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Weak strangeness production reactioppn—pA in a one-boson-exchange model
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The weak production ol\’s in nucleon-nucleon scattering is studied in a meson-exchange framework. The
weak transition operator for thdN— NA reaction is identical to a previously developed weak strangeness-
changing transition potentiaA N— NN that describes the nonmesonic decay of hypernuclei. The il
and final YN state interaction has been included by using realistic baryon-baryon forces that describe the
available elastic scattering data. The total and differential cross sections as well as the parity-violating asym-
metry are studied for the reactigm— pA. These observables are found to be sensitive to the opening of the
3, production channel, the choice of the strong interaction potential, and the structure of the weak transition
potential.[ S0556-28189)00204-9

PACS numbgs): 21.80+a, 13.75.Ev, 13.75.Cs, 13.88

[. INTRODUCTION KEK. On the theoretical side it became clear that in order to
unambiguously extract the weakN— NN transition poten-
Over the past several decades, the standard model of weékl significant effort must be spent to account for the nuclear
interactions has been thoroughly tested by a vast amount afructure effects as accurately as possible. When this task
data for leptonic and semileptonic decays and reactionsvas recently completef4] it became apparent that major
Hadronic weak interactions are in general more difficult todiscrepancies between theory and experiment cannot be due
study experimentally since they are usually obscured by thep the underlying nuclear structure but have to arise from the
presence of the much larger strong interaction. This requireature of the weak transition potential itself.
employing processes in which the strong force cannot par- Even with the nuclear structure input under control it has
ticipate due to overriding symmetry _prinpiples. In the case ofecome desirable to measure the prodéss—NA directly
the weak nucleon-nucleon interaction it was realized morgjnce the hypernuclear decay can only probe the reaction at
than 40 years agpl] that the current-current form of the e \yell-defined kinematic setting. Though considered im-
weak interaction d|cta_tes the presence of a W?ak tr_"".ns't,'OBossibIe for many years since this process is reduced in cross
between nucleons which would lead to parity impurities Nsection by around 12 orders of magnitude from the standard

nuplear states W.h'Ch are of f'rSF order in the We"?‘k COUpIIr‘g'elastic NN scattering, recent progress in experimental and
Using these parity nonconserving observables in many ex

periments on nucleay anda transitions, polarize8iN scat- accelerator technology may have brought measuring this pro-

tering, as well as the recent first measurement of the nuclelﬁes’S within reachi5]. It is therefore timely to provide pre-

anapole momer{2], much has been learned about the wea ictions of various observables based on the transition poten-
nucleon-nucleon ir;teractio[rB]. tial used in the nonmesonic hypernuclear decay. Compared

The situation is very different for the flavor-changing to previous calculations for th& productipn rates and other
baryon-baryon interaction. Soon after the discovery of hy-observablegs,7], the present work describes the weak decay
pernuclei it was recognized that the inside the nuclear Mechanism in a full boson exchange potential. In addition to
medium decays not through its Pauli-blocked mesonic decathe exchange of the pion andmesons it includes the con-
channel, but predominantly through th&S=1 nonmesonic tributions of the pseudoscalgrandK mesons, as well as the
transition AN— NN, thus opening a door to the study of the » and K* vector mesons, derived in a consistent (§U
weak strangeness-changing hyperon-nucleon force. Howfamework that makes use of soft-pion theorems. Further-
ever, experimental progress in this field of weak hyper-more, a detailed analysis of the effects and model dependen-
nuclear decays has been slow until recently due to the diffieies of different strong baryon-baryon interactions in the ini-
cult multicoincidence, low count-rate nature of thesetial and final states is performed. The cusp due to the
measurements. In recent years the situation has improvempening of theXN threshold is investigated for different
significantly due to a series of new experiments at BNL anchyperon-nucleon potentials.

In Sec. Il of this paper, we present the expressions for the
matrix elements and the cross section. Section Il briefly de-
*Present address: Institute for Nuclear Theory, University ofscribes the transition operator derived in Rdf. Our results
Washington, Seattle, WA 98195. are discussed in Sec. IV and summarized in Sec. V.
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P where the index sums over mesons andover the different
spin channels. The radial part of the potential is denoted by
Vg)(r), the piece containing the angular and spin depen-
dence byVS’(F), and Tg) denotes the appropriate isospin
operator for each meson.
Using the partial wave decomposition for the distorted
waves, working in the coupled basis formalisng(J), and

p assumingp, parallel to thez axis, the modulus squared of the
FIG. 1. Feynman diagram for thep— Ap reaction. weak matrix elements for then— pA reaction finally reads
Il. DIFFERENTIAL CROSS SECTION 11 2
Mpl?= > > 2 <§t1§t2 T0>
The differential cross section per unit solid angle in the SeMs, SMs
center-of-mass system for the reactipn— pA as depicted 1 1 \22
in Fig. 1 is given by the expression X<T0’§t3§t4> ;Z > (To[1V|TO)
I o
do _ 41 |5F| o '
m—(Zw) ETE1E2E3E4 XE 2 2 2 2 |(|—|7|—|:)
|p|| J Ls! Lg L L/
FSF |
1 -
X 2 X(LEM | _SgMg |IM) Y
(25, + 1) (25,1 1) % ;Sz ;SB % (Mgl? (D) (LEM | _SeMg [IM) LFMLF(pF)
2L, +1
with s=E;+E,=E;+E, the total available energy in the x(L,MLIS,MSI|JMS|> 4|Tr

center-of-mass system amg and pg the relative momenta
of the particles in the initial and final states, respectively. In Nl :

imai - X | r2dr [ghy*] (k1) VY
a plane wave Born approximatigPWBA) the weak transi- AN sy s\ PR @
tion matrix elements read

J M- i
_ _ - - X(r)[‘/fg\JJrN)]LI’SI 'L|S|(k|’r)fdﬂ jTL'f:S'f:(r)V(C:)
M1 =(PaMs ts,Pamg,ta| V| p1ms t1, pomg tz) (2 ,
. Mo~ 1_(_1)L|’+s|+T
where the overline stands for the antisymmetric combination X(r) Ll’Sl’(r) 2 ' ®)
of the two particle state§l} and{2} andV" is the nonrel-

ativistic weak transition potential. . . ) . )
Accounting for the locality of the weak potential, the di- The distorted radial wave functions in the above equation

rect term of the previous matrix elements can be written i€ 9enerated from &matrix which is constructed using the

the distorted wave Born approximatiéBWBA) as nucleon-nucleon NN) and hyperon-nucleonY(N) strong
potentials. We make use of the Nijmegen[83and Bonn B

[9] NN potentials and the Nijmegen soft-cqi] and Jiich

1 1 . X .
Me= 2 > > <—mS —mg [SeMg > [11] Y N potentials. Comparison between the results obtained
SeMs. S Mg TMy 2 20 F using the different interaction models is made in Sec. IV.
11 1 1
X\ Stata TMr )| Sms 5ms) SMy, IIl. THE WEAK POTENTIAL
1 1 In Ref.[4] a one-boson-exchange model is developed to
><<—t1—t2 T|\/|T>f de r2dr describe theAN—NN transition, where the pseudoscalar
272 m,n,K and vectorp, w, K*¥ mesons mediate the interaction.

YR AR T yw )2 AT We use this model in order to describe the present inverse
X[ (Pe.D] XTMTV (1) ¥R (py XMy reaction. In this study we have refrained froFr)n considering
(3) the transitionpn— N2 —pA, since it was found to be an
order of magnitude smaller than that for the diracproduc-
tion [7].

The nonrelativistic reduction of the Feynman amplitude,
corresponding to the diagram depicted in Fig. 1, leads to the
nonrelativistic weak potential in momentum space, which for
the exchange of pseudoscalar mesons takes the form

whereVW(F) contains the radial, angular, and isospin depen
dence of the weak transition potential aid,) (¥
stands for the distorted N (NN) wave function.

In Sec. Ill it is shown how the weak potential can be
decomposed as

ople|

q%+u?

VIH)=3 S VIH)=3 3 vOmvIOie, @ V)=~ Gemizi| At =1 ©®)
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whereGme,=2.21>< 10"’ is the Fermi coupling constarﬁ, ~6) CEE'V pCv CEE’Vﬁ R
is the momentum carried by the mesdn) directed towards lc'= 2 +Dy + 5 TiT2
the strong vertexg=gnnm the strong coupling constant for
the NN M vertex, u the meson mas$/ the nucleon mass, (CPC,V+CPC,T)
andM the average between the nucleon dndnasses. The 1@=f®-_X 5 (DS DRST)
operatorsA andB contain, in addition to the weak coupling
constants, the particular isospin structure corresponding to (CEE’VJr cEfvT)* R
the exchanged meson. + > T1T,
In the case of vector meson exchange the weak potential
takes the form va CPV
Q=" 4D+ =777 (10
- oo EBFFY L L L 2 e 2
V(@) =Gemy| Fra— ———————(01Xq)(0,Xq) , _ : ,
AM\M The different piecesv!(r), with a=C,SST,PV, are
N iven b
B .- e
_IT(01XUZ)q ﬁ (7 . - )
N e Vel () =Kg'z—=Kg Ve(r,m), (1D
with F1=gYnym. F2=0gunm the strong coupling constants 1T e
ar}d a, B, ands_the _vveak_ coupling constants th_at also con- vggr): Kg)sﬁ M|2 ypab 5(F)}5Kg)sVss(f,ﬂi),
tain the appropriate isospin operator of the particular meson. 77
Performing a Fourier transform of Eg&) and (7), and (12
using the  relaton & Xq)(0,Xq)=(010,)q2 1 e 3
—(019)(0»9) in Eq. (7), one obtains the weak transition VQ)(r)zKQg,uiz 2 +— >
potential in coordinate space, which can be cast into the form mr Ml (ir)
=KPOV(r,wmp), (13)

VA(r)=2> > V)= > vOrviOni®

M ver® S L e
Vel =Kpypigg—| 1+ o =KpVpulr, ui),
|

= (VO +VEYN) 010,085+ VP (1) ST (14)
I

where u; denotes the mass of the different mesons. The ex-

+H{nlog- T+ (1-n)[o1Xiap] - TIVEUNIR), ®)  pressions foK ), which contain factors and coupling con-
stants, are given in Table I. The explicit values of the cou-

where the index runs over the different mesons exchangedpling constants can be found in Table Ill of Rg4].
(i=1,...,6representsr,n,K,p,w,K*) and a over the dif- A monopole form factoFi(E] 2)=(Ai2—,ui2)/(Ai2+ci2) is

ferent spin operators denoted & (central spin indepen- | ,caq at each vertex, where the value of the cutgfflepends
dend, SS(central spin dependentl (tensoy andPV (parity

violating). In the above expressiom'=1(0) refers to the  gong Jiich Y N interaction[11], since the Nijmegen model
pseudoscalafvecton mesons. In the case of isovector me- yistinguishes form factors only in terms of the transition

on the meson. These values are the same ones as those of the

sons ¢r,p) the isospin factor is; 7, and for isoscalar me- channel. The resulting expressions for the regularized poten-

sons (7, ) this factor is just Ifor all spin structure pieces of tials, which were given already in Re#], will be repeated
the potential. In the case of isodoublet mesakg(*) there  here in order to correct for some misprints. The effect of
are contributions proportional to and to 7,7, that depend ~form factors is included by making the following replace-
on the coupling constants and, therefore, on the spin strudlents in Eqs(11)—(14)

ture piece of the potential denoted by For K exchange we AZ— 2 e hir
have V(T i) = Ve(ri i) = Vo1 A) =5 7
®=o, (19
pC cpe Vsdrimi)—Vsdrim) —Vsdr;Aj)
IG=19 =3 +DE%+ -rim,, A-pPe( 2
—Ai—5 ax \ 1T A (16)
~ CPV CPV_} .
|§33\)/:TK+DI'ZV+ TKTsza 9) Vr(rim) = Vr(riw) = V(r;Ay)
AN e_Air( .1 1
and fork* exchange 6 4xm Ar) (7
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TABLE I. Constants appearing in weak transition potential for the different mesons.
i kg K& K KEY
™ 0 Br OnnT Br Onnr A INNT
oM 2M oM 2M T 2M
7 0 B'r] gNN?y B'r] gNN?y A gNN”
—= — 7
2M 2M oM 2M 2M
K 0 1 gank 1 gank A
2M oM 2M oM 2M
v \% T
p ONNp X 2ap+ﬂp g\nlle+9LNp a8, g\l\/leJrg-l\rle e Inne T INNp
2M 2M 2M 2M 7 2M
w g\N/Nwaw Zam—‘rﬁa) g\l\/lNa)+g-l|\—|Nw _ aw+:8m g\N/Nm+g-ll\—le — g\l\/le+g1’\-le
oM 2M oM 2M @ 2M
\ \% T \% T \ T
K* 9AnKs ZL Iankx T Ianke 1 Gunkr T 9ankr ~ 9anks T Oanks
2M M 2M M 2M

AZ—pu? e~ A reducing the wave function at short distances, giving rise to
Vel i) = Veu(Fmi) = Vel A) —— yp smaller cross sections. The opening of tB& channel,
aw . .
(18) coupled to the_/\N one through jche strong interaction, shows
up as a step in the cross section at a proton lab momentum
around 1140 Me\g.
The effect of including the different mesons in the weak
. L . transition potential is shown in Fig. 3. FiguréaBshows the
onll-/ hsr;[gfgiloclwr?:;c?]eatfﬂté%n ifr?rt;zmv;ess trrgﬁgﬂ?onn”::)ccl)?gr:?igl iscros_s sections caIcuIatgd using the Nijmeggn potentials for
o . getting theNN and AN distorted waves and Fig (I8 shows
shown in Fig. 2 as a function of the proton lab momentum,
starting at thgp A threshold. As expected for a weak process, 20
the cross section is of the order of 78 mb. The dashed line
corresponds to the “free” calculation where form factors are

IV. RESULTS

omitted at the vertices and the incomipg anq out_goil_"ng . Texchange R ookl
pA states propagate as plane waves. The thin solid line in- -~ free

cludes form factors and strong initigin distorted waves 15
obtained from the Nijmegen 98N interaction[8]. The ef-

fect of theNN interaction is to reduce the cross section by a
factor of about 2. The reduction is a result of the fact that the
pn pair moves with large relative momentugitom 415 to

525 MeV/c) in the range of proton lab momenta explored
and feels the effect of the strong repulsive short range part of
the NN interaction. As a consequence, e wave function

is much reduced at small distances where the weak transition
potential contributes most to the cross section and hence the
cross section becomes smaller. The thick solid line shows the
cross section when thgA distortions, obtained from théN
Nijmegen soft core potentidtl0], are also included. When
compared to the thin line, one observes a substantial en-
hancement of the cross section in the low momentum region 0.0 . .
which turns into a moderate reduction at high lab momentum 900 1000 1100 1200

values. This is due to the fact that, close to thresholdpthe Pi, MeV/c)

pair moves with small relative momentum, feeling the attrac- £ 2. Total cross sections for the reactipn— pA as a func-
tive component of ther' N potential. As a result the wave tjon of the proton lab momentum using the weak one-pion-
function gets pushed in to smaller distances and the crosscchange potential. Dashed line: calculation omitting form factors
section is enhanced. As the proton lab momentum increasegnd strong correlations; thin solid line: including form factors and
so does the relativp A momentum and, eventually, the re- NN initial correlations; thick solid line: including form factors and
pulsive core of theY N interaction becomes responsible for both NN and AN distortions.
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FIG. 3. Total cross sections for the reactjpn—pA as a func- FIG. 4. Different partial wave contributions to the cross section

tion of the proton lab momentum. The strong distortions are generfor the pn—pA reaction. Only the pion is considered in the weak
ated with theNN Nijmegen 93 andr N Nijmegen soft core models  fransition potential. Th& N and AN distorted waves are generated
(a) or by theNN Bonn B andY N Juich A (b). Dashed line:rr with the Nijmegen model&) and the Bonn B and lish A models

exchange only; thin solid linerr+ p; thick solid line: full set of  (b), respectively.

mesons. )
we do not find the tremendous enhancement of a factor of 3

those using the Bonn BIN and Jlich A AN potentials. In  in the cross section when the meson is included. This is
Fig. 3@ we see that adding the meson to one-pion- Mmost likely due to the different models for the weaNA
exchange considerably reduces the cross section in the kingertices used in the exchange mechanism. Their weak cou-
matic region studied here. Including the remaining meson$ling constants are larger than the ones used here by a factor
does not change the cross section much, which ends up bei®f more than 2 for the parity conserving oneg,(and 8,)
about a factor 2 smaller than that for one-pion only. Thisand a factor 3.5 for the parity violating one ).
effect appears to be surprisingly different from the moderate Let us now explore the origin of the peak in the cross
reduction of 15% found for the decay rate of hypernucleisection around th& threshold. Nuclear matter calculations
when the effect of adding heavier mesons to the one-pionalready showed some time agb2-14 that, while theA
exchange mechanism was studigd. However, we point binding energy in nuclear matter turned out to be about
out that theA N correlations in the weak hypernuclear decay — 25 to —30 MeV for the Nijmegen and ligh interactions,
case were obtained fromGmatrix calculation which takes the distribution of this strength between the various partial
into account the Pauli principle acting on the intermediatevaves was very different. The most important contribution
nucleon. This blocks the low relative momentum transitionsfor the Jiich interactions came from the couplé$;-3D;
between the initiallAN and intermediateY N states, and, channel, the'S, contribution being negligible. However, the
therefore, the effect of the attractive part of the interaction orNijmegen interactions obtained almost equal contributions
the correlated\ N wave function is much reduced compared from both theJ=0 andJ=1 channels. In Fig. 4 we analyze
to those of the distortep A wave function in free space. the contribution to thggn— pA cross section fron?S,;-3D;
Thus, theAN wave function in the hypernucleus is strongly partial waves obtained from the NijmegéRig. 4(@)] and
suppressed at small distances, making the contribution of th&tdich A [Fig. 4(b)] AN interactions. The thick solid lines
heavier mesons less important. (full) are the calculated cross sections with one-pion-
As can be seen in Fig(B), the use of the Bonn BINand  exchange for the weak transitipm— pA and including dis-
Julich A AN potentials give rise to different effects in the torted waves for thepn and pA systems. The short dashed
cross section as compared to those calculated using tH&es represent cross sections obtained by removing'$e
Nijmegen ones. Although not shown in the figures, we have—>S, component of the distortepiA wave function and the
checked that, in the absence pfA distortions, the cross long-dashed lines those obtained when g — 3D, com-
section calculated with the distorteggin waves, obtained ponent is removed. The thin solid line shows the small cross
from either the Nijmegen 93 or the Bonn B potentials, yieldsections obtained when all thé&Swave components
nearly identical results. Therefore, the differences betweef'Sy, 3S;-3D,) of the distortedpA wave function are omit-
the results in Figs. @ and 3b) come almost completely ted. We note, however, that suppressing ti& partial
from the different models used to distort thé final state. ~waves barely affects the cross section and cannot be seen in
Already at the level of only pion-exchanddashed line in  Figs. 4a and 4b). In spite of the fact that the NijmegénN
Fig. 3b)], the Jlich A model shows a clear enhancementinteraction has a sizabl&éS, component, its contribution to
close to thep> threshold. Adding theg meson furthermore the cross section gets eliminated due to the weak one-pion-
yields a strong reduction of the cross section. On the otheexchange transition potential which has negligible strength
hand, the addition of the remaining mesons produces a sulfer the Sy— 1S, transition. The results of Fig. 4 therefore
stantial enhancement which gives rise to a final cross sectiotonfirm that the®S;-3D, components of the A wave func-
not very different from the pion-only result. We note heretion are the most important ones for the— pA reaction, as
that the pion-only cross section shown in Fig. 3 is close talready noted in Ref.7]. The stronger’S;-°D; channel of
the results obtained in Rdf7] with one-pion-exchange, but the Jiich interaction, relative to the Nijmegen one, is the
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FIG. 5. Differential cross sections in the center of mass for the
reaction pn—pA at proton lab momentum of 1137 Med/
Dashed line:r exchange only; thin solid linerr+ p; thick solid
line: full set of mesons. Th&IN and AN wave functions are gen-
erated using Bonn B and lith A models, respectively.

FIG. 6. Total asymmetnA for the reactiorpn—pA as a func-
tion of the proton lab momentum using the weak one-pion-
exchange potential. Dashed line: calculation omitting form factors
and strong correlations; thin solid line: including form factors and
NN distortions; thick solid line: including form factors and both
NN and AN distortions.
reason for the much more enhanced cross section dtthe
threshold. The effect of the different meson exchanges in the weak
In Fig. 5 we show the differential cross sections for thetransition potential is shown in Fig. 7 where tN& and AN
proton lab momentum of 1137 MeWAvhich corresponds to  distorted waves have been generated with the Bonn B and
the position of the peak in Fig. 3, where the strdwy and  Jliich A models, respectively. We observe that while fhe

AN correlations have been generated with the Bonn B angheson increases the asymmetry with respect to the pion-only
Juich A interactions, respectively. The dashed line is the

result for the pion-only calculation, the thin solid line shows 08
the effect of including the meson, and the thick solid line
incorporates the full set of six mesons. The effect of adding
the p to the pion is a reduction of a factor slightly more than
2 while adding all mesons brings the results closer to the
one-pion ones, as observed earlier for the total cross section.
A measure of the amount of parity violation in the weak
A production is given by the asymmet#ydefined as

- ®
P
RPN +HOHK+K*

0.6

Bonn B NN & Juelich A AN

O+ 0 < 04 |
A=——— 1

whereo, (o_) is the cross section for positiu@egative
helicity of the incoming proton. In Fig. 6 we consider the
one-pion-exchange mechanism in the weak- pA transi-
tion and illustrate the effect of the strong distortions on the
asymmteryA using the Nijmegen models for thdN and

AN interactions. The dashed line shows the asymmetry
when neither the form factors at the vertices nor the strong 0.0 . .
distortions are included. The inclusion of ttN interac- 900 1000 MeV 1100 1200

tions, as shown by the thin solid line, decrease the value of Py (MeV/c)

the asymmetry up to a beam momentum of 1130 MeV/ G, 7. Total asymmetry for the reactigm— pA as a function
beyond which it increases compared to the dashed line. The the proton lab momentum. THéN and AN distortions are gen-
addition of theAN final state interaction giveS rise to the erated with the Bonn B and’lich A potentials, respectively.
particular cusp structure due to the opening of 3¢ chan-  Dashed line:-exchange only; thin solid linerr+ p; thick solid
nel around 1140 Me\. line: full set of mesons.

02
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2.0 : . ; ‘ 0.8 V. SUMMARY

- ® We have studied the weak strangeness production reac-
15} 1 mpHOHKAK? 1086 tion pn—pA in a distorted wave Born approximation for-
i A AN malism using the one-meson-exchange model for the weak
transition consisting of six mesons viz. the p, 7, o, K,
andK*. The distorted wave functions are written in terms of
partial wave expansions and are generated using the different
available potentials for nucleon-nucleon and hyperon-
nucleon interactions.
The total cross sections for then—pA reaction are of
0 . . . . 0.0 the order of 102 mb and are at the borderline of feasibility
%0 1000 1100 %00 1000 TH00 1200 for the existing experimental facilities. These cross sections
Py (MeVic) are sensitive to the model ingredients of the weak transition
operator. Including thep meson decreases the pion-only
cross sections by a factor of 2 or more. The effect of the

- I . remaining mesons depends on the strong potentials em-
full meson-exchange weak transition potential with various strongplo ed to distort thew A states. giving rise to cross sections
potential models. Dashed linttN Nijmegen 93 and’ N Nijmegen tha¥ can be either ?/Der close,ogr a fgactor 2 smaller than the
soft-core; thin solid lineNN Bonn B andY N Juich B; thick solid . y
line: NN Bonn B andY N Juich A. plon-onl)_/ resultg. )

The kinematical region explored by the free—pA re-

) ) ) action is much larger than that by the inverse reaction, the
result, the inclusion of all the six mesons produces an asymyonmesonic decaj\N— NN taking place inside hypernu-
tures are found when the Nijmegen potential models are useghore important in the free reaction compared to the nonme-
in constructing the distorteMN and AN waves. sonic decay due to the different behavior of th&l wave

Finally, we present in Figs.(8 and 8b) the pn—pA  fynction inside a hypernucleus compared to that in free
cross sections and asymmetries, respectively, obtained wittpace.

the full meson-exchange weak transition potential for three  The total cross section computed with the NijmegeN
different strong interaction models. The dashed lines use th§ave functions show a steplike behavior around

NN Nijmegen 93 andY N Nijmegen soft core models, the 1140 MeVk beam momentum, where the strongN
thin solid lines use th&lN Bonn B andY N Juich B models,  _,s N transition opens up. The'lich AN results show a

and the thick solid lines use th¢N Bonn B and theYN  gramatic peak in this region. However, the peak in our re-
Juich A models. As mentioned before, the differences be-gyts is not as pronounced as the one found in earlier work
tween the curves are mainly due to the differences itNe  [7]. The major contribution to these cross sections comes
potentials employed. _ ~ from the AN partial waves in thé'S;-3D; coupled channels.

It is clear that these strong N potentials are not suffi- We find thepn— pA reaction to be very sensitive to the
ciently constrained by the small amount of total cross sectiofype of model used for the strong hyperon-nucleon interac-
data onY N scattering. Hence the differeMtN models which  tjon. Hence, more data oW N scattering for observables
produce the total cross sections féiN scattering equally other than the total cross sections are needed to constrain the
well, give rise to very different predictions when applied to v\ interaction models and use tips— A p reaction to ex-
other reactions that are sensitive to tal interaction, such  5¢t the weak four fermion interaction.
as hypernuclear structure calculations, studies of nuclear
matter with strangeness, or the weak transitpm— pA
studied here. More data onN scattering, especially on dif-
ferential cross sections and polarization observables, is This work was partially supported by the DGICYT Con-
highly desirable in order to constraint théN interactions tract No. PB95-1249Spain, the Generalitat de Catalunya
sufficiently well so that thgn— pA reaction can be used to Grant No. GRQ94-1022, the U.S.-DOE Grant No. DE-
learn about the weak four fermion interaction. In particular,FG02-95-ER40907, and the NATO Grant No. CRG960132.
the two-stegpn— N3 — pA transition, not considered in the One of the authorgN.G.K.) would like to thank the warm
present work, could be studied after having a better knowlhospitality of the nuclear physics group at the University of
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FIG. 8. Total cross sectiof@) and asymmetryb) for the reac-
tion pn—pA as a function of the proton lab momentum using the

ACKNOWLEDGMENTS

edge of theY N interaction. Barcelona.

[1] R. Feynman and M. Gell-Mann, Phys. Ré&W9, 193(1958. [4] A. Parreim, A. Ramos, and C. Bennhold, Phys. Re\a&; 339
[2] C.S. Woodet al., Science275, 1759(1997). (1997.

[3] E. Adelberger and W. Haxton, Annu. Rev. Nucl. Part. S&i. [5] T. Kishimoto, in Weak and Electromagnetic Interactions in

501 (1985. Nuclei edited by H. Ejiri, T. Kishimoto, and T. SatWorld



PRC 59 WEAK STRANGENESS PRODUCTION REACTIONMN—pA ... 2129

Scientific, Singapore, 1995p. 514; Nucl. PhysA629, 369c  [10] P.M.M. Maessen, Th. A. Rijken, and J.J. de Swart, Phys. Rev.

(1998. C 40, 2226(1989.
[6] V. Kopeliovich, Sov. J. Nucl. Phy<l8, 174(1973. [11] B. Holzenkamp, K. Holinde, and J. Speth, Nucl. Ph4800,
[7] J. Haidenbauer, K. Holinde, K. Kilian, T. Sefzick, and A.W. 485(1989.

Thomas, Phys. Rev. 62, 3496(1995. [12] Y. Yamamoto, R. Reuber, H. Himeno, S. Nagata, and T. Mo-
[8] V.G. Stoks, R.A.M. Klomp, C.P.F. Terheggen, and J.J. de toba, Czech. J. Phyd2, 1249(1992.

Swart, Phys. Rev. @9, 2950(1994. [13] Y. Yamamoto, T. Motoba, H. Himeno, K. Ikeda, and S. Na-
[9] Computational Nuclear Physics 2. Nuclear Reactjoedited gata, Prog. Theor. Phys. Supfll7, 361 (1994.

by K. Langanke, J.A. Maruhn, and S.E. KooniBpringer-  [14] M. Hjorth-Jensen, A. Polls, A. Ramos, and H. tlar, Nucl.
Verlag, Berlin, 1993 pp. 1-29. Phys.A605, 458 (1996.



