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We review experimental data concerning § = 0
dibaryon resonances, with an emphasis on the nucleon-
nucleon system, Structures observed in the yd chan-
nel, the nd elastic scattering, pp + #d channel, and
other channels are discussed. Experimental data are
conpared 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, 7d, 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 Breit-Wigner behavior for some of

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

the NN, 74 and yd channels are not explained by the standard theories, with

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

adding the didarvon admixture te theoretical models.
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As evidence for the existence of dibaryons grows, it becomes crucial to
understand the nature of these resonances. Earlier references to theoretical
work (MIT bag model, string model, spring model, xNN and xxNN dynamics, Deck
model, OPE three~body theory, OBE inelastic~threshold model, coupled-channels
method etc.) were discussed in Ref. 1. Recent references are discussed in
this paper. One nice way to clarify the nature <f resonances is to thoroughly
study the isospin-zero channels in the region where there is no A excitation.
Structures were seen in the existing AGL(I = () 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 HN channel and compare these
with structures in other channels (nd, vd, etc.).

I. Nucleon-Nucleon System

A detailed description on the notation and definition of the spin
observables is given in Ref, 1.
A I = 1 Systen
A striking energy dependence has been observed in the difference

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

do = (4n/%) Im{s, (0) = ¢,(3)} = o7 °%%) - 5TOH(3)
and
Ao = =(4/k) In $,00) = 3TO%(xe) - aTO%(4e) .
In the Ag; energy dependence, structures responsible to R; (singlet) and
Rys1,J {coupled triplet) appear as peaks and dips respectively. On the other
hand, in the AJT energy dapendence, R; and Ry3 (uncoupled triplet) emerges as

3

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

system was from Ao} measurements as shown in Fig. 12 followed by Fig. 2,3

Figures 3 and 4 show Aogp 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 2GS, 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 ~ 40-MeV width at

Plap ~* L.15 GeV/c (mass, 2.14 GeV). Large energy dependence is also seen in
the polarization parameters, Cyy = (N,N;0,0), and Cyy = (L,L;0,0), 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 102 (312 (2.14)) and 3F3
(312(2.22)) states are established in the phase-shift analyses.5'8 An attempt
was made to test some of the pre-existing phase-shift solutions by comparing
the experimental values? of Crp = (L,L;0,0) and Cgp = (S,L3;0,0) at 1.18 to
2.47 GeV/e and of CSS = (§,5;0,0) at 487 to 791 MeV with their predictions.
The results are shown in Fig. 5. By using the Cp; data and the dispersion
relations, values of iy (inelastic) were calculated.? The results are shown
in Fig., 6 and compared with theoretfcal predicticnslo which do mot include
diproton resonances. Existing theoretical models such as m-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, and 3F3 partial waves in the Argand diagram are shown im
Figs. 7 and 8. The polarization transfer parameters Ksss Krgs Kgp» and Ky at

597 to 800 MeV were measured.ll The data are in satisfactory agreement with
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pre-existing phase-shift analyses. Resonances poles with JP = Z+, 2", and 3~
found by Ke-matrix analysis are discussed by several authors.1? The
AaL(inelastic) data discussed above are explained by the Deck model with the
dibaryon admixturel3 or by dibaryon resonances (1D2 plus 3F3) alone.® 1t 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 configuratioms.

We review other structure in the pp system besides the 1DZ and 3F3
states. Other possible resonances include a singlet resonance in Agqg (see
Fig. 3) at 2 GeV/c, IGA (312(2.43)), and a triplet resonance appearing in
(k2/4m) (Ao - Aoy) plot as shown in Fig. 9. We expect that the triplet peak
at 2.0 GeV/e is due.to a tesonating partial wave Rjy (312(2.43)}, since only

Ryy term has positive sign in
Aoy - Aop » (27 + DImR, - (J + Z)ImRJ+1,J - - l)ImRJ_I,J .

We note that there is no 3F3 partial-wave contribution to the polarization
data at 9, . = 63°. We see an interesting structure in plot of

) T
%~P(d3/dQ)/sin Jc.;m, With tespect to py,p as shown in Fig. 10. The quantity

is proportional to
3 3 3 3 3 3
2 =- (28 A
(2In Po + 3 In Pl)(Re PZ) (2Re Po) + 3Re Pl} (In PZ)

if higher partial waves are neglected.
This energy region has been investigated by measuring Cy, around
3..m. = 90° TFigure 11 shows a plot of kz(CNN - Cpp) do/d& at 8, , = 9p*, 14

This quantity contains only coupled spin-triplet partial waves with I =L + 1L

T T T e e e e e e e



(such as 3P0, 3P2, 31-‘2, 3F4...). The dashed curve shows a rapid energy depen-
dence in (1 - cNN)’ and the peak position roughly coincides with the 1D2
resonance. This leads us to note that the structure in the (CNN - CLL) curve
is therefore also resonant-like. The 3P0 or 3P2 state, Blz (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 3P0 channel
as well as in the 102 and 3F3 resonant structutes.l5

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;y around 8, ., = 90°.16 Figure 12 shows the energy dependence of

kZCLL do/d)l. We now attempt to interpret these structuras by assuming them to

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

k2 €,y do/aR = -|spin-singlet termslz - |coupled ttipletlz

+ |uncoupled and coupled tripletlz .

e observe no structure in the behavior of k> (CNN - Cpp) da/da, ;hich con-
taias only coupled_t;iplet terms. ,Thereforg, the second dip seems to be due
to a spln-singlet term; in a similar way, the first dip is attributed to a
spin-singlet term, namely, IGA. It is possible to attribute the second dip
(mass = 2900 + 100 MeV ) to a 116 state because the dip around 9. , = 90°
disappears at 8, ., = 75°, where Py (cos 3) = 0.1% The bump may be considered
as a Rjyy (Bl2 12.70)).

B. I = 0 Svstem

Measurements of the difference between isoscalar nucleon-nucleon

total cross sections for pure longitudinal initial spin states, AOL(pd), were

performed using a polarized proton beam and a polarized deuteron target.17
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One can extract A¢;(I = 0) data using both Aoy (pd) and Acp(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 = O scattering amplftude using the data on
AUL(I = 0), Grein and Krol1ld showed that the Argand plot of the anplitude has
a resonance-like behavior around 1.5 GeV/c. .

The polarization parameters of the pn elastic scattering were mea-
sured at KEK covering beam momenta from 1.30 tco 1.82 Gevlc.19 The data are
consistent with earlier predictions of the resonant-like behavior in singlet
state 1F3 (2190).20 Measurements of many other parameters are obviously
needed for the I = 0 phase-shift analyvses.

An extensive study21 on the I = 0 system is being undertaken at
LAMPF (Los Alamos) using polarized neutron beams.?2 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 Cgg, Cyg, Cpp etc. of a wide angular range at
energies of 500, 650, and 800 MeV., Preliminary data show that predictiouns
from presently available np phase-shift solutions are rather good. The total
cross section measurements with spin will also be performed. We 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.23

C. NN + NNw

For lab momenta between 1 and 2 GeV/c, several sets of NN + NNv data
are available. The reaction cross sections for pp + pur', ppr°® (Ref. 24) and
np + ppr~ (Ref. 25) are shown in Fig. 14 where the Deck model predictions with

and without dibaryon admixture 3F3 (Bl2 (2.22)) are also shown.!3
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The inelastic cross sections in longitudinal spin states, AoLin, are
discussed in Section A.

D. Conclusions on I = 0 and I = 1 Resonances in the Nucleon-Nucleon

sttem

Candidates for dibaryon resonances that can couple to nucleon~-
nucleon systems are summarized in Table I.

II. Dibaryon Resonances im yd Scatterlqgj!xpeti-ent

The measured yd + ppn~ cross section shows a rapid variation around a
photon energy k = 390 MeV as shown in Fig. 15.26 The peak has been interpre-
ted by the existence of a dibaryon resonance at a mass of 2.23 Gev/c? uith a
width of 40 Mevlcz. This observation is consistent with the existence of 3F3
(312 (2.22)) resonant state discussed above.

Earlier a dibaryon resonance {mass of 2380) has been suggested by inter-
preting the result of vyd + p*n.27 However, the prediction by a model used to

28 as shown in Fig.

interpret the data has recently been experimentally tested,
16, and it seems necessary to repeat the analysis using the new information.

III. Dibaryon Resonances in xd Elastic Scattering

i) Cross=-Section Measurements

It has been shown by several auéhors that there are effects of
dinucleon resonances in vd elastic scattering.29’3° The effects are clearly
seen in the angular region of ac.m_ > 100°. We note that the forward region
is well described by a Faddeev-type nultichannel scattering theory, and the
short-range behavior seems to appear at larger angles. Measurements in
backward 7°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 MeV/c, and a
break at 550 MeV/c (see Fig. 17).31 The results of a phenomenological fit is

consistent with the existence of three dibaryon resonances with mass of 2.362,



2,429, and 2.722 GeV in this energy region.
ii. Tensor Polarization
The tensor polarization tyg of xtd elastic scattering has been mea-

sured at T, = 120 and 138 MeV at SIN as a function of scattering angle.3z

While at the higher energy a strong oscillatory behavior prevails, a
considerable flattening is ohserved at the lower energy as shown in Fig. 18.
The results are interpreted by including three dibaryon resonances, 1Dz, 3F3,
and 104. However, a similar experinent33’34 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 ye need to
wait for the clarification.
1ii, Vector Polarization

In the measurement of the vector polarization (iTy;) in elastic xdt
scattering at T, = 140 to 294 MeV, evidence for a dibaryon signal has been
found (see Fig. 19).3% The striking oscillations observed in the vector
polarization are not reproduced by conventional Faddeev amplitudes. The data
werz Iinterpreted by including at least one of the three proposed B = 2
resonances [1n, (8,2(2140)), 3r; (8,%(2220)), and lg, (8,2(2430))] with the
result of Faddeev calculations, At the hig#er energies the general trend of
the data favors the admixing of the IGA dibaryon resonance.

At KEK the vector polarization for the n'd elastic scattering was
measured az 0.74 and 1.50 GeV/c.36 The measurements cover a higher energy
ragion than those investigated so fa;. The results are being interpreted.

IV, pp » dx' Reaction

Earlier H. Kamo and W. Watari found the effects of dinucleon resonances

in the poiarization data in pp + wd 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 ant system has also been studied with
polarized deuterons in the pp final state.39 The parameters of Ayy and Arp
for the pp + drt reaction were measutred 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.4°

Partial-yave analyses41 using the global data in this channel contribute
significant information about the existence of highly inelastic dibaryon
resonances. Measurements of spin-correlation parameter Ayy and polarization
parameter342 at 90° between 500 and 800 MeV are useful to test predictions of
the PWA analyses and improve the solutions. The results are included in a
recent energy-independent PUA analyses.43

Polarization measurements for pfp > dxt from Tp = 1.0 to 2.3 GeV have
been carried out at Saclay.4b Preliminary results have a peak at 140° c.m.
around T, = 1.9 GeV (near 2700 MeV mass) as shown in Fig. 20. This is
interpreted as a possible candidate for the q6, structure near the energy
predicted sy the Cloudy Bag Hodel,49+%¢  1n Tavle i, 312(2.70) with quantum

nunber triplett R;y is shown.

Y. Structures Revealed in the Nucleon-Nucleon Mass Spectrum

The dp » (pn)p break-up reaction at 3.3-GeV/c deuteron momentum was
studlied using films from l-m hydrogen bubble chamber.47 The effective mass

distribution of two nucleons exhibits enhancements at M a = 2020 MeV with T =

P
45 + 20 HeV and 2130 MeV with I' = 20 + 10 MeV. The dp » (pn+) + pissing mass
reaction was also studied.®’ Structures were observed in nn and nunt

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

2.14 GeV. The novt mass spectra exhibits enhancement at 2.390 GeV (' = 42 ¢

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)
at KEK, and the results are expected soon, .

VI. Narrow States in Missing-Mass Spectra

The missing-mass spectra for the reaction p + 3He > 4 + X and JHe + p+ d
+ X have been measured at T3He = 2,7 GeV and TP = 0,925 GeV respectively at
the Saturne National Laboratory (see Fig. 24).(48’49) 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 strecture with a
mass M = 2,240 + 0.005 GeV and a width T y§= 0.016 + 0.003 Gev. It is
interesting to note that this mass coincides with 812(2.22) in the 3F3
state, Further studies in this reaction are underway at Saclay.
VII. Summary

During the past several years, extensive search for structures, which
could be related to the existence of dibaryoms, has been made in various reac-
tions. The dinucleon resomance opened a new era in the nucleon-nucleon systenm
and is crucially important for the development of the quark models that
require six quarks ;n a bag although many other interpretations without the
quartk concept exist.

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 1D2 and 3F3 states.

The nature of these resonances are considered as:
i) Unconventional resomances (caused by short-range forces); existence
of six-quark state dibaryon resonances.50 Measurements as shown in

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

represented by dibaryon resonances.
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i1) Conventional resonmances {(caused by ordinary medium to long range

meson-exchange forces); channel-coupling effects (NN to Ma, D)1 or

other nuclear theoretical techniques.52

Since the I = 0 channel cannot couple to HA or 7D channels, discovery of
I’s 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
exotlc quark configurations, the following attempts should be made:
a) Spin measurements above the 3F3 resonances to clarify high-mass
candidates 3,2 (2.42), B,% (2.70), and 3,2 (2.90).
b) Confirmation of the 802 (2.22) resonance by utilizing polarized
neutron beams.
c) Accurate measurements in those channels discussed above which

produced narrow-width resonances, 1D2 (312 (2.14)) and 3F3 (Blz

(2.22)).



(1) I = Isospin State

TABLE I

. Candidates of the Dinucleon Resonances

B;2(2.14) B,2(2.18) B,2(2.22) B,2(2.43) B,2(2.43) B,2(2,70)
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
Width, HeV 50-100 100-200 100200 ~ 150 ~ 150
(luantum State 102 Triplet P 3F3 Probably 164 Triplet Ryy Triplet Ry

11) I = 0 Isospin State

2 : 2
By“(2.22) By“(2.43)
Mass, GeV 2.20 - 2,26 2.40 - 2.50
Width, MeVv 100~200
Quantum State 1F3 Triplet
Note - Fewer candidates in 1 = 0 compared to I = 1 are merely due to the lack of experimental data;

many experimental attempts will be made to explore the I = 0 state,

3,2(2,90)

2.90 £+ 0.10

Probably 116
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FIGURE CAPTIONS

pp total cross sections for pure longltudinal initial spin

states.

Enrergy dependence of Aoy (pp) data taken at Argonne 2GS, LAMPF,

SIN, and TRIUMF.

Aop{pp) data taken at Argonne ZGS and LAMPF

Aop(pp) data by the Rice group

(a) The measured ypin-spin correlation parameter Cpj, together
with the available phase-shift solutions before the data.

(b) The measured spin~spin correlation parameter Cgp.

(¢} The measured spin-spin correlation parameter Cgg at 487,
639, aud 791 MeV. Predicted curves using solid and dashed
lines are by Arndt and Hoshizaki respectively.

in

45;"" vs. incident proton momentum pr. Closed circles: AaLin

(Ref. 9); open circles: AaLin - Aoy, {pp + wd) at 1,18 GeV/c;

and squares: AaLin - Aoy {pp » 7d) (E. Aprile et al., preprint,

Geneva Univ. (1984)). The solid (Konig and Kroll), dashed
(Kloet and Silbar), and dash-dotted {Rinat et al.) lines are
predictions of the integrated cross section AGL(pp > NNr) from
Ref. 10.

Argand diagranxs of the 1D2 and 3F3 partial waves based on
Hoshizaki's phase shifts (points are in lab momenta, GeV/c).
Argand diagrams of the 102 (a) and 3F3 (b) partial waves based
on Arndt's phase shifts (points are in kinetic energy, MeV).

The ellipses represent the errors in the real and imaginary



Figure

Figure

Figure

Figure
Figure

Figure

Figure

Figure
Figure

Figure

Figure

9

10

11

12

13

14

15

16

17

13

19

-18-

parts of the amplitudes for energy-independent solutions. The
continuous curves represent the energy-dependent solutions.
Triplet structure at 2.0 GeV/c; the dotted curve is deduced from
Aoy, data.

Energy dependence of P(do/dR)} at 8. , = 63°.

Experimental values of f, = kz(CNN = Cpp) do/dR 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 f, = k2(1 - Cyn)do/d at 90%. (The
statistical errors are comparable to those in ft.)

a = k2 iy dofdR at 0. o = 90°.

Aoy (I = 0) together with Agy (I -ll).

Cross sections for pp + NNx vs. py. The solid lines represent
the Deck model predictions and the dashed omes the Deck model
with dibaryon admixture.

Cross section for yd + ppr~ vs. Ey. The dotted curve is the
prediction of the model (Ref. 53), The solid curves includes
second-order scattering terms.

vdt » pn at Ey = 550 Mev (/"5 = 2380 MeV).

r-d elastic scattering at backward angles,

Angular distribution of ty5(lab) at T, = 138 and 120 MeV. Open
cireles, data of Ref. 33 at 142 MeV. The solid curve is a guide
for the eves.

The vector polarization for sd + 7d (Soith 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 lDz and 164 dibaryon resonances to the Faddeev
amplitudes,

Polarization parameter in pp + ant.

The excitation energy diatribution for the “non-spectator” (pg >
350 MeV/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 Breft-Wigner
distributions.

The two-neutrons excitation energy distributfon for the sample
enriched in "non-spectator" events, The solid and dotted lines
refer to the background calculated by using data from the dp »
pPpT~ reaction and FOWL program, respectively.

The "anz ™™

invariant mass distribution for the events with P, >
0.3 GeV/c and "nnr" system emitted backward in the dp cms. The
solid and dotted lines have the same meaning.

Missing-mass spectra in double differential cross sections

measured in the reaction 3He (p,d)X (laboratory system). Data

have been binned into 5-MeV intervals.



1 2andy

~20-

(qu) Yoy

(7A99) %"
q b ¢ ¢ | 0
_ _ _ _ T 8l-
# laf-
.st./ﬂ | 9
L yl
P |
\
/ { — 2~
/ Vo
/ |
/ Yl —0l-
/ Ly
ooy ;
/ '
b4
/ 19
>
\\ — b-
.lt.un\nlualn\b\o —2-
g R T :
i i | | . B 0
09¢¢ 080¢ 0112 0eve 280¢ 118}

(AON) SSVYNW



0 T | T | T L g T |
e THIS EXPERIMENT
m BASQUE
4 SIN (prelim.)
-0 o 2GS (1976) —
v 26S (1977)
a
E
5 &
Q20 - '
-30 - —
\ | \ | \ | ) | | |
0 200 400 600 800 1000
Figure 2 Tlﬁb (MQV)




-22-

i 1 | | |
0.80 — -
@ DEBOER et al.
0.70 — o BIEGERT et al. —
0.60 ® DITZLER et.al. B
b 0.50 — —
d é
¢ 040 — B + ~
~ : : ‘ KA
= 030 & + -
0.20 — + -------------------- ¢
0.0 — -
0 — —
l | I | l !
.0 2.0 3.0 4.0 5.0 6.0

Figure 3



=23~

|.0_rlllllIllTlIllllllIIllll'_

08 — P ~

N a _

0.8 — b ~

e R s ]
< P ol _
—E = 40 MeV—-——g 3 N
T 04— ?Q é ; ]
. N 5 18 -
L q _

0.2 — ] ® DITZLER et. al. -

- ORICE/LAMPF 7

o ORICE/ANL 265 -
SR NN SRR TR PR

0 0.5 1.0 1.5 2.0 2.5

PLas (Gev/e)

Figure 4



—24i—

04 [’ """""""""""
------ ~~ HOSHIZ AKI e
———— ARNDT 03¢ 5 9 o
0.2 ¢ ) é -
05 [ o~ % $
2 \\
4 ¢ + U ~~
04 .7 “'#“‘-\_1}_\ L71 GeVic S e——
o
0.3 — 0.5 F ------- .
0.2} s -7 \
0.1 - 118 Gevre 03— 2.00 sevie )
0 02— ¢ ? & %
04— -
ot — \\\\ é
[=]
o \ o 0
e x,
LZ 0.2+ *}{~~?i_ - 03—
A L e
ol 1 = = +
o 1.35 GeV/e 0.2 ¢ +
(=)
0 ¢
0.1}
0.4 $ + (%
Tl 0
0.3 # Sl
S e ol 2.22 Gev/e
el NS T -
~o é #
o R el YA
1.47 Gev/e 03 B }
0
0.4 - 0.2— %
s 0.1~ %
03 r,-\\% v ~\‘+\ % {’
o2l N& ¢ ¢\‘ ----- 0
~
\\“} _ 2.47 Gevic
ol — - -0 —
1.49 GeV/e
0 LJ_ILI!JI -0, J|1LI‘![JJ
25 3 37 45 49 55 O%s 31 37 a3 a9 55

Figure 3a

C.M. SCATTERING ANGLE



0.2

-25-

!‘ : 0.2 r
1.18 GeV/e 1.71 GeV/¢
0.1 |- o~
l '/"
0 0 e )
— s
T3ET 4
-0 [ l oD o ?
-02 -T:.::I:—‘%“ % -0.2f- %
-o3l- + -0.3-
0.t r 02—
1.35 GeV/e 2.00 Gev/c
0 o1 e
n 1 . T t
-0l e ]-_ 0 — t'l’—:s-::, |
0.2~ -0.4 -—_f’f%’ | JT
s Ol
o {.47 Gev/c -0.2
- 9 [_
2 Q- -03
"d “0ulf—=___. __.?—""— -‘? 0.2 —
© ¥ % 2.22 Gev/e
-0.2|— o - %
-o.sL 0 IIL
0.2 r # +
1.49 Gev/e e + 9 +
0.l — $
% -0.2
0 ' + ‘[’Ll — 03—
e — —_ _ _._:-:.:,_rh—
-0.1 —-...{_‘}_ --------- G2~  2.47 Gevre
-0.2 0.1 p—
RN
--------- HOSHIZAK! i 1
———— ARNDT
-0t % i
' I I BT _g.2 L | TSN R I T
25 31 37 43 a9 ‘25 31 37 43 49 55

Figure 5b

C.M. SCATTERING ANGLE



Figure 5c

26—

I 1

791 Mev

639 Mev

0.8 L i |
0 30° 60° 90°
ac.m.
i [ H
0.2 |- -
X 487 Mev

30° 60°



-27-

ol | |
1.0 1.5 2.0

p, (GeV/c)

Figure 6



-28-

L dandryg




-29-

PP

Figures Sa/b




~30-~

PLag (Gevic)

"oV - Lov) (247, 3)

3.5

3.0

JS (Gev)

2.5

20

Figure 9



k2P (d0/dQ) /sin 20, 1

-31~

T T
Bem = 63°
0.5 — —
§
i+d
}iI 3
0 | tis
0 1.0 2.0

Figure 10

3.0



-32=

11 2andyy

(AOW) 91

0001 008 009 00b 00¢
| _ _ [ | _ | _ 0
-n‘ 7]
.!..o.ol...-....ﬂ.ld.Ml.‘// ™
+.. ¥ g’
*,\ AR L
ﬂ.+/+ ¢+.x. / 4 32
\, / =
\ /
N\, S .
~- —o'
l ] _ ] _ |




COEFFICIENT, a

~33-

02 -2

o
I
}20%

-0 —

{a]
(¥}
F 3

Prab {Gev/c)

Figure 12



~34-

AT, (I:1)

-8 — ; |
2
-0 }— ; —
-12 |— —
~14|— —_
-16— ]
T i
0 .
3
_4 - * % :.: AO-L (I=0) R
N g _

| | | ] I

Figure 13

2 3 4 5 6
(Gev/
PLag ' V7S]



=35~

Ficure 14



15—
1 -
A2
05—
Yd—ppm
Q = 12L0MeV
pR= 150 MeV /¢

I | ]
350 L00 L50 Ey MeV

Figure 15



-37-

Y g —

91 aand g

4 s0-
(1) SISKIVNY NNOG — — = { yo-
\\/ } //
, / |
.\ / \ 120
\
17N |
" . |
le) Luo \\\ & on.\..\! .
G Ve
e 1o
\ 1>7 -
>018ﬂ°mmlrw Lﬂ.o
vd — :;
-4 OO




doidQ (ubisr)

-38-

T Y 1 1 l L) ! !
b6 v Keller (‘75)
9‘? o Frascaria ('80)
9 o Abramov (‘81 )
1% e This exp. ('82) ]|
s
..
"0
»
w
Y
10'F AT v ]
"-..m'o?
. g‘.?
o AT )
10} -
ﬁ'-.of' *e
$t
1 1 t [l 1 1 1 !
4 6 8 1.0 1.2

Figure 17



-39-

08 I | 08
120 mas
06 06
g T, =138 MeV 150
04 04
0 R 0
T..——’ // \\.
/ A\
-02 P~/ \ -0.2
N \\
-04 -04
0471 104
T,=120 MeV
02} 102
o) t 4 —\
-02 + \ 0.2
I I !
180°

-0 30° 60° 90° ch [20°

Figure 18



~40-

60 P S R S U T SRS S N 1 e kL,
140 MeV
401 l” )
’ 1Y
o , S

20 21

o £
0; =
Q £
40 ) r ”’l \“
180 AT
201 l" i “\ { I
- -’ s -~ {

0
{

.40=h i; x
{ 256 7 A }
204 s f t
0 ez =
{ 1t
\\ . Y
40 ST
1 294 H s
[
20 : "' \\‘
s d-2.

0 il
4 1{{
-20+

O 20 40 60 80 120 160
8., (degrees)

Figure 19



04 [T «1.0Gev 175+ LT Gev |
TT.c 1.2 Gev T +1.8 Gev 1
oal ? i° -
®
o2}t { .
00} — 1
TToe 4 Gev Tp 2.0 Gev T
04t .
»
o2k i 4
00 Bt 1
[T 16 Gev T, 23Gev 1
04l i .
024 + -
*
0.0 = T -y
" 1 3 " F I ~ L ——s A o d o
100 150 180 100 190 180
BCJE éacﬂl

Figure 20



42—

e

—, e e

— e e e

§ ® = & 8 ©
SIN3A3 40 Y¥3IBWNN

0,.(Mev)

Figure 21



NUMBER OF EVENTS

—43-

1

90

i

1

Figure 22

100 200 300 400
Moiss - 2m (MeV)




by

250¢

200

—
(S
o

NUMBER OF EVENTS

"

206 25 225 2% 25
7>3ndﬂoth}\

Figure 23



d20/d0.dM ub/sr.MeV

25

~45=

-I-FJ =. EJ :ZES (:;EE\V(
= 0= 40° / -
f
/,H
d (pd)p K
‘ +;H’
_ ..,..o/’—:;.’.”*';’? | i
/‘
[ [
24 2.2

My (GeV)



