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The nucleon-deuteron analyzing powdy in elastic nucleon-deuteron scattering poses a longstanding
puzzle. At energiek,,, below approximately 30 MeW, cannot be described by any realistic nucleon-nucleon
(NN) force. The inclusion of existing three-nucleon forces does not improve the situation. Because of recent
questions about theP; NN phases, we examine whether reasonable changes in the NN force can resolve the
puzzle. In order to do this we investigate the effect on ¥Rg waves produced by changes in different parts
of the potentiakviz., the central force, tensor force, gt@s well as on the two-body observables and\gn
We find that it is not possible with reasonable changes in the NN potential to increase the threfg;laodly
at the same time to keep the two-body observables unchanged. We therefore conclude Ahatuhee is
likely to be solved by new three-nucleon forces, such as those of the spin-orbit type, which have not yet been
taken into accoun{.S0556-28138)01908-9

PACS numbds): 13.75.Cs, 21.30.Fe, 21.45v, 25.10+s

[. INTRODUCTION the breakup threshold. Since then all available 3NF's have
been tried[11,2,3,12,13 but all of them either produce no

The so-calledh, puzzle is a longstanding problem in elas- significant effect oA, or slightly worsen the situation. Ex-
tic nucleon-deuteroriNd) scattering. Since it was first pos- isting 3NF models typically contain only those terms be-
sible to perform rigorous nd scattering calculatiphkit has  lieved most important and least complicated, so the final
been known that the nucleon vector analyzing poigcan-  word on such models has not yet been spoken. We should
not be described by any realistic nucleon-nuclédN) force  remember that at the time these models were developed it
at energies below-30 MeV. The same is true for the deu- was not possible to test them in any calculation. Thus it
teron vector analyzing powsiT;, whereas the deuteron might very well be true that the available forces are missing
tensor analyzing powers and the differential cross sectiorferms that are essential for the vector analyzing powers.
for example, can be described very well. Thus one should The aim of this study is to determine which improvements
speak of a vector analyzing power puzzle. But because thig the A, problem are possible by changes in the NN poten-
problem is known in the literature as thg puzzle we will tial. A critical discussion of options is given in Sec. Il. In our
stick to that name. The puzzle remains after the introductiogalculations we make use of the AV18 potenfibd], which
of the latest generation ofnearly phase-equivalent NN is introduced in Sec. lll. The changes we apply to the NN
forces [2]. Since it is now possible to calculate elastic potential are described in Sec. IV. In Sec. V we discuss the
proton-deuteroripd) scattering below the breakup threshold size of the changes in the potential that are necessary to keep
[3] as well, we know that the same problem exists there, todthe two-body observables unchanged and at the same time

A first attempt to solve theA, puzzle was made in a increaseA,. Section VI deals with the special role of the
purely phenomenological study}]. BecauseA, is mainly ~ one-pion-exchange potentialOPEB, which gives the
sensitive to the NN®P; phase shift§4], the potentials for longest-range part of the NN force. In Sec. VII we discuss
those partial waves were multiplied by strength factorshow the possible changes in the NN potential are influenced
keeping the low-energy observables in reasonable agreemdpyt the requirement that th&P; phase shifts should not be
with the two-body data, while at the same time increagipg  changed. We also comment on Rg] and discuss whether
predictions towards the experimental data. This could b@ny changes in thdP; phase shifts might be able to improve
achieved by introducing large charge-independence breakingy,. The question of whether charge independence and
(CIB) and charge-symmetry breakif@SB) into the NN po-  charge-symmetry breaking might be able to improve the de-
tential. Though such a large CIB and CSB is certainly un-scription of A, will be answered in Sec. VIII. Finally we
physical, this study suggested that there might be some roosummarize and conclude in Sec. IX.
for changes in the NN potential.

A similar approach was adopted by RE3] (see alsd6]
and[7]), where it was claimed that there exists some room
for changes in the’P; phase shifts at lower energies. The  We briefly assess the available dynamical options, neces-
hope was that one could find modifiéé, phase shifts that sary assumptions, and uncertainties, and categorize them in
describe the NN data as accurately as the phase shifts thidte order they will be discussed below.
result from the latest phase-shift analy$€s9] and at the We assume the existence of a two-body nuclear potential
same time increasR, . that is independent of the energy. Although that potential is

Another possible solution to thd, puzzle is a three- not uniquely definedbecause of off-shell ambiguitigswe
nucleon force(3NF). In [10] it became possible for the first assume that it is as momentum independent as is allowed by
time to incorporate a 3NF into Faddeev calculations abovéhe underlying strong-interaction theofthis prescription is

II. OPTIONS
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called “minimal nonlocality” in Ref.[15]). Minimal nonlo- tials that we use all have this value. The pion spectral func-
cality fixes the representation, eliminates off-shell ambigution is a two-loop modification of the propagator and
ities, and specifies the form of the dominant part of the poconsequently is very tinj21]. Form factors are a short-range
tential (such as OPEPR It corresponds most closely to the modification, which is discussed below. The effects of rela-
majority of potentials in existence today. Because off-shellivity have been examined in three-nucleon bound-state cal-
freedom is equivalent to a 3NF, this prescription also definesulations, where they are rather small, but no fully relativis-
the 3NF[16,17]. Such a two-body potentiahustbe momen- tic scattering calculations have been performed. Isospin
tum dependent because of special relativity, but in low-violation is already included in part through the use of dif-
momentum applications such as few-nucleon systems thégrent charged- and neutral-pion masses. There is no evi-
dependence is constrained by the nucleon nvagwiz., the  dence for different charged- and neutral-pion-nucleon cou-
dependence is- (p/M), which is smal] or by the large QCD  pling constants[22] at the 1% level. We assume a
scale of the same size &. We do not expect such momen- conventional OPEP.

tum dependence to be a critical factor, unless it occurs in The short-range interactions are parametrized using as
combination with the nucleon spia such asi-s (i.e., a Mmany different forms as there are potentials. The functional
spin-orbit interaction Although our approach is nonrelativ- forms include Gaussian, Yukawa, and Fermi functions, and
istic, we note that nonlocal interactiofisicorporating rela-  Combinations thereof. As we shall see, at low energies a

tivistic corrections in some casethat have been used in single parameter describes this interaction inRh@aves. At

studyingA, produce virtually the same results as local oneshigher energies and i§ waves one or two more may be

We assume that any NN potential should produce a gooaeeQed. In effect only a few moments of the.potential are
fit to the NN data base. This is our primary principle, and the'®auired by the NN data, and this is easy to impose on an
criterion for rejecting options. The quality of that fit does not 'bitrary functional form. If OPEP is fixed, this is the pri-
have to be the best, but it should not be poor. Firstmary freedom. _
generation potentialé.e., older potentials that do not fit the ~ 1S0Spin violation has been suggested as a candidate for
data particularly wejldo not differ significantly inA, calcu- solving theA, puzzle. Because theameproblem exists for
lations from newefsecond-generatigpotentials that have a pd (which has no nn interactigras for nd scatteringwhich
much better fit. We will assum@nd there is no evidence to h@s no pp interaction it very likely cannot involve CSB
the contrary that future-generation potentials that fit the NN (charge symmetry interchanges protons and neuiraitse
data even better than the second-generation potentials thalk of the CIB is already included via the different pion

we use(because they incorporate more physig#l not alter ~ Masses. What remains should have short range and be rather
this situation. small in P waves. We will comment further on isospin vio-

There is only one exception: the AV14 potentjdlg]  lation later in the paper.
gives a much lower prediction fok, than all the other po- Finally, introducing a 3NF does not affect the two-
tentials [2]. The reason for this behavior is that tHe, nucleon problem. Although those forces used. 'Fo date have
phases of AV14 deviate strongly from those of all other pc)_not helped to reso_lve the puzzle, there are addlt_lonal compo-
tentials[2] (which means that AV14 does not fit the NN data N€Nts of the two-pion-range 3NF that have a spin-orbit char-
base well enough acter and have never bgen included in a cal.cule{ﬂdhlsl.

The fact that all potentials with this one exceptigiue to !N the early days of building force models it was conven-
differences in the phase-shift parametejise essentially the tional to ignore momentum-dependent for¢aad thus any-
same predictions fof, andiT,; strongly argues that tha,  thing proportional td), because of the complexity.
puzzle is not a simple problem of the off-shell behavior of
the NN pof[ential. The NN potentials: on the markethich IIl. THE NN POTENTIAL
were all tried on the vector analyzing powergary from
strictly local to strongly nonlocal and thus exhibit rather dif- ~ Since earlier attempts to resolve thg puzzle(by multi-
ferent off-shell behaviors. Experienf2] shows that the ana- plying the NN potentials in the’P; waves with strength
lyzing powers are insensitive to the off-shell behavior of ex-factors[4,2]) did not lead to satisfying results, we will pur-
isting NN potentials. Thus the assumption above, that it issue an alternative approach that introduces more flexibility in
sufficient that a potential give a reasonable fit to the NN datahanging the potential and thus more possibilities for resolv-
base, appears justified within the context of “minimal non-ing the puzzle. We apply different strength factors to differ-
locality.” We will comment more on this in Sec. IX. ent parts of the potential, thereby introducing additional free-

We conceptually divide the potential into two parts: dom (in the form of parametefs this enhances the
OPEP plus a shorter-range part. Within this framework wepossibility of finding a set of parameters that leaves the two-
have four possible options for improving the description ofbody observables unchanged and at the same time increases
A, without violating our primary principle. the three-body analyzing powe#s, andiT; in the desired

The first option is to change OPEP. These changes coulthanner. Our goal will be to relate changes in the NN force to
arise from changing the pion-nucleon coupling constant, bythanges in the np and nd analyzing powers. We emphasize
modifying the virtual-pion spectral function, by momentum- that we are not advocating large changes in the potential that
dependent modifications due to special relativity, and by verare unsupported by the NN data. Rather, our goal is to gain
tex modifications(i.e., form factors The current status of insight into these relationships before drawing any conclu-
the pion-nucleon coupling constant is reviewed in R2@].  sions.

The bulk of the phase-shift analyséacluding the energy- For this purpose we have chosen the AV18 potefiid],
dependent analysefavor a common low value. The poten- which is well suited to use in the study because of its struc-
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TABLE |. Effects of changes of-10% in the various parts of the NN potential in tR®; partial waves on the maximum of the
two-body nucleon analyzing powé,. A gives the difference betweek, for the original AV18 and the changed one, while % gives the
change ofA, in percent. The values of the maximaf for the original AV18 are 0.00022385 at 1 MeV, 0.012483 at 10 MeV, and 0.42944
at 100 MeV.

E . (MeV) Change A, A % Change A, A %

1 1.1*V¢ 0.00023024 0.00000064 2.85 0\B 0.00021773 —0.00000061 —2.73
10 0.012780 0.000297 2.38 0.012198 —0.000285 —2.28
100 0.42389 —0.00555 —-1.29 0.43456 0.00512 1.19
1 1.1*V¢ 0.00019673 —0.00002712 —12.12 0.9V~ 0.00024655 0.00002270 10.14
10 0.011311 —0.001172 -9.39 0.013454 0.000971 7.78
100 0.42977 0.00033 0.08 0.42889 —0.00055 -0.13
1 1.1%Vg 0.00026198 0.00003813 17.03 0\93 0.00018713 —0.00003672 —16.40
10 0.014207 0.001724 13.81 0.010834 —0.001649 —13.21
100 0.42432 —0.00512 —-1.19 0.42641 —0.00303 —-0.71
1 1.1*V)2 0.00021374 —0.00001011 —4.52 0.9%V,2 0.00023491 0.00001106 4.94
10 0.012012 —0.000471 —-3.77 0.012999 0.000516 4.13
100 0.43212 0.00268 0.62 0.42585 —0.00359 —0.84
1 1.1%V 52 0.00022467 0.00000082 0.37 0\is)2 0.00022302 —0.00000083 —-0.37
10 0.012501 0.000018 0.14 0.012462 —0.000021 —-0.17
100 0.43312 0.00368 0.86 0.42558 —0.00386 —-0.90

tural simplicity. The AV18 potential is a semiphenomeno-sor forceVry, I-s, which gives the spin-orbit forc¥,, 2
I_oglqal potential with a one-p|on.-e>§chan_ge talll. This poten-ynich givesV,s, and finally a—fg)z, which givesV g 2.
tial is structured around 18 spin-isospin-orbital operators,
which are multiplied by different radial functions. In addition
to one-pion-exchange componeiftghose form is well un- IV. CHANGING THE NN POTENTIAL

derstood and not controversiathose radial functions con- o

tain a parametrized short-range component. The operators In order to study the sensitivity of the three-body analyz-

themselves are constructed from the vectors that are avai'#rJg powerAy to the above-mentioned five parts of the NN.
. - orce, we increase and decrease by 10% each of those five
able, such as the distance between the two nucleptise

T parts of the NN force in théP; waves, without introducing
total two-body angular momentumn=1,+1, and the total  any additional CIB or CSB. All other partial waves remain
two-body spins=s;+s,. The only constraint on the opera- unchanged. At the same time we study the effect of these
tors that are constructed from these vectors is that they mushanges on the two-body observables. It is well known that
be scalars. The parameters in the radial functions were fittethe only two-body observable sensitive to changes irfthge
to the Nijmegen NN data base with @ per datum of waves is the analyzing power. In order to distinguish it from
slightly more than one. Thus, the AV18 potential representshe three-body analyzing poweA() we will call it A,.
a very general form of the NN potential with a good descrip-Table | shows the effect of the changes Anand Table Il
tion of the NN data, and this meets our requirements. onA,.

Because we are interested in tAB; waves we have to Tables | and Il demonstrate that the effects of a 10%
deal with only 5 of the 18 operators in AV18: the operator 1,increase or decrease are roughly the same. Therefore we can
which gives the central forc€., S;», which gives the ten- conclude thatwithin roughly 10% these changes in the po-

TABLE Il. Same as Table I, but for the three-body nucleon analyzing power The value of the
maximum ofA, at 3 MeV for the original AV18 is 0.04518.

E\.p (MeV) Change A, A % Change Ay A %

3 1.1*V¢ 0.04685 0.00167 3.70 0.9% 0.04360 —0.00158 —3.50
3 1.1*V¢ 0.04242 -0.00276 —6.11 0.9%V¢ 0.04716 0.00198 4.38
3 1.1*V,;  0.05254  0.00736 16.29 0. 0.03829 —-0.00689 —15.25
3 1.1*V,2  0.04287 —-0.00231 -5.11 0.9%;2  0.04775 0.00257 5.69
3 1.1*V4,2 0.04482 —0.00036 —0.80 0.9V(;,2 0.04555  0.00037 0.82
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tential have a linear effect oA, and A, . In other words, TABLE ll. Possible solutions of Eq$2) and(3). The effects of
each change aof 1% inV causes a change &y, of roughly  the changes té, andA, are given as well.
+0.3% at low energie¢regardless of the starting point for

that changg as long as the total deviation from the original oc 92 (1s)? o1 Jis O, On,
AV18 potent@al is less than- .10%.. Fpr Iarger deviations g _10 0 520 320 36 54
from the original AV18 potential this linearity is lost. 10 _10 _10 49.4 30.4 51 55

Next we note that the NN force components that have th
largest effect orA, are the spln-orblt _and tensor forces; the 29 — 99 99 40.7 18.9 85 57
effect of the tensor force oA, is considerably smaller than

. e . - .. 30 —30 0 42.7 16.0 7.4 56
the effect of the spin-orbit force, but still fairly large. This is
. . . . —-30 —30 349 11.2 9.6 57
what one expects, since a vector analyzing power is deﬁne%iO

by

7) —22 0 464 224 6.2 55

effect onA,, but has a small one oi, , and this is indicated
_017 0o 2 by the brackets. We will first neglect this term and then take
Coto)’ it into account later.
We based Eq2) on the results in Table | &,,=1 MeV
wheres; and o denote the differential cross section with for two reasons. First, the results B,=10 MeV are very
the spin of the incoming nucleofior A,) or deuteron(for similar to the ones at 1 MeV. Second, we concentrate for the
iT,,) oriented normal to the scattering plane. Intuitively, Moment only omA, atE,=3 MeV. The two-bodyt matrix
such an asymmetry is generated by those potential tern{§" two-body energies from 2 MeV te-« are required for
(such asV,s and V) that depend on the spin direction. The Faddeev calculauons_ ofnd scatterngagb:g MeV, so that
terms V. and V,> do not depend on the spin at all, while W€ can negle_ct the higher two-body energies for the moment.
V12 has less influence because it is small. If we\sgs2 to Clearly, this is a very rough procedure. Fo_r a real solution of
zero, A, decreases only by 4.6%. the A, problem one would have to consider all two- and
The most important point here is that only the effect of alhrée-body energies. But because we only require a rough
change in the tensor force is significantly different in the€stimate of the size of the necessary changes in the potential,
two-body and the three-body analyzing pow@tie shall ex-  this procedure is good enough for the moment.
plain below why this is s0.This implies that, if we want to The analogue of Eq2) that we get from Table Il is
keep the two-body prediction unchanged but want to change _ _ _ _
the three-body prediction, this must come from a change in 0.49¢ = 0.60r+1.695~0.652-[0.1952] =30, (3)
the NN tensor force. Changes in the other parts of the NNyhich corresponds to an increaseAq of 30%.

potential are then needed in order to compensat&,itior Solving Egs.(2) and(3) for &; and 6, we obtain
the change inv;.
We note that the AV18 prediction for the |, at Ey, 61=—0.225-+0.246,2+56.7,
=3 MeV (Ref.[23]) underestimates the data near the maxi- (4)
mum by about 30%. Also, from Tables | and Il we learn that
the effect of a change in the tensor force is larger in the S1s= —0.335-+0.475,2+ 40.

two-body system than in the three-body system. This means ]

that we first have talecrease A andA, by increasingv; ~ Obviously 5 and & become large numbers dc and 6

and thenincreasethe analyzing powers again by changes inare chosen to be reasonably small, or, vice versa, if we re-
the other terms untih, resembles its original valué, will ~ quire &y and é;s to become reasonably smalic and dis
then have a larger value than before because the effect of ttigust be chosen very large. The inclusionsg)2 in Egs.(2)
decrease by was less forA, than forA,. An analogous —and(3) does not help much. In that case we get

argument explains why the three-nucleon binding energy in-

creases with decreasing tensor force, if the deuteron binding 61=—0.225¢c+0.2452+ 0.26515)2+ 56.7,

energy is kept fixed. These changesAn and A, require 5)

large changes in the NN potential. _
We next quantify those changes in the potential that are O1s= —0.339¢ +0.476)2+0.1695)2+ 40.

necessary, although only a rough estimate is required. In or- We give several possible solutions of E¢2) and (3) in

h : £ 1h ial % J€S able 11l together with the effect of these changesAgrand
the various terms of the NN potential at 1 Meor speci- o “hough for all cases listed in Table Il there is a sub-

ficity), as shown in Table I. The requirement that the totalitystyantial increase oA, the increase i, is roughly a factor

of changes in the potential not affek} leads to the equation 5 to 10 larger and always far above the required 30%. The
reason that the solutions of Eqg) and(3) listed in Table IlI
0.30¢c—1.267+1.75s—0.552+[0.04552]=0.  (2)  are so far away from the required 0% and 30% chartfyes
A, andA,), respectively, is that the parameters in E@.
The quantitiesd denote the changén percent in the corre-  and(3) are based on smalk{10%) changes in the potential.
sponding term of the potential. The factors in front of i For the larger changes in the potential that are obviously
in Eg. (2) mean, for example, that a change\ifg of 1%  necessary, the factors in Eq®) and(3) are energy depen-
leads to a change iA, of roughly 0.3%.V ;)2 has nearly no  dent and no longer constants. Thus with some fine tuning it
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TABLE IV. Same as Table I, but for the short-range and OPEP parts of the central and tensor force separately.

Ej.p (MeV) Change A, A % Change A, A %

1 1.1*vaR  0.00023159 0.00000774 3.46 1.1*V2PEP 0.00022256  —0.00000129  —0.58
10 0.012856 0.000373 2.99 0.012410  —0.000073 -0.58
100 0.42174 —0.00770 -1.79 0.43150 0.00206 0.48
1 1.1*V3R  0.00022601 0.00000216 0.96 1.1*Ve"E"  0.00019419 —0.00002966 —13.25
10 0.012591 0.000108 0.87 0.011183  —0.001300 -10.41
100 0.42943 —0.00001 0 0.42986 0.00042 0.10

might be possible to reduce the effectAnto an acceptable same changes foh, and A, and will thus not be able to
level and still maintain an increase Ay, of about 30%. But  solve theA, problem. In fact, as we shall see in the next
would that be the solution for th&, problem? Unfortunately ~section, the freedom to change the NN potential is even
not. There are several reasons why this cannot be a solutianuch more tightly constrained.

for the Ay problem and, moreover, why solving tg prob-

lem with sgch chan_ge_s in the NN_ potent@l is not possible. VI. THE ONE-PION-EXCHANGE POTENTIAL

We shall discuss this in the following sections.

As already mentioned there is one piece of the phenom-
enological AV18 potential that comes from an important and
well-recognized physical process—the OPEP. The OPEP
makes up the longest-range part of this potential, whereas the

Table Il shows that each solution of Eq&) and (3) short-range part is phenomenological. The OPEP has a ten-
requires quite remarkable changes in the several terms of tt&@r and a(weakey central part. As we shall see below, the
NN potential. For each of the tabulated solutions at least ongion tail in the tensor force is the reason why the tensor force
term of the NN potential has to be changed by more tharhas a significantly different effect on the two-body and the
35%. Changes of up to 50% are required. Other solutions dhree-body analyzing powers.

Egs.(2) and (3) than those shown in Table Il would obvi- Let us first regard Tables IV and V. These tables show the
ously result in similarly large changes in the NN potential.different effects of the short- and long-range parts of the
As mentioned in Sec. 1V, in order to satisfy E48) and(3) central and tensor forces on the analyzing powers. We ac-
a huge change in the tensor force is unavoidable. This i§omplish this by separating the long- and short-range parts
illustrated by the fact that in the expressions égrand s, in  into the form

Egs. (4) and (5) the multipliers of the various)'s on the

right-hand sides are smaller by a factor of 100 than the last V=V5Ry VOPER (6)
summand on each right-hand side.

Such large changes in the NN potential can be ruled outwhereVSR stands for the short-range part avf"E" for the
Though the AV18 potential is a semiphenomenological po-pion tail of the potential. The latter also includes the short-
tential, the strengths of its various terms are not free. Theange regulator that makes it finite at the origin. Choosing a
radial functions in the AV18 potential are fit to the NN data. different regulation scheme is equivalent to changing the
Moreover, OPEP has been properly implemented and playsshort-range part.
large role, as we discuss below. Tables IV and V demonstrate that all the sensitivity of the

The different terms in the potential were multiplied by analyzing powers to the tensor force comes from the pion
constant strength factors. One might argue that more fredail. The short-range tensor force has nearly no effect on the
dom results if one changes the shape of the radial functionanalyzing powers.
in the potential, as well. Unfortunately, this will not help  For the central force the pion tail is much less important
much. Because the radial function for the one-pion-exchangtan the short-range part, which is well known. What is im-
potential(OPEB is well known, such a change could only be portant here is that changes in all short-range operators cause
made for the radial functions associated with the short-rangeoughly the same change in the two-body and three-body
operators in the potential. But it is demonstrated in Tables lanalyzing powers. The reason is that the two-body and three-
I, IV, and V (for an explanation of Tables IV and V, see body matrix elements of a short-range operator are roughly
below) that such a modification will result in roughly the proportional to each other, as demonstrated in Tables I, I,

V. THE SIZE OF THE REQUIRED CHANGES
IN THE NN POTENTIAL

TABLE V. Same as Table Il, but for the short-range and OPEP parts of the central and tensor force

separately.
Eap (MeV) Change A, A % Change Ay A %
3 1.1*vgR  0.04732 0.00214 4.74 1.1*v2*FP  0.04473 —0.00045 —1.00

3 1.1*v3®  0.04552 0.00034 0.75 1.1*V9"EP 0.04200 —0.00318 —7.04
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TABLE VI. Same as Table |, but for the npP; phases aE,=1 MeV. The values for the original AV18 are 0.18045 fti,,
—0.10737 for®P,, and 0.022529 forP,.

Phase Change Phase A % Change Phase A %
%Py 1.1*V¢ 0.17980 —0.00065 —0.36 0.9%V¢ 0.18111 0.00066 0.37
P, —0.10831 —0.00094 0.88 —0.10644 0.00093 -0.87
°p, 0.022130 —0.00040 —-1.77 0.022951 0.00042 1.87
3P, 1.1*V+ 0.20495 0.02450 13.58 0.9% 0.15680 —0.02365 —-13.11
p, —0.11575 —0.00838 7.80 —0.09891 0.00846 —7.88
P, 0.025649 0.00312 13.85 0.019527 —0.00300 —13.33
3P, 1.1*Vg 0.17883 —0.00162 —0.90 0.9% 0.18217 0.00172 0.95
3P, —0.10768 —0.00031 0.29 —0.10706 0.00031 -0.29
P, 0.024190 0.00166 7.37 0.021003 —0.00153 -6.77
%Py 1.1*V2 0.18042 —0.00003 —0.02 0.9%V,2 0.18049 0.00004 0.02
P, —0.10735 0.00002 —0.02 —0.10740 —0.00003 0.03
sp, 0.021871 —0.00066 —-2.92 0.023253 0.00072 3.21
P, 1.1*V g2 0.17921 —0.00124 —0.69 0.9V )2 0.18173 0.00128 0.71
p, —0.10751 —0.00014 0.13 —0.10724 0.00013 -0.12
sp, 0.022001 —0.00053 —2.34 0.023070 0.00054 2.40

IV, and V. Thus if a change of the strength of a short-rangephase, and by roughly half the amount that the tensor force
operator causes a certain relative change in the two-bodghanges this phase. Because there is no cancellation from the
matrix element, the three-body matrix element will beother two phases, the effect of the spin-orbit forcefgnis
changed by roughly the same relative amount. larger than that of the tensor force. The other three terms
Thus we find that if we do not want to change the two-have only a small influence on the phases andAgnthey
body analyzing power but want to increase the three-bodyrimarily affect 3P,. The central force has a modest effect
analyzing power we must modify the long-range force. Be-on 3P;.
cause the only long-range NN force is the OPEP, this is the What happens if we require that our changes to the poten-
part that must be changed. The required increase is of thgal leave not onlyA, unchanged, but also th&P; phases?
order 30-50 % in order to get the 30% increasé\jn and  Obviously we will get three additional equations to be ful-
this is unreasonable. Thus, all the solutions for E8sand filled together with Eqs(2) and(3). These are
(3) are inconsistent with the OPEP and therefore out of the

guestion. —0.046c+ 1.467—0.165—0.07545)2=0,
In summary, the only way to keep, unchanged and
simultaneously raisé, would be a very large strengthening 0.16c+0.867+ 0.036s+0.019;5)2=0, (7)
of the one-pion-exchange potential, and this would not be
credible. Thus a solution of th&, problem by such changes —0.25c+1.467+0.75,s—0.35,2— 0.25;5)2=0.

in the NN potential is not possible. In the next section we
shall also demonstrate the importance of OPEP for¥fRg  Thus we now have five equations for five unknowns. The
phase shifts. solution of these five equations is unique and givks
= 177, 51—: - 19, 5|S: 141, 5|2:577, and 5(|S)2: —681.
VIl. THE 3P, PHASE SHIFTS Changes of this order are totally out of question, and there-
fore we can conclude that reasonable changes in the NN
Up to now we have looked at observables, but we haveotential cannot keep the two-body phase shifts and observ-
not checked what effects the changes that we made in th&bles unchanged, while at the same time increasing the three-
NN potential have on théP; phase shifts. Table VI gives an body analyzing power by the amount required by the data.
overview. In the discussion above we left out tHE, phase and the
The first noticeable thing in Table VI is that each of the *P,-3F, mixing parametek,, because they are less impor-
different terms of the potential affects tR@; partial waves tant for the analyzing powers. These parameters are also
in very different ways. The tensor force has the largest effecthanged by the modifications we made to the different po-
on the phases, although it does not domisjeThe tensor tential terms. Requiring these two parameters to be un-
force changes all three phases in the same directidpand  changed as well would lead to two additional equations be-
3P, by roughly the same amount afié, by about half this  sides the three Eq$7), so that then we would have seven
amount. Because th&P; phases influencé, in different  equations for five unknowns. Unless there would be a redun-
ways, the changes in the phases partially cancel each otherdancy within these seven equations this set would have no
As. solution. Therefore our conclusions would remain the same
The spin-orbit force changes essentially only the,  even if we would considefF, and e,, too.
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FIG. 2. The 3P, phase shift divided bye®? The solid line
denotes AV18, the dashed line AV18 witf" set to zero, while the
dotted line is the difference between the dashed and solid lines.

constraints. Thus even if it is possible to describe the NN

FIG. 1. The®P, phase from the Nijmegen PS&]. The dashed

data at a single energy with several sets of differéRy

line is the prediction for the OPEP only, the dotted line is the resuliphaseg(as it is clearly shown if6]), it is virtually certain
Of the PSA W|th one parameter, and the SO|id |ine is the final resulthat a“ but one are ruled out |n a multl_energy phase_shlft

of the Nijmegen PSA with three parameters. The filled circles de'analysis.

note results of the single energy analysis.

no CIB and CSB in the’P; waves and that théP; phase
shifts should not deviate from the results of the Nijmegen
phase-shift analysi®®SA) (with which the AV18 potential is
commensuraje

Indeed, this is the longstanding position of the Nijmegen

o group[20,25: phase-shift ambiguities at a given energy are
Heretofore we have made two assumptions: that there issmoved by performing a multienergy analysis and by add-

ing additional physics.

Physics in our case means OPEP. The inclusion of OPEP

indeed restricts the possible freedom for changes ir'the
phases drastically. This is demonstrated in Fig. 1, which is

The second assumption was questioned very recently By en from Ref[8]. Figure 1 shows that the prediction for

the author of[6] (see also Table IIl of7]). He shows that
there is room for some changes in tAB; phase shifts at
lower energies due to the fact that there are not enough N
data to determine the low-energdP; phases uniquely. In
fact, in [6] the Fermi-Yang ambiguities were rediscovered
which were first found forrN scatterind 24]. If a set of two

3p, by OPEP alone already gives the correct shape of this
hase. Adding one more parameter into the PSA for shorter-
nge effects gives essentially the correct result. For a perfect
X2 fit only two additional parameters are needed. In other
'words, all short-range effects ifP, can be explained rea-
sonably well with one parameter only, which leaves very

or more phase shifts shows sensitivity in only one observyiie room for changes in this phase.
able, Fermi and Yang discovered that there is a continuous gyan if we assume that it is justified to modify the,

ambiguity in the determination of those phase shifts by_aphases at low energies within the limits giver{@), one can

single-energy analysiglf a second observable shows sensi-
tivity, the ambiguities become discret@hat is exactly the

show that this cannot solve ti#g, problem. In Figs. 2—4 we
show the®P; phase shifts as they change with energy. We

situation we face: the only two-body observable showinghave divided the phase shifts 72, because the threshold

strong sensitivity to thé’P; phases at lower energies is the

behavior for phase shifts at low energies is given by

analyzing poweA,. In a low-energy approximation it can be 5,k? "1, From Figs. 2 and 3 we see th3®, and 3P, start

written in the form

Ax(0)=F(0)(—283p,~353p, +553p +C).  (8)

to deviate from the threshold behavior at 1 MeV, although
not very strongly. The’P, phase on the other hand exhibits
a nearly perfect threshold behavior up to 10 Méxig. 4).

This means that foPP, at least, changes below 5 MeV must

The constantc includes the dependence of partial waves
other than®P;, which play only a minor role. It is obvious
from Eq. (8) that any combination of théP; phases that
leaves the sum{Zéapo— 3spt 553p2) unchanged will do

equally well in the description oA,. _

Thus these ambiguities are clearly there, but do they give%)
any freedom for changes in th&P; phase shifts as deter- £
mined in the Nijmegen PSA? They do not, as we shall show
next.

First of all one can argue that in a multienergy phase-shift
analysis the low-energyP; phases are not only determined
by low-energy NN data but by other constraifit®ntinuity
and analyticity, whereas the analysis done[#B] is equiva-
lent to a single-energy phase-shift analysis and lacks these

0.00

—0.02

-0.04

—-0.06

—-0.08

—0.10

Eyy [MeV]

FIG. 3. Same as Fig. 2 but foiP;.
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Also given are the phases which could be

be accompanied by corresponding changes up to 10 Me%
and possibly higher. But at those higher energies there is n8
room for changes ir’P, [6]; thus it cannot be changed at
lower energies either.

We next notice from Figs. 2—4 that the short-range part o&
the tensor force/T has only a very small effect on thiP,
phases. This fact repeats our findings from Tables IV and o
that the effect of the tensor force is almost exclusively in theZ
one-pion-exchange part. Thus any major changes in the ters
sor force(which are necessary for any improvement in thes
A, problem, as we have seen abpwveust be made in the
OPEP, which will not accommodate a drastic change.

One might still argue that for small changes in tfe;
phases at low energies a change in the short-range tens
force might be sufficient. In order to show that this cannot b
true, we have plotted in Figs. 2—4 the differen@®tted
lines) between the phases for AV18 without the short-rang
tensor forceVT and for the full AV18, again divided by
E®2 These lines are virtually constant for all three phases
This means that the contribution ®" to the °P, phases
exhibits a perfect threshold behavior up to very high energie
and thusV is essentially determined by a single paramete
for each of the®P; waves. In other words, a change\f§®
leads necessarily to a change of the phase shifts for all en
gies, and this change is proportional#d? up to very high
energies. It is impossible to change the phases at low en
gies viaV?R without disagreement with data at higher ener-
gies.

Let us go even one step further. Let us follp&} and take
3P, phases that are modified at low energies in the spirit 0
[6] as shown in Table VII, and refit the AV18 potential to -
them. These modified phases were merely an exercise to t
the flexibility of realistic NN potentials against the con-
straints of the data, rather than an attempt to improve th
description ofA, . (Note that only*P,, 3P, and *P, were
modified atE;,=1, 5, and 10 MeV, with the largest modi-
fication required at 1 MeV and the smallest modification
required at 10 MeVj. Attempts|[26] to fit the potential to
these modified®P; phases were unsuccessful, unless th
pion-nucleon coupling was weakened. The reason for th
necessity of weakening the pion coupling was that Table VI
requires a weakening itP, by 5% at the lowest energy, and
this could only be achieve[26] by a weaker pion-nucleon
coupling. This is in perfect agreement with our findings
above. According to Table VI only a weaker tensor force cal
decrease®P,, significantly, and as we see in Table IV this
requires a weaker OPEP.

spiritedf(see

hH

r

ared to phasg’s whtr8vere modifi

Genfish] corﬁb

achieved by the potential refitted to the modified ph426% Note that the pion-nucleon coupling constant was only allowed to change slightly during the refit process. The difference in p

8p
between the modified and the achieved phases is given as well.

eﬁongmal AV1

t.

parameters ®f th

HAt

Phase®

TABEE VII.

3F2

AV18 Mod.

€2
Mod.

3P2

AV18 Mod.

3P1

Mod.

3P0

%

Ach.

%

Ach.

%  AV18

Ach.

%

Ach.

AV18 Mod. Ach. % AV18

Ejap

UCLEAR FORCE

0
0

0.000 0.000
0

0.00

0

0
-0.5 0.01

—-0.8 0.08
-13 0.28

—0.001
—0.049
—0.184
—0.762
—1.657
—2.653
—2.910
—2.792
—2.503
—2.149
—1.786

—0.001
—0.049
—0.185
—0.768
—1.678
—2.692
—2.946
—2.822
—2.539
—2.207
—1.879

—0.00
—0.05
-0.19

0.023-4.3

0.024

0.02

0.26

0.72
2.57
5.86

1.9

—0.107
—0.921
—2.026
—4.778
—8.079
—12.998
—17.238
—21.189
—24.921
—28.450
—31.783

—-0.105
—-0.913
—2.021
—4.819
—8.145
—13.065
—17.284
—21.221
—24.953
—28.495
—31.851

-0.11
—-0.93
—2.04
—4.82
—8.15
—-13.07
2.1 —-17.28

41
—-5.6
-1.8
-11
-0.7

0.178
1.619
3.649

0.171
1.581

3.616

0.18
1.64
3.71
8.32
10.99
8.69
3.78
—1.43
—6.41
—11.06
—15.36

0.00 0.002 0.002

0.262 -1.9

0.267

0.9

2.4

0.9
-1.9

0.011 0.011

0.733-0.7
2.601

0.738
2.570

0.2

10
25

0.086 0.083 —3.6

1.2 —-0.77
0.5 —1.68

8.167
10.801 —1.8

8.320

0.280 0.259 —8.1

5.895

5.863

-0.8

10.993
8.691

50

0.668 0.590 —13.2

0.67

-15
—-1.2

—2.69
—2.95
—2.82
—2.54
—-2.21
—1.88

—0.5 11.00 10.998 10.980-1.6
—-0.3 14.12 14.120 14.065-0.4
—0.2 15.86 15.862 15.799-0.4
—0.1 16.70 16.694 16.640-0.3
—0.2 1691 16.908 16.863—-0.3
—0.2 16.69 16.686 16.646—0.2

-1.1

8.595

100
150
200
250
300
350

0.98 0.979 0.863-134

1.

3.788

—1.350

—6.299
—10.935
—15.245

3.780
—1.426

1.149 1.030-11.6
1.097 0.997 —10.0
0.766 0.688 —11.3

15

-11

—21.22
—24.95
—28.49

—31.85

1.10
0.77

-14

—6.410
—11.056
—15.358

—-2.7

0.14 0.137 0.062—21.0

5.2
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TABLE VIII. CIB effects in degrees for the preliminary CD-Bonn99 potenfizgl] and from[28] com-
pared to CIB in the modified Bonn B ¢#]. E,,=10 MeV refers to CD-Bonn99 an@8], and 12 MeV to
the modified Bonn B. The CIB effect is defined 8gg= ,,—0.5*(Spnt Jpp)-

3 3 3
Po Py P,

IR i B il . W S . B

5 —-0.237 -0.250 0.515 0.112 0.117 0 -0.011 -0.011 0

1012 —0.466 —0.492 1.405 0.198 0.206 —0.015 -0.032 -0.032 0.005

25 —-0.822 -0.858 2.575 0.314 0.322 -0.025 -0.103 -0.101 0.015

50 —0.943 -0.960 3.275 0.368 0.366 —0.035 -—0.188 -—0.184 0.045

It is also interesting to note from Table VII that the at- required 30%. Similarly, another study contained [R,
tempt to fit the phases that were modified at the lower enewhere the NijmegeriP; phases where changed by up to 3%,
gies led to changes in the phase-shift predictions of the poshowed that within this restriction a solution of thAg prob-
tential at all energies. The most dramatic changes in théem is not possible. From this we conclude that even if a
phase-shift prediction of the refitted potentis comparison  modification of the low-energy’P; phase shifts could be
to the original potentialare found at the higher energies for justified and a fit of the potential to those modified phases
3F,. Most of the predictions of the refitted potential féf,  would be possibléwhich it is not for the case aboyit is not
fall outside the error bars of the Nijmegen P$8]. We likely to solve theA, problem.
based this judgment on the error bars that are givé8]ifor
the pp phases; unfortunately RE8] gives no error bars for
the np isovector phases. The refit procedure for the potential
was also based on these error &8

This shows that a refit of the AV18 potential to the The first of the two assumptions mentioned in the previ-
energy-dependent modified phases of Table VII within theous section, namely that there is no CIB and CSB iniRg
error bars for the phase shifts as given in R&} is not  waves, might be questioned because it was shovd]ithat
possible, though the required changes for Rg phases are the introduction of a very strong CIB and CSB in the Bonn B
very moderate. Also, because in the refit process the piorNN potential makes it possible to keep the two-body observ-
nucleon coupling constant was allowed to change onlyables unchanged while increasing theAyby the necessary
slightly [26], the refitted potential fails to reproduce the amount. However, théP; phases were strongly changed.
modified phases below 10 MeV for all thré®; phases. In  The 3P, pp phases, for example, were changed by about
other words, the changes in the phases we aimed for could &% at all energies. This is in clear contradiction with that
achieved only partially, at the price of unwanted changesNijmegen phase, which has a statistical uncertainty below
The x? per phase-shift datum of Table VII for the refitted 1% at the energies considered here. Moreover, two very re-
potential is 23, mainly because of the bad description of theent studie$28] and[29] show that the CIB and CSB used
modified P, phases below 10 MeV and F, at the higher in [4] cannot by justified on physical grounds. [|28] and
energies. Nevertheless, thé per np datum did increase [29] the authors study those CIB and CSB effects that are
only by about 3% for the refitted potential compared to thepossible within the conventional meson-exchange model of
original potential. This reflects the fact that tRE, phase is  Ref.[30]. In the meson-exchange picture CIB and CSB are
very small and therefore has not much influence on the nprimarily caused by the differences between the neutral- and
data. charged-meson masses, as well as the different nucleon

Although the modified phases of Table VIl are not chosemmasses. In Tables VIl and IX we compare the CIB and CSB
specifically to give an improvement i, , the fact that they as calculated if28] and[29] with the one used if4] (CIB
force the pion-nucleon coupling constant in the potential teand CSB effects for the preliminary CD-Bonn$91] are
become smaller indicates that the refitted potential will giveshown as well for later ugeFor 2P, the CIB and CSB used
an improvement inA, . However, this improvement turned in [4] is not only much stronger than can be explained by the
out to be far too small27], namely only 3% instead of the meson-exchange picturéhe CSB is a factor of 20 too

VIIl. CHARGE INDEPENDENCE
AND CHARGE-SYMMETRY BREAKING

TABLE IX. CSB effects in degrees for the preliminary CD-Bonn99 poterjttdl] and from[29] com-
pared to CSB in the modified Bonn B pf]. E,,,= 10 MeV refers to CD-Bonn99 an@9], and 12 MeV to
the modified Bonn B. The CSB effect is defined &gg= 6nn— pp -

3 3 3
Po Py P,
B MeV) OB S IS Y B A Y A o
5 0.008 0.009 -0.23 -0.002 -0.002 -0.02 0.002 0.003 0
10(12) 0.018 0.019 -0.63 —-0.008 -0.002 -0.07 0.006  0.007 0.01
25 0.040 0.042 -1.15 -—0.001 0 —0.13 0.022  0.025 0.03

50 0.056 0.057 —1.49 0.006 0.010 -0.11 0.051 0.056 0.09
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strong, but both also have the wrong sign. The same is trughe increasing effects just overcome the decreasing one.
for CSB in the P, partial wave, whereas for the CIB in the ~ We also note that thé, problem exists in pd scattering
3p, and 3P, waves we note the far larger effects @8]  [12], as well, and this involves the well-known pp interaction
and CD-Bonn99, which has the opposite sign to the modifiedather than the poorly known nn force. Thus for all of these
Bonn B. reasons we can exclude CIB and CSB as a solution oAthe
The CIB and CSB as calculated [28] and[29] have  problem.
been built into a new version of the CD-Bonn potential, the
so-called CD-Bonn9931]. In addition, the CD-Bonn99 in-
cludes CIB effects from irreducible— y exchange as cal-
culated by van Kolclet al. [32]. The CD-Bonn99 potential In Sec. Il we laid down the principles and options of our
has the pion-nucleon coupling constant of the Nijmegerstudy of theA, puzzle. Any NN potential should fit the NN
PSA, gi/4w=13.6, whereas the studi¢28] and[29] (as data reasonably well, and if it does so, it gives the same
well as Bonn B use a larger pion-nucleon coupling constantanswer forA, as all other potentials. The NN potential has
of ng/47-r=14.4. Thus the CIB and CSB effects in CD- an OPEP as the long-range part, which is very well known.
Bonn99 are generally smaller than those giveid8] and  There is, however, much more uncertainty in the short-range
[29] (see Tables VIII and IX We had a preliminary version parts of the NN potential. We argue that CIB must be a small
[31] of this potential at our disposal, which we tested in theeffect. Current 3NF models do not help Ag .
3N analyzing powers. For simplicity we restricted CIB and In order to study the possibilities of changes in the NN
CSB to the partial waves that are essential for our problenfiorce we chose the AV18 model, which is introduced in Sec.
(i.e., 1Sy and 3P;). In all other partial waves we used the np lll. It consists of the OPEP and a phenomenological short-
force only. This calculation is to be compared to one whergange part. This potential has five different operators that
the CD-Bonn99 np force is used in all partial waves. Thecontribute to the®P; waves(which are the only important
CIB and CSB built into CD-Bonn99 gives an increase in theones forA,).
maximum ofA, at E,,=3 MeV of about 4% and i, of In Sec. IV we showed that it is possible to improve the
about 10%. The increase A, is far too small to come close description of the three-bodf, and at the same time keep
to the nd data. FoiT ;, there are no nd data, but a compari- changes in the two-bodk, small, but that huge changést
son of a pd calculation using the AV18 potential with pd dataleast in the tensor for¢eare necessary in order to achieve
at 3 MeV[13] shows a 50% discrepancy. Thus we can conthis. As pointed out in Sec. V such huge changes in the NN
clude that although the CIB and CSB effects as built into thepotentials can be ruled out, and there is only very little room
CD-Bonn99 potential go in the correct direction, they arefor changes in the NN potential at all.
much too small to explain the discrepancies in the vector Indeed, the tensor force acts largely through OPEP, and
analyzing powers. that is the reason why only the tensor force has a signifi-
At first sight it might be surprising that the CD-Bonn99 cantly different effect in the two-body and three-body sys-
potential gives an increase in the analyzing powassdoes tems, as shown in Sec. VI. Thus the only way to incredse
the modified Bonn B because all CIB effects of the two and keepA, unchanged at the same time is to change OPEP
potentials have opposite signs. But a closer look at Tablé®y 30—-50 %. This is impossible.
VIII shows that there is no inconsistency. Let us remember Moreover, as we see in Sec. VI, the additional require-
first that in order to increas&, one has to decrea%poand ment of keeping théP; phases unchanged, as well, leads to

increase&pland 53p2(that is, the magnitude of those phases;the requirement of even more drastic changes in the NN

. . . _potential.
53plhas a negative signWe also remember that in a charge We also comment in this section on RES], where it is

dependent Faddeev calculation the CIB effect can be takeflzimed that there is much room for change in the low-
into account via an effective matrix (or with the potential energy 3P, phases. Unfortunately this is true only if addi-
mutatis mutandistes=1/3 typ+2/3 toypp , if We neglect  tional constraints are not applied. The ambiguities for the
!sosp!nT=3/2 ghannels'( representlng.the total t_hre_e—body 3p, phases found ifi6] can be removed by performing a
isospin. Thus if we want to get an increase W, in a  myltienergy analysis and by including additional physics
charge-dependent calculation in comparison to a chargqi_e_, OPEBR.

independent calculatiofwhich uses the np force onlywe Finally we excluded CIB and CSB as a possible explana-
need asc;g for *Po and °P, with positive sign(again note  tion of the A, puzzle in Sec. VIIl. Although we did not
that 83p is negativg and of negative sign fofP,. So we see  comment on the effects of long-range electromagnetic forces,
from Table VIII that the modified Bonn B of Reff4] has the it was shown in a recent papgg3] that they have no major
correct CIB in 3P, in order to increasé\,, but the wrong effect onA, .

CIB in the other two phases. But the CIB effects of the Thus we have eliminated all possibilities for solving the
modified Bonn B in these other two phases can be neglectedl, puzzle on the two-body level. Therefore we come to the
against the huge CIB ifP,. Thus the large increase A&y of  conclusion that the only possible solution for thg puzzle

the modified Bonn B in comparison to the original Bonn B must be a 3NF. This 3NF must be a term that has not yet
comes only from®P,. For CD-Bonn99, on the other hand, been taken into accoufit7]. Because of the nature of the
we find the correct CIB for an increase Af, for 3p, and  analyzing power as a difference between cross sections with
3p, and the wrong CIB forP,. Also the CIB effects in all  different spin direction for one of the incoming particles, it
three phases are of the same order of magnitude. So fonust be a spin-dependent 3NF. Likely candidates are spin-
CD-Bonn99 we have an interference of opposite effects, andrbit-type 3NF's[17]. We also note that there is a similar

IX. SUMMARY AND CONCLUSIONS
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problem with the®He energy levels, where the,,—P3, TMO) ambiguity arising from energy dependence in the
splitting is 20—30 % too small34]. This seems likely to force (discussed in detail in Ref38]); (2) u,v unitary am-
have the same origin as tig puzzle and, if so, would have biguities due to chiral representation and choice of quasipo-
the same solution. tential (defined and discussed ji7]); (3) “form” ambigu-
Another strong hint that a 3NF is the solution of tAg ities, where the entire structure of the quasipotential equation
puzzle is the fact that ir[6,7,5 only energy-dependent is altered, such as by squaring the relativistic Sdhwger
changegchanges in shapef the *P; phases are considered equation[see Eqs(103 and (104 of Ref. [16]]. In each
as possible solutions and energy-independent changes arase, specifying the form of OPEP eliminates the ambiguity
ruled out. But an energy-dependent change in the NN forc®y fiat. Moreover, the Bonn potentials differ from most oth-
(which we do not accept as a possibility, see Sedslvery  ers in theiru, v parameters and this makes little difference in
likely equivalent to adding a 3NFn the three-nucleon sys- the A, problem, as was shown in R¢R], for example.
tems. This point is also supported by the fact that the at- We succinctly summarize by stating that if OPEP is not
tempts[26] to fit AV18 to the energy-dependent modified dramatically changed and if long-range electromagnetic
3P, phases of Table VII were not possible with a satisfac-forces are unimportaf83], the remaining short-range forces
tory value fory? per phase-shift daturf26]. cannot fix theA, problem. Because these forces are propor-
We would like to point out that in order to investigate tionate in the two- and three-nucleon systems up to quite
such 3NF's it is desirable to have a consistent description ofiigh energies and are fixed by all the NN data in this range,
the NN and 3N force. Otherwise the complicated interplaythey cannot be altered to resolve the puzzle. This conclusion
between inconsistent NN and 3N forces might lead to wrongs in clear disagreement with the authors of Ré&f. Also,
conclusions. A consistent description of NN and 3N forcesunlike the conjecture of Ref7] we find no evidence that
such as realized in the Ruhrpot mod&5], also has the prior phase-shift analyses are questionable. If modifications
advantage that the 3NF is essentially parameter{free all  of the NN potential are ruled oyts we have argugdonly
parameters occurring in the 3NF are already given by the NNwdditional (or modified 3NF components remain as a pos-
force and its fit to the NN data bgse sible solution to theA, puzzle.
We mentioned in Sec. Il that an off-shell ambiguity is
equivalent to a 3NF. Is this a serious consideration for our
problem? In principle it might be, but in practice it is not. ACKNOWLEDGMENTS
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