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The two-nucleon scattering momentum space OBE model is constructed start-
ing from the m, p, 3, %', w, ag, and € meson-nucleon coupling constants, which
we obtained within a relativistic quark confinement model. Working within
the Blankenbecler-Sugar quasipotential dynamics we thus describe the NN
phase shifts in a fully relativistic way. In this procedure we use the phe-
nomenological form factor masses, and the effective € and w meson coupling
constants, only. The resulting NN phase shifts are in good agreement with
the empirical data and with the predictions of the conventional Bonn OBEP
model.

1. INTRODUCTION

One of the fundamental problems in physics concerns the structure and in-
teractions of hadrons in terms of their elementary yuark and gluon constituents.
Hovewer, at low energies and small momenta, the traditional description of nuclear
forces and nuclear dynamics based on nucleon and meson degrees of freedomn appear
to give a viable phenomenology of nuclear reactions and structure [1]. At higher
energies and momenta the hadronic degrees of freedom are gradually replaced by
constituent ones. In such transitional domain different approaches that combine
hadron and constituent exchanges are to be used, sce [2, 3].

Phenomenologically are nuclear forces in a low energy domain well understood
in terms of meson exchanges. Their long-range component, for the first tune in-
troduced by Yukawa [4]. is generated by a pion exchange. The intermiediate-range
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attraction between two-nucleons can be understood in terms of a correlated two
pion exchange, usually simulated by a scalar-isoscalar € meson. A repulsive w me-
son exchange represents the short-range component of two-nucleon forces and the
p exchange is notably distinctive in the isovector-tensor channel, where it reduces
most of the corresponding pion tensor strength. In such one-boson-exchange (OBE)
model approach, meson-nucleon coupling constants and form factor cutoffs repre-
sent physical barameters, which are to be determined from the best description of
the NN scattering data. The conventional relativistically invariant interpretation
of the experimental NN pPhase shifts regularly use such model of NN forces, see
refs. [1, 5,6, 7].

In this paper we investigate a possibility to understand the NN scattering
problem starting from a relativistically invariant quark confinement model (QCM)
developed at Dubna by Efimov, Ivanov and one of us (V.L)[8,9, 10]. Constructing
an OBE model we consider a minimally possible collection of exchanged mesons.
Doing this we use our predictions of meson-nucleon coupling constants that we
obtain within the QCM (10, 11]. The form factors we treat but as is usual in a
conventional interpretation scheme [1, 8], i.e., we choose their cutoffs to fit the
NN phase shifts. This would be considered as justified because of the medium
renormalization of meson and nucleox parameters, see, e.g. ref. [12].

A part of our interpretation scenario the QCM represents a relativistically
invariant effective quantum field theory variant inferred from QCD. Within this
scheme are hadrons treated as composed of quarks. The confinement of quarks
emerges as in the QCD through nonperturbative gluon vacuum fields. There is
1o attemnpt in this model to evaluate the quark confinement but the S-matrix
integration measure itself is conveniently parameterized. This parameterization
then allows us to evaluate all quark diagrams representing the meson nucleon in-
teractions. The processes investigated within this model approach cover the static
hadron characteristics, the strong, electromagnetic, and weak dynamical properties
of nonflavored, charmed, and bottom mesons and baryons [9, 10, 13]. In all these
studies the acceptable results have been obtained. All this shows that the physical
picture behind the QCM represents, although in the parameterized but unique way,
the bulk properties of the hadronic structures. Our previous NN scattering studies
are published in Ref. [14].

In section 2, we will briefly specify the the quasipotential dynamics and the
meson exchange model of the NN interaction we used here. In section 3, we will
briefly describe a formulation of the QCM, the meson-nucleon coupling constants
calculation within its frame and its parameterization. In section 4, we present
our results and discuss them. Section 5 is devoted to a summary and concluding
rernarks. ¢

II. CONVENTIONAL INTERPRETATION SCHEME

To describe the scattering process we work in the framework of the three -
dimensional quasipotential dynatnics using the m_m:rm:cmn_m--m:mg equation [1].
This equation can be written for the R-matrix, which is directly related to the NN
phase shifts. It can be written as [15]
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here P denotes the principal value, and m is the nucleon mass. The amplitudes

V represent the sumn of all connected two-particle irreducible diagrams. ol of NN
It is widely accepted |1, 5] that conventional one boson exchange model o ;

forces is capable to describe the scattering observables. The NN forces are then

given as a sum of the contributions of relevant mesons

v > Va (2)
QA=F,p,N W, dg £ .
As the empirical findings show that to describe the low energy Zmzyamnmwﬂm::m the
. : d to be accounted for [1].
lar, vector, and scalar meson fields nee : .
cmo:M_MmMmemoE theoretical language are meson-nucleon couplings mﬁmwmzvmm by nw.w
following relativistically invariant Lagrangians for pseudoscalar ¢'7*), scalar ¢

and vector ¢(*) meson interactions

Loe = VAT gpy Y7 9P, AMV
L, = iVan g, P, . (4)

- V) 4 i Ax I fokv ®) _ g, 6™ 5
L, = iVar g, v, +ivan g Porv@us - a8y, ()

where g and f describe the vector and tensor couplings, ¥ and ¥ M_w:o_um Mrm ::n_mw.m
i joi ively. For the exchange of isovector meso
d its adjoint operators, respective . the e ‘
wmw W:RE@@% by 7 - #{®), where T is the isotopic spin ovm.wm;ow. Using m,mv\.ca_w:
techniques one can obtain the one boson exchange mEvE:m.mm Mon ﬂﬂm;_oc mn“
il 1 lar, and vector meson amplitudes that we nee
mesonic field. The pseudoscalar, scalar, T mesor T e
i ler-Sugar equation in its R-matrix for
for evaluation of the Blankenbec :
mwmv:&zz shown in ref. [16]. The form factors applied at each vertex are taken as

e ©)
Fo(A?) = & :
«(A%) AZ — A?

2 _
where A, is the cutoff mass for a meson-nucleon vertex and A? = (Ey — E,)
(q I.QVW is the four-momentum of the exchanged particle [15].

III. QCM CALCULATION OF MESON-NUCLEON COUPLING
. CONSTANTS
II1.1. Quark Confinement Model

. . < within
The meson-nucleon (in general the meson baryon) interaction <m3m%r_m s:nrr
k. i 1 e quark-
the quark model represented by the Feynman diagram mvos\: n .Tm. 1. q arke
hadron vertex is in the quark model described by the interaction Lagrangian:
1a¢ ; he

the form [8, 9, 10]
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Lu(x) = gy H(x) Ju(x) , (7)

where Jy(x) are quark currents with the quantum numbers corresponding to the
considered hadronic field H(x). The renormalized coupling constant gy can be
obtained from the following compositeness condition

Nmﬂp+§m‘T:mvHo (8)
(2m)2 THYTH '
where mr is the derivative of the hadronjc mass operator.
Let us specify the actual Lagrangian for both types of vertices we have in Fig.
I, te. the quark-meson vertex, and the quark-baryon vertices. The quark-meson
niteraction Lagrangian reads

5

M =
Ly =22 M, qTm X q, 9
R ¥
where ¢, are the quark, antiquark meson constituting fields,.¢ = (u,d, 5), M; are
the Euclidean mesonic fields relating to the physical mesons in the standard way
[10], X; are the Gell-Mann matrices, and 'y stands instead of iy° for pseudoscalar
mesons P(w,1,1'), ¥* for vector mesons V{p,w, ¢), and (- itHsd/A,) for scalar

mesons S(ag, fo,0). Because of SU(3) breaking, the singlet and octet mesons are
mixed as follows

itu + dd
V2
itu+ dd
V2

where ér = 0p — 6, and 01 = 35° is the so-called ideal mixing angle. The mixing
angles of pseudoscalar and vector mesons are chosen to be equal to §p = —46° and
by = 0°, respectively. The scalar meson parameters és, Hg and m, are supposed
to be free. Their determination we will comment on later.

The SU(3) quark currents with baryon quantum numbers have to be sym-
metric in respect to the quark field permutation. Since, for the (1/2)* baryonic
octet there are two independent three-quark currents, the quark-baryon interaction
Lagrangians read

(', w,€) — cos 6 — (5s)sin ép |

(1.9, fo) — —sin ép — (5s)cos ép , (10)

Ly
Lgr

Lpr + Lpy, (11)
981 B Jg;

, k »Q.:,._L‘u_u‘u ay Az az _a;asa;
ri B; Ry 9 Gy € + H.c.

I

I

I

In these expressions J=(a,m); and (a;, ap, m;) are the colour, spin, and flavour
indices, respectively. m&.» are the Euclidean baryonic fields, and matrices m\ J1j2)3
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Fig. 2. The meson — quark-diquark baryon vertex dizgram.

provide proper quark content of the baryons in the vector or tensor coupling scheme,
i=VT. .

The meson-nucleon interaction is in a quark model nmtnmmwze& through the
diagram as in Fig. 1. The typical matrix element corresponding to the process
B — B + M is proportional to the following expression

v\&Q.cna WAH_V .w.ﬁH_Hw_menov gﬁ&uv .Wﬁ&uﬁimcanv WAHNV
.\&Qenl Tr[S(x122|Byact) S(z221|Byact)] (12)

where S(z, 2'|Byqac) denotes the quark propagator in the m.xnmn.nm_ gluon field mw_:::
and doyq. is the measure of integration over mﬁ.n. ,::.m r._mr_% complex gluon
vacuum is supposed to provide quark oosmsmﬂm:a itself within QCD. oM

To proceed in evaluation of the expression (12) we make use of the QC
method. The cornerstone of this effective field theory is a prescription mo.a param-
eterization of the confinement producing gluon vacuum fields [8, 9]. This means
that the expression (12) is substituted by the following one:

‘\&Qe WAH_V .m.cAH_ - Huv EA&MV ‘w.cﬁ.ﬂw - Hmv mﬁﬁwv
.\&Q.i NJﬂm.m.cAH_ — HNV .W:.Aﬁm - H_: 3 Awwv
which is the QUM ansatz [8, 9]. In this expression
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¢ A V : &AE 1|:;h_lﬁi 4
Sy — x4} = — i
T @m)% A, —p (14)

is the quark field propagator weighted by the quark coufining field parameter 3
The model parameter A, determine the confinement range. The indefinite measure
doy in (13) is defined as

dao,

v—z
The function G(z), the so-called confinernent function, is the entire analytical func-
tion that decreases faster than any degree of z in the Euclidean direction 22 — —00.
This requirement let us a possibility to construct a finite theory with confined
quarks. Note that these requirements are very general, and as the result there
is a possibility to choose of various actual forms of G(z). The confinement func.
tion is taken as universal, i.e., it is colour, and flavour independent.. and unique
for all quark diagrams determining hadron interactions. As experience has shown,
the only its integral characteristics are important for description of the low-energy
physics. ’

To simplify the calculations of the Feynman diagram in Fig. 1, one can sub-
stitute the inner two-quark loop by the single propagator, the so-called diquark
propagator, ref. [10]. The meson baryon vertex of Fig. 1 will then be redrawn to
that one shown in Fig. 2. This means that the subdiagram corresponding to the
independent two-quark loop

= G(2) = a(=2%) + 2b(—2?) . (15)

472y

11k , ‘
::?@vu\ a \%s?ﬁ Sur(p + k) T Syo(k)] (16)

is substituted by the diquark propagator priT

&ﬁ_ﬂm
M3 —k2°

where Mp is a diquark mass, and d'172 are coefficients dictated by the syminetry
properties. This approximation should fulfill the general requirement - not to break
the relation between the baryon electromagnetic vertex and the mass operator, the
Ward identity. This identity with the compositeness condition (8) give us needed
syminetry properties, see ref. [10].

Consider the last approximation {16}, the meson baryon vertex may be written
in the form

d%k
>§>:<Cﬁﬁn3 = \y\-ﬁe
i 1 dFil=

r _ |
Yok — (k) M oA, —F ML= (=R

DT (k) = (17)

Iy
(18)
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which can be evaluated by using the standard Feymman method.  Fis ally, the
transfered momentum dependent meson-nucleon coupling constants are related to

this vertex function as

Apunn(p,p',0) = Ty Gunn (19)

where Ty = 7iv° | T, = u =1iyS [T, =7 T. =1, for pseudoscalar and scalar
mesons, respectively, atid in terms of the vector and tensor form factors

Ay nn(:9',0) = T [V Gunn — 10" g, Fynn) (20)

where T, = 7, T,, = [ for vector mesons. The vector, and tensor meson-nucleon
X 2

coupling constants are the Gyyn(g?), and 3&2.23 ) taken at zero transfered

momentum, i.e. g2 = 0, respectively. .

II1.2 QCM parameterization

Free parameters of the present QCM version are the vwnmﬂmﬁmw.m of the oo:m:.ﬁ:gn
ansatz, the parameters of the quark-meson interaction Lagrangian, and the diquark
propagator parameters. The confinement ansatz (13-15) ﬁmm parameters are the
coefficients of the confinement functions a(u), b(u) and the light quark confinement
parameter A,. ,

As follows from the confinement ansatz (13, 15), the confinement ?:Q_.osm
a(u) and b(u) should be entire analytical functions decreasing m:mmo_ma.:v\ _.m,%::v\
in the Euclidean region Re(u) — oo. In this paper we take these functions in the

simplest forms

a(u) = ag ezp(—u® — aju) , (21)
b(u) = bg exp(—u® + byu) . ; (22)

These coefficients (ag, a1, bo,b;), and other confinement ansatz free parameters,
have been obtained by the fitting of a convenient set of reference observables [11].
This chosen set of the reference hadronic processes, and fitted the QCM <m.—=mm
with the empirical results are shown in table 1. These results have been obtained
with the confinement ansatz parameters shown in table 2.

Table 1. Reference hadronic processes

Process | Observable value | Ref[31] | QCM
7= ur | fo (MeV) 132 131
p— 9oy 0.20 0.18
T =97 | uyy (GeV=') | 0276 | 0.287
W= TY | oy (GeV 1) 2.54 2.02

p— T Gprn 6.1 6.5
p — pY fp 2.793 2.798
n— ny i -1.913 -1.864
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NN cor il ar

He and tha Msine apela volaa £ DAl

ator (17), namely Mp - a diou i
mass, and "1z = diquark symmetry coefficients. These have heen determined
and used to predict numerous characteristics of hadrons and hadronic processes ‘as
magnetic moments of baryons, weak coupling constants, and various decay widths
with rather good resuls in ref. [11]: Both' the diquark mass Mp and the digisri
coefficient C'vz are also shown in table 2. 'It should be noted that in fact¥

ion arc the p: s of the diguark prop

nOlm.nwzn..i.mB_m —,wwovw.mm.gm has v.m,mz,w_,p.mmm. - P @ s
“"As one can ‘see in refs. [9, 10, 13] generally good assessments of the

cess of the bottom mesons decay studies, where for a heavy-quark propagator

electromagnetic, ‘and weak interactions controlled processes have been :

within the QCM. It should bé said further that after preceding steps we
effective quark field theory with any [free parameters. B S

IV. RESULTS AND DISCUSSION *

Despite of the fact that the one boson exchange model is a simplified Tepresens
tation of the NN forces, the effectiveness of this approach is at least at low-energies -
established, see, e.g. ref. [17). The strong intermediate-range attraction and the
strong short-range repulsion- Pose some: questions as concerning their microscopic

respectively,
munmnﬁm&ﬁ?sawm,m:wmo:oz..,._ﬂ_ro studies: performed with using a.dispersion red
lation technique conclude [18] that a major part of this attraction arises from:thé
correlated. two-pion exchanges, ‘which are in turn. well approximated by -the 'éxv
change of the ¢ meson. Similarly, as it. has:been shown -by the :Bonn:group :[16)
within their full meson exchange model, more complex non-iterative Tp exchange
diagrams are well approximatediby ‘the ¢ meson.’, Fordisciission of the ¢ meson
itself see also very jrecent’ development; by the Brooklyn group [19]. The new in-
formation arises also from 3 developmeiit ‘by Weinberg and others’ [20], who have
recently use a chiral. perturbation..theory to study the nature of the NN forces
A satisfying qualitative. feature; which they have found shows that the uncorre-
lated two-pion exchange with some of the higher order contact terms provide the
mzﬁmnamﬁma?wﬁﬁm attraction. ; NN TN ¢ T ,
The understanding-of the processes that cause _the high value of the OBE w
meson coupling constant also advanced recently [2, 3].. Itis r:oi:é:m:?:&.« that

394

lates par v forces originating in

e Fhosen ox

1

cxchange of heavier vector

ipling compatible with the SU(3) value,
around 4. From this discussion we ‘can

;5

1sing the wNN ¢

upling constant of the value

. twro-mesons, which simulate more
o ¥

be the bare co

;
ponas cannot
i ,‘4?_:5, Gu Such couplings should be .9.: the
res, because they in fact represent both the nogwwmk.w@awom nomﬂmsd:.mun
Bearing this in mind, we cango on discussing

waeye] ;
: 3y 2 i B H

ngs

i
T Lroag

our. mm%ﬁ”.gggg paper we take as a set of mxor.wummm Bmmo:w_n mo.r_m“&._ mesons
with their masses:under '1°GeV. Note that this is a mamm@mﬂ mr..u_om, s:er:_nr@
conventional interpretation scheme [1, 5, 16]7"Accordingly, our set ow the ‘mesonic
fields consists of the 7, p, 1, 7,w; ag and € meson fields. The \.c@.wmv meson we do
not include in this work because of its coupling constant predicted by the mwwmmbe
parameterization of the QCM is very small; m_wo_:_, o.w...,Hrm QCM predictions
of the meson-nucleoncoupling constants, -are displayed in table 3. moiaw_ Om. the
coupling constants shown in table 3 are nocsmonwﬂ_ by n«rmmcﬁuv symmetry ZW w:o:.m.
These are ‘the vector couplings for the p and w <moow~ mesons. m/:.@md the ratio
of the vector meson tensor to vector no:vzam .nonmnmsa IS Ky = ?ZZ\.?.ZZ Hm
Hp — ftn — 1> Although in the present work Sm.g:: not use mro OOZ_Em&mn._oum %
the meson-nucleon form factors we have to notice the following. Parameterizing the
low transferred momenta part of the meson-nucleon form factors by ,nro monopole
forms we find that nrm%,nﬁomm have the values ._oﬁ.ﬂ. SS_JA Qoe,u as wxvano.mm
from the hadronic root mean square radii, and which'is in an agreement s.:...r oerww
sources, see, e.g. {2,73,21]. 7

and the complex meson exchanges.

At ¥ i

3 Aot

Table 3. The QCM E.m.&n_,_moum of the ?8m=-=:n_8= no:v:wm con-
i i stants,'and the QRBA7 OBE parameters. Zzsgam in bold *
*face iwgw{mnm&,mﬁ.m:‘m the fitting procedure. -*

‘o?/4x (f]9) | '9*/47 (£19) | A (MeV)
~1385 , | 1385 | 2099
3858 | | "“3.858 | 11000 |
.13.065 ~3.065  |* 1000

0.416 (3.66) | 0.416 (3.66) | - 1442

: 3.740 (-0.07) | 15.40(0.20) | 2000
‘ 3,620 | | 01017 [ 2000
.. ‘Y1996 | |'' 1.996 |/ 1800 W

The mnm”mwmmg_om wﬁo:w mebwew.»q AO_SHF W.n M_,.?;mmso wwomoum <,w~.mmo= A
with .~,amamww.mnmmﬁ.wm_mmv,..smiwmo_ ‘we ‘start “out’ from our DOZ Em&mso:moﬁ arw
mbson-nucléon coupling constants and typical ciitoft miasses'[5] of the plienomeno-

logical form factérs (6): ‘Because of the'above wvmmwwmﬂ,mdmmﬁow..m. oozuooemmézvgm
effectivenéssof € and G exchanges, ‘we'first optimize ‘the eNN 5:@8223:25@
constants>Afterward; we include to optimization process also theform factor cutoff
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masses. Using w nieson as the effective exchanged field we allow (o vary 1ts tensor

& QRBA7 OBE medel are also shown in
parameter determination procedure the following should
rical data we take the phase shift values obtained by Arndg
mize the y?2

criterion as determined by using diagonal phase

ly. The fitting we span over up to 450 MeV of the laboratory
energv. From a physica

e satd. As the em
at al. [22]. e
o

rcertai;

=y

L viewpoint this may be done becanse the imaginary parts

partial waves are small, except the "Dy and ?F; waves

, In

this energy region [1].

Our phase shift predictions. are shown in Figures 3-4. .- The predictions

ta and to a phenomenological fit. The referred

- we have calculated with the same referred empirical,

nsible for the resonant behaviour,of the ! Uu.,,wammwm._u;
show their here... . . L TR R

shift: results we would - like. to comment only on the,
‘mixing parameter ¢;. In a recent phase shift analysis.in;
used their. newly measured spin correlation parameter;

)

- - Concerning the phase
behaviour of the 3, ~3 D,
which the Basel group has
from a neutron-proton scat

MeV [24]. The another analysis [25], which includes also the Basel data reports the;

value €; = 2.29(+0.5%) for the same energy. This last value is in agreement.wj
both theoretical values shown in Fig. 1. - L . i
Table 4. Comparison of the present QRBAT. E&o.ﬂ.::&oo:.no:v::m con=pi
= - stants with the Bonn™ OBE(B) version [5], the Bonn® [32], and by
Nijmegen {6] are shown(f-is a tensor coupling constant; all at 0 rt: ;
:mzmmm,_..,mnwimimﬁmv. ¢,used for T=1 channels, ; . - & :

- |©QRBAT T Bonn™ —  Bonn™ T Nijmegen
Vertex |+ g*/4x () | :g2/4n () | /47 () | g*/4x (5)
NN 1385 [ o1, T AT <1340
7 NN |.53.858 ‘o). 995 | 7.2.48
7'NN [ 3.065 o 11.403
‘@oNN [ 1.996 ° #0.64
: eNN .. v 1007 : 11222 1
WwNN“1'15.40°(2.78) |~ - [779.257 4.497(2.50)
“_PNN 0:416 (8:37)"}+ 14.0) 0337 (14:2)'} 42/(9.70) |

Now,we compare the mes

Vie LK

d th us, the Q

on-nucleon coupling. constants. of our. QRBAT;0OBE
CM. predictions, except €NN.and wN N couplings, with,cous
plings from other studies. In_table 4, we display parameters of, the present QRBAZ,
OBE model together, with the OBE nmwmanvmnm as they have been obtained;by;two

pOA L
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it has been shown by Lomon [23], the oocv:um,m:n@. .

sl

tering they obtain the value of €r = 2.9°(£0.3%) at -50;

T 5014 'S, 2
3 kel
£ 1N 5
= £
5 Li2]
N
L]
o 0w
F o
L £ .,
* —30% 200 400
Lab. energy (MeV)
3 3
3 e
2 Z
= £
G . [
@ &
o
8 g
2 L
) : * ~40 200 %00
o 200 400
Lab. energy (MeV) Lab. energy (MeV)
[¢] u_u
— -
o md -9 1
(M\ - 80 (d\ -10
£ £ 2 N\
w 40 k- e
Q
8 0 o & -30
2 £
& -40
—40 - () 200 400 .
(¢] 200 400
Lab. energy (MeV) -Lab. energy (MeV)
\@/ 10 o -
S 8 S
A ﬂr.v 5\\
2 f ©
E 4 m -3 24
g 1 g ,
8 -2 & &2
2 o 5
= oo: 7200 . 400 W (¢} 200 .
2 g8 ]

Lab. m:mmm,v\ (MeV) ;- Lab. energy AZmS

Fi 3 The vrwmm‘mrm?m of the NN scattering. The solid lines represent the results

2

btained with the QRBAT parameters. The dashed lines nm?n.ao the results we n>~_nw_aw M
o .nw_._ -o.rn OBE(B) parameter set [5]. The experimental data (circles) wnﬁm ,a_rwe Mﬂz. ™ m:
0 , es nixi $ ‘the Basel [24] and Nijmege

:i[22).= ‘5 in. xing:parameter are nmm.__nm‘oﬁ..n . I N ‘
al::i[22].+ The squares in ¢, mixing PRIk Begeo(ad] d i

{25] m:_tu.m,m.m“. the:upper. p..i .~o$.o_. 5..«...-9 respectively.

X (R IR N
& nri - ,

’ s » T
L3 SR F S S

w-ene menolog EES_«. ?ﬁ,ﬁom#.ma@..
low-energy NN scattering phenomenology, namely the Bonn a !
LM.W .._,_mnmmm.w warm discussion [26,.27] about 28 NN .nwﬁw_im M%:»
t n.\rmmhmvvmwmmm thanks to the analysis of new ,az‘,wmnmommﬂam dat; 5 Arn _:._w
) m,_wqmww_ " In this work the VPI&SU group has estimated the, charged-pion coupling

nstant to be 13.31(£0.27), confirming thus the older results of the Nijmegen
DO, SO M N R A T : :
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E , O G
= : s | .
@ ’ &
Q 3 =
= o
L &
6} 200 400 6} 200 400
Lob. energy (MeV) Leb. energy (Mev)
2
> S >
g R
N 73 =
= 5
@ ¥
“n
g ¢ o
4 o i
£ S
|| SO T
o} 200 40
Lab. energy (Mev)
5 .
\w —~
£ S =
z = ,
= =
5 2 %
o 2
@ @
H «0
= o
i &
0 200 400 B T T
Lab. energy (Mev) Lab. energy (MeV)
2 @ g Ge
3z 5 - 1o
] £
5] 4 5
a 2 ]
W 0 S 4]
W 0 200 400 . (0] 200 400

Lab. energy (Mev) Lob. energy (MeV)

Fig. 4. The vr,mmm shifts of the NN scattering. For description see caption to Fig.3. .

i

group,

Sowm than a mmoma.m_ namely 14.3(+0.2), see, refs. [29, 30, 5]. One should mention
perhaps that the Goldberger-Treiman relation [31] gives the pion-nucleon coupling

MM:mgwn to be equal 13.0. As one can see from the table 4, where are all couplings
own for zero transferred momentum, the present QCM parameterization vnmmmnnm,w

the TNN coupling constant value, which is in the middle of the both Nijmegen and

Bonn boundaries shown there. =~ L el I st BRI

" \oanm:.:_.m our .<m_=m,o*. the 5 meson-nucleon coupling is also in the middle of
€ corresponding Bonn valyes, The 3 meson we should include to be consistent
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£ see ref. Ed w.:a references therein. Problems arise because this :m@ <u.:.~M
e NN coupling is much under the coupling constant valye noEBos_%cmmmmo_.ﬂ

1 wre formed in psendoscalar oetol-

of view,
- Both the yNN and 4'NN couplings are but significantly lower
than our va Comparing by the QCM predicted agNN coupling constant to
phenomenclogical values obtained in NN scattering fit, we find that our value is
approximately the same as in the Boun model [32], about one third higher than
that one fitted in {5}, but the three times of the Nijmegen value [6].

Since in the present model we use the only one exchanged scalar-isoscalar me-
son it has to serve’as the effective intermediate-range attraction simulating field.
Consequently, the constraint on ils coupling constant requires of it to has a rea-
sonable value and to be in a strong correlation with the value of the short-range
repulsive strength. As seen from table 4, its value is nearly two third of the wNN
coupling, which is comparable to the both Bonn models. The same, is viceversa
true for the effective w vector meson-nucleon coupling. A note is needed concerning
the small WNN vector coupling in the Nijmegen model. An additional short-range
repulsion in that model brings forth the additional Pomeron exchange and so re-
lations mentioned above are not so simple there. In a present model we suppose
that the w exchange generates also a tensor force, as it is in the Nijmegen and in
other models, e.g. [17]. This we will discuss with the p meson exchange.

The; value of the p vector meson-nucleon coupling, as seen in table 4,is in a
good agreement with standard couplings. The size of the tensor coupling constant
used in OBE models have relied on the old analysis of ref. [29]. In that paper the
value of k, = 6.1(£0.6) was obtained for a ratio of the tensor to vector coupling
constants. This value, which has been used also by the Bonn group, lead them to
the values of the p meson-nucleon tensor coupling constants shown in table 4 (kp =
6.11in [5] and &, = 6.6 in [32]). Such high values of the K, lead them in conjunction
with the high values of the 7NN couplings to the conclusion that the effective wNN
tensor coupling is consistent with zero. It is known but empirically for a long time

the x, has to be consistent with the empirical value following from a vector meson
dominance of a low momentum part of the nucleon electromagnetic form factor.
This empirical value x, = 3.7 [1] is consistent with our QCM predicted value x, =
3.66. The Nijmegen model value is K, = 4.221.

As we suppose in the QRBA7 model, the effective w exchange generates a
tensor force as the Nijmegen and other models does also. The inspection-in table
4, where are the tensor coupling constants displaied shows that the both mentioned
models have almost the same amount of the tensor force (%kw = 0.20 in present work
and , = 0.333 in [6]). These results are in good agreement with the amount of
the tensor force that has been obtained in a nucleon form factor study [29], namely
£y < 0.2. Further, the sums of the both the pNN and wNN tensor couplings of the
QRBAT or Nijmegen models are roughly compatible with the both Bonn tensor
PNN couplings. The QCM prediction of the bare tensor force is Ky = -0.07 (table
3). Notice that the identical result have been obtained by Kaiser et al. [21] within
a complete version of their chiral soliton model. This value is compatible with the
efnpirical value (-0.12) [1]. ‘ . _ o

‘A form factor problem in NN scattering is up to now far from being settled
in a low energy domain. First, as we mentioned in sect. 1, an expected medium
renormalization changes the meson and nucleon parameters [12]. Representing
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s insufiicient Lo have anly fully renormalized

e QC In a theoretically correct, representation the
anged meson Propagator has to be also renorma ized. Second, as known, and
has been recer caleulated in refs. 21, 33], the meson-nucleon interaction \
is density dependent. Whether this density dependence of a bare meson-nucleon
system is eflective enough to modify the low energy NN scattering is a priori not
known . Further, it is known that the cutoff masses depend also, and as seems

mostly on a type of used relativistic equations (to observe this one can intercompare

1. o ey

own in tables Al and A.2 of Lhe ref [9]) and on a chosen
spectrum of exchanged particles (compare, e.g., different OBE models of the ref.
it seems that the phenomenological form factors should be treated
as it has been shown by Gross and collaborators [17]. Thus the reliable values of
the cutoff masses are hard to determine in the NN scattering now. Therefore, in
the present work we are not to solve this problem but rather we parameterize it}
Within the present environment, composed of the w_mawmavmn_o?m:mmn equa-
tion and the QRBA7 OBE model, most of used cutoffs are not very certainly
determined. The cutoff masses of the 9, ' and ay mesons may be changed in'a |
wide interval of values without significant deterioration of the fit quality. The
7NN and pNN vertex cutoffs are on the other hand determined strictly with their
correlation measuring -97%. : ©
Although we do not apply the QCM predicted cutoffs here it is of specific
interest to compare these especially for critical meson-nucleon couplings, namely
for the #NN and PNN vertices. The QCM predicts for A, and A, the values of
880 and 600 MeV, respectively. These predictions may be compared to the results
of a non-linear chiral meson theory of ref. [21], where the values obained for A,
and A, are 860 and 930 MeV, respectively. Although the absolute values of the
QCM are very different from the QRBA7 model values, table 3, we find that their
ratio is 1.477 comparing to the QRBA7 value of 1.456. The mentioned density
dependence of the form factor cutoffs, estimated in [21] for A, and A, , represents
approximately 20 and 10% quenching at the nuclear density, respectively. On the
other hand, a comparison of the QRBAZ7 cutoffs with the QCM ones shows that
the former values are renormalized by a factor higher than two. Thus, it seems, p
the density dependence of the form factor cutoffs may be fully neglected here.

V. CONCLUSIONS

In this paper we have investigated the low energy part of the NN mnwgommm
relying on the empirical findings that the mesonic degrees of freedom represent a
broper way to describe hadron scattering at this energy domain [1). In this, we
have constructed the one boson exchange model using the meson-nucleon coupling

constants predictions of the QCM, a model deduced from the QCD. It is to be men-

the quark level only, although it may not be achieved early, some guidance should = .
be gathered gradually. o

As seen from Figures 3 and 4 our phase shift E.m&ﬁ.mozm well agree with s
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e o : N e
I'he ratio of cur x° that we have oblained with the QRBA7T

REE D ! .
model to _.::,. x7 we have calculated for the Bonn model [5] 7 _.aﬁ_ s.;zww 15 :Wc
unexpectedly good result. The cutofl nasses we take trm:.o:pmso omr.om y m.g M
usual In a conventional model. The _:em::a%w"m-gwmm attraction and ¢t e repu m_<m
short-range components of the NN forces we describe through the mwmoﬁzm Mmznm
w exchauges. As important, however, we womw& n.wm fact that coupling constan
of the other mesons are the ESS&«?\R« predictions of the QCM. beclen s

In the present NN scattering description composed of the w_m:rm% m@n mﬂ:mmﬁw”
quasipotential equation and the QRBA7 OBE Eom.mmr we find a standard va e lo
the ratio of the effective intermediate-range attraction to nr.oq mroﬂﬂnmzrm@ WMZ@: i m
The 7, 7' and ag meson cutoffs are not very strongly Smp:o.nmm _%M %r m p ywmﬁ
shifts predictions. The m and p meson cutoffs are mSo.cmG anticorre ated hav Mm "
the ratio of their fitted cutoffs equal to the QCM predicted <m~=a.. ,Hgm.gww. ﬂu ica
that the present QRBA7 OBE model # meson a.xnr.mzm@ mmmmnnzm; simula anmoa.m
other exchanges too or a big vacuum renormalization effect on its vammm om _M
exhibited there. Thus we would try to find the reasons for the Ax value we fin

the

here.
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