PHYSICAL REVIEW C VOLUME 59, NUMBER 4 APRIL 1999

Refining the inner core of the ParisNN potential
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The parameters of the short range part of the FNﬁspotentiaI are readjusted by fitting to a new set of data

which includes the recent measurements on the charge excbgngeﬁ reaction. Significant improvements
in the fit are obtained.S0556-28139)04504-3

PACS numbd(s): 13.75.Cs, 21.36:x

The ParisNN optical potential was constructed in 1982 about the inconsistency of these data. We also omit 50 other

[1] and upgraded in 199¢2]. Both times, the long and me- spu_rious elastic and 76 CE)_( pre-.1994 data, in the same way
dium range (LR+MR) parts, i.e., for interdistances as in Ref.[6]. We thus retain a final set of 3814 data con-

>1 fm, were taken from the Parl$N potential byG-parity ~ SiSting of 3111 elastic daf], 585 CEX dat§3-5,7,9, 70

transformation, while for the short rang8R) part, both real total cross sectiongl0], and 48 annihilation cross sections
and imaginary potentials were parametrized to fit to the segll]'h fthe S f hi .
of existing data915 data points in 1982 and 3800 in 1994 d fT N d1'5 pr?ra';netersé_o t f?? F\;part o(;.eac dISOSprn stﬁte as
Since then, many new data for the charge excha@ieX) efined in the Appendix of Ref2] are adjusted to fit to the

— . above set of data. The fitting procedure is also described in
pp— nn reaction have come out from LEAR. Although most

) o that appendix. We start the search by setting, fetr,
of them agree well with our prediction], some others 1 "4 potentials except the central to zero, and then
[4,5] are not well reproduced.

introduce progressively the tensor and spin-orbit compo-

We present here a reanalysis of the phenomenological SEents. In this process, it is found that the important param-
part by fitting to a set of about 4000 data which consists o ters are(i) for the real part, the six parameters giving the

the new data as well as a selectgd set of the pre-1994 dat‘?Teights of the central triplet and singlet, of the tensor, and of
_In Ref.[2] we already have noticed that some data in the,o| g components at=r,=0.6 fm:; (i) for the imaginary

pp differential cross sections are inconsistent with otherspart, the four couplings of the triplet and singlet central com-
giving rise to very largey” (see Table | of2]). In Ref.[6],  ponents. The remaining five parameters allow just a fine-
precisely the same dat®05 pointg were excluded from tuning of the fit.

their NN databasdthe so-called Nijmegen 1998 N data- A best fit to the above new data set yieldsy&data
bas@. After some controversy, there seems to be a consensus2.95! In more detail, the values of?/data are 2.16 for
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FIG. 1. Elastic differential cross sections and polarizations. Curves labeled 1994 are frdi|Reata are from Eisenhandlet al. and
from Kunneet al. [8].

Yn contrast to Ref[2], to computey?/data, Ref[6] added 103 normalizations to the number of data points. Here, we proceed in the same
way, introducing 86 normalizations for elastic and 36 for CEX data.
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FIG. 2. CEX differential cross sections and polarizations. Curves labeled 1994 are frofi2 R&fata are from Ahmidoucket al. [4],
Birsaet al.[9], Bressaret al.[5], and Lamannat al.[7]. Curves are multiplied by a factor 0.8 {a), by a factor 0.76 ir{e) and by a factor
0.66 in(f).

elastic data, 6.50 for CEX data, 6.41 for total cross sectionssignificant results are shown in Figs. 1 and 2. The values for

and 4.47 for annihilation cross sections. For e|apm_)3dif_ the 15 parameters of the model obtained in this fit are given
ferential cross sections, the quality of the fit remains equivain Table I.

lent to that of the 1994 version, while the elastic polariza- It is worth noting that in some new measuremets]
tions are slightly improved. The main improvements occur inthe quoted experimental uncertainties are so tiny that in spite
the charge exchange observables. For the same compleaéan apparent good fitsee Figs. &) and 2f)] the corre-
data set, the 1994 version gives 6.37. Some examples of tfgponding y*/data contribute very significantly to the total
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TABLE |. Parameters of the real and imaginary parts, as definediata points For comparison, we apply our fitting procedure
in [2], of the ParisNN potential obtained with the fit to our 1998 to our model but using the 1993 Nijmegen database. We

data set. obtain ay?/data=1.92 for their total database. In more de-
tail, the values of¢?/data are 1.64 for 3024 elastic data, 4.22
Potentials T=0 T=1 for 341 CEX data, 2.39 for 70 total cross sections, and 1.25
a for 48 annihilation cross sections. Since we have no free
Uo(ra) 8594.41 —1917.54 parameters in our LRMR forces, we consider the value
Ug(ra) —489.08 —1716.76 1.92 as satisfactory. To see how well this solution can fit to
ub(r,) 1.307 -0.131 our data set that includes the new CEX data, caéulate
Ui(rs) —5286.67 3121.01 x?/data for this set and find the value of 3.39. This probably
Ua(r,) —810.89 —1135.07 means that these new CEX data are not well reproduced with
Ub(r,) —1.741 —1.931 the present version of Reff6].
U, «(f2) 788.30 42371 We have redetermined the parameters of the SR part of
U+(r) 397.14 128.14 the ParisNN potential by fitting to a new set of data which
Usce(r2) 75.03 172.48 includes, in particular, the recent measurements on the
charge exchangpp—nn reaction at LEAR. Significant im-
i g; f, (Mev™?) provements in the fit are obtained even though the new val-
ues for the parameters do not exhibit strong deviations from
T=0 C 124.86 0.0190 those determined in 1994. This shows a strong stability of
SS —3.83 —0.0373 the model, in spite of the number of adjustable parameters.
LS 35.369 We would like to stress again that, in our judgment, this
T 2.057 number is minimal if one wishes to get an accurate account
T=1 C 78.40 0.0335 of the simultaneous presence of scattering and annihilation
SS 19.94 0.0412 processes as well as the complex spin and isospin structure
LS 12.027 in the NN system. Our analysis shows also the usefulness
T 5.073 and the need of new and accurate low energy data to make

progress in the description of the nucleon-antinucleon forces.

Finally, we wish to mention that for applications of the Paris
eI(IN potential, like the initial state of final state interactions in
various processes, besides the SR part described here, the
values for the LR-MR potentials can be provided upon re-
quest.

value. Moreover, the differential cross sections need rath
large renormalization factors.

In 1994, Timmermanst al. [6] performed a partial wave
analysis(PWA) of the 1993 Nijmegen database along the
same lines as in their PWA of tHéN data, and their best fit
gives the very good value gf/data=1.043 for a total set of We are grateful to Dr. Timmermans for helpful informa-
3543 data pointgsee footnote 1 concerning the number oftion on Ref.[6].
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