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Coulomb effects in nucleon-deuteron polarization-transfer coefficients
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Coulomb effects in the neutron-deuteron and proton-deuteron polarization-transfer coeﬂﬁ'@éms)z" ,
K?lxuy'y' , andKf,'Z’ are studied at energies above the deuteron breakup threshold. Theoretical predictions for
these observables are evaluated in the framework of the Kohn variational principle using correlated basis
functions to expand the three-nucleon scattering wave function. The two-nucleon Arggyered the three-
nucleon Urbana IX potentials are considered. In the proton-deuteron case, the Coulomb interaction between the
two protons is included explicitly and the results are compared to the experimental data availghlg at
=10,19,22.7 MeV. In the neutron-deuteron case, a comparison to a recent measureK\ﬁriprempen
et al.atE;;,=19 MeV evidences a contribution of the calculated Coulomb effects opposite to those extracted
from the experiment.
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The three-nucleon (8) system is an excellent testing 2N system is still open to improvements, it is natural to
ground for the nuclear interaction. The last generatitd  extend the study of the nuclear interaction to ti $/stem.
interactions can be used to calculaté Bound and scattering The polarization-transfer CoeﬁicientK¥’ , K>Z<’ and
states and important conclusions about the capability oerxr,yryr KZ7' have been measured ver .

. : . , y recently in the
those interactions to reproduce thBl 8lynamics can be de- Y v N
rived from a comparison to the experimental data. In the 3 €lastic reactiorD(p,p)d and D(p,d)p at Elab:, 19 MeyV,
system the potential energy consists of a sum of the pairwistespectively[2]. Furthermore, the coefficienq has been
NN interaction and a term including a pure three-nucleonmeasured at the same energy for the neutron-deuteron reac-
interaction(TNI). The TNI term is not very well known and, tion[3] allowing interesting comparisons to calculations with
in general, its strength is fixed so as to reproduce the experdr without the Coulomb interaction. In the mentioned works,
mentalA= 3 binding energy. Due to recent advances in thea number of calculations for these observables have been
solution of the 3 continuum, the possibility of using the\s ~ performed by the Bochum group solving the Faddeev equa-
scattering data to improve the TNI is at present feasibletions in momentum space. Different modédiN interactions
Because of this, a correct treatment of the Coulomb interadiave been considered as well as the Tucson-Melbourne TNI.
tion in the description of the proton-deuteron reaction is re-The main conclusions from Ref§2,3] are (i) the nucleon
quired, which has been a difficult problem until recently. coefficientsk), , K3 show a scaling behavior with the triton

However, the Bl continuum is largely dominated by théN  binding energy whereas the deuteron coefficients
interaction, so the specific sensitivity of particular ObserV'Kx’x’—y’y' KZ'Z' do not, andii) the nucleon coefficierk?’
ables to the TNI is of interest. ﬁ Ty ble C ,I b effects in its mini yt h

Here we focus attention on the polarization-transfer coef> OWS appreciable Loulomb etects in Its minimum at the
. v X XX —y'y 27 center of mass anglé. ,~110°. A definitive conclusion
ficientsKy , K; andKj , Ky * inthe three-nucleon  apout the capability of the theory to describe these coeffi-
system. These coefficients are sensitive to the tensor forcgents cannot be extracted from REZ] since the Coulomb
and their study from an experimental and theoretical point ofnteraction was neglected in the calculations. On the other
view provides information about parts of the nuclear interac- . y' : ;

hand, in the case oKy it was possible to make a direct

tion not comp_le_tely under control: For e>_<ample, in th 2 comparison to then-d data of Ref[3]. A spreading of the
system the mixing parametey, which is directly related to

the tensor force, has been studied very recently in a doublredictions of the purdiN forces at the minimum ok has
polarized neutron-proton experiment at low eneftjy The _been observed. This spreading _has been reIat<_ad to foe_rences
results appear to be in disagreement with the predictions dff the deuteronD-state probability and the triton binding
the moderrNN interactions. On the other hand, the calcula-€N€rgy given by the differerliN models. However, when
tions of e; and several othersNe phase-shift and mixing the TNI was included, and its cutoff dependence fixed to
parameters using these new interactions, which describe tifgProduce the experimental value of the triton binding en-
2N data withy2/N~1, show non-negligible differences be- €9y, the predictions did not show such a spreading any
tween the different models. These differences are relatefiore. All calculations underestimated the minimum by about
possibly to an incomplete database or to a low sensitivity oft0%- . _ o
some parameters to a large number of observables. To pin The main results of the present paper are given in Figs.
down the noncentral parts of theN interaction necessitates 1—3- In Figs. 1 and 2 the polarization-transfer coefficients
measurements using polarized beams or targets which, ffalculated for a few potential models B, =19 MeV are
general, are difficult to perform. Though the picture of theshown. In Fig. 3 the results fd(} are given at other two
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FIG. 1. The polarization-transfer coefficient and Kg," at
E.b=19 MeV. Calculations are shown fprd scattering using the
AV18 (solid line) and AV18+UR (dotted ling potentials and fon-
d scattering using the AV18 potentidlong-dashed line Experi-
mental points forp-d scattering(circles and for n-d scattering
(squaresare from Refs[2,3], respectively.
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FIG. 2. The polarization-transfer coefficienlsj'x"y'y' and
K?Z' atE;,,=19 MeV. Calculations are shown fed scattering
using the Av18(solid line) and AV18+UR (dotted ling potentials
and forn-d scattering using the AV18 potentidbng-dashed ling
Experimental points fop-d scattering(circles are from Ref[2].

ducing the®He binding energy9]. A neutron-deuteron cal-
culation using AV18 is also showflong-dashed line Re-

energies,Ejop=10 and 22.7 MeV. The calculations have syits are given in Fig. 2 for the coefficierk§ ™ "¥" and

been made using the Kohn variational princighe/P) with

an expansion of the scattering wave function in terms of th

pair correlated hyperspherical harmonic bddis The use of

;’Z' and in Fig. 3 for the coefficieriq' at Ej,,=10 and

$2.7 Mev. Experimental data are from Refg,10,11.

Let us discuss first the results for the nucleon coefficients

the KVP to describe proton-deuteron scattering at energies,

above the deuteron breakup has been discussed by the

thors in Ref[5]. Details of the method are given in RE6]

& and K’Z" atE,,=19 MeV. Thep-d AV18+UR and the

n-d AV18 curves are very close to each other showing that

together with results of the nucleon-deuteron cross sectiofyoulomb and TNI effects are of the same size. Moreover, the

and vector and tensor analyzing powers up Hy,
=30 MeV.

In Fig. 1 the theoretical predictions fdﬂz/ and K§' are
compared to the experimental data of R¢53]. Calcula-

AV18+UR calculations fop-d scattering reproduce thed
data reasonably well. A comparison of the AVi& andn-d
curves shows that the Coulomb interaction tends to increase

the absolute values dK’Z(' and Kij' at 6. ,~110° in the

tions for proton-deuteron scattering have been made usingl@ximum and the minimum, respectively. Conversely,rthe

the Argonnev g (AV18) potential[7] (solid line) and also
with the inclusion of the Urban@JR) [8] TNI (dotted ling.

d Kgr datum at the minimuntshown by a square in Fig) is
above the correspondingd datum. In other words, the in-

The potential model AV18UR has the property of repro- clusion of the Coulomb interaction in the calculations in-
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, shift below thep-d data, as has been analyzed in H&f.

1 This conflict between theory and experiment at relatively
low energy is of interest. However, a larger number of data
points seems to be necessary before formulating a final con-
clusion.

, The results for the deuteron coefficierK%/X"y'y' and

K 1,1 . . .,
Ky * given in Fig. 2 are less sensitive to Coulomb and TNI
effects. Thep-d AV18 curve seems to underestimate the

) AN . ..
maximum ofK; X 7YY as well as to overestimate the mini-

mum ofKi’Z' both até, ,,~130°. Thep-d AV18+UR curve
slightly improves the description, but larger TNI effects seem
to be necessary to correctly describe these peaks. Certainly
smaller error bars would allow a more conclusive analysis.

In Fig. 3 the energy dependenceK)f can be analyzed.
At E,p=10 MeV the three curves are close to each other
and describe reasonably well the experimental points of Ref.
[10]. The minimum observed at higher energies is very shal-
low here and Coulomb and TNI effects are small. Con-
versely, atE|,,=22.7 MeV we observe a well-pronounced
minimum in which Coulomb and TNI effects are even larger
than atE;;,=19 MeV. Again the AV18-UR curve gives
] the better description of the data of REf1].
0.2 - E_=10 MeV | In cqnclusion, t_herg are appreciablg'Coqumb and TNI
° effects in the polarization-transfer coefficients. The two con-
‘ ‘ I tributions are of the same order of magnitude, the same situ-
O a5 90 135 180 ation being observed in the calculation of the three-nucleon
0, [deg] binding energy. In fact, the triton binding energy calculated
with any of the new locaNN interactions isB;~7.6 MeV
FIG. 3. The polarization-transfer coefficieln{ atE,=10and  [12]. When the Coulomb potential and TNI terms are taken
22.7 MeV. Calculations are shown fgrd scattering using the into account, with the TNI strength fixed to reproduce the
AV18 (solid line) and AV18+UR (dotted ling potentials and fon-  experimental binding, the valuB(*He)~7.7 MeV is ob-

d scattering using the AV18 potentidlong-dashed line Experi-  tained. So, the scaling property found in the Coefﬁcie(-etls
mental points forp-d scattering(circles are from Refs[10] (10 X' .
MeV) and[11] (22.7 MeV. andK; explains why thep-d Av18+UR and then-d AV18

are close to each other. On the other hand, the explanation of
) ) . the opposite value of the calculated Coulomb effects and
crease (110°), contrary to the experimental observation. those extracted from the experimental data is not clear at the
The fact that then-d curve describes the-d K§ (110°) da- moment. New measurements of the nucleon-deuteron
tum should be taken with caution since when the Tucsonpolarization-transfer coefficients could be useful for a more
Melbourne TNI is included, the theoreticald predictions extensive analysis of the discrepancies observed.
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