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Nucleon-nucleon scattering observables from solitary boson exchange potential
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The one solitary boson exchange potenf@EBEDB is used to evaluate observabled\ifl elastic scattering
below pion threshold. In this approach, we use a nonlinear model of self-interacting mesons as a substitution
for the commonly used phenomenological form factdbl data support an empirical scaling law between the
pion and other meson fields, which suggests a link to QCD and significantly reduces the number of parameters
in the boson exchange potential. The analysis pfandpp observables distinguishes the model by its fit and
few adjustable parameters. An outlook to apply OSBEPRrM systems is giver.S0556-28188)05202-9

PACS numbgs): 13.75.Cs, 11.10.Lm, 13.75.Gx, 21.3&

[. INTRODUCTION this stage, we cannot circumvent chiral symmetry breaking
by taking the nonlinearities, masses, and coupling constants
The notion of interacting elementary particles for low- as free parameters. Most important, the self-interaction is
and medium-energy nuclear physics is associated with deffaken into account persistently at all instances. This is
nitions of potential operators which, inserted into aachieved by using meson fields which are quasiclassical ana-
Lippmann-Schwinger equation, yield the scattering phaséyt'c solutions of nonllnea_r flgld equatlons._Defnjlng free me-
shifts and observables. In principle, this potential carries th on operators, thg quantization .Of these fields is dopes-
rich QCD substructure consisting of quarks and gluons an riori. Finally, this model is ‘Jt"'zed In th? framework of a
thus may be deduced from some microscopic model. Ther?ne boson exchange potenti@BEPR), which closely fol-
; L ows the Bonn-B potentidl9].
are a nu_mber of models which epr|C|tIy. rgfer to QCD and The benefit of this approach is the inclusion of nonlinear
have gained remarkable success describing qualitative fe%ﬁ

- . ects, leading to meson propagators of finite self-energy,
tures of hadronic interactiorjd]. Unfortunately, so far none nich permits us to replace the form factors in conventional

of these models is able to reach the accuracy of phenomengygon exchange potentials. Furthermore, an empirical scal-
logical boson exchange or inversion potentigds3]. These  jng Jaw was discovered which relates the pion mass and its
models, however, do not contain any explicit reference toself-interaction coupling constant with the self-interaction
QCD and in the case of boson exchange models use effectiyarameters of any of the other mesons used. Confirming our
baryon and meson fields with phenomenological massegonjecture about reminiscent effects of the microscopic sub-
coupling constants and form factors. It remains astonishingtructure subsumed in the empirical form factors, we inter-
that, with these assumptions, they are able to account for pret this as a hint for an underlying symmetry. An obvious
highly quantitative description diiN data below pion pro- benefit of the scaling law is the practical bisection of the
duction threshold and thus have established themselves agmber of adjustable parameters. This is a different approach
the standard models to be used in nuclear physics. Furthethan pursued by the Bonn-C[L0] or Reidlike Nijmegen
more, inversion and boson exchange models work equanpotentials[ll], which achieve perfect fits with an inflating
well for meson-nucleofi4,5] and meson-mesof#,6] inter- ~ humber of parameters, ] ) )
actions. This implies that the potentials remain valid at rela- A description of the theoretical framework, including
tive distances of~0.3 fm, which is much smaller than the technical details, can be found i@]. Therein, we restricted
rms radii of mesons and nucleons themselves and smalldf€ analysis to finp SM95 phase shifts only. In the present
than the QCD bag sizes. It is beyond any doubt that nucleon@0rk, we extend the potential to describe as well aspp

and mesons are genuine QCD objects and we expect thejrattering and calculate scattering observables to be com-
effects to become distinguishable within relative distances OPared with the latest database compﬂe_dst [12]'. Addi-
~1.5fm. In this context, it is common belief that phenom—t'ona”y’ we shownp and pp phase shift comparisons for

enological form factors effectively describe the actual QCDB.°nSnI;/|Bg[79]‘ ngmgf’ Elll]’ Ejris[l?;], OSBEP, and the analy-
dynamics at short distances. SIS of Arndtet al. [14].

To perform a step towards QCD inspired models, we at- This paper is organized as fol!ows. In Sec. ll, we give the
tempt to replace the conventional form factors by a nonlinea§allent features of OSBEP. The fit of the model parameters to

meson dynamics using the one solitary boson exchange pg_hase shifts is discussed in Sec. lll and thereafter, an exten-

tential (OSBEB, which was developed recently by the Ham- sive survey ofnp andpp scatte_ring observab[es is given in
burg group[7]. From the success of the empirical bosonSec. V. An_ outlook for appllcatlon of the r_10nI|nea_r model to
exchange potentials, it seems obvious that chiral symmetry i\glN scattering, together with a summary, is contained in Sec.
not dominant ifN N scattering below 300 MeY8]. Nonethe- '
less, also a phenomenological low-energy model should be
inspired by concepts which ensure chiral symmetry conser-
vation. In this sense, we adopt structures from the linear It is a common feature of chiral invariant models that
model and develop a dynamics of self-interacting mesons. A$pontaneous symmetry breaking leads to nonlinear terms in

II. SOLITARY MESONS
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TABLE |. OSBEP parameters.

T 7 p 1) o Ty )
S 0~ 0~ 1- 1 0" o+ 0"
mg [MeV] 138.03 548.8 769 782.6 720 550 983
05 13.75 0.702 1.431 21.07 14.64 8.6819  1.259
4
a,.=0.44065 f,/9,=3.829

8values for thepp potential arem_=134.9764 MeV ancgf,l/4w:8.5531.

the mesonic part of a Lagrangian which can be interpreted as *

a self-interactior{ 15]. Because of this, a meson Lagrangian iPB(kZ,mB)z 2 [C%’z"(wﬁ)]2
with the same structure as the lineamodel for all mesons n=0
ir) the OBE potential is assumed. Altogether,. we consider the [(mgaf)z— mzpag]“(anJr 1)2pn-2
six mesonsB8= m, 5,p,w,0,8, and a Lagrangian X

DI((,‘BSan+ 1(|22+ Mﬁ’ﬁ)pn
1 Y. XiAp(k?, My, ), (2.2
_= 2d 22 2p+2
Lp=5(0,0 50" P g—my®y) 2p+2q)ﬂ where we introduced the dimensionless coupling constants
B B 2 B
e 2.1 S \/ M)
4p+2 P (2mpV)P 4(p+1)mg/  4(2p+1)mg
i i i i g M 2.3
F(_)r mesons with nonzero spin the operatoy is a vector in a; _4(p+ 1)m2(2mﬁv)p, 2.3
Minkowski space. The parametprassumes 1/2 or 1 to dis-
tinguish odd and even powered nonlinearities @hg con- \B
tains desirable couplings to nucleon and other meson fields. agz ; 250
In chiral symmetric models, the self-interaction coupling 4(2p+1)m(2mgV)
constants\# and A4 and the various meson masses are re- d
lated by symmetry relations. This sounds intriguing but is
not practical. In view of the ambiguities contained in Eg. ob
(2.1 ano_l, in particular ir_lﬁim, it appears wise to _restrict Wﬁ:ﬁ- (2.9
oneself first to a quantitative model which allows chiral sym- vay©t—ay
metry breaking. In actual calculations, this implies the per-
mission of free parameters in E(.1) which are the cou- 1he Feynman propagator
pling constants, physical masses, and the nonlineatfes i
After fitting the parameters to observables, we rely on their iIAR(K2 M, )= prvra (2.9
nature to effectively restore chiral symmetryosteriori[6]. n,B
uses the mass spectrum
A. Meson propagation Mn15=(2pn+ 1)ml3'

The Lagrangiar2.1) contains self-interacting mesons and _ .

possible couplings between themselves and to nucleons. Fdror P=1/2 one gets the amplitude for scalar fields gnd
lowing the standard one boson exchange models, we neglettl describes pseudoscalar particles. Vector mesons require
meson-meson correlations and treat the interaction betwedti-1 and each term of the sum is multiplied with the
mesons and nucleons perturbatively. The self-interaction oMinkowski tensor
each meson makes the difference to standard models as it is uL v
taken into account in a closed analytic form and persistently, ( ) _
leading to analytical solutions of the nonlinear field equa-

tions for each Fourier component of the meson fields in Eq. ) ) ) )
(2.1). For the explicit form and the quantization of these 1he series2.2) converges rapidly and in practical calcula-

solutions, dubbed asolitary meson fieldswe refer to our ~ tions itis sufficient to use<4. _
former publication[7]. The Lorentz invariant normallzanobf(’ﬁg, which occurs

The probability for the propagation of solitary mesons canin the propagatof2.2), is obtained from the normalization
now be defined as the amplitude to create an interacting fiel® (#) of the solitary meson fields by substituting
at some space-time point which is annihilated into the
vacuum aty. The momentum space amplitudes of the soli- KE_s
tary meson propagator then reads 2pn+1

—ghv+
IR VE:

n,v

k*.
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TABLE II. Deuteron properties. 1

2lp S+
DY =114| — o 5| (VK +mi—ko)?f
Bonn-B[9] OSBEP Exp. Ref. agd(p+1)(2my) 2.9
Eg (MeV) 2.2246 2.22459  2.224589(2)  [31] , , , ,
L 0.8514 0.8524  0.8574061) [32] yvhgreS %enot?'s the particle spin. With Fh|s pro;l)er Po[jmal-
Qq (fm?) 0.278%  0.2698  0.28593) [33] 'fo‘t'og’ t de S0 |t§1ry mel.sc(’j”. pro%agator IS hcomp Etety t_etler'
A (fm~1?) 0.8860 0.8805  0.88020) [333 Mined and can be applied in a boson exchange potential.
D/S 0.0264 0.0258 0.02%6) [34] C. The scaling law
r'Rus (M) 1.9688 1.957 1.96238) (33] In conventional models, meson exchange is described by
Pp (%) 4.99 4.80 a product of a Feynman propagator and an empirical form
8Mleson exchange current contributions not included. factor
i A2 m2\ 2ns
At this point, we simplify our model. The linear model s BB (2.10
implies that the nonlinear term associated wit§l in Eq. k*—mj | AS+k?

(2.1) is zero for all mesons despite the scataand § me-

sons. Since the former is an effective particle to simulatdSing the proper normalizatio2.9), the solitary meson
two-pion exchange and the latter contributes little, it is noPropagator was found to resemble very closely the expres-
disadvantage to putf=0, implying «£=0, for all mesons SION (2.10 qsed in the Bonn-B potentigB]. Thls_ essential
used. This restriction simplifies our expressions and we no€Sult permitted us to drop the phenomenological form fac-

ticeaf:aﬂ which allows to drop the subscripts fromf and tors. The astonishing benefit ynfolds when we make .th|s
comparison for all mesons. Doing so, one sees an empirical

B
ar- scaling relation for the self-interaction coupling constaiis
B. Proper normalization mv) p
. . = S+1j—| . 2.1
The momentum dependent normalizatdff’ of the soli- R Mg 219

tary mesons plays an important role and requires a detailed o )
discussionD(k'B) can depend on the four-momentuet and ¥ 1S the only remaining paramet.e.r to describe the full me-
the coupling constant ;. The following conditiong16] are son dynaml_cs. This reduces S|gn|f|cantl_y the number of pa-
imposed: (i) all amplitudes are to be Lorentz invariafi)  ameters with respect to Bonn-B potential.

D(k'g’ is dimensionlesstiii) all Feynman diagrams are to be
finite, and(iv) the fields are vanishing fak;— 0.

The amplitude(2.2) has to fulfill on-shell conditions In the calculation oNN phase shifts, we use the meson
known from renormalization theorfl5]. At k*=mj3, the  masses of the Bonn-B potential. There is some evidence that
propagatoriP (k?,mg) has to have a pole with residie  the NN coupling constant should have a value below the
Defining previously used ong2/4r=14.4. The first indication came

2 L2 2 1 from a Nijmegen analysis[17] which suggestsff,NN
g () =1[Ps(kemg) ] 28 =0.0745 (which yields g2/47=13.79 with our values for
these conditions can be met using the pion and nucleon massAdditionally, Arndt and co-
workers deduced similar value from their analysis 70l
I'2(k?) |ge—m2=0 (2.7  scattering[18]. Since we confirmed their result in an inde-
£ pendent analysi$19] and intend to apply OSBEP imwN
and interactions, we fix therNN coupling constant to the Arndt
value

d
—T2(Kk?) =1. (2.9 g

dK?
@e=m? 1-=13.75. (3.0

Ill. NN PHASE SHIFTS

From Eq.(2.2) it is clear, thaﬁP(kZ,mB) readily fulfills Eq.
(2.7). The second condition demands tHa§®) equals one
for k?=mj.

Furthermore, to obtain finite results for all self-energy
diagrams involving solitary mesons, it is sufficient to ch

The parametew, and the remaining meson-nucleon cou-
pling constants then yield a total number of eight adjustable
parameters.

As in the first analysi§7], we started our fitting procedure
00S€yith np phase shift§14] and deuteron properties, disregard-

D&B):O( k2) ing pp data. In this case, we are free of C_oulomb effec;s and
' there are more partial waves due to the isoscalar and isovec-
for spinless particles, and tor contributions. In this work, thpp data were also consid-
ered. This required to replad® the average nucleon mass
DP=0(k%), 938.926 MeV by the proton mass 938.272 Melil) the

average pion mass 138.03 MeV by th& mass 134.98
for vector mesons. In summary, all conditions are met withMeV. Additionally, theo; coupling constant was reduced by
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FIG. 1. np phase shifts. We show the Arndt SMBI2] phase shift analysigircles compared to the potentials Nijm%8otted, Bonn-B
(dasheg, Paris(dash-dottef] and OSBER({ull).

1.3 % from itsnp value. A static point charge Coulomb po- Fig. 3. We plot the results from the Bonn-B, Nijm93, Paris,
tential was included using the Vincent-Phatak method to caland OSBEP potential as well as the single energy SM97
analysis. All potentials are in close agreement. Differences,
The final parameter set is listed in Table |. Deuteron propwith values of several degrees, do exist for th& phase
shifts of which the Paris potential is the worst. This is true
phase shifts are shown in Figs. 1 and 2 for single andver the whole energy range. Experimentally, the change of
coupled channels, respectivelyp phases are contained in sign fornp lies atT,;,=255.2 MeV[12]. At 250 MeV, the

culate the Coulomb distorted hadronic phase sh#€y.

erties are very well reproduced and are given in Tabla pl.
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FIG. 2. SYMnp phase shifts for the coupletSD, and *PF, channels, notations as in Fig. 1.

theoretical values are-2.47 (Parig, —1.72 (Bonn-B), relates therNN and 7NN coupling constants to be

—0.45 (Nijm93), 0.73 (OSBEB, and 1.030.84 (SM97).

Most striking are the deviations in the channels. They )

become crucial at energies above 50 MeV and are visible in g, 1 2 5

the observables. There exist a large amount of literature an 38 4e)” oo (32

about these deviations, but a convincing and final solution

has not been put forward. In particular, it is known that a

potential withoutmp correlations leads to an overattraction in with a¢~0.6—0.65. This yields 0§gf/4ws 1.7, consistent

the P waves[21]. This can be expected to have a majorwith the value in Table I. More support for the small value

effect inpp scattering, since isoscalBrwaves are absent. It can be found in literaturf22]. Increasing the;NN coupling

is surprising that, despite the large and consistent databaserves to simulaterp contributions which are generally ab-

which determines the phase shifts and which is well desent in one boson exchange potenti@$]. In the Bonn-B

scribed by the potential models, there are none the less sonpetential, the value;ﬁll4w=3 is used.

strong deviations within the model phase shifts. Another feature of our parameter set is the low tensor to
Our fitting procedure leaves the coupling constants invector ratiox=3.8 which is in close agreement with the

qualitative agreement with most Bonn-B valy&s. Differ- vector-dominance value 3.7, to be compared with6.1 in

ences occur for therNN and #NN coupling constants and Bonn-B. This is reconciled by introducing a direct vector

the tensor to vector rati@. We use the experimental value coupling of the photon to the nucled¢@1]. We agree with

gi/47r=13.75, whereas Bonn-B uses 14.4 which was prethe Nijmegen group that a sma#tNN coupling constant

ferred in the 1980’s. Differential cross section data at backshould be aligned with a value afclose to the vector domi-

ward angles support the lower value. @Uflavor symmetry  nance valug17].
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FIG. 3. pp phase shifts, notations as in Fig. 1.
IV. OBSERVABLES OF NN SCATTERING calculated ourselves and verified its agreement with pub-

lished valueg9].

To obtain observables from phase shifts we follow the
notation of Hoshizak[23]. The progransAID [12] contains
explicitly this option but offers additionally the convention
of Bystricky et al. [24]. Experimental data with error bars Altogether, there exist 2719 data points for 13 observ-
and normalizations together with the theoretical phase shiftables between 0 and 300 MeV. Out of 260 possible plots, we
for Nijm93 and Paris were taken fromaD. Bonn-B we  selected 19 as representative. They are shown in Figs. 4-7.

A. np observables
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TABLE Ill. y?/datum for the OSBEP and several potential 0.030 0.08
models. Data and¢? values for the OSBEP, Nijm93, and Paris P
. 0.020 0.06 Jx
potential were taken frorsaip [12].
o 0010} 0.04|
Model No. of param. np? pp° Total
0.000 T 0.02¢
OSBEP 8 41 68 5.0 14.1 !
NIJm93 15 5.6 2.2 4.5 _0.0100 60 1ZIO 180 0 60 120 80
Bonn-B 15 12.1 58 10.1 8. [deg] Bom [deg]
Paris ~60 17.5 2.3 12.6
0.40 0.40 2,
3Energy bin 0-300 Me\(2719 data points ) N
®Energy bin 1-300 Me\(1292 data poinds 0801 iy 0.30f
‘pp versiong§1/4ﬂ-=8.8235, see text. o 020 / 020l
For each measured observable, we plot the theoretical result .10 ororf o
of OSBEP(full line), Bonn-B(dashegl Nijm93 (dotted, and 0.00 '
Paris (dash-dotted Visually, the models are hard to distin- 0 60 120 180 60 120 180
guish. This is important in view of quite different phase Oun. [dee] on [dee]
shifts discussed above and significantly different number of o7 , 06
adjustable parameters. OSBEP uses about half the paran ) 3 Lo
eters of the other models. 05} o4ar F
However, there are quantitative differences between the
models as shown for thg?/datum listed in Table IlIl. The = %2 02
table reflects how the database developed during the las o1t/ 1400 0.0
years. In the meantime, a humber of very precise measure : 183.0 -
ments of differential cross sections and polarization observ- O 02 T o
ables became available. In particular, the accurate polariza 0. [deg] 0. [deg)

65 30

FIG. 5. Observables afp scattering, notations as in Fig. 4.

I, (mb)

Bom [deg] Oom [deg]
0.5 2 ‘ '
0.0 1 ]
o a | /’
—05} 0
212.0 \“"/
~1.0 . ‘ 1 ‘
60 120 180 0 60 120 180
6. [deg] f.. [deg]

60 120 180

60 120 180

I, {(mb)

0 60
Bem [deg]

120 180

0 60 120 180

tion data at 183 MeV in Fig. 5 from the IUCF grouf2]

yield large x? contributions for the Nijm93, Paris, and
Bonn-B potential whereas the OSBEP agrees very well with
these data. Besides that, the differential cross section mea-
surements in Fig. 4, which at large angles are sensitive on the
7wNN-coupling constant, seem to support the low value of
13.75 used in the OSBEP potentiélll line) rather than the
older value of 14.4 which is used in the Bonn-B potential
(dashed Therefore, to have a fair comparison, the conven-
tional models should be updated to today’s database. As yet,
the application imp scattering shows that OSBEP is able to
describe the data with comparable accuracy as staridiird
potentials using eight parameters only which lends support
for the model of solitary mesons and for the scaling law
(2.1)) in particular.

Besides the general excellent agreement in polarization
and spin transfer observables we stress the high accuracy
which is obtained in the description of thep spin-
correlation parametek,, at 67.5 MeV, Fig. 6, measured by
the Basel group25]. In this context, Klomp, Stoks, and de
Swart[26] argue that a potential which describgsg, at this
energy does not allow a highSD; mixing anglee; at 50
MeV. Their own PWA, including the Basel data, yields
=2.2°+0.5° at this energy. Figure 2 shows that all models
considered here prediet; slightly below 2°. This must be
compared toe;=2.9°+0.3°, a value obtained in a phase
shift analysis based on the Basel dg#®|, and the SM97

FIG. 4. Observables afp scattering. Kinetic laboratory energy
is denoted, experimental data are taken frpi@] with notation
from [23]. We show theoretical predictions from OSBERIl) and
Bonn-B (dasheg Nijm93 (dotted, and Parigdashed-dotted

value which is 2.53%0.19°. We are inclined to follow the
arguments of Klomget al. that these values are too large. A
similar argument was given by Machleidt and SI&23).
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FIG. 6. Observables afp scattering, notations as in Fig. 4.

The total elastic cross section is very well accounted for
by OSBEP over the whole energy range, see Fig. 7. The
x%/datum equals 9.5 for 319 data points below 300 MeV.
This value is surprisingly high and not anticipated from Fig.
7. This is mainly due to one dataset only, the experiment of
Lisowski et al. [28], whose 67 data points are associated 20 : : :
with very small error bars, which contributesyd/datum of 100 150 7 2?& v] =00 300
39. The remaining 252r,,; measurements are fitted with b 1€
x?/datum of 1.6. FIG. 7. Total cross section for elastip scattering.

Another quality of fit is obtained by the high-precision
NN Bonn-CD [10] and the Reidlike Nijmegen potentials |ations in our potential. A more detailed discussion can be
[11]. They sacrifice the simplicity of the original boson ex- found in[21] np data are less seriously affected, since isos-

change potentials and fit each partial wave separately.  calar contributions partly compensate this shortcoming. We
have noticed that a significant improvement is achieved with
B. pp observables an artificially large 7NN coupling constant, which contra-

Experimental data cover the interval 1-300 MeV. ThediCtS the Slﬂ.s) flavor symmetry cpnstrain¢3.2). The ull
data below 1 MeV have been discarded since an assessm(%?nn potent?al 'nihéd?l_sr:p correblatlons anrc: neglect ex-
of the low-energy data is difficult in the sense that the ful €Nange, puting, =v. The one boson exchange approxima-

electromagnetic interaction has to be taken into accounf,Ion Bonn-B simulates the same contributions by using /4

which is very hard to do in a momentum space calculation. 3 W€ prefer to use a valug; /4m=0.702 which agrees

Additionally, these data are associated with very small error/ith SU(3) symmetry and rely on a more elaborated model,
and it is misleading to include them im@ calculation since ~ ncluding mp contributions and\ isobars, to provide better
they can easily distort the resyiz9]. After this subtraction, -Wave phase shifts in a future work.

we are left with 1292 data points for 16 observables. In Figs. A PP version of Bonn-B does not exist in literature. We
8-12, we show 30 plots representative for a total number of€nerate a Bonn-B potential suitable fop analysis by sub-
215 possible plots. The Paris potential is still a good fit to theStituting the average nucleon and pion mass ofrtpever-

pp data. As they? in Table IIl indicates, the quality of SION by the proton a_ndr_ mass, respec.tlvely, anq mcludlng.
OSBEP is not as good as in the casengfscattering. This the Coulomp potential into th(_a scattering equat|0r12. In addi-
can be traced to the overattraction of one boson exchand¥n, we refitted theo, coupling constant to bey, /4w
potentials inP channels which signals the lack ep corre-  =8.8235. The same prescription was used for OSBEP. Since
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FIG. 8. Observables gip scattering. Kinetic laboratory energy
is denoted, experimental data are taken fri] with notation
from [23]. We show theoretical predictions from OSBEfill), 03 : 0.40
Bonn-B (dashed, see textNijm93 (dotted, and Paris(dashed- ,;"-";"j-\
RN 0.301 K
dotted. 02l N ‘i\i
\Y XY
. . . . - ‘.‘v R~ 020 [ ‘\
the main contribution to the large? comes from the differ- o1l ]
ential cross section in the energy bin 50-150 MeV, we show 5.4 0.10¢ o130
some of the measured cross sections in Fig. 8. It is obvious 0.0 ‘ 0.00 ‘
that OSBEP and Bonn-B yield almost the same results, in 0 30 60 90 0 30 60 90
some of the figures the two curves cannot be distinguished Oom. [deg] Oen. [deg]

We obtain a value for the Bonn-B? which is larger than

Nijm93 and Paris but slightly below OSBEP. This is consis- %
tent with the enlargedyNN coupling constant which some- 010t
what compensates the overattraction in #hewvaves. The
remaining harm therefore sticks with the approximations® -020r
made concerning the meson-meson correlations whereas tr
model of solitary bosons and the scaling law find the same ~0.80¢
confirmation as deduced fromp. -0.40 ‘ . . ‘
0 30 60 90 0 30 60 90
V. OUTLOOK on Lace] e Ldce]

With this analysis, we make a comparisonmgf andpp YN ee o4 Y =
observables below pion threshold with several potential
models. The totaj?/datum shows the high standard of all 0.5 1 L Y
models but also some consistent failures. For the one boso * e
exchange potentials, they become obviousRowaves and 0.0 0.0
pp differential cross sections above 80 MeV. This shortcom- v 2000
ing is well known from older analyses but is here confirmed  -o05 ‘ . -0.2 . ‘
and has its cause in the absence of meson-meson correl ¢ [deeg‘j o0 o [dfg% 90

tions. The phenomenological form factors have been consis-
tently replaced by properly normalized solitary meson fields FIG. 10. Observables gip scattering, notations as in Fig. 8.
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FIG. 11. Observables gip scattering, notations as in Fig. 8. FIG. 12. Observables gip scattering, notations as in Fig. 8.

which guarantee finite self-energies. An empirical scaling
law was deduced from comparison with Bonn-B form factorsthis new domain. Beyond any doubt, this is a subtle problem.
and this rule was used in casergb andpp data. This issue Prior to this, it appears interesting to investigate the empiri-
permitted the reduction of fit parameters to the mesoncal scaling law in more detail and have a look into the boson
nucleon coupling constants and one parameter accounting féxchange model forrN scattering. In this context, it is a
the meson self-interaction. This study serves the purpose eommon problem that the form factor parametrization of the
consistently describe aNN data below pion threshold with NN interaction can not be used in the calculation of nucleon
the claim to be highly quantitative but with significantly re- pole diagram¢5]. This may be the reason for the failure of
duced degrees of freedom in the fits. Th®datum results the attempts to gain a consistent descriptiolN®f, 7N, and
are listed in Table Ill. The OSBEP result is close to the interactions. To achieve this goal would lend support for
Nijm93 potential, whereas the Bonn-B and Paris potentiathe proper normalization of solitary meson fields. The higher
yield considerably larger values. However, both models mayrder diagrams in theN scattering equations, which need to
easily be refitted to improve they? with respect to the latest be regularized by a form factor, are essentially baryon self-
database. energy and vertex correction amplitudes. Since the proper
As our comparison of several potential models and theinormalization was designed to yield finite results for these
predictions for observables of elastitN scattering shows, diagrams, it is corollary to work also there.
there is little room for improvements or to discern model
details on-shell. In previous worj30], we made a strong

point that (p,py) bremsstrahlung, triton binding energy, and ACKNOWLEDGMENTS
nucleon-nucleus scattering cannot discern off-shell differ-
ences if the on-shell amplitudes are equivalent. The authors appreciate discussions with M. Sander and

The boson exchange models cannot be extended towareould like to thank R. A. Arndt for providing some
higher energies, the regime of meson production, and hadcoRTRANroutines and encoding OSBEP irgaiD. One of us
ronic excitations, since this requires a genuine QCD dynam¢L. J.) thanks B. Apagyi for his hospitality at the Technical
ics. New experimental facilities, such as IUCF, CELSIUS,University of Budapest. This work was supported in part by
COSY, and TJINAF provide high-quality data and we areForschungszentrum “lich GmbH under Grant No.
seriously considering various potential models suitable fo#1126865.




506 L. JADE AND H. V. von GERAMB 57

[1] T. H. R. Skyrme, Nucl. Phys31, 556 (1962; S. Weinberg,
Phys. Rev. Lett.18, 188 (1967; J. Wambach, inQuantum
Inversion Theory and Applicationgdited by H. V. von Ger-
amb, Lecture Notes in Physics Vol. 423pringer, New York, [15] C. Itzykson and J. B. ZubeQuantum Field TheoryMcGraw-
1994; C. Orddiez, L. Ray, and U. van Kolck, Phys. Rev. Lett. Hill, New York 1980.
72,1982(1994; C. M. Shakin, Wei-Dong Sun, and J. Szweda, [16] P. B. Burt, Quantum Mechanics and Nonlinear Wawgfar-
Phys. Rev. G52, 3353(1999. wood Academic, New York, 1991

[2] M. M. Nagels, T. A. Rijken, and J. J. de Swart, Phys. Rev. D[17] V. Stoks, R. Timmermans, and J. J. de Swart, Phys. Re\7,C
17, 768 (1978; M. Lacombe, B. Loiseau, J. M. Richard, R. 512 (1993.

Vinh Mau, J. Cde, P. Pire;, and R. (_je Tourreil, Phys. Rev. C [18] R. A. Arndt, R. L. Workman, and M. M. Pavan, Phys. Rev. C
21, 861(1980; R. Machleidt, K. Holinde, and C. Elster, Phys. 49, 2729(1994

Rep.149 1 (1987.
[3] H. Kohlhoff and H. V. von Geramb, irQuantum Inversion [19] Z\ié:;nder and H. V. von Geramb, Phys. Rev.56 1218
Theory and Applicationgl]; M. Sander,Quanteninversion .
[20] C. M. Vincent and S. C. Phatak, Phys. Revl@ 391(1974).

und Hadron-Hadron WechselwirkungerShaker-Verlag, ) )
Aachen, 199% [21] Zgg/l??(:hleldt, K. Holinde, and C. Elster, Phys. Rd@9 1

[4] M. Sander and H. V. von Geramb, Proceedings of the In- : i
ternational Conference on Inverse and Algebraic Quantuml22] M. Kirchbach and L. Tiator, Nucl. Phy$604, 385 (1996.
Scattering TheoryLake Balaton, 1996, edited by B. Apagyi, [23] N. Hoshizaki, Prog. Theor. Phys. Supp, 107 (1968.

G. Endredi, and P. Levay, Lecture Notes in Physics Vol. 488[24] J. Bystricky, F. Lehar, and F. Winternitz, J. Ph¢Srance 39,
(Springer, New York, 1997 also available as 1 (1978; J. Bystricky, C. Lechanoine-Leluc, and F. Lehar,

P. Pires, and R. de Tourreil, Phys. Rev.Z1, 861 (1980.
[14] R. A. Arndt, C. H. Oh, 1. J. Strakovsky, R. J. Workman, and F.
Dohrmann, nucl-th/9706003, 1997.

nucl-th/9611001, 1996.

[5] C. Lee, S. N. Yang, and T.-S. H. Lee, J. Phys1@ L131
(1992; B. C. Pearce and B. K. Jennings, Nucl. Ph#&28,
655 (199)); F. Gross and Y. Surya, Phys. Rev. 47, 703
(1993; C. Schiz, J. W. Durso, K. Holinde, and J. Spethid.
49, 2671(1994).

ibid. 48, 199 (187).

[25] M. Hammanset al,, Phys. Rev. Lett66, 2293(1991).
[26] R. A. M. Klomp, V. G. J. Stoks, and J. J. de Swart, Phys. Rev.

C 45, 2023(1992.

[27] R. Machleidt and I. Slaus, nucl-th/9303022, 1993.
[28] P. W. Lisowskiet al, Phys. Rev. Lett49, 255(1982.

[6] D. Lohsc, J. W. Durso, K. Holinde, and J. Speth, Nucl. Phys.[29] V. G. J. Stoks and J. J. de Swart, Phys. RevW.7C761(1993;

A516, 513(1990.

[7]1 L. Jade and H. V. von Geramb, Phys. Rev.55, 57 (1997).

[8] K. Holinde, inPhysics with GeV-Particle Beamadited by H.
Machner and K. SistemichWorld Scientific, Singapore,
1995.

[9] R. Machleidt, Adv. Nucl. Physl9, 189(1989.

[10] R. Machleidt, F. Sammarruca, and Y. Song, Phys. Re%3C

1483(1996.

[11] V. G. J. Stoks, R. A. M. Klomp, C. P. F. Terheggen, and J. J.

de Swart, Phys. Rev. @9, 2950(1994).

[12] R. A. Arndt et al, sAID program, access via TELNET under

clsaid.phys.vt.edulogin: said; german mirror at said-
hh.desy.ddlogin: physics, password. quantium
[13] M. Lacombe, B. Loiseau, J. M. Richard, R. Vinh Mau, Jt€o

52, 1698(1995.

[30] L. Jade, M. Sander, and H. V. von Geramb,Rnoceedings of

the International Conference on Inverse and Algebraic Quan-
tum Scattering Theory Lake Balaton, 1996, edited by
B. Apagyi, G. Endredi, and P. Levay, Lecture Notes in
Physics Vol. 488(Springer, New York, 1997 also available
as nucl-th/9609054, 1996.

[31] G. L. Greene, E. G. Kessler, Jr., R. D Deslattes, and H.

Boerner, Phys. Rev. Leth6, 819(1986.

[32] I. Lindgren, inAlpha-, Beta-, Gamma-Spectroscopdited by

K. Siegbahn(North-Holland, Amsterdam 1965Vol. Il.

[33] T. E. O. Ericson, Nucl. PhysA416, 281 (1984).
[34] N. L. Rodning and L. D. Knutson, Phys. Rev. Léif7, 2248

(1986.



