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Positive pion absorption on 3He using modern trinucleon wave functions
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We study pion absorption ofHe employing trinucleon wave functions calculated from modern realiitic
interactiongParis, CD-Bonh Even though the use of genuine trinucleon wave functions leads to a significant
improvement over older calculations with regard to both cross section and polarization data, there are hints that
polarization data with quasifree kinematics cannot be described by just two-nucleon absorption mechanisms.

DOI: 10.1103/PhysRevC.67.044003 PACS nun)er25.80.Ls, 21.45tv, 24.70+s, 25.10+s

[. INTRODUCTION triton). This is the inverse of two-nucleon pion production in
the presence of &hopefully) inactive spectator. Here the
One hope in building the so-called meson factories todnitial state nuclear wave function is known, in principle,
wards the end of 1970s was to use mesons, in these facilitiexactly from Faddeev calculations and the final state pair is
pions, as probes of nuclear wave functions and nuclear strusimilar to those treated in two-nucleon reactions. Success in
ture at short distancg4]. However, on the theoretical side it this simplest case might open the door to modelingth
soon turned out that meson interactions even with the twoexplicit inclusion of the spectatpthree-nucleon absorption
nucleon systems were quite a challenge and most work corfwhere data from PHI12] are availablgand the breakup of
cerned thes¢2]. Pion production physics obtained a new 3He into a deuteron and a proton—the inverse of the above
surge with the advent of a new generation of accelerators aeferred production reactions.
IUCF, Celsius, and COSY with a very high-energy resolution Experimental cross sections of quasifree two-nucleon ab-
making possible accurate measurements at meson threshoktsrption of pions on helium isotopes have been obtained
[3,4]. New and even unexpected results also created renewdbm the meson factories of LAMPFL3], TRIUMF [14],
theoretical activity, concentrated still mainly on two-nucleonand PS[15], but scarce data exist also for the polarization of
meson production at threshold and also at higher energies mutcoming fast proton$16,17. These are obtained at so-
understand some puzzles, e.g.pip— pp=° threshold pro- called conjugate angles corresponding to kinematics, where
duction[5]. Nevertheless, there has emerged a general corit is believed that the spectator is not an active participant
sensus of a fair understanding of at least the main mechand does not absorb momentum from the pion. Then the
nisms in the two-nucleon system, although some problemspectator remains essentially at rest retaining only its Fermi
still remain—uwithin the conventiongmeson-exchangeap- momentum. In Ref[14] one sees at these angles a massive
proach[6] as well as in the chiral perturbation treatment of peaking of the cross section, over an order of magnitude
pion production and absorptidi]. higher than for nonconjugate angles, as a function of the
New experiments are also performed or in progress oiproton energy. The width of this peak may be accounted for
meson production in few-nucleon systems as pul  with the Fermi motion. The quasifree natuitbe spectator
—3Hen% or pd—3H =" [8] as well as corresponding  having essentially the momentum distribution of the bound
meson production experimer8]. However, theoretical ef- statg is even more convincingly established in the kinemati-
forts in this direction with three-nucleon dynamics are verycally complete experiments of Rdfl5]. Cross sections for
scarce[10,11] and the situation is much less satisfactory aspositive and negative pion absorption on tritium were ob-
compared with the two-nucleon case. Nevertheless, pionitained in Ref[18]. Overall, this gives a good amount of data
inelasticities in three- or four-nucleon systems should be théo determine absorption on different nucleon pairs with dif-
necessary bridge towards understanding them in nuclei anférent isospins in a simple nuclear environment. Also heavier
potentially using them as a probe in many-body nucleanuclei have been investigated in related cont¢x€s.
physics and for possible effects of nuclear medium on had- Theoretical work is of old vintage, the most recent serious
rons and their interactions. One may also note that in theseork probably being in Refs[20,2] for positive pions,
phenomena some reaction channels are actually only acceRefs.[22,23 for negative pions, and Rdf24] for branching
sible in absorption. ratios in stoppedr~ absorption. The angular shapes of the
At the above mentioned new facilities, pion absorptioncross sections could be well explained and, roughly, also
experiments are unlikely due to their low intensities. How-absolute magnitudes. In fact, for positive pions the shapes do
ever, absorption is closely related to production reactions andot differ much frompp—d#™ in theory or experiment.
should be understood in parallel. Furthermore, it may be arHowever, in absorption of positive pions Gile or *He the
gued that some absorption processes might be easier to gmslarization of the outcoming protons was found to be in
proach theoretically than production. One such process coulgualitative disagreement with the simple theory employed
be quasifree absorption on a pair of nucleons’tte (or in ~ [16,17], which neglected the effect of the spectator and used
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phenomenological range-corrected deuteron wave functionsorption on a quasideuteron with a wave function more com-
to describe the active pair as a quasideuteron. The measuneressed than the free deuterdecause the binding energy is
ments were performed at 120 and 250 MeV and it was postargep and with kinematics compatible with 10 MeV more
sible to reproduce the data qualitatively—however, onlybinding than in the normal deuterdd MeV for the actual
when applying different models for the two energies, and nobinding energy differencplus’5 MeV for the average kinetic
with the same model for both energies. o energy of the spectator from its momentum distributioh

In a recent papej25], a convenient parametrization was similar approach was adopted also later for negative pion
presented, which approximates analytlcz_illy exact threeabsorption on a singlet proton p422,23 and actually was
nucleon bound-state wave functions resulting from Faddeeype 1o explain such features of the differential absorption

calculations based on realistic nucleon-nuclebiNJ inter- o5 section as the asymmetry about 90° and also of the
actions. This parametrization is similar in philosophy to that

of Ref.[26] but deviates from it in two important ways. First, @nalyzing power in the closely related procegm

it releases its single-term separability in the two relative mo-—(PP)swave™ - _ _
mentap and q of the pair and the spectatéor the corre- Thg tnnuc!epn wave functions gdopted were basically of
sponding coordinatesandp). This gives more freedom for two kinds. Initially, phenomenological functions based on a
reproducing the behavior of the wave function better wherfange-modified deuteron wave function following an old idea
both momenta are large—as one would expect, for exampl@f Ref.[28] or on a calculated correlation functi¢pa9] were
that one particle which is far off shell would influence the used in Ref[20]. Later, also Faddeev pair wave functions
others. In contrast, the parametrization of R26] treats the v (r) from the separable forn”(r,p) =v’(r)w”(p) param-
dependence of the wave function on the two momemad  etrized by Hajduket al. [26] were used in Refs[22,23,

g as being totally independent of each other. There are actuvhere

ally significant differences between the wave functions at

momenta relevant for mesonic inelasticit{@s]. It is inter- P (rij . p) =(r 120371 Y1 (12)3])

esting to see what impact these may have to physically ob-

servable quantities, in particular, whether the pair-spectator =(r 2301v23 ¥1(23)1]) =(r 310,731 Y1 (31)2])
correlation could correct the above mentioned energy- (1)

dependent discrepancy seen in the pion absorption reactions.
A second and more significant difference is that, insteatynq the total antisymmetric wave function is
of parametrizing the single Faddeev amplitudes only, corre-
sponding to different permutations of the three nucleons, as _
done in Ref[26], we parametrized directly partial wave pro- W) =[¢{(123])+[4[(23)1])+|4[(3D2]). (2

jections of the total antisymmetrized wave function. Also this

expansion was seen to be well convergent and was applied However, these calcul_ations used for absorpti_on on each pair
calculations of low-momentum quantities such as the probl only the wave function component above with the particu-

abilities of the trinucleon wave function components and thdar permutation ij )k and considered only the corresponding
m3He scattering length in Ref25]. Jacobian coordinate;; in the absorption process. With a
It may be mentioned that the Faddeev wave function ofingle-term separable parametrizati@6] or with a com-
Ref.[26] has been used for pion absorption on nucleon pairpletely phenomenological pair wave function, this left the
in Ref.[27]. However, that paper did not include pistwave  role of the spectator to a mere normalization integral. Plau-
rescattering which is essential for the cross section at thresisibly, the use of the square root of the correlation function as
old and for the polarization at all energies. The latter is athe pair wave function may take the other two terms in Eq.
major topic of the present work. (2) effectively into account to some extent. Evidently, this
In the present paper, we apply the above quoted paranissue will now be addressed more explicitly with the new
etrization to study quasi-two-body absorption of pions onwave functions.
®He. Thereby, the aim is twofold. First, we want to test the |n the above functions the indexlabels the partial wave
reliability and convergence of our parametrization of thestrycture of the three nucleons. In the following calculations,
three-nucleon bound-state wave function in calculations ofye only consider the states with zero spectator orbital angu-
observables involving higher momenta. Second, we want i@, momentum, so that this index trivially just symbolizes the
see how one can fare with such improved wave functions iy ,antym numbers of the pair wave functions, in the singlet
this specific reaction physically, without explicit participa- spin state'S, and in the triplet®S, or 3D;,. The two addi-

tion of the spectator nucleon. In the following section WE€+ional states with the spectator angular momentum 2 consid-
shortly outline the most essential features of the parametri-

zation and provide some details of the ingredients and tecrfred in Refs| 25,26 have much less weight and are assumed

nical aspects of our calculation of pion absorption, while o be of little importance for the present kinematics where

Sec. Il deals with the actual results of our pion absorptionl€ SPectator remains essentially at rest.

calculation. The paper ends with some concluding remarks. N Ref.[25], a considerably different parametrization was
given for the wave functions. First, the simple separability

Il. FORMALISM used in Ref[26] was generalized to more terms of separable
form with a systematic improvement in the approximation.
The structure of the wave function remained basically simple

Aiming at extreme simplicity, the model of R¢20] con-  but allowed correlation between the momenta or the corre-
sidered quasifree absorption of positive pions as simply absponding coordinates, which is not present in the simple

A. Faddeev amplitudes in®He
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product ansatz. Physically one might expect that, if in a 5 — 0.15
bound three-body system either the spectator or the pair is far T 2250 MeV
off shell, then it would be less likely to find also the other
ones far off shell. A parametrization as a sum of two products 4 |
was seen to offer sufficient freedom and to allow a reason-
able fit in the sense that inclusion of a third term did not have
much effect. It is worth noting that at large momenta, rel-
evant to meson production and absorption, the inclusion ofZ
the second term changed the wave function significaste T, |
Fig. 1 in Ref.[25]). ©
The second essential difference is that in R28] a pa-
rametrization for the fully antisymmetrized wave function 17
was provided, and not only for its individual Faddeev ampli-
tudes as in Ref26]. This is a nontrivial extension, including
also the two other amplitudes of E@) in the projection on %0 02 04 06 08 1 1 05 o0 o5 1
angular momentum eigenstates, and has the advantage that cos’0 cosf
all permutations enter automatically into the calculation of
each pair absorption but still with simple wave functions for  FIG. 1. The differential absorption cross section and its “asym-
a given coordinate pair. For example, if the form of B2).is ~ metry” Py do/d() atT,=250 MeV using different fits to the CD-
used in absorption on the pair 12, the first term is simple, buBonn trinucleon wave function. Dashed: single-term separable fit.
in the other terms the “proper” simple pair coordinate would Selid: two-term fit. Dotted: three-term fit.

be rys=—1/2r1=p3 OF ryy=—1/2r15% ps. These terMs  ,q4eq in order to improve the quality of the analytical rep-

would be quite complicated functions of the coordinatgs  resentation of the wave function. Thus the wave function was
andp;. However, once the full antisymmetric wave function presented as

is parametrized directly in terms of, and ps, the calcula-
tion is greatly simplified. The choice of the pair does not V¥ (p,a)=v1(p)wi(q)+vz(p)wy(q), 5
matter, since physically absorption on any pair should give
the same result, anyhow.
In practice, the full antisymmetric Faddeev wave function % A )
[calculated using the charge-density—Bq@D-Bonn [30] > JO dp dg po?[P’(p,q)*=1. (6)
and Parig31] potential§ was expressed as a product of func- '
tions of the pair and spectator momeptandq, where each The parameters of the @ were given in Ref[25] and will
function is given by expansions in terms of Lorentz functionsnot be repeated here, but the importance of the additional
freedom will be studied in the differential cross section and
a’ b polarization of the protons in quasifree absorption on posi-
1(Q) z , tive_ pions on quasideute_r_ons. At this stage it is worth remem-
i V)Z bering that for a specific low-momentum observable, the
(3) @ °He scattering length, the effect of the second term in Eq.
(5) was seen to be only about the order of [25].

Before going into any details of the pion absorption

for the five most important Faddeev amplitudes. In the coor- h h i ¢
dinate representation these functions will transform into €€ anisms, we want to test the significance of nonsepara-

Yukawa functions andfor D waves their derivatives, bility anticipated above for physical reasons. Ther_efore we
explore extreme momentum transfers corresponding to the

highest energy at which polarization data in pion absorption
v \/; v are available, namelyl;, =250 MeV. Our results for the dif-
vi(r)= > afe ™ ferential absorption cross section on a quasideuteron and
transverse polarizatiorof an outcoming proton are shown in
Fig. 1 utilizing a systematic expansion of the wave function

T,=250MeV

o
-

P, do/dQ[mbi/sr]

o
o
a

with the normalization

vi(p)= E

V)Z'

or up to three separable terms, i.e., beyond &g. It can be
seen that nonseparability does play a visible role. However,
3 3 given the quality of the data and the model uncertainties this
vi(r)= \/72 a’e ml“( 1+ — 5 2), (4 sensitivity is not really significant. Nevertheless, it is encour-
m;r (m )T aging to see that just one additional term of products is suf-

ficient to account for the nonseparability and that the expan-
with similar expressions for théspectator p dependence. sion has converged quite well aIready at the two-term level.
The denominator is canceled against the volume element. In the calculations presented in Fig. 1 the Faddeev wave
Up to this point the procedure would have been equivas-
lent to Ref.[26], except that the fit was performed to the 7o facilitate better comparison this is multiplied by/dQ. In
exact total(antisymmetrizef wave functions. However, in meson production this would correspond to the asymmetry of the
Ref. [25] another similar product ternw5(p)wy(q) was  cross section of the two-nucleon reaction with a polarized beam.
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I ) NI ) v [ ) scattering, Fig. @), with also a substantial contribution from
~ Fig. 2(d). This rescattering is described by a phenomenologi-
\ \ ‘ ‘ | m cal 7N interaction
> N D
@ (b) © (d) (e

A A2
He=4m—¢ d+4m—0 X, (8
m; m:.

FIG. 2. The mechanisms included in pion productias well as
in absorption on two nucleons(a) direct production(b) “direct”
production involving theA(1232) isobar(c) pion-nucleons-wave
rescattering(d) s-wave rescattering of a pion originating froma
and (e) heavy meson exchange.

where the parameteis; and\, depend on therN on-shell
momentum and are fitted to pion-nucleon scattering data
[23]. As far as the relative importance in positive and nega-
tive pion absorption is concerned one should note that, due to

, i chiral invariance\ ; is suppressed close to threshold by a
functions from the CD-Bonn potential are used. We want to,tor of m My as compared with.,. Indeed\, is very

mention, however, that th.e convergence features for thosg,,4| at threshold, but it becomes comparabla tdor pion
based on the Paris potential were found to be the same. momenta,, corresponding toy=g,./m._=0.5. A monopole

form factor is included in the meson exchange interaction.
B. Absorption formalism The value of the cutoff mass is crucial in fitting the analyzing
ower A, at some given energy. Its effect is small on the

The mechanisms in pion absorption on two nucleons hav .
b P otal cross section except close to threshold.

been discussed in detail elsewhg28,22,23 and will not be Itis K hat the ab hani fici
repeated here in deptiThey are depicted in Fig. 2 for the tis hown t .att € above mechanisms are not su icient
' to explain the size of the cross section of the reacfign

time reversed reaction corresponding to pion production. The 0 [5]. The remaining strength could be explained by

first one_[F|g. 2_(a)] IS the sta_ndard cﬁrect p_r(_)duct|on due to short-range contributions from thEN interaction to the
the Galilean invariant7N interaction arising from the

o . : axial charge of the two nucleons, most importantly by ex-
pseudovector couplingvith obvious notatioin[32] changes of ther and @ mesons as shown in Fig.(&
f o [34-36.2 Consequently its effect was seen to be important
H,TNsz— E o qT - d— ﬁ[pm -t T d)pi]] . also in negative pion absorption 3, pp pairs in *He[23].
™! 7 In pp—d=* and the inverse reactidfe., the present con-
@) sideration with a quasideuterpthe effect of the heavy me-
son exchange was seen to be much less impdrd&htHow-
Here the first term would give predeominangiywave pions ever, in the present context the wave functions are more
(relative to nucleori), while the second term when operat- condensed than in the deuteron and it is of interest to include
ing on theNN wave function facilitates alsenainly) swave  also this short-range effect. Further, motivation for taking it
production. The direct production is generalized to includeinto account here is provided by the possibility that the ac-
also resonanp-wave 7N rescattering[Fig. 2(b)] via the tive pn pair can appear also in th&s, state.
A(1232) resonance. Note that this contribution is treated on As a starting point Fig. 3 shows the results for the trans-
the same footing as the direct production by generating firsterse analyzing poweA, in the basic input reactiopp
the AN admixture by the coupled channels method in the—~dz* at two energies close to the energies of the data in
initial state. Subsequently, thie decays by an operator simi- 7+ absorption on°He. If the quasifree ansatz is correct and
lar to Eq.(7) (with the spin and isospin operators replaced bythe employed wave functions are realistic, one would expect
the AN transition operators and theNN coupling constant a similar degree of agreement also in the latter reaction.
f2/477=0.076 by themAN coupling constant*?/47=0.35  Please, note that in the calculations of fye—d=* observ-
from the decay width of thel). This produces the well ables thes-wave rescattering form factor has been adjusted
known prominent cross section peak at pion energies aroungdividually for each deuteron wave function to reproduce
150 MeV for 7" d—pp. the depth of the dip at 90° as shown by the data at 515 MeV
The NN interaction of the high-energy nucleon pair is [39] (the cutoff mass used is=3m_ for CD Bonn, 4n_. for
based on the Reid soft core potenfiaB]. At high energies Paris and ., for Reid). These form factors will be used
the details of the potential are not expected to be very imalso in the following calculations for the pion and three-
portant. Moreover, within a coupled channels treatment theiucleon system.
NN part must be modified, anyway, to avoid doubly counting It is interesting to observe that there are differences be-
the attraction generated by the couplingAdl intermediate  tween the results at the higher energy—even after the above
stateq 32]. described fitting—and that the data may favor the newer
At threshold, both production and absorption are, how-wave functions based on the Paris and CD-Bonn potentials
ever, dominated by 14 mechanisms such asN swave re-

3As an alternative to this heavy meson exchange mechanism also
2Many of the existing calculations are actually done for pion pro- =N off-shell rescattering has been propo$ad]. Reality may be a

duction, but time reversal is trivial. combination of botH38].
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FIG. 3. The analyzing poweA, in the reactionpp—d= ™" at
two energies closely corresponding to #hé He absorption ener-
gies of Ref.[16]. The different deuteron wave functions used are:

CD-Bonn(solid curve, Paris(dotted curve, Reid soft corgddashed
curve.

vs the older Reid soft core model. Without this fixing of the
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10 Al T T 10 T ; i —
| TF120MeV) T =206 MeV |/
\: \l ! :J \‘ I ,““
8T i /If 8 . !
3 6 6l
£
g
5 4 4} \
© -
=
-t
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FIG. 4. The bound-state wave function dependence of the dif-
ferential absorption cross section®f=120 and 206 MeV. Solid:
CD-Bonn; dashed: Paris; dash-dotted: CD-Bonn single Faddeev
amplitude(normalized to ongused instead of the fully antisymmet-
ric wave function; and dotted: result using a wave function based on
the correlation function as described in Ref0]. The data are from
Ref.[15].

Wi [ dowl (o w(e). (10

Similar expressions with different assignments hold also

interactions at 515 MeV the differences with different wavefor other spin dependent observables.

functions would be even larger. Also, we want to point out

that the magnitude oA\, at the higher energy is strongly
correlated with theD-state probability in the employed deu-
teron wave function, wittA, becoming larger with increas-

ing Pp. None of the wave functions is able to reproduce

$

correctly the dip in the data at 800 MeV. In these calculation
(as in those for absorption, that will be presented in the fol
lowing section all the partial wave amplitudes up tb=5

were included, which was found sufficient also at 800 MeV.P

In the present context, the above two-nucleon mech
nisms are embedded ftHe for which we use the parametri-
zation of the full antisymmetric wave functidi25]. Since
then, absorption on any pair should give the same results
on the others, we can assume the coordinégeg.,r ;) to be

the active one and particle 3 to be the spectator. With the
the wave function

above described parametrization
W(r,p)=2\v,(r) wy(p) would give, for example, for the
cross section the result

do
—=Tr

do E (M)l\,f)*Miw;:/;gvv’v

AN vy’

9)

whereM; stands for the two-nucleon transition matrix cal-
culated for the state componentind for a specific term of
the parametrization of theN8 wave function. The trace is

a

4

IIl. RESULTS

In Figs. 4 and 5 we show the differential cross sections
and proton polarizations for pion absorption dHe at two
nergies for the trinucleon wave functions of the Paris and
CD-Bonn potentials using the two-term separable fits given
in Ref.[25]. Our aim is to study the behavior of the proton
olarization for different wave functions and compare the
results with the data of Ref16]. In particular, we want to
explore the influence of using either the fully antisymmetric
wave function or just the Faddeev amplitude. In addition to
LJe guasideuteron, in the present calculations also absorption
on the 'S, np pair is included. This study is motivated by

06 | T=120MeV | gg | T,=250 MeV
04 104t
i Y
- /LN /N
[aN 1 N/ \ﬂ\
1027 /7 E W
/2 3
7 —{ 4
o
0.2 L . . ! 0.2 . . . .
0 40 80 120 160 0 40 80 120 160
0 [deg] 6 [deg]

over spin orientations. Here the minor effect in kinematics

from the variation of the spectator kinetic energy is ne- FIG. 5. The bound-state wave function dependence of the po-
glected. Now the spectator effect has reduced to mere ovefarization P, at T, =120 and 250 MeV. Notation as in Fig. 4; the
lap integrals data from Ref[16].
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the inclusion of heavy meson exchange Fige)2which 0.6 ; ; ; — 06 ‘ ; ; ‘
should enhance this contribution as it didsmvave absorp- T,=120 MeV T,=250 MeV
tion of negative pions orfHe [23].

In the present calculation, we employ the individually ad- %4 | T 1047
justed amplitudes for the basic reactipp—d«* (in order
to get agreement with the analyzing powy at 515 MeVj ~ o2 | E P RPN
as discussed in Sec. Il B. We find that, even with the adjustedl
amplitudes, the CD-Bon(solid) and Pariglong dashespo- /. P ,
tentials give somewhat different results for both the absorp- 0 ¢ — 70 =~ -
tion cross section and polarization dle (although the an- S -
gular distributions are rather simijarThe difference in the
total cross section is about 10%, but without the adjustment 02 0740 80 120 160 %2 o 40 80 130 160
it would be 20-30 %, i.e., comparable to the spread obtained 0 [deg] 8 [deg]
in Ref. [40] for the two-nucleon reactiopp—ds™ using
several different deuteron wave functions. FIG. 6. The effect of different interaction components on the

In order to compare with earlier more phenomenologicalpolarizationP, at 120 and 250 MeV. Solid: CD-Bonn full result as
investigations we repeated the calculation using a wave fundn Fig. 5; dotted: absorption on th&S, pair neglected; dashed:
tion based on the correlation function of the two protons inheavy meson exchange mechanism neglected; and dash-dotted: the
SHe given in Ref.[29]. This yields results shown by the D-state of the quasideuteron omitted. The data are from [R6F-
dotted curves, which are very similar to those obtained ear-
lier in Refs.[16,20 using this wave function. However, one cross section. As another reason for the largeness of the cross
should note that our calculation utilizes the mechanisms andection in the Faddeev-amplitude calculations it is worth not-
interactions described abovi@cluding adjusting the analyz- ing that in those cases the fraction of the more active triplet
ing power ofpp—d=°), so that any difference here is due to state is significantly larger than in the antisymmetrized wave
the differences in the bound-state wave functions. With théunctions.
new trinucleon bound-state wave functions we find a much To further test the dependence on the bound-state wave
better agreement with data than in earlier stufig8§. How-  function the above calculation with the single Faddeev am-
ever, one may note that for the higher energy the differentiaplitude was repeated for the cases of the Paris potential and
cross section seems to have a problem at 90°. the Reid soft core potentiglusing the parametrization of

Contrary to Ref[16], the qualitative shape of the polar- Ref.[26] and an antisymmetrized version of the lakten
ization can now be roughly reproduced with the new boundthese calculations two clear trends emerged. The cross sec-
state wave functiongsolid and dashed curveslso at the tions and polarizations were very similar in all antisymme-
higher energy 250 MeVFig. 5). The slight minimum in the trized calculations in one hand and in all Faddeev-amplitude
old calculation has all but vanished and the top is muclcalculations on the other har@.g., in each case the Reid
lower. This result may be related to the smaller deuterorcross section was nearly indistinguishable from the corre-
D-state probability, as in the earlier calculations neglectingsponding Paris resultThe structure of the results using the
the quasideuterol state reproduced the high-energy datacorrelation wave function is apparently associated to its over-
[16]. (However, then the 120-MeV result was unacceptable.all shorter range rather than the direct use of the Reid poten-
In any case, in spite of this apparent success in the case tifl. To some extent, the present results also confirm the
the three-nucleon system, comparison with two-nucleon dateather moderate dependence of the total cross section on the
in Fig. 3 could give some reason for a different interpretationdetailed structure of the bound-state wave functions found by
as discussed in the Conclusion. Ohtaet al. [27].

The results discussed above were all obtained with the In order to study our model results in more detail let us
parametrization of the full antisymmetric wave function. Theswitch on and off different interaction components. Corre-
result using single-permutation Faddeev amplitudes fronsponding results are shown in Fig. 6 for the polarization. The
Ref.[25] for the CD-Bonn potentiginormalized to one; see solid curve is the same as in Fig.(6D Bonn, while in the
Egs.(1) and(2)] is given as the dash-dotted curve. This wavedotted curve absorption on th&S, np pair is neglected.
function has a significantly different short-range behavior in-Although heavy meson exchangEig. 2(€)] enhances this
cluding a node at about 0.3 fm and is similar to the functionscontribution, its effect is still negligible. However, heavy me-
provided in Ref[26] [however, we also include the second son exchange can also take place in absorption on the quasi-
term to the expansion as in E@)]. Also it is overall shorter deuteron. It has been included in the results of this work so
ranged than the full antisymmetrized wave function. It is afar and is switched off in the dashed curve. Due to the more
very striking result that the single Faddeev amplitude gives @ondensed bound-state wave function, its effect is somewhat
qualitatively unacceptable polarization. The result for thelarger than inpp—d=™ [36], but still does not change the
cross section is qualitatively much closer to the dotted curveesults qualitatively.
based on the correlation function of protons, which is also of Finally, the dash-dotted curve shows results where the
short range. The longer range of the full antisymmetrizecjuasideuteron®D; component has been completely ne-
wave function obtained in Reff25] is clearly reflected in the glected. Now the shape of the polarization at 250 MeV is
present results, perhaps most directly in the decrease of thveell reproduced but then the results at the lower energy are
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strongly at variance with the data—even qualitatively, as wasnit some influence, probably active participation, of the
also seen in Ref.16] for a wave function based on an Ar- spectator even in the quasifree kinematics of the conjugate
gonne potential calculation. Although there is some uncerangles. An argument for this may be found indirectly from a
tainty in theD-state componer(in particular its probability comparison of the true two-body and quasi-two-body results
is unknown, it is obvious that it cannot be made small even, though admittedly the agreement with two-body data at
enough for a perfect agreement with the higher-energy datdiigh energies is not perfect. However, in our model calcula-

tions the characteristic basic structure of tteéculatedpo-
IV. CONCLUSION larization inpp—d=™ (see Fig. 3 is carried over to pion

. o absorption on®He for a variety of deuteron and quasideu-

In this paper, we have employed parametrizations Oteron wave functions. The similarity of the shapes of the
genuine three-nucleon wave functions, obtained from Fadygarization in the two cases is partly due to the smallness of

deev calculations with realistiiN models, with the aim of e 1, pair contribution. To establish its smallness it was

inves_tigating the crucial ob_servables of quasifree. pion abhecessary also to study the impact of heavy meson exchange
sorption on two nucleons in a three-nucleon environmenty, the preceding section.

The most essential new points were the use of a total anti- gome success in absorption Gile was achieved per-
symmetrized wave function of the target and a nonseparablgyns pecause the dip in the polarization data at 800 MeV is
fitted form of its wave function to allow for correlations be- 5 reproduced even in the bagip—d* reaction. From
tween the two relative canonical coordinates momentd e calculated structural similarity of the two-body and
Both were seen to have an effect, but nonseparability was Qiuasi-two-body results one can deduce tifathe assump-
minor importance. In contrast, the full antisymmetrized waveyq, of quasifree mechanisms is validid the abundant two-
function was necessary for a quantitative agreement with thg ,~1eon data fol, at 800 MeV are used, then it is hard to
experimental cross section and a qualitatively successful dgjngerstand why the dip structure should not be found also in
scription of the polarization. Also it was seen that heavyyhe polarization of pion absorption on quasideuterons. Since
meson exchange had a significant, though not qualitativepe existing data at 250 MeV clearly do not indicate such a
effect in particular at intermediate or low energy. dip, they lend support for the need of other mechanisms.
A!though an essential improvement is fognd, these results " The Jatter possibility would make nuclear physics with
confirm to some extent the earlier resulthich used less  negonic inelasticities even more involved than previously
sophisticated bound-state wave functipttsat conventional  pejieved. On the other hand, this could be a tool to study the
two-nucleon calculations cannot be easily accommodategect of the “medium” on pionic inelasticities. Therefore, it
with the polarization data of Ref$16,17. In these earlier ;o4 pe desirable to have more data to investigate in detail
works, a somewhat poorer description was obtained for palfye geyelopment oP,(¢) for energies intermediate to 120
wave functions calculated with the Reid potential and having, 4 250 MeV and also to confirm the structural difference
a sizable®D; component(quasideuteron However, if the  seen in the data at 250 MeV. Also it may be useful to apply
e_ffect of theD state was neglected, the high-energy polarizaihe new wave functions iar— absorption on the singletp
tion could be reproduced at the expense of the agreement F.gir in 3He or 7+ on thenn pair in a triton[41]. In this case
120 MeV as seen in Fig. 6. The present improvement ove he two-body absorption is strongly suppressed making the

the old resulis may be partly seen as a compromise WitIBossible(but also sma)l 3N background more visible.
somewhat smalleD-wave components in the new deuterons

and quasideuterons. However, it is hardly realistic to assume ACKNOWLEDGMENTS
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