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I. I =1 System

A striking energy dependence has been observed in the difference between

the nucleon-nucleon total cross sections for pure spin states:

aa = (4/K) Tmis (0) = 5,(0)} = 37°%(2) = o'°%(

,

where arrows refer to initial proton spins along the beam direction and, for
instance, c¢(?) corresponds o o, referring to initial proton helicities.

Figures 1 and 2 show say, data.!»? The large energyv dependence are seen
not only in AaL, but in AGT, polarization, Cyn = (N,N;0,0), and Cp =
(L,L;0,0). A remarkable energy dependence has also been observed in the
results of Aoy measurements up to 6.0 GeV/c.3 To study the behavior in terms
of the partial scattering amplitudes, the data on (kz/éﬂ) Aoy are plotted as
shown in Fig. 3 as a function of Plab”

A summary of structure in nucleon-nucleon systém is given in Reference 4,

and here we update the current understanding.
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Fig. 1 Total Cross-Saction Difference Ao = oTOt (1) = gTOt(s),
The white squares are preliminary data.
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arious analyses have been carried out ustag presencly avallable dnata,

and mos? analwses are censistent with the existence »f dinucleon resnnances.

Sarticularly strong indicat{on of resonances in the “D, and ]?3 states are’

established 7 as shown fa Tigs. % and 9.
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Fig. 4 Argand diagrams of the 102 (a) and 3?3 (b) partial waves (points are
in GeV/c); the background contributions have been subtracted.
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Fig. 5 Argand diagrams of the 102 (a) and 3F3 (b) partial waves based on
Arndt's phase shifts (points are in kinetic energy, MeV). The
ellinses represent the errors in the real and imaginary parts of the
amplitudes for energy-independent solutions. The continuous curves
represent the energy-dependent solutions.

Other possible resonances in the pp svstem include a singlet resonance in

Aop at 2 GeV/c, and a triplet rcsonance appearing in (k2/4n) (Acr.r = bop) plot
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Fig. 7 Decomposition of cTot(x); assume 1.5-GeV/c peak as shown on the
dotted curve and subtract that frem GTOt(z)yielding a 2.0-GeV/c peak.

1t has been pointed out that ambiguities exist in the pp phase-shift

analyses above 500 MeV particularly In p partial waves, although other partlal

waves were ralatively well settled.7 We note that there is no 3F3 partial-

wave contribution to the polarization dava at 9, ., = 63°. We see an

interesting structure in a plot of kzP(dc/dQ)/sin 29.,p. VS. P15p as shown in

Tig. 8. This quantity is proportional to
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Recently we have Investigated this energy region by measuring G =

(L,L;0,0) around Bc_

- 8
0. = 90°.

Figure 9 shows a plot of k2(Cyy = Cpp) do/d@,

which contains only coupled spin triplet partial waves with J = Lil (such as

1PO, 1P3, 3F2, 3FA"') at 8. ., = 90°, agalnst the incident momenta. The

dashed curve shows a rapid energy dependence in (1 - Cyy), and the peak

position roughly coincides with the lDz resonance. This leads us to note that

the structure in the (Cyy — Cry) curve is therefore also resonant-like.
NN LL

~

Probably 3P0 or 3P2 partial waves 1is responsible for the structure.

Fig. 9

Experimental value
of k% (Opy = Cpp)
do/d% against the
incident kinetic
energy; the dotted
curve ls drawn to
guide the eye.

The dashed curve
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It is our hope that ambiguities in the phase-shift analyses will be soon
resolved when the results of Cp; and Cg; measurements covering forward angles
at 1.18, 1.32, 1.47, 1.71, 2.00, 2.22, and 2.47 GeV/c performed at the 2GS,
and Cgg measurements at LAMPF are analyzed.

Do we observe any structure above a mass of 2500 MeV? Measurements of
AGL and AGT are yet to be made at small-momentum intervals. However, we have
measured the parameter G, = (L,L;0,0) in the region py,p = 2.5 to 5.0 GeV/c
as shown in

Fig. 10. We observe a remarkable energy dependence in CNN = (N,N;0,0) data at

9 = 90°.10 our recent data on C; = (L,L;0,0)

all angles” and also at 8, ,

reveals an interesting structure.ll Figure 11 shows the energy dependence of
Gy at 6, . = 90°. We attempt to interpret these structures assuming them as
resonances in the term of the quantum number. We note that kchL(dc/dﬂ) o -
|spin~singlet termsl2 - |coupled tripletl2 + luncoupled and couplet

tripletlz. We observe no structure in the behavior of kz(cNN - G do/dﬂ,12
which contains only couplet triplet terms, against the incident momentum in
the region of 3.0 to 4.0 GeV/c as shown in Fig. 12. Therefore the second dip
saems due to a spin-singlet term: in a similar way, the first dip 1s

considered as a spin~singlet, namely 1G4-13 . The contribution of spin-singlet

partial waves to kZCLL do/df is written as follows:

2 1 . 1 1
k CLL(dc/dQ)spin_singlet | Sp *+ JPz(cos 8) D, + 9P4(cos 3)°G, +

1 2
13P6(cose) I, + veol

where P (cos®) is the Legendre polynomial of degree n.
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It 1s possible to consider the second dip (mass = 2900 % 100 MeV) as 116 state
. s Q £ ) 0 L1
because the dip around Sc_m_ = 90° disappears at gc.m. 759 where

?6(cos 8) = Q.
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Tig. 10 € = (L,1;0,0) data up to 5.00 GeV/c.

The rapid energy dependence around 2.75 GeV/c as shown in Fig. 11 coin-

cides with a similar behavior observed earlier in Cyy data,lo’l4 and also

colncides with a hint of a bump around 2.75 GeV/c in Ag; preliminary data.l?
The structure also occurs in k2(1 + G ) do/d? vs. the incident momenta, which

contains only the triplet waves, but is ahsent on the curve of kz(CNN - G dofdQ

vs. the incident momenta, which contains only the coupled triplet. 1If the
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II. 1 =0 State

Measurements were performed at the
isoscalar nucleon-nucleon total cross sectlons for pure longlitudinal initial

spin states, AcL(pd), using a polarized proton beam and a polarized deuteron

1206, -€, ) 10240 )

Fig. 11 k2C; (do/da)

the mass would be ~ 2700 & 100 MeV and

at & . = 90°
against py,p-
| ]
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o
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Argonne 2GS of the difference between

target.l6 One can extract Aoj, (I = 0) data using both Agy(pd) and Aoy (pp) as

shown 1n Fig. 13.

A significant structure 1Is observed around 1.5 GeV/c.
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Fig. 13 Agq (T = 0) together with Agy (I = .

A recent phase-shift analysis using theseAdata by a Kyoto group17
suggests that there exists a partial wave whose behavior is consistent with
the Brelt~Wigner resonance formula, namely, the spin singlet 1F3 wave. From
the dispersion analysis of a forward I = O scattering amplitude using the data
on AUL (I = 0), Grein and Kr01118 showed that the Argand plot of the amplitude

has a resonance-like behavior around 1.5 GeV/c, and that suggests the

existence of a spin~singlet dibaryon resonance.

The Agy (I = 0) data around 1.2 GeV/c have only a few points with large

errors. There is a hint of structure around 1.2 GeV/c ravealed in the I = 0

total cross section datal?»2% 45 shown in Fig. 14.21
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Conclusion on I = 0 and I = | Resonances

Candidates for dibaryon resonances that can couple to nucleon-nucleon

gystems are summarized in Table I.

Iv.

Structure Appearing in Other Channels

Many authors have attempted to interprete the results using not only

elastic-scattering results, but other channels such as

pp + ™, YD reactions etc.

1)

7D elastic scattering,

Possible Nucleon Resonance in Yd Scattering Experiment

2
Kamae et al.'2 suggested the possible existence of a dinucleon resonance

by measuring the proton polarizatioan in the reaction yvyd =+ pfn. They observed




Table T

Candidates of the Dinucleon Resonances

(1) 1= 1 Tsospin State

B 2(2.14) B,2(2.18) B, 2(2.22) 8,2(2.43) B 2(2.43) B 2(2.70) 8, 2(2.90)

Mass, GeV 2.14 - 2.17 2.18 - 2.20 2.20 - 2.25 2.43 - 2.50 2.43 - 2.50 2.70 £ 0.10 2.90 ¢ 0,10

Hidth, Hev 50-100 100-200 100-200 ~ 150 ~ 150

Quantum State ]DZ Triplet P 3F3 Probably 104 Triplet R;, Triplet Ry, Probably 116
1
—
v

(t1) 1 =0 Isospin State

By2(2.22) B2 (2.43)

Mass, GCeV 2.20 ~ 2.26 2,40 - 2.50

Width, Mev 100-200

Quantum State 1F3 Triplet

Note: Fewer candidates in 1 = 0 compared to I = 1 are merely due to the tack of experimental data;

much experimental attempts will be made to explore 1 = 0 state.
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an energy dependence in the polarization. They interpreted some of the data
as an indication of the existence of the deeply bound A-A state. Thelr esti-~
mates of mass and width of the possible resonance was 2380 and 200 MeV respec-
tively. From the angular dependence of their polarization data, they
estimated spin parity and isospin as (JP,I) = (3%,0). They obtained reason-
able fits to the pelarization data by introducing their dibaryon resonance
with mass around 2380 MeV in addition to the 3F3 dinucleon resonance with mass
around 2260 MeV described in the body of thkis paper. Without the 3F3 reso-
nance, they could not obtain good fits by using only the resonance of 2380
MeV. This fact also supports the 3F3 diproton-resonance picture.

A similar attempt was made at Kharkov and the results were discussed by

P. V. Sorokin in this symposium.

1i) Other References on Dibaryons or Nucleon-Nucleon Scatiering

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 observing slope

changes in dc/dt.23 A similar conclusion was also drawn earlier by L. M.

Libby and E. Predazzi.z4

K. Kanai et al.2? and K. Kubodera et 51.26 show that there are effects of
dinucleon resonances in md elastic scattering. The effects are clearly seen
in the aagular region gf 8..m. 100°. H. Kamo and W. Watari found effects of
dinucleon resonances in the polarization data in pp + nd reaction.27
R. Frascaria et al. observed dinucleon~resonance signals in the n+dbexc1tation

function of 180°.28
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T. Ueda et al. discussed the existence of dinucleon resonances in 7NN and
NN dynamics.29 S. Furuichi et al. investigated channel coupling effects in

relation to the exotic resonances.30

Many attempts have been made to explain the nucleon-nucleon structure as
threshold effects or something equivalent, using exchange models such as the
Deck model,31 the OPE three-body theory,32 the OBE inelastic~threshold
model,33 and recently coupled channels method.34 However, most of these
attempts do not seem successful. We remark that there is a report35 that the
1D2 diproton amplitude satisfies all standard resonance criteria, and has no

pole corresponding to a diproton resonance.

V. Quark Models and Dinucleons

The dinucleon resonance opens a aew era in the nucleon-nucleon system and
is cruecially important for further development of the quark models that
require six quarks in a bag36'39, depicted in Fig. 15; e.g. Mulders et 3137
predicted rich resonance structure in NM channel above mass of 2180 MeV.

140

The string model and the spring mode suggest dibaryon resonances,

which are made of six'quarks combined together with strings or springs, such
as shown in Fig. 16.

Apart from the bag model and the string model, a S0, symmetry has been
proposed for the classification of dinucleons and baryoniums.!‘1
Recently a way of implementing the dual-topological unitarization program

hasbeen found in which baryons and other multiquark hadrons are put on the

sphere and appear at the same topological-complexity level as ordinary qE
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Fig. 15 Dinucleon resonance i{n Fi{g. 1A Dinucleon resonance in
bag model. Solid line string model.
and circles represeni
cavity nnd quarks
respectively.
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