
osr
AHL-HEP-CP-85-18

For the Proceedings of the
San Mlniato Topical Seminar

San Mlniato, Italy March 1985

SUMMARY OF S - 0 DIBAKTOH RESONAHCES AUD CANDIDATES

Akihiko Yokosawa

High Energy Physics Division
Argonne National Laboratory, Argonnes Illinois OSA

18 April !985 ANL-HEP-CP--85-18

DE85 012125

Abstract

He review experimental data concerning S «• 0

dibaryon resonances, with an emphasis on the nucleon-

nucleon system. Structures observed in the -yd chan-

nel, the ird elastic scattering, pp + id channel, and

other channels are discussed. Experimental data are

compared with various theories. The short-range

forces can be represented by dibaryon resonances.

Further measurements to clarify the understanding of

dibaryons are also discussed.

For nearly one decade, an extensive search for dibaryon resonances in the

various reactions in the NN, *d, yd, and other channels has been made. Many

structures were found in the NN system and they were Investigated by means of

phase-shift analyses. The results confirmed 3reit-Wigner behavior for some of

them and these resonances are now well established. Structures observed in

the SJJ, Td and yd channels are not explained by the standard theories, with

the exception of some phenomenological models, and are well explained by

adding the dibaryon admixture to theoretical models.
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As evidence for the existence of dibaryons grows, i t becomes crucial to

understand the nature of these resonances. Earlier references to theoretical

work (MIT bag model, string model, spring model, TNN and inrNH dynamics, Deck

model, OPE three-body theory, OBS inelastic-threshold node!, coupled-channels

method etc.) were discussed in Ref. 1. Recent references are discussed in

this paper. One nice nay to clarify the nature of resonances is to thoroughly

study the isospin-zero channels in the region where there is no A excitation.

Structures were seen In the existing AcrL(l » 0) data, although these are yet

to be confirmed. We are expecting various experimental data in this channel

in a few years.

We start with discussing structures in the tlN channel and compare these

with structures in other channels (ltd, Yd, e t c . ) .

I . Hucleon-Nucleon SysteM

A detailed description on the notation and definition of tlie spin

observables is given in Ref. 1.

A. 1 * 1 Systeia

A striking energy dependence has been observed in the difference

between the proton-proton total ccoss sections for pure spin states:

- aTot(t) - 3Tot ( t )

-(4:r/k) Im $,(0) - 3Tot(f+) - <jTot(tt) .

In the ACJL energy dependence, structures responsible to Rj (singlet) and

Rj£l j (coupled triplet) appear as peaks and dips respectively. On the other

hand, in the Aa.p energy dependence, Rj and RJJ (uncoupled triplet) emerges as

peaks and dips respectively.
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The beginning of the excitement observing structures in the pp

system was from Aa^ measurements as shown in Fig. 1 followed by Fig. 2.

Figures 3 and 4 show AaT data.*'
5 All the data in Fig. 1 were obtained at the

Argonne ZGS. In Fig. 2 one observes systematic differences between the BASQUE

data and the rest of the data taken at LAMPF, Argonne ZGS, SIN, and SATURN II

(note that SATURN II data are not shown in Fig. 2). In Fig. 4 selected data

from Ref. 5 are shown. We observe a narrow peak with ~ AO-MeV width at

p l a b * 1.15 GeV/c (.mass, 2.14 GeV). Large energy dependence is also seen in

tha polarization parameters, C H N - (N,N;O,O), and C L L « (L,L;O,O), as reported

in Ref. 1.

Various analyses have been carried out using presently available

data to clarify the nature of the structure in the proton-proton systen. Par-

ticularly strong indication of resonances in the 1>2 ^Bl (2.14)) and F3

(3i
2(2.22)) states are established in the phase-shift analyses.6"8 An attempt

was made to test some of the pre-existing phase-shift solutions by comparing

the experimental values9 of C L L » (L,L;O,0) and C S L - (S,L;0,O) at 1.18 to

2.47 GeV/c and of Css - <S,S;O,O) at 487 to 791 MeV with their predictions.

The results are shown in Fig. 5. By using the CLIj data and the dispersion

relations, values of iJL (inelastic) were calculated. The results are shown

in Fig. 6 and compared with theoretical predictions^ which do not include

diproton resonances. Existing theoretical models such as it-exchange or OBE

models (not phenomenological models) developed in describing medium- and long-

range forces, but not short-range force, breakdown rapidly with increasing

energy.

The D^ a n d F3 partial waves in the Argand diagram are shown in

Figs. 7 and 8. The polarization transfer parameters Kss, KLS, KSL, and K L L at

597 to 800 MeV were measured.11 The data are In satisfactory agreeaent with
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pre-exlsting phase-shift analyses. Resonances poles with J » 2 , 2", and 3"

found by K-matrix analysis are discussed by sereral authors.*•* The

AaL(inelastic) data discussed above are explained by the Deck aodel with the

dlbaryon admixture*3 or by dibaryon resonances (*1>2 plus F3) alone.6 It is

conceivable that the short-range force is represented by dibaryon

resonances. One could conclude that the existence of baryon-baryon resonances

is in exotic quark configurations.

We review other structure in the pp system besides the D£ and F3

states. Other possible resonances include a singlet resonance in Acr̂  (see

Fig. 3) at 2 GeV/c, *G4 (B^ (2.43)), and a triplet resonance appearing in

(k2/4ir) (AcrT - AaL) plot as shown in Fig. 9. We expect that the triplet peak

at 2.0 GeV/c is due to a resonating partial wave RJJ (B^ (2.43)), since only

RJJ term has positive sign in

- AaL - (2J + DlmRjj - (J + 2)ImRJ+1)J - (J -

He note that there is no F3 partial-wave contribution to the polarization

data at 9 c - n u * 63". We see an interesting structure in plot of

k"P(dJ/dS)/sin 9C n_ with respect to Piab as shown in Fig. 10. The quantity

is proportional to

(2In3PQ + 3 In3P1)(Re3P,) - (2Re3P0

if higher partial waves are neglected.

This energy region has been investigated by measuring CLL around

e c .n . " 9 0 °- Figure 11 shows a plot of k^Cj^, - CLL) da/dSJ at ac-Oo - 90*.1A

This quantity contains only coupled spin-triplet partial waves with J • L i 1
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(such as 3Pg, 3p£« 3F2 , 3 F 4 . . . ) . The dashed curve shows a rapid energy depen-

dence in (1 - 0 ^ ) , and the peak position roughly coincides with the lD2

resonance. This leads us to note that the structure in the (CNN - CJJ_) curve

is therefore also resonant-like. The 3Pg or 3P2 state, B^2 (2.18), are

probably responsible for the structure. We note that a model of coupled

nucleon and isobar channels predicts a resonant structure in the PQ channel

as well as in the *D2
 a n d F3 resonant structures.

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

structure beyond this energy region has been searched for by measuring the

parameter C^ around 9C m » 90°. Figure 12 shows the energy dependence of

k"CLL d(j/dil. We now attempt to interpret these structures by assuming them to

be resonances in terms of the quantum numbers. We note that

k2 C dor/dfl » - |spin-singlet terns|2 - (coupled tr ip le t | 2

+ ]uncoupled and coupled triplet( .

We observe no structure in the behavior of k (C ĵ, - CLL) dcr/dfl, which con-

taitis only coupled triplet terns. -Therefore, the second dip seems to be due

to a spin-singlet term; In a similar way, the f irst dip is attributed to a

spin-singlet term, namely, G^. It is possible to attribute the second dip

(mass = 2900 i 100 HeV ) to a 1 I g state because the dip around 9Cjl3 . » 90°

disappears at 9CiQ> " 75°, where Pfi (cos 3) • 0 . 1 S The bump may be considered

as a 3TT (B,2 "(2.70)).

B. I - 0 System

Measurenents of the difference between isoscalar nucleon-nucleon

total cross sections for pure longitudinal in i t ia l spin states, AcrL(pd), were

performed using a polarized proton beam and a polarized deuteron target.
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One can extract A0L(I - 0) data using both AaL(pd) and &oL(pp) as shown in

Fig. 13- A significant structure is observed around 1.5 GeV/c. From the dis-

persion analysis of a forward I • 0 scattering amplitude using the data on

AoL(l » 0) , Grein and Kroll18 showed that the Argand plot of the amplitude has

a resonance-like behavior around 1.5 GeV/c.

The polarization parameters of the pn elastic scattering were mea-

sured at KEK covering bean momenta from 1.30 to 1.32 GeV/c.19 The data are

consistent with earlier predictions of the resonant-llke behavior in singlet

state Fj (2190). Measurements of many other parameters are obviously

needed for the I » 0 phase-shift analyses.

An extensive study on the I » 0 system is being undertaken at

LAMFF (Los Alamos) using polarized neutron beans. A longitudinally

polarized neutron beam is produced at forward angles when a longitudinally

polarized proton beam strikes a deuteron target. In the energy interval of

500 to 800 MeV polarization value is ~ 50%. The measurements include n-p

elastic-scattering observables CgS,
 CLS» CLL e t c - o f a wide angular range at

energies of 500, 630, and 800 MeV. Preliminary data show that predictions

from presently available np phase-shift solutions are rather good. The total

cross section measurements with spin will also be performed. He expect the

experimental results will clarify the structure in I « 0 system.

We note that the np total cross-section data show no evidence for

narrow resonances in a mass range below 2.23 GeV.

C. jffl -» NNJ

For lab momenta between 1 and 2 GeV/c, several sets of SN + NKT data

are available. The reaction cross sections for pp + pn7f+, pp;r* (Ref. 24) and

np + ppJt" (Ref. 25) are shown in Fig. 14 where the Deck model predictions with

and without dibaryon admixture 3F3 (B^2 (2.22)) are also shown.^
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The inelastic cross sections In longitudinal spin states, AarL
in, are

discussed in Section A.

D. Conclusions on I » 0 and 1 * 1 Resonances in the Hucleon-Nucleon

System

Candidates for dibaryon resonances that can couple to nucleon-

nucleon system are summarized in Table I.

II. Dibaryon Resonances in yd Scattering Experiaent

The measured yd + ppir~ cross section shows a rapid variation around a

photon energy k * 390 HeV as shown in Fig. 15. 2 6 The peak has been interpre-

ted by the existence of a dibaryon resonance at a mass of 2.23 GeV/cz with a

width of 40 MeV/c . This observation is consistent with the existence of Fj

(3-[_2 (2.22)) resonant state discussed above.

Earlier a dibaryon resonance (mass of 2380) has been suggested by inter-

preting the result of yd + p+n. However, the prediction by a model used to

28

interpret the data has recently been experinen tally tested, as shown in Fig.

16, and i t seems necessary to repeat the analysis using the new information.

I I I . Dibaryon Resonances In »d Elastic Scattering

i) Cross-Section Measurements

I t has been shown by several authors that there are effects of

dinucleon resonances in Trd elastic scattering. »30 The effects are clearly

seen in the angular region of 3C ffl > 100". We note that the forward region

is well described by a Faddeev-type multichannel scattering theory, and the

short-range behavior seems to appear at larger angles. Measurements in

backward T~d elastic scattering were carried out at KEK. The data show two

bunps at around 670 and 1100 MeV/c, two dips near 630 and 980 HeV/c, and a

break at 550 MeV/c (see Fig. 17).3 1 The results of a phenonenological f i t is

consistent with the existence of three dibaryon resonances with mass of 2.362,
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2.429, and 2.722 GeV in this energy region,

i i . Tensor Polarization

The tensor polarization t2Q of it d elastic acattering has been mea-

sured at Tff - 120 and 138 MeV at SIN as a function of scattering angle.3 2

While at the higher energy a strong oscillatory behavior prevails, a

considerable flattening is observed at the lower energy as shown in Fig. 18.

The results are interpreted by including three dibaryon resonances, l>2» F3»

and 1G4. However, a similar experiment33'34 at LAMPF disagrees with the SIN

data, although the measurements were at T, » 142 MeV. In Fig. 18 only the

earlier data are shown but they are in agreement with new data.33 We need to

wait for the clarification.

i i i . Vector Polarization

In the measurement of the vector polarization (IT^) in elastic ltd

scattering at T,, - 140 to 294 MeV, evidence for a dibaryon signal has been

found (see Fig. 19).3 5 The striking oscillations observed in the vector

polarization are not reproduced by conventional Faddeev amplitudes. The data

were interpreted by including at least one of the three proposed B » 2

resonances [ lD2 (8^(2140)), 3F3 (B1
2(2220)), and XG4 (B1

2(2430))] with the

result of Faddeev calculations. At the higher energies the general trend of

the data favors the admixing of the Ĝ  dibaryon resonance.

At KEK the vector polarization for the ir+d elastic scattering was

measured ai 0.74 and 1.50 GeV/c.36 The measurements cover a higher energy

region than those investigated so far. The results are being interpreted.

IV. pp •» dy+ Reaction

Earlier K. Katno and V. Watari found the effects of dinucleon resonances

in the polarization data in pp * ird reaction.3'
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Many measurements of the cross section and polarization have been made in

the energy range 400 to 1300 MeV.38 The d*+ system has also been studied with

on

polarized deuterons in the pp final s ta te . J 7 The parameters of ANN and AL1_

for the pp + dir+ reaction were measured at 1.28 and 1.46 GeV/c for the

deuteron angles between 2.25" and 7.75* at LAMPF, and the data are being

analyzed.40

Partial-wave analyses41' using the global data in this channel contribute

significant information about the existence of highly inelastic dibaryon

resonances. Measurecients of spin-correlation parameter A^ and polarization

parameters4^ at 90" between 500 and 800 MeV are useful to test predictions of

the PHA analyses and improve the solutions. The results are included in a

recent energy-independent PUA analyses.

Polarization neasurements for p*p + d*+ fron T » 1.0 to 2.3 GeV have

been carried out at Saclay. Preliminary results have a peak at 140° cm.

around T " 1.9 GeV (near 2700 MeV mass) as shown in Fig. 20. This is

interpreted as a possible candidate for the q , structure near the energy

predicted by the Cloudy Bag Model.45 '46 In Table I , B1
2(2.70) with quantum

number trip lett RJJ is shown.

V. Structures Revealed in the Hucleon-Nucleon Mass Spectrum

The dp * (pn)p break-up reaction at 3.3-GeV/c deuteron momentum was

studied using filras fron 1-ia hydrogen bubble chamber. The effective mass

distribution of two nucleons exhibits enhancements a t M_n » 2020 MeV with V •

45 -t 20 MeV and 2130 MeV with " - 20 -t 10 MeV. The dp -- (prr+) + nissing mass

reaction was also studied.** Structures were observed in nn and nmr

invariant mass spectra. The nn system shows raas3 enhancements at 2.03 and

2.14 GeV. The nnir+ mass spectra exhibits enhancement a t 2.390 GeV (r » 42 i

20) as shown in Figs. 21-23. These measurements are being remeasured by a
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Tokyo group (bubble chamber experiment) and a Kyoto group (counter experiment)

a t KEK, and the r e s u l t s a re expected soon.

VI. Harrow State* In Hl«»lng-Ha»» Spectra

The missing-mass spectra for the reac t ion p + 3He + d + X and 3He + p • d

+ X have been measured a t T, « 2.7 GeV and T_ » 0.925 GeV re spec t i ve ly a t
JHe v

the Saturne National Laboratory (see Fig. 24).^48»'*9' There is an indication

for a narrow structure at 2.12 GeV. Similar mass and width have been found in

the deuteron break-up study.47 The data also show a narrow stricture with a

mass M - 2.240 ± 0.005 GeV and a width r y-= 0.016 ± 0.003 GeV. I t is

interesting to note that this nass coincides with B1
2(2.22> in the 3F3

state. Further studies in this reaction are underway at Saclay.

VII. Su—ary

During the past several years, extensive search for structures, which

could be related to the existence of dibaryons, has been made in various reac-

tions. The dinucleon resonance opened a new era in the nucleon-nucleon system

and is crucially important for the development of the quark models that

require six quarks in a bag although many other interpretations without the

quark concept exists

Structures discovered in various reactions are in general not explained

by standard theoretical models without the admixing of dibaryon resonances.

The results of existing proton-proton phase-shift analyses by various authors

are in good agreement; resonant-like behavior is found in O2 and •'Fo states.

The nature of these resonances are considered as:

i) Unconventional resonances (caused by short-range forces); existence

of six-quark state dibaryon resonances. Measurements as shown in

Fig. 6 clearly denonstrate the need of short-range forces which are

represented by dibaryon resonances.
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ii) Conventional resonances (caused by ordinary medium to long range

meson-exchange forces); channel-coupling effects (NN to N4, TTD)51 or

other nuclear theoretical techniques.

Since the I - 0 channel cannot couple to HA or TTD channels, discovery of

I » 0 resonances below mass 2200 MeV would support the existence of exotic

quark states. The study is underway, as described in Section I-B.

In order to determine further whether dibaryon resonances are caused by

exotic quark configurations, the following attempts should be made:

a) Spin measurements above the F3 resonances to clarify high-mass

candidates B 1
2 (2.42), B L

2 (2.70), and 3 L
2 (2.90).

b) Confirmation of the B 0
2 (2.22) resonance by utilizing polarized

neutron beams.

c) Accurate measurements in those channels discussed above which

produced narrow-width resonances, ^D2 (Bj
2 (2.14)) and 3F 3 (Bj

(2.22)).



(O I " Isospln State

Bj2(2.l4)

TABLE I

Candidates of the Dinucleon Resonances

I)j2(2.22) 1^(2.43) B1
2(2.7O)

Hasa, GeV 2.14 - 2.17

Width, HeV 50-100

Quantum State D2

2.18 - 2.20

100-200

Triplet P

hor 3P 2 )

2.20 - 2.25 2.43 - 2.50

100-200 ~ 150

P3 Probably ^G.

2.43 - 2.50 2.70 ± 0.10 2.90 ± 0.10

~ 150

Triplet RJJ Triplet RJJ Probably lI 6

11) I « 0 Isospln State

Mass, GcV

Width, HeV

Quantum State

Bo
2(2.22)

2.20 - 2.26

100-200

F3

B0
Z(2.43)

2.40 - 2.50

Triplet

Note - Fewer candidates in 1 = 0 compared to I • 1 are merely due to the lack of experimental data;
many experimental attempts wil l be made to explore the I - 0 s ta te .
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FIGDKE CAPTIONS

Figure 1 pp total cross sections for pure longitudinal initial spin

states.

Figure 2 Energy dependence of Aa^(pp) data taken at Argonne ZGS, LAHPF,

SIN, and TRICMF.

Figure 3 AaT(pp) data taken at Argonne ZGS and LAHPF

Figure 4 AaT(pp) data by the Rice group

Figure 5 (a) The measured spin-spin correlation parameter Cj^, together

with the available phase-shift solutions before the data.

(b) The measured spin-spin correlation parameter Cg^.

(c) The measured spin-spin correlation parameter C§g at 487,

639, arid 791 HeV. Predicted curves using solid and dashed

lines are by Arndt and Hoshizaki respectively.

Figure 6 A î, v s > incident proton momentum pj_. Closed circles: AoL
ln

(Ref. 9); open circles: A<JL
in - A<rL (pp * tfd) at 1.18 GeV/c;

and squares: -itf̂  - Ao-j, (pp + ird) (E. Aprile et a l . , preprint,

Geneva Univ. (1984)). The solid (Konig and Kroll), dashed

(Kloet and Silbar), and dash-dotted (Rinat et a l . ) lines are

predictions of the integrated cross section AaL(pp ->• NHir) from

Ref. 10.

Figure 7 Argand di a gran's of the D2 and Fj partial waves based on

Hoshizaki's phase shifts (points are in lab momenta, GeV/c).

Figure S Argand diagrams of the D2 ^ a ^ a n d F3 ^^ partial waves based

on Arndt's phase shifts (points are in kinetic energy, MeV).

The ellipses represent the errors in the real and imaginary
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parts of the amplitudes for energy-independent solutions. The

continuous curves represent the energy-dependent solutions.

Figure 9 Triplet structure at 2.0 GeV/c; the dotted curve is deduced from

Ao^ data.

Figure 10 Energy dependence of P(da/dQ) at 9C.B. " 63*.

Figure 11 Experimental values of ft « k^C^j - C L L) dff/dft at 90" as a

function of kinetic energy. The dotted curve is drawn to guide

the eye. The dashed curve represents a fit by eye to the

experimental values of fs - k
2(l - CHH)da/dn at 90*. (The

statistical errors are comparable to those in ft.)

Figure 12 a » k2 C L L dff/dS} at 9C#IB> - 90*.

Figure 13 AaL (I « 0) together with AaL (I « 1).

Figure 14 Cross sections for pp * NNir vs. p^. The solid lines represent

the Deck model predictions and the dashed ones the Deck model

with dibaryon admixture.

Figure 15 Cross section for yd * ppir" vs. Ey. The dotted curve is the

prediction of the model (Ref. 53). The solid curves includes

second-order scattering terms.

Figure 16 yd* -f pn at Ey - 550 MeV (/T - 2380 MeV).

Figure 17 ir'd elastic scattering at backward angles.

Figure 13 Angular distribution of t20(lab) at TT » 138 and 120'MeV. Open

circles, data of Ref. 33 at 142 MeV. The solid curve is a guide

for the eyes.

Figure 19 The vector polarization for *d + :rd (Snith et al., Ref. 33).

The dotted curve represents the standard theoretical predictions

(Faddeev amplitudes). The solid curve is obtained by the
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adnixture of D2 and Ĝ  dibaryon resonances to the Faddeev

amplitudes.

Figure 20 Polarization parameter in pp + dir .

Figure 21 The excitation energy distribution for the "non-spectator" (p s >

350 HeV/c) sample. The dashed and dotted lines represent the

background originating from single and double scattering,

respectively. The solid lines refer to the dp * pnp three-body

phase space alone, and together with the two Breit-tfigner

distributions.

Figure 22 The two-neutrons excitation energy distribution for the sample

enriched in "non-spectator" events. The solid and dotted lines

refer to the background calculated by using data from the dp *

pppir" reaction and FOWL program, respectively.

Figure 23 The "mHr"*"" invariant mass distribution for the events with P_ >

0.3 GeV/c and "mm" system emitted backward in the dp cms. The

solid and dotted lines have the same meaning.

Figure Ik Missing-mass spectra in double differential cross sections

measured in the reaction He (p,d)X (laboratory system). Data

have been binned into 5-HeV intervals.
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