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Yukawa's conception for the nuclear force

Nowadays the traditional model for the NN-interaction and basic nuclear
force, which has been based on the Yukawa's idea on the meson-
exchange in t-channel, works very well at large distances rw > Ar ~1.4 fm
but there are some serious problems and fundamental difficulties at
intermediate (rw ~ 1 fm) and especially at short ranges (rw ~ 0.4 - 0.8 fm).

Fon (@A) v B Q@A ot (@A)
N . | E— » N *
' h
' . + +
+ 3 P,
N ¢ N... . N ¢

The intermediate- and short-range nuclear force should be revised somehow.

The most appropriate, consistent and related to fundamental QCD-picture
way to make the revision is an introduction of the dibaryon degree of
freedom in hadronic physics, NN interaction and generally in nuclear
physics.



The problems in OBE-description of intermediate range
interaction:

1. Aryn (in all OBE-models)~ 1.3 = 2.0 GeV is very high and in strong
disagreement with all microscopic theoretical estimates and experimental
fits (Axnn|exp ~ 0.5 + 0.8 GeV). Moreover, the cut-off parameters A vy
and /\pNN: which fit the inelastic NN-data on m—meson production, like
pp — ppr® or pnT, are in good agreement just with the soft values of
Arnvn =~ 0.5+0.6 GeV!
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Puzzle with scalar meson exchange
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Contrary to the conventional view, the three independent groups
have found that 2mexchange with intermediate = — © s-wave inter-
action leads to strong short- and intermediate-range repulsion and
only very moderate peripheral attraction.
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As a result, we have now NO MECHANISM FOR PROVIDING BA-
SIC INTERNUCLEON AT TRACTION. In this point the intermedi-
ate dressed dibaryons appear!



The puzzles of OBE-models at short ranges

2. The long standing problem with short-range tensor force in 3S1 — 3D1
channel. The current NN-models of second generation lead to too low
value of deuteron quadrupole moment:

QY% ~ 0.270 fm? vs. QT ~ 0.286 fm?,

A
so that ?Q > 5%! it is too high for isoscalar MEC contribution!
3. At short ranges
g: NN g: NN
Tl ~ 13.6 +15 s =N ;. 5
ar i Ste 4m 15Us

i.e. the OBE-value for g, nn is in few times as large as the SUg-value,
while all other coupling constants are in good agreement with SUg-values.

4. The problem with the tensor-to-vector pN N-coupling:
fit to NN data: »,yny =6 -7,
from 7N scattering: »,yy ~1 -3
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The nucleon momentum
distribution in deuteron extracted
from different type experiments



The p-d momentum distribution in 3He extracted
from experimental data of Dubna, SREL and
Triumf

O Dubna
O SREL
¢ Triumf

10—4 TN T S YO0 T T T TN T TN TN T T T T T O YO T T T T T O T TN O O, T T O T
0 0.1 2 4% 0.4 0.5 0.6 0.7 0.8 0.2 i
k (GeV/c)



The average 3He(e,e’pp) cross section as a function of missing
momentum p., at E, = 750 MeV (the data of NIKHEF). The
theoretical predictions without (solid line) and with (dashed line)
pair 2N currents are based on full Faddeev 3N calculations with
three-nucleon force included
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The comparison for the *He(e,e’p)3H cross section
between experimental data and Laget calculations with
PWIA, PWIA+FSI PWIA+FSI+MEC. Dlsagreement IS

large !
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FIG. 3. Radiatively corrected cross section in the 2bbu
channel. The curves are the result of a microscopic calculation
based on a diagrammatic expansion of tlhe cross section [31].



The comparison between nucleon momentum
distributions in deuteron, 3He and “He extracted
from the e.-m. experiments like “*He(e,e’p)R
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The experimental results demonstrate unambiguously the dominant contribution from
direct interaction of the virtual photon with strongly overlapped two-nucleon pair in “He.
In particular, it may be illustrated by the momentum distributions in 2He, 3He and “He
extracted from different experiments.



Alternative picture of nuclear force at
short and intermediate distances.
Why the dibaryons?

In case of heavy meson exchange with m, = m = 800 MeV the
Compton wave length A, = A = 0.2 fm, so that two nucleons overlap

deepl¥!

hus, It appears, that more consistent description one can reach if
to assume that the o- p- or w-meson is moving simultaneously in
the field of two nucleon cores, or simply around six-quark bag, like



The idea of the dressed six-quark-bag
pos
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L
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But the problem can by no means be solved by simple reformulation
2x3-clusters to common six-quark degrees of freedom and should be
posed on a different physical ground.

We must incorporate into our consideration a few new concepts and
features, e.g. restoration of (broken) chiral symmetry in multi-quark
bag, non-linear mode of quark interaction with o-field etc.



The 6q dressing mechanism.
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The new dressing mechanism can be presented in the form of dia-
grams.




T he effects of strong o-field around six-quark bag.

This strong o-field leads to highly non-linear effects:
— (partial) restoration of chiral symmetry in the dressed bag;
— shrinking the multi-quark bag due to strong ‘pressure’ of scalar field;

— enhancement of scalar diquark correlations in the bag.
\ <4

The o-field has mainly spherical symmetry due to L; = 0 and high space
symmetry (5'5[6]Lq = 0) of the bag, and thus the field pulls quarks to the
center of the bag and results in effective strong attraction among all the six
quarks in the bag in this dressed bag state (DBS). As a net result of this
inter-quark effective attraction there arises a strong attraction between

two nucleons in NN-channel.



(iii) In six-quark system with two p-shell excited quarks the energy gain
should be even higher, e.qg. AEO—_E,Q ~ 600 = 700 MeV! As a result, the
mass of the dressed six-quark bag occurs ca. 2.1 GeV, i.e. near the

2N-threshold.
6q+c(2m,p)
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So that, if to incorporate additional (to the DBS) t-channel = and 2n-
exchanges they will induce an additional moderate attraction in 2N-system
which leads eventually to the bound deuteron state in 3S; — 3Dy channel
and 1So—virlzual state in 1So—channel.

Thus, from this point of view, the inner part of the deuteron state consists
mainly from the dressed dibaryon! Our microscopic calculations confirm
this: the weight of the DBS state in deuteron happened around 3.5%!



Estimates of the respective energy gains in various systems due to
coupling to o-field.

(i) Energy effects of coupling the o- and w-fields with nucleon (3q) core
within QBM have been studied recently by B. Jennings et al. They found,
in particular AENs(in Ngrst.) >~ 120 MeV.

(ii) The above mechanism of enhanced ¢ field (and scalar ww correla-
tion) 2q (p-wave) — 2q(s-wave) + o can be predicted also for the Roper
resonance:

s%) N = [5P%) yeory) Z |52 + o), — E*(1440).

Non-shifted mass of the Roper resonance should be ~ 2khw ~ 2 GeV vs.
m(R) = 1440 MeV, i.e. AE,; _g; ~ 500 MeV!



Thus we have a hierarchy of energy gains in various hadrons due to strong
coupling to o-field:

Ngr.st. = AE; ~ 120 MeV;
N*(1440) = AE, ~ 500 MeV;

DBS(6q + ¢) = AEs ~ 600 + 700 MeV;

This additional enhancement of the o-field effects in symmetric six-quark
bag (in DBS) comes from partial restoration of chiral symmetry in multi-
quark system with high density. ( In fact, the fully symmetric six-quark
bag has a highest possible density!) This chiral restoration is in a nice
agreement with recent findings of Hatsuda and Kunihiro and Glozman and
Cohen who suggested a chiral restoration at high excitation in baryons (as
demonstrated e.g. by appearance of close parity doublets high in the
spectra). In fact, |s4p2[42]) is 2hw excited configuration in 6g-channel!



II. The concept of NN interaction based on intermediate dressed
dibarion production

N omp N N C.T.p N

bare dressed
dibaryon dibaryon

The o-dressing of intermediate dibaryon shifts its mass downward
noticeably (A ~ 0.5 -0.7 GeV).

T he similar o-dressing of the Roper resonance:

s%(25)[3]) = |s°[3] + o)

reduces its mass about 0.5 GeV!



T he effective potential VNQN induced by coupling the NN-channel
to the intermediate-dibaryon channel in form of a sum over simple
separable terms for each partial wave:

"/.NQ.N - Z Vfi]’(r: r,)l (15)
S,J,L,L’
with
Ve, r') =Y Z2i¥ () AL, L (B) ZIM (), (16)

M
where Z{ 3 (r) are the potential form factors (vertex)

Zi3 (r) = ¢Ls(r) Vi§ () (17)
and the energy-dependent coupling constants )\é I L,(E) are expressed
by integration of the product of two transition vertices B and con-
volution of the product of meson and quark-bag propagators over
the momentum k:

Bi,Ls(kv E) Bi,L’S*(k’ E)

O
ML (B = Z/; k2 dk x (18)
Lo E - Mg, — deo - wo(k)




The phase shifts of NN scattering in
low partial waves
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Table 1. Deuteron properties in the dressed bag model.

Model | E(MeV) | Po(%) | rn(fm) | Qulfm?) | (i) | As(fm?) | o(D/$)
RSC 2.22461 | 6.47 | 1.957 | 0.2796 | 0.8429| 0.8776 |0.0262
Moscow 99 | 2.22452 | 552 | 1.966 | 0.2722 0.8483  0.8844 |0.0255
Bonn 2001 | 2.224575 | 4.85 | 1.966 | 0.270 |0.8521| 0.8846 | 0.0256
DBM (1) 2.22454 | 5.22 1 1.9715 | 0.2754 | 0.8548 | 0.8864 |0.0259
P, = 3.66%
DBM (2) 2.22459 | 5.31 | 1.970 | 0.2768 ' 0.8538 0.8866 | 0.0263
R, =25%
experiment | 2.224575 1.971 | 0.2859 0.8574| 0.8846 |0.0263




The dibaryon model prediction for the two-
pion production via o-meson at p+n or p+p
collisions




YN, N, ... & NN collisions

e Nucleon Resonances

— s-channel production < associate
production
( if 2-body decay)
— excitation by vy, 7, ... <~ virtual ., o, ...
* NN system

— only measurementsond <« NN and Nd
collisions



1t and .t Production
@ CELSIUS and COSY

— A N'(1440)
test case Investigate by o excitation

— excitations in the NN system

— NN excitations in Nuclel



A excitation in pN — NNt
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Roper Resonance
N'(1440)

N and yN:
— Roper’s resonance
— a resonance without seeing it

* New generation of measurements:
— the ,narrow” Roper



How to excite the Roper?

N — N (1440)
I(JP): 2(12)r — V2(12)*
—
— scalar-isoscalar excitation: o
or

— Isovector excitation: =, y(M1), ...
with spinflip preferred



Where to see?

° YN
— photo absorption
—Yp — p '’
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)

e Where is the
Roper?

Morsch and Zupranski, PRC 61, 024002 (1999)
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Where to
see?
N scattering:

A

2. resonance region D.,(1520) ...
3. resonance region F..(1680) ...

Lol

\\IIH‘ I I\\IIH‘ FTTT

......................................... ................... el b bl

P GEVE

10°

20 30 40

T T T
3 4 5 68 78 910

T
al i 10
1 2 3 4 5 6 7 8910
(ot I | I | 1
[
2.2 1
i

* Where is the —

Roper? -

10 [~

e e

o *{i,lf:r‘: s { ﬁ?‘{":':"'f":""ffﬁ'::"'ffﬁ':ﬁ"'ffﬁ':ﬁ"'ffﬁ'ﬁﬁ'"f'IZ='1ﬁ/2:f,'"3/2ff'ﬁﬁﬁ"'ffﬁﬁﬁﬁ'"

Plan GeVE

PDG 2006




7" p total cross section

Where Is
the
Roper?
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niN partial wave analysis

* Partial wave amplitudes " Argand plot SAID nucl-th/0605082
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What does the ,Bible" tell us today??

3(37)
PDG Breit-Wigner mass = 1420 to 1470 (~ 1440) MeV
2006: Breit-Wigner full width = 200 to 450 (&~ 300) MeV
Pbeam = 0.61 GeV/c 47X = 31.0 mb
Re(pole position) = 1350 to 1380 (=~ 1365) MeV
== _5im(pole position) — 160 to 220 (~ 190) MeV
N(1440) DECAY MODES Fraction (I';/T)
N 0.55 to 0.75
N 30-40 %
Am 20-30 %
Np <8 %
N(Ww)’s?veave 5-10 %
py 0.035-0.048 %
p~y, helicity=1/2 0.035-0.048 %
n~y 0.009-0.032 %
n-, helicity=1/2 0.009-0.032 %




New Generation of Experiments
visualizing a ,,narrow” Roper (?)

ceap—oaX @4.2GeV
(Saturne)

e JJy - NN and NN (BES)

e pp — npnt @ 1.1 and 1.3 GeV
(WASA)



New Generation of Experiments:
1. o P — A X (Saclay)
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New Generation of Experiments:

3.pp — npnt @ 1.1 and 1.3 GeV
(WASA)

beam energy allows only A and Roper excitations —
— no kinematic reflections
— clean and simple situation

scalar-isoscalar (o) excitation of Roper possible
prtt invariant mass: 1=3/2 = only A+

nmt : 1=1/2,3/2 = Roper (A" very
weak)



3. pp — nprt

(WASA)

u Tp = 1.1 GeV

"T,=1.3 GeV

Data prefer Roper values:
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Dalitz plots MC
pp — npnt @ 1.3 GeV
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Decay of Roper

 decay channels: BR(1440)
BR(1371)
PDG 2006 Bonn 2007

(Sarantsev et al.)

— N — Nm 0.55-0.75 0.61
(2)

— N — Nnm 0.30-0.40 0.39
(5)

—  —> An — Nnr 0.20 -0.30 0.18 (2)

— — Np —> N(nn)_ ., <0.08

—  — No — N(nm) _ g 0.05-0.10 0.21 (3)

— N*—>An / N— No: 2-6 0.9 (2)
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pp — NN7r

Subsystems :

NN FSI

T o and p —
N7 A (1232)

Nrnm N (1440), N* (1520) —

NN7i(t) dibaryonic systems ( AN, A4, ... ) &=



Status on pp — NNnmw

e exit channels: e exclusive measurements
PW COSY-TOF CELSIUS-
_ pprT WASA
— pprin® e + +1 +
— NNTTt <<= *
— pn71:+71:0 — +
— dmrmo <= (+)



nt production -

Status quo
ante:

experimental
and theoretical
situation
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PROMICE / WASA

~ T,=650-775 MeV

Phys. Rev. Lett. 88 (2002) 192301

Nucl. Phys. A 712 (2002) 75

Phys. Lett. B 550 (2002) 147

Phys. Rev. C 67 (2003) 052202 Rapid Comm.
many conference contributions
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M. Bashkanov
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ntt Production: pp —
ppTCOTCO
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Invariant Mass distributions
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CELSIUS-WASA
pp — ppn'n’

See talk Tatiana Skorodko

= N — N

dominantly N —» No !
( nucl-ex/0612015)
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Conclusions (1)

* Roper Resonance historically:

— Originally found in 7N phase shifts of P,
partial wave

* Interpretation as a Breit-Wigner resonance in N
= M =1440 MeV, I" = 400 MeV



Conclusions (2)

* Roper resonance now:
M ' (MeV)
— SAID 7N partial wave analysis: 1357 160
— Bonn (Sarantsev et al) tN + yN 1371(2) 184(20)

— Explicitly seen in:

—op —aX 1390 190 (?)
—Jy - npr 1358 160
—pp — pnrt 1355 140

e Roper decay N' — N i
—pp > NNnr = dominantly N —>No



Conclusions (3)

e Scalar-isoscalar probes (c exchange) see
,harrow* monopole excitation at very low
excitation energy :

breathing mode @ » = 400 MeV !

l.e. only 100 MeV above A, the lowest excited state



alternative approach close to threshold:
inclusion of dynamic o by mr rescattering

Quark Core

Pion Cloud

M.M.Kaskulo
v et al.,
MESON2004
- , Int. J. Mod.
-~ : Phys. A20
(2005) 674

Phys. Rev.
C70 (2004)
014002 and

Cloud—-Cloud InteractionI 057001

o fascetisring = g ondse snlfis

©)
© no =zxolictt Rousr resonzrnce |
©)

only | varamster = flezd oy aosollis

‘)J.. J‘_' JI _/_r
520110r)




dynamic ¢, no explicit Roper
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Conclusions on vacuum

reaction
e close to threshold: 'z data consistent with
dynamic o
( 7z rescattering ) - however,
fails at higher energies ( no 4, no
Roper )

* T,<1GeV: Roper excitation and decay

resonance parameters — partly in good
agreement

with most recent results from other
experiments

 T,>1GeV: dominant configuration (AA) 4* ?

nnnnnn + thhAaAnvAatinanl AnlAarilAatiAanna AlA saad
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it Production in Nuclel

* medium effects of the i system

* nuclei as isospin filter:

it — system
—pp — pp 1N 1=¢,1,2
—pn—>d T7m 0/ 1

— pd — 3He 7 /0,

3
—dd — 4He 7 0 } ABC effect



Inclusive Measurements on Nuclel
(unresolved nuclear final states)

Lutz et al., NPA542, 521(1992)

e Medium modifications of hadrons b‘

— conventional processes (e.g. A—h ) ?
— partial chiral restoration ?

o chiral partner of ﬂ-‘s)

10r

MASS [

* Low-mass M_. enhancement obser == @=venm

IN measurements on nuclei :

—(nm,nmtn) CHAOS @ TRIUMF

—(m,n"n?)  Crystal Ball @ BNL

—(y.mn°) TAPS @ MAMI }isoscalar effect



Exclusive Measurements on Nuclel
(bound nuclear final states)

e ABC - Effect:

low-mass enhancement in M__
spectra

In scalar-isoscalar channel
SN

o excitation of the AA system



ABC effect

(Abashian, Both, Crowe )

e Inclusive
measurements:

pd — 3He X

Abashian et al. Berkeley

Banaigs et al. Saclay

low-mass enhancement

Missing mass [ GeV/c?]
3 4 S -

g8 ]

250

trbllu.

du/dp,da,

O = 0.3 deg

50

NR B67 (

Py = 3. 14 GeV/c

T,= 893 MeV

1.2

'P,n’ (GeV/fe)




First exclusive measurement: @ CELSIUS-WASA

pd—°He nt @ T, =895 MeV
M
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Q
Q 20
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( = O ) 0 b | I 1 \'\ 0
02 03 04 05 06 29 3 31 32, 33
Mnono [GeV/C 2] ~ \MsHe’n° [GEV}(\]
ABC
a0 q
5 P NG
1) S 4 Y ~)
o AA
' G ? )lnt
100 & il
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(2006)



Angular Distribution of Isoscalar Low-Mass
Enhancement ?

Phys. Lett. B637, 223 (2006)
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First exclusive measurement: @ CELSIUS-WASA
040
pd— dn'n’ + Pspectator

Mdn
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Quasifree pn — dnn® (bin1, =1.0-1.04

e Angular distributions:
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Energy Dependence of ABC

oy 1.8E
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'’ Enhancement Gallery

pn — dnin’ pd — 3He nn0 dd — 4He non?
@ 1.0 GeV @ 0.9 GeV
- =
% MTEOTEO Q 20
2 S ,
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¥ %15\
s * i 27
1000 3 ABC largest nuclei ??
Ecn r 5" —OELEL L 0470
c #’ © oo — T°TC
g 20 Xk enhancement
e 0 ) | | | huge ?
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CELSIUS-WASA measurements

WASA@COSY proposal: exclusive measurements

at several energies



Summary on ntt Production in
Nuclei

" inclusive measurements:
mTA— Xnn } isoscalar low-mass enhancementin M__

YA — X1

increasing with increasing A

B exclusive measurements:
AB—->Cnmt = ABC effect:

scalar-isoscalar low-mass enhancement in M__
increasing with increasing A

e correlated with the excitation of a AA system !
 specific configuration (I =0, J° = 1+ or 3*) in pn syst«

supported by BMBF, DFG ( Europ. Graduate School ), COSY-FFE and Landesforschungsschwerpunkt Baden-Wirttemberg



The physical picture of NN Interaction
at intermediate and short distances

Ty > 3As N N
asymptotic state
raw ~ Ay~ 14 fm N N
OBE interaction @. _____ @
(7 + 27 exchange) T
— — —
"W {: 1 f]l'l. N T ——aw
TWN = ] CE 0
DBS- |5ﬁ[5] + {FTT,].:.m} = gnnch + g"n%@g += g.nql}%

TN ™~ J',:[D.EJ im
|6g + )

il-_\l__"l_ L ""\'.T
OPBE interaction

T o 3AL

-
N N
outgolng asymptotic state - . % =



The leading
contribution
of the Roper
resonance
excitation in
pp-collisions
at GeV energies

H.P. Morsch and
P. Zupanski,
Phys. Rev. C 71,
065203 (2005)
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FIG. 1. Missing mass spectra for p-p — p' 4+ x at a beam mo-

mentum of 9.9 GeV /c from Ref. [15] in comparison with resonance
fits (solid lines) using a background shape (dotted lines) given by
Eq. (1). The separate resonances are given; in particular, strong
excitation of the Py, at 1400 MeV at small momentum transfer is
indicated by solid lines.
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FIG. 2. Missing mass spectra for 7 — p — 7' +x at a beam
momentum of 16 GeV /¢ from Ref. [15] in comparison with resonance
and background fits similar to those in Fig. 1.



Roper resong
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FIG. 3. Missing mass spectra for p-p — p’ 4+ x at beam mo-
menta of 15.1, 20.0, and 29.7 GeV/c at a momentum transfer of
0.044 (GeV/c)* from Ref. [15] in comparison with resonance and
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background fits similar to those in Fig. 1.
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FIG. 4. Missing mass spectra for p-p — p’'+x at a beam

momentum of 6.2 GeV/c (upper part) and 7 — p —> 7'+ x at a
beam momentum of 8.0 GeV/c from Refs. [15,16] in comparison
with resonance and background fits similar to those in Fig. 1.



The (11 ) low-
energy
enhancement at
Ep =5.9 GeV
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FIG. 5. Invariant r "7t — mass spectrum from the data in Ref. [19]
in comparison with a resonance fit (upper solid line) consistent with
Fig. 1. The 2w background without and with the contribution of
the P;; at 1400 MeV is given by the dotted and lower solid line,
respectively.



To summarize:
The basic NN-force can be represented by a sum of t-channel (i.e. Yukawa
like) and s-channel exchanges:

N - N
T T
n + ‘ + Z
m;
. N N
with soft cut—offs in each ®NN vertex m, =o,%,2%,p,0

This picture of baryon-baryon interaction is in a general agreement with

the picture for eTe™ interaction in Weinberg-Salam elecroweak theory:

+  +
e’ et € .U

Y + o el + high orders

e e e

t—channel exchange s—channel exchange




B. The case of the S, — D, mixed channel

According to the results for the dibaryon propagator in the mived channel, the NN
potential should be a 2 « 2 matrix:

VES2(d o P) = —2[a(- g n*u(q ) [E(an " u(-q) F.(¢, ¢ P), (47)
where the elements of the matrix tensor F (¢',q¢: P) are

F = [6(P 0@, P)Pian(a, P+
(ColP*)eas” x 4 Ex( P)sin®x ) Beay(d, PYEafa, PIPL, (49

3 =~ PR = N :
Y™ = 0., P i (@, P) [2(P%) - Go( P)] sin xex, (49)
3 ~ ' i~ ~ ~ :
ER = ZBpa. (@, Py, P) [ S(P) - Go(P)] sin xeas , (s0)
EE = SBpan(ds P (0, P) (S P)sin®x + (P sy ) (51)

where formfactor "i'm,,., (q,P) is definad by Eq. (?7) and one has in explicit form:

23 1 ~
'I’mw(Q.P) ‘/—5(3 s ,,)._.‘?-Q’ (EP:.,P:, - R:—p-‘v) Tios)(g, P). (52)

After making the respective Fierz transformations, cne arrives eventually at the follows



expressions for the matrix elements 17149

VL e, P)= (3 + oyo)iV (l + Q"+ Sn(q’)) (1 + M) F' q: P),

HEy +my)? 3(E, +my P
(53)
L2 _ - q? + 5::(1'))
V®(d,q,P)= (3 + 0,02} (l . 3Ey + mx )
Q* + Sp(q) \ Spl(a) ~o, ;.
(1 o ),) e Fd,aP),  (s)
»20) — -w ( qQ° + Sp(q) )
VPNd,q, P)= (3 + oy02)i} 6 1+ AEx + mx ¥ X
Q* + Splq) TN,
(1 - m) F® (¢,¢ P), (55)
.Sp(q) qQ* + Spn(q')
s22) - =\ 14
I (4:Q!p)-(3+010'2)“ an (1+“£;’+m3),) X
Q" + Sr(q) \ Srl(q) _m .
whete
Sn(Q) = 3e19)(029) - @*(0302)
stands for the tensor operator and functions F'(¢,q: P) are defined as follows
F®(d,q P)= ;F™(d\a: PYPL, (57)
F = 2@, Phiua, P) [P - 5P sinv e, (58)
F™ = 73;6,,‘,(4,19)%.,(4, P) [66(P?) - (P sinx exev, (59)

9~

F™ = S¥a(d, PYiea(a, P) (Go(P)an v + G(P) cod’ x ), (60)



Summary

The dibaryon model for nuclear force
is motivated essentially by QCD and
guark dynamics. Thus, the success of
the model opens the door to the
modern nuclear physics based on a
fundamental quantum
chromodynamics!



In this report the Internet material from the talks of
H. Clement and T. Skorodko has been employed (see the site:
http://www.uni-tuebingen.de/erice/2007/sec/program2007.html).



