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ABSTRACT

There have been geveral suggestions recently that low-energy
nucleon - antinucleon (NF) resonances might exist. They were based
on the real part of the Bryan-Phillips potential, taking the absorp-
tive part as a small perturbation. We re-exsmine the NN scatter-
ing, taking into account the whole Bryan - Phillips poiential. We
find, as others, that the real part, the one-boson exchange poten-
tial (OBEP), produces many resonances. However, the inclusion of
the dominant absorptive part eliminates all of them. In addition,
we find that the NN scattering is sensitive to the unknown, short-
range behaviour of this OBEFP, therefore we question its predictive
relizbility. We argue that if experimentally one finds NN low-
energy resonances, we would ke able to learn more about the short-

range behaviour of the O0BEP.
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the possibility of many nucleon-antinuclecn (N¥) resonances and bound

stztes., Their calculaticons were based on the Bryan-Phillips potential 3),

Recently Shapiro and co-workers 1) and later Dover have suggested

but they essentially neglected the absorptive part of the Bryan-Fhilipps
potential, We have therefore re-examined the gquestion of the existence of
the NR resonances taking into account the whole complex Bryan-Phillips

potential.

The nucleon-nucleon scattering data are explained reasonably well by
the semi-phenomenological one-boson exchange potential (OBEP) 4)-6 .
Taken a%t face value, this potential will have predictive power for the low-
energy nuclecon-antinucleon (NR) system, since the OBEF for NN and NF
are connected by G conjugation, see €.8., Ref. 3), provided one under-
stands the NF annihilation. One disturbing feature of testing the CBEY
in NN scattering is that at low energy the annihilation process is the
dominant one [cﬁotzcannzoel ~ 3:2:%, see e.g., Ref. 7)]. Several OBEP
exist, see Erkelenz Ref. 4), btut we will concentrate om two discussed in
connection with NE scattering: the static OBEP 5) and the non-static

OBEF 6). Only the latter can be used %to reproduce NN § wave phase shifts.

To describe the NE scattering data, Bryan and Phiilips 3) used the
non-static OBEP plus an absorptive, secalsy, isoscalar poetential 5} range
0.7 fm to parametrize the snnihilation [a potential describing the annihila-
tion's influence of NN scattering should be of ghort range sccording to
arguments presented by Martin 8)]. They 3) fitted Tiot? Je1? g
(ex:=p§*n5>, and do/d0 at low energy quite well. One of their conclusions

was that the pp elastic scattering is dominated by the absorptive potential.

The reason is that although the absorptive potential is of short range, it

ig so strong that it is felt up to about 1 Fermi.

Shapiro et al. 7) and Dover 2) have investigated the consequences
the static OBEP 5) will have in the NI system. They find that the OBEP
for NE exhibits many bound states and low-energy resonances essentially
becanse the w exchange is attraciive in W%, However, when they 1),2)
calculate the positions of the N bound states and resonances, they treat
the NE absorptive potential of Ref. 3) as s small perturbation tc the OEEP,
affecting only the width of the resonances and giving & width to the NN
bound staie energies. As we will see later, such a treatment is inconsistent

with the calculations of Bryan and Phillips.
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The experimental situation is not clear. 8o far there is no evidence
for the existence of NF bound states 9/ as predicted by Refs. 1) ang 2).
In pp elastic scattering5 a rather small bump in the cross-section has

’11). This might indicate a pp resonance.

been seen by two groups 10
However, the striking fact is that no more resonances have been seen, given

the predictions of Refs. 1) and 2).

In light of this experimental situation and the conclusion by Bryan
and Phillips E that the absorpticn Gominates the PP elastic scattering,
we like 0 re-examine the question of possible existence of the low-energy
YK resonances predicted by the Lreal OBEP 1),2) using the full Bryan-
Phillips potential 3 - Another poin%t which merits a re-examination of the
PD resonences, is the use of the static OBEP in the NF system 1)’2).

The S waves are the only NN phases thsat probe the shorter ranges of the
OBEP, and we kmow that the static OBEP cannot be used to fit 5 wave NN
rhase shifts 5)’6). Since the postulated Tesonances in the NN are crested
by the shorter ranges of the OBEP, we question the use of the static OREP
for the NN system. To predict NN resonances we demand that the OBEP
gives reasonable § wave NN phase shifts. Also for this reason we will
concentrate upon the Bryan-Phillips potential which is based on the non=-
gtatic OBEP.

THE NUCLEON-ANTINUCLEON POTENTIAL

We will in this Seetion present the real non-static OBRP 6) and dis-
cuss the sensitivity its cut-off parameter has on the NN and Nif scatter-
ing. As is well known, the nucleon-nueleon (or antinucleon) CBEP is baged
upon % channel exchanges of the mesons Ty my @ and p. In addition, one

has sdded two scalar mesons o, and o with isospin T=0 and 7= 1,

respectively. The U, » together with1 p » &are supposed to simulate
part of the uncorrelated ang correlated 2r exchange. The 2n exchange,
subtracted from the first iteration of the one-pion exchange term in OBEP,
shows for T=0 a broad spectrum around 600 MeV, see Ref. 12). We will

bresent here the OBEP in the fornm given by Bryan and Phillips 3 .

The scalar, isoscalar meson excharge gives the NN potential as
2 /“2' /“2'5;
= - L F + r L‘S
V(r) 3/ [“ 4M’*) (/“) im? (/“ )k *] (1)

where o and M are the meson and nucleon masses, L and §==%(g1-+g2)

are the orbital angular moments énd total spin, and



F(x) = exp ¢-x)/x

(2)
o= -4+ & Fw)
Tor pseudoscalar, isoscalar meson exchange, we have
vir)=g* tzmi LF(/”')—-G"“-?’" * H?‘ﬂ S ] (3)
where
HO = (4+ 3/x + /52 )F(X) | (4)
S, = 3 -r)(6-r)/rt - 65 (5)
For vector, isoscalar meson exchange we have
= g* 2FCAr) (G561 ) - H(ur) S
vi(r) Q/M[RJF(/w)ﬂuﬁz( (pr) (O 2 ) p .,,) o
Ry FGur) L S ]
where
Ry = 4*-37.;; (v $/y)
3
2
Ry= :/:mz. (4 +7t/3) (7)

R3=-§%,. (3+44/9)

For the scalar and vector parts of the OBEP [Eqs. (1) and (6)] one elso

has a velocity-dependent term of the form

[-Vz a(r) + U('r) 73_] (8)

m*-

where



U.(‘rv)-‘-'~g/2u F(/m) (9)

with g and # +the respective scalar and vector meson coupling constants
and masses. The parameters for each exchange are taken from Ref. 3) and
are given in the Table. The Bryan-Phillips coupling constants egual those of

Bryan-Scott times a reduction factor, see below.

From each exchange potential, Egs. (1), (3) and (6), one subtracts a
cut-off exchange of mass Ay but with the same coupling constant as the
respective meson, see Ref. 6). This one-parameter A prevents the OBEP to
have & bad behaviour as r—0 and Bryan and Scott were therefore able to

find NN B8 wave phase shifis 6>.

The isovector meson exchanges are added by including the isospin factor

Using this potential, Bryan and Phillips say that the fit to the NN
phase ghifts are reasonably good even by a variation in A of 50% (from
A=150C MeV to A=1000 MeV)., We find that, e.g., the N¥ ﬁSO phase shift
is too small at low energy with 4 = 1000 MeV using the OBEP of Ref. 6).

Bryan and Phillips 3)

» With the coupling constants in the Table, choose
A=1000 MeV, but the coupling constants are slightly different from those of

Ref. 6). They are related by

/,t

t =gt L (10)
dse ~ Tbs ni-pt 1

with A=1500 MeV. With the coupling constants of Bryan and Phillips, we
find several NN phase shifts to change from these of Ref. 6) with A=

= 1500 MeV, but again the largest difference is seen in § waves. But
common for all these choices is that A must be changed by 20% or more to
produce significant changes in the NN rhase shifis.,

However, when we use this real OBEP +o predict the NH behaviour, this
turns out to be very sensitive %o small changes in the cut-off parameter A.
With the real non-static OBEP, as given by Bryan and Fhillips, we find many
NF resonances at low energy very much like what Shapirc and co-workers find
with the static OBEP [details like which NN angular momentum channels
exhibit resonances and at what energy thgy cceur differs from Ref. 1)].

But, a change in & of 2%, e.g., from 1000 MeV to 980 MeV change the NI
phase shifts very much, as opposed to & possible 50% change for NN, With
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a different A wé stili find resonances, but not necessarily in the seme
partial wave channels. In addition the position of the resonances can be
shifted drastically up or down in energy, depending upon the partial wave
and the change in A. "One should bear in mind that it is the » exchange,

which by construction provides the repulsive core in the NN potentisl,

which produce the N resonances. Analogously, & deep squere well can also
produce low-energy resonances. By varing A we alter the depth of the w
exchenge well in the NF potentisl. Therefore, even at this preliminary
stage, before considering the ¥% annihilation channel and fit to the 01)

data, one has to question the predictive power of the OBEP in its present form.

RBefore we present our resulis, we will for completeness, give the
Bryan-Phillips paremetrization.of the annihilation channel's contribution
to NI scattering. They added to the real OBEP an imaginsry Wood-Saxon

potentiai iW which is independent cof spin and.isospin

W)= -wo / (i+ exp (b7 ] (11)

where b=5% fm_1. We will take WO gzs a free parameter, begrin in mind

that W_ = equal to 8.3 GeV gives the vest fit to NN data )13 according

to Bryan and Phillips.

RESULTS AND DISCUSSION

We solve the coupled channel Schridinger equation with the complex
potential presented in Section 2, using the standard Noumerov method also
used by Bryan and Scott, see Refs. 6) and 14). In the numerical solution
for the NN iscospin triplet phases we encountered a singularity from the
yelocity dependent part of the i) potenfial if one uses the Bryan-Fhillips
potentiali. The scattered wave functions' second derivative has a pole for
small positive radius, but changing A to 980 MeV this pole ocecurred at
negative r and had no practical consequences. This is the reason we chcose
to work with A =980 MeV. Because of the phenomenological nature of the

OBEP, we do not think this is a vexy important peoint.

As mentioned in the previous Section, we find many rescnances for
W0=:O.O GeV and A=080 MeV. 1In Fig. 1 we show what effect a change in A
11P4 and 11D2 partial waves keeping Wo fixed at zero.

Clearly, the OBEP in its present form will produce resonances in NN system

has on the

(WO==O.O GeV), but it cannot predict where or in which partial wave these

will oceur.



In order to reproduce, e.g., the pp elastic cross-section, we have
to include a strong absorptive potential. In Pigs. 2 and 3 we show what
happens to the 33P1 and 33D2 Y amplitudes as we turn on the imaginary
potential (Wo is a parameter and A =980 MeV). For WO==8.3 GeV one can-
not possibly speak of a resonance behaviour in these ampiitudes any more.
Similar patterns, as in Pigs., 2 and 3 with increasing Wo’ ocecur for the
other partial waves. To reproduce the experimental PP elastic cross-
section with the Bryan-Phillips N potential, one needs suck g large WO
that this potential does not produce any bumps in the crosg~gections as a
function of energy. With WO==8.3 GeV we reproduce the experimenial total,
elastic and charge exchange (pP~nh) cross-sections at low energies as do
Bryan and Fhillips 3>’13 - This potential will no+ produce the bumps in

o] as observed by Refs. 10) ana 11). This is cbvious by looking at the

Ai;and plots for the &R partial waves given in Pig. 4,

We alsc find that the CREP glves an important contribution to the
cross-sections. The reason is that the OBEP is attractive for NN, It will
therefore bring scattered waves into the absorption region and strongly
increase the absorption 3). Because the OBEP plays a major part in giving
the total and elastic cross-sections, a small change in A, i.e., a change

in the attractiveness of the OBEP, can be detected.

CONCLUSIONS

We have shown that the Bryan-Phillips potential 3) does not preoduce
any bumps in the elastic or toetal cross-sections., Tt does reproduce
reasonably well o ot? Ye1? oex(pﬁ-*nﬁ) and do/dn  for pp scattering at
low energies 3)’13§. The reason it does not produce any bumps is that the

absorptive part of the potential is extremely strong.

Also we find, as do others 1)’2), that the real OBEP Goes produce NF

resonances. If it would be Possible to construct an abgorptive potential

which is weak in some angular momentum channels, then & few of the resonanaces

might show up es bumps in the PP cross-sections [see here alsc Ref. 15)].
The absorptive part of the Bryan-Phillips potential, an isoscalar, scalar
potential of Wood-Saxon type, removes all these resonances. This absorptive
potential is a phenomenological guess; the proper form is not known up to

now.

Another point we have made is that the OBEP ig poorly known at short
distances. We doubt if it has a detailed predictive power in its present
form. The OBEP parameters are fixed to give, €-8+, & repulsive core for

NN. This core ig given by the w exchange. But if other exchanges, e.g.,
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31m eor 4mw  exchanges (analogous to the 2m exchange simulated by p and
oo), one can reduce the w coupling constant. 8ince in KF it is the
strongly attractive w exchange which produces the postulated NF reso-
nances, a smaller ® coupling constant might not be able to support any

NN resonances.

In view of this short-range OBEP uncertainty, we would like to turn
the problem around. If experimentally one finds low-energy NI resonances
and one understands the low-energy NN annihilation reasonably well, then
the HNF Qdata will give information on the short-range NN forces., In
short, we propose to use NI low-energy scattering to study the short-range
behaviour of the ORBEP.

ACKNOWLEDGEMENTS

We wish to thank T.E.QO. Ericson for suggesting this work and for

several useful discussiocns.



%)

4)
5)
6)

8)

g)

10)

11)

-8 -

Table

Parameters for the Bryan - Phillips NN OBEP
These coupling constants include the reguced
rpass factors of Bryan-Scott's OBEP 2/,

Mass 2
Meson (MeV) g - t/g
T 138.7 12.66
M 548.7 3.00
p 763.0 2.44 1.13
w 782.8 2%.70 0.00
c, 600.0 1.97
o E50.0 9.46
0
* * *
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FIGURE CAPTIONS

Fig. 1 : Nucleon-antinucleon phase shifts as a function of the 1ab.
kinetic energy with the OBEP's cut-off A as a parameter. The
abgorptive potential is zero here.

Fig. 2 : Argand plot for the NN 33?1 smplitude for different values
of the strength of the absorptive potentials Wo with the OBEP
cut-off A =980 MeV. The numbers in the disgram are kinetic
lab, energy in MeV. The full line is for WO==O.O GeV, the
dashed line for WO==O.3 GeV, the long dashed line with small
circles (—o—o—) is for W_=2.0 GeV, and the dashed dotted
line for WO==8.3 GeV.

Fig. 3 ¢ Argand plot for the NF 33D2 amplitude, similar to Fig. 2.
The full line is for WO==O.O GeV, +the dashed line for
WO= 1.0 GeV, the dashed line with small circles WO:=2.O GeV,
and the dotted-dashed line. for WO==8.5 GeV,.

Fig. 4 : Argand plots for the NN partial waves (S, P, D and F) with

the complete Bryan-Phillips potential. The whele lines are iso-
spin singlet, and the dashed lines igospin triplet states. The
numkers on the curves are lab. kinetic energies in MeV., The
off-diagonal amplitudes are not plotted. Their contributions are

smell due to small mixing angles.
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