 1 / 2 R J } , (5)

and



-9-

IY Im{(2J JR
J + 1 (

(J
I1/2DJI

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

R,, and R,., , are spin- t r ip let waves with J = L = odd and J = L + 1 = even,
00 Oil ,<J

respectively, and R is the mixing term. The part ia l v/ave characterist ics

to * , (0 ) is R, and to <J>3(0) is R j , ; the peak in Fig. 3a is due to one of

the singlets ^SQ, ^ p , . . . , and the dip is due to one of the t r i p l e t s P1,

III. Structure in a^ and Polarization

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

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

Tnt 1 1 > 1 2

the elastic total cross section, â f . 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 morentum at fixed |t|, as shown

nn Fig. 8. We note that the structure in polarization has nothing to do

with the peak in Aa, at 1.2 GeV/c, because the polarization does not include

singlet terms.

Plob(r,eV/c)

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

IV. Legendre Coefficient Analysis

Using polarization data, we investigate whether an R,j partial

wave has the behavior of the Breit-Wigner formula. The effect of resonsr.ce

can be studied through the energy dependence of the Legendre expansion

coefficients obtained from the product of di f ferent ial cross-section and
12 13

polarization data. ' We expand dif ferent ial cross sections and polar i -

zation as follows:
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da/dn = 1/k2 Y. anPn (cos -3) and (7)
n=0 n n

P do/dfl = 1/k2 I! b n ? n
( 1 ) (cos e) . (3)- n nn=2

Note that, because of symmetries, n must be even. All the observed

coefficients a and b with n ̂ 8 almost vanish in p. = 1.0 - 2.0 GeV/c.

This means we can ignore partial waves with J > 4 and L > 4 in this er.ergy

range. Therefore the possible R,, resonance is R^ = P, or R,3 = F.,.

As shown in Fig. 9, all the coefficients b have a strong energy dependence

around 1.5 GeV/c, where La. has the prominent structure. We examine whether

P-, or F, resonance can explain all these structures by studying each

coefficient. The coefficients a and b are expressed in terms of partial-

wave amplitudes (see Ref. 14).

0 (Gev/cl p | t >(t«Wcl

0 8 l.O 1.2 1« 1.6 1.9 2.0 0.8 1.0 1.2 I i 1.6 IB ?.O

1.6̂  Id

M : . ? • '
0 . 4 - ; '

0.8r- :,

« 4 -

Or ••- . ; •

°22O I .

•

I

_ • ' ' f «

2.2 23
£ !G«Vi

•

2.4

- j - (tl
• .—

— i - 7 ' -

_ L ' ' :

t_ - JI « ,

• : 2i

* ~t

^

2.2 2 2 ; :
Elt tvi

Fig. 9 Results of Legendre coefficient analysis of polarization
data; the coefficient b of Eq. 3 vs. laboratory
momentum.
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Coefficient b— 6—

The coefficient bg is related with partial-wave amplitudes as follows:

= 1.3 (Im3F3Re
3F4 - 0)

where the residua] te^ms ( . . . ) include neither 3F3 nor 3P,. A rapid increase

with energy in bg can be explained with the 3F wave following the Breit-Wigner

fonnula and the other amplitudes varying slowly with energy. By un i tar i ty ,
3 ?

Im F4 is positive. Therefore, i f we assume that the r3 wave has a Breit-
Uigner behavior such as

- do)3 F = e + 1
3 e 2 + 1

with c = 2(M - E)/r, M = 2260 MeV, and r = 200 MeV, then each term of Eq. 9

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

increases rapidly with energy a whole. Here note that 3P, resonance can

not explain this increase with energy because b<- does not include the 3?, wave.

.6 1.8 2.0

p, u(6eV/c)rlab
Fig! 10 Plots of each term of Eq. 9 against laboratory momentum (vertical

scale is arbi t rary). Solid curve represents the second tern -1.3
3 3

(Re F,)(Im F.). Dashed curve and dotted curve show the f i r s t zerr
1.8(Im F3)(Re F )̂ corresponding to positive and negative Re0?^
respectively.
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Coefficients bo and b.

Here we examine whether the structure in b- and b. can be interpreted

with F, following the Breit-Wigner formula of Eq. 10. In terms of par t ia l -

wave amplitudes, b2 and b, are given as:

b2 = (Im3F3)(ReA) - (Re3F3)(Im A) + (terms without 3F3) (11)

and

b4 = (Im3F )(ReA') - (Re3F3)(Im A") + (terms wi thout 3F 3 ) , (12)

where

A = 2.0 3P2 - 2.0 3F 2 + 0.8 R2 + 2.8 3F 4 (13)

A1 = 1 . 2 3P2 - 1.5 3 F 2 + 0.6 R2 + 2.5 3 F 4 (14)

In the region around 1.5 GeV/c, both phase-shi f t analyses of MacGregor

et a l . 1 5 and Hosh izak i 1 6 ' 1 7 give

Re A » Im A > 0 (15)

Re A1 » Im A1 > 0 . (16)

The second term in Eqs. 11 and 12 can be neglected, and the first term

in the same equations has a peak at 1.5 GeV/c. We therefor? expect b 2

and b. to have a bump around 1.5 GeV/c. Indeed, b« and b. -ave such a

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

dependences of b 2, b, and bg can be explained with F3 consistent with the

Breit-Wigner formula. From Aa. data we can estimate the elasticity rgA/r

of the possible F3 resonances as 0.15-0.25.
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V. C L L = (L,L;O,O) Measurements

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

correlation parameter CLL(9c ) = (L,L;G,O) in p-p elastic scattering

for 70° <. a < 110° at p, . = 1.0 to 3.0 GeV/c.18 A typical experirvental
C .171. 1 3D

setup is shown in Fig. 2(b).

The differential cross section for a particular spin direction of

beam and target, I ", is given by

where PB and PT are the beam and target polarization respectively, and

+ (-) refers to the spin state parallel (antiparallel) to the 1 direction

(beam direction); I (8 ) is the spin-averaged differential cross section.
0 C • IN*

The parameter C., (9 ) is then found to be

The values of the parameter C.. at various incident-beam nonenta are all

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

symmetry about 9 = 90° as expected for scattering of identical particles.

The values of C., at 9 = 90° are plotted with respect to the
LL cm.

incident momenta as shown in Fig. 11. Vie observe a sharp dip near p^_b =

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

p1 . = 2.0 G^V/c. A way to study these structures is to define C L L in

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

+->, we have



-15-

cLL(da/da) = ^ 4

where da/da = 1/21:1^ | 2 + |<>2|
2 + |<f,3|

2 + | $ 4 | 2 + 4 | ; 5J 2 ] is the spin-

averaged di f ferent ia l cross section.

(19)

3.0

LAB

Fig. 11 C,, = (L,L;0,0) at 9c ffl = 90°°LL

The amplitudes <j>1 through *5 are then expanded in te>—s of partial

wave amplitudes. The spin-singlet partial waves, }SQ, ^ 'G4 . . . , appear

in (ji1 and $2 with opposite signs, and the spin- t r ip let partial waves with
3 3

L = J = odd, P^ F3, . . . , appear in <j>3 and ^ with opposite signs.

Figure 12a shows the quantity on k2CLL(da/dfi) at ec ^ = 90° plotted

with respect to the incident momenta.19 This quality is di~ensionless

and allows us to study the contributions of partial waves -;.re direct ly.
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0.1 r—r—-T-T—I—I—I-

, . . . I . .
2.0 1.0

Fig. 12 (a) k C|_[_ (da/dn) at 9C ^ % vs. PiaK- The dashed curve is
only to guide the eye'. The solia curve is the contribution
of the ^ F , resonance over a smooth background.

(b) k2q_L (da/dn) at ec#rn, £ 74° vs. p, . . The dashed curve
is only to guide the eye.

First we examine i f the rapid decrease in Figs. 11 and 12a near p, . =

1.5 GeV/c is consistent with the partial wave F, having a resonant behavior.

Eq. 19 can be expressed in terms of F, and interfering part ial waves es

[k2CLL(da/dQ)]goo = [0.77|3F3| + a(Re3F3) + b(Im3F3) + . . . ] , (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 analysis. ' 2 0

By substituting these values and the F, resonance at mass = 2260 MeV with

a width = 200 MeV and elast ic i ty = 0.2 into Eq. 20, we find the same araunt

of rapid decrease as shown in Fig. 12a.

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

From the resonant-like structure in (k /4Tr)Aa-r as shown in Fig. 5, we
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7 R
expect it is due to a singlet spin state. The contribution of spin

singlet waves to Eq. 19 is

k2CL|_(da/dfi) = -1
1SO + 5 ̂ P^coss) + ̂ G ^ c o s e ) + ...|2 + ... , (21!

in which the contr ibut ion of ]G4 vanished at e J; 70°, where P4 = 0.

The structure around 2 GeV/c is absent in Fig. 12(b), where the
2

values of k Cy_ da/da at 9 = 70° are plotted as a function of beam

momentum. Thus we may conclude that G. 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 th is due to a spin-s inglet wave, because

7 8structures also appear as a peak both in Aa, and Aa-p. ' In particular,

we suspect they are due to the Dp wave, because i t i s the only wave that

couples to the s wave NA s ta te , which is responsible for the rapid increase

of pp tota l cross section near 1.2 GeV/c. We also point out that a resonance-

l i ke bump was observed in the cross-section of pp -> ird in the same energy

21
range, which is usually interpreted in terms of the f i na l - s ta te interact ion

between one of the nucleons and -:, forcing A(1236) in the intermediate s ta te .

The dip structure in Figs. 12a and 12b may come from the resonant-

l i ke behavior of the ^ s t a t e . 1 5 ' 1 7 ' 2 0 ' 2 2

We conclude that the measurement of the spin-spin corre lat ion parameter

C,, in pp e last ic scatter ing near 9 = 90° has revealed r ich structure

i ° Pi K = 1-0 - 3.0 GeV/c, which is consistent with the presence of F,,I ao -J

and possibly 6- and Dp resonances.
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VI. = (N,N;O,O) Measurements at = 90°

The measurement of the spin-spin correlation parameter C..., in pp

elastic scattering at ec = 90° also reveals a strong energy dependence.

A plot of k Cm (da/dfi) in the momentum region 1 to 6 GeV/c is shewn in
23 24Fig. 13. ' We find that the energy dependence is consistent with the

existence of 0^ and "F, resonances.

1.20

1.00

o.ao

0.60

0.40 •—

0.20 -

i i I r i r

• A. BERETVAS et al.

» G. COIGNET el a l .

» J. SIMMONS, LASL

o H. WILLABO, LASL

<- A . L IN et a l .

2 3 4 5
p (GeV/cl

Fig. 13 (da/dn) at = 90°.

VI I . 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. A plot of Re/Im



-19-

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 D~ and F, resonances.

0.2

r r f 11 in r T T 111ii[ i ( t T

pp

IP* -

I MilI I I III! I I i ml I I L i I I I I

10 100 1000

Fig. 14 Re/Itn at | t | = 0.

V I I I . pp Phase-Shift Analyses

During the past several years, there has been a concentrated effort

in pp phase-shift analyses. Hoshizaki established evidence ^or the existence

of resonances in his phase-shift analysis. Indication of diproton resonances

in the 3F3 (2.22 GeV) and ]D2 (2.17 GeV) states is shown in Fig. 15. Arndt20

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 strc

as shown in Fig. 16.

His results give strong indication of resonances in the D- and F3 states
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,38

1.25

.2

Re

-r-0.5

'•»<
V 1.6

1.38

.1.3
1.25

Re

Fig. 15 Argand diagrams of the D£ and ^Fg partial waves; the background

contributions have been subtracted.

(Figure caption on following page)
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PP D2

(-UNITARY
^ J | CIRCLE

-0.2

(
850'

- 0.1

700

&

750

,650

Fig. 16 Argand diagrams of the F3 and D2 partial waves based on Arndt's
phase shifts. The elipses represent the errors in the real and
imaginary parts of the amplitudes for energy-independent solutions.
The continuous curves represent the energy-dependent solutions.

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 ( 1 = 1 )

As discussed earlier, Aa^ data contain only singlet structures. Then

we expect to see only the triplet structure in (AO-J. - Aa, ), as shown in

Fig. 17. We 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 Aa. suggests that, from Eqs. 4 and 6, either i) (2J + ])Rj = (2J + 1)RJJ

or ii) (2J + 1)R, = R,, ,. We can eliminate the latter possibility by

examining Eq. 5 from the fact that there is a peak in Aa-r at 2 GeV/c. There-

fore the triplet peak at 2.0 GeV/c is due to a partial wavR RJJ.
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deduced from Ac, data.
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He note that there i s no F3 partial-wave contribution to the polar i -

zation data a t ec = 63°. We see an interes t ing structure in a plot of

k P (da/dn)/sin 2ec m vs. p ] a b as shown in Fig. 19. This quantity i s

proportional to >

(2 Im 3PQ + 3 Im - (2 Re 3PQ + 3 Re 3P])(Im
 3 ? 2 ) .

Since the P^ partial wave has very little energy dependence, there is a
3 ^good chance that either PQ or P, might be resonating.

P|ab (GeV/cl

Fig. 19 Energy dependence of P(da/dn) at 9 ^ 63°

Do we observe any structure above a mass of 2500 MeV? Measurements

of Ac. and Aoj are yet to be made at small-momentum interval. However,

we observe a remarkable energy dependence in CMM = (N,N;O,O) data at all
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.25 -,» 24angles'10 and also at 9 = 90°. As shown in Fig. 11, C.. data are a l l

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

large as -35% at 5 GeV/c.27

X. Aa (1=0) Measurements

An Argonne group has recently measured the difference between isoscaler

nucleon-nucleon total cross sections for pure longitudinal i n i t i a l spin states,

to. (I *= 0) , using a polarized proton beam and a polarized deuteron target.

In the ia. ( 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 nota here that there exists

29a clear bump in the np total cross-section data in the v ic in i ty of 1.5 GeV/c

as shown in Fig. 21.
o
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10 —
9 —
C

A —

i (7, (1 = 11
1

~1
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\- iff, 11 = 0)
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Fig. 20 AoL(I = 0) together with AaL(I = 1).



-25-

Fig. 21 np total cross section.

A recent phase-shift analysis using these preliminary data by Hoshizaki

et a l . suggests that there exists a partial wave whose behavior is consistent

with the Breit-Wigner resonance formula, namely, the spin-singlet F., wave.

From the dispersion analysis of a forward 1 = 0 scattering arr-Dlitude using

the data on AaL(l = 0), Grein and Kroll showed that the Argand plot of the

amplitude has a resonancelike behavior around 1.5 GeV/c, and that suggests the

existence of a spin-singlet dibaryon resonance.

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

Dibaryon resonances that can couple to nucleon-nucleon systems are
2

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

International Tokyo conference.
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i) 1 = 1

Mass,

Wi dth

I = 1

ii)

Mass,

Width,

I = 0

GeV

, MeV

State

I = 0

GeV

, MeV

State

Bl

2.

2

14

50

(2.

-

-

\

2

14)

2.17

100

2 ,r

.14 -

50 -

2

2.18

100

(2.18)

- 2.20

- 200

Triplet P

!.14)

• 2.17

• 100

Triplet

R 2

2.20

100

B 2 (2.
—i

2.20 -

100 -

3p3

(2.22)

- 2.26

- 200

\

22)

2.25

200

B

2

}
2 (2.43)

.43 - 2.50

-/150

\

B 2 (2.43)

2.40 - 2.50

Triplet

h—1
2.

\C..-r5;

43 - 2.50

-̂ 150

In order to clarify the nature of I = 1 B 2 (2.18), B2 (2.43) singlet,

and B (2.43) triplet, a number of measurements on C.. , C<., etc. covering

all ^.••JG-> have been carried out from 1- to 2.5-GeV/c incident momenta.

The^e data should be available within a year.

XII. Possible Dibaryon Resonance in yd Scattering Experiment

Kainae et al. suggested the possible existence of a dinucleon resonance

by measuring the proton polarization ir the reaction yd •* pAn. They observed

an energy dependence in the polarization. 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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P +
and isospin as (J , I) = (3 , 0). They obtained reasonable f i t s to the

polarization data by introducing thei r dibarycr resonance with mass around
3

2380 MeV in addition to the F3 dinucleon resonance with mass around 2260

MeV described in previous pages. Without the F~ resonance, they could not

obtain good f i t s by using only one resonance of 2380 MeV. This fact also

supports the F, diproton-resonance picture.

X I I I . Other References on Dibaryons

Other authors have suggested the possibi l i ty of the existence of

diproton resonances. R. Kammerud et a l . analyzed the data of large-angle

proton-proton elast ic 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 flope changes in da/dt. A similar conclusion v/as also drawn

33
ear l ier by L. M. Libby and E. Predazzi. K. Kanai et a l . show that there

34
are effects of dinucleon resonances in wd elast ic scattering. The effects

are clearly seen in the angular region of 3 > 100°. H. Kamo and W. Watari

f ind effects of dinucleon resonances in the polarization data in pp -+• ird

reaction. R. Frascaria et a l . observe dinucleon-resonance signals in

the ir'd excitation function of 180°. T. Ueda et a l . discuss the existence

of dinucleon resonances in irNN and -*--N'i dynamics. S. Furirichi et a l .

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

Described Above?

At CERN there wi l l be a LEAR (low energy p ring) f ac i l i t y which

wi l l allow total cross-section measurements in the pp 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

diproton trajectory, was not well covered. We i l lus t ra te a possible

resonance with width £ 15 MeV in Fig. 22. I t seems highly desirable to

make precision pp total cross-section measurements with small energy

41
MASS (MeV)

1967 1969 2014 2049 2062 2115 2149
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Fig. 22 pp total cross section at internediate energies (black circles:
G. Giacomelii; white circles: P. Schwaller et al.). 3 9
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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
2

of six quarks inside a cavity, depicted in Fig. 23; e.g. Aerts et al.

predicted many dinucleon resonances with mass of 2.1 to 2.5 GeV.

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

42ii) 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 node!.

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

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