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Weak strangeness production reactionpn˜pL in a one-boson-exchange model
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The weak production ofL ’s in nucleon-nucleon scattering is studied in a meson-exchange framework. The
weak transition operator for theNN→NL reaction is identical to a previously developed weak strangeness-
changing transition potentialLN→NN that describes the nonmesonic decay of hypernuclei. The initialNN
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 reactionpn→pL. These observables are found to be sensitive to the opening of the
S production channel, the choice of the strong interaction potential, and the structure of the weak transition
potential.@S0556-2813~99!00204-6#

PACS number~s!: 21.80.1a, 13.75.Ev, 13.75.Cs, 13.88.1e
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I. INTRODUCTION

Over the past several decades, the standard model of w
interactions has been thoroughly tested by a vast amoun
data for leptonic and semileptonic decays and reactio
Hadronic weak interactions are in general more difficult
study experimentally since they are usually obscured by
presence of the much larger strong interaction. This requ
employing processes in which the strong force cannot p
ticipate due to overriding symmetry principles. In the case
the weak nucleon-nucleon interaction it was realized m
than 40 years ago@1# that the current-current form of th
weak interaction dictates the presence of a weak trans
between nucleons which would lead to parity impurities
nuclear states which are of first order in the weak coupli
Using these parity nonconserving observables in many
periments on nuclearg anda transitions, polarizedNN scat-
tering, as well as the recent first measurement of the nuc
anapole moment@2#, much has been learned about the we
nucleon-nucleon interaction@3#.

The situation is very different for the flavor-changin
baryon-baryon interaction. Soon after the discovery of
pernuclei it was recognized that theL inside the nuclear
medium decays not through its Pauli-blocked mesonic de
channel, but predominantly through theDS51 nonmesonic
transitionLN→NN, thus opening a door to the study of th
weak strangeness-changing hyperon-nucleon force. H
ever, experimental progress in this field of weak hyp
nuclear decays has been slow until recently due to the d
cult multicoincidence, low count-rate nature of the
measurements. In recent years the situation has impro
significantly due to a series of new experiments at BNL a
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KEK. On the theoretical side it became clear that in order
unambiguously extract the weakLN→NN transition poten-
tial significant effort must be spent to account for the nucl
structure effects as accurately as possible. When this
was recently completed@4# it became apparent that majo
discrepancies between theory and experiment cannot be
to the underlying nuclear structure but have to arise from
nature of the weak transition potential itself.

Even with the nuclear structure input under control it h
become desirable to measure the processNN→NL directly
since the hypernuclear decay can only probe the reactio
one well-defined kinematic setting. Though considered
possible for many years since this process is reduced in c
section by around 12 orders of magnitude from the stand
elastic NN scattering, recent progress in experimental a
accelerator technology may have brought measuring this
cess within reach@5#. It is therefore timely to provide pre
dictions of various observables based on the transition po
tial used in the nonmesonic hypernuclear decay. Compa
to previous calculations for theL production rates and othe
observables@6,7#, the present work describes the weak dec
mechanism in a full boson exchange potential. In addition
the exchange of the pion andr mesons it includes the con
tributions of the pseudoscalarh andK mesons, as well as th
v and K* vector mesons, derived in a consistent SU~6!
framework that makes use of soft-pion theorems. Furth
more, a detailed analysis of the effects and model depen
cies of different strong baryon-baryon interactions in the i
tial and final states is performed. The cusp due to
opening of theSN threshold is investigated for differen
hyperon-nucleon potentials.

In Sec. II of this paper, we present the expressions for
matrix elements and the cross section. Section III briefly
scribes the transition operator derived in Ref.@4#. Our results
are discussed in Sec. IV and summarized in Sec. V.

f
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II. DIFFERENTIAL CROSS SECTION

The differential cross section per unit solid angle in t
center-of-mass system for the reactionpn→pL as depicted
in Fig. 1 is given by the expression

ds

dV
5~2p!4

1

s

upW Fu

upW I u
E1E2E3E4

3
1

~2s111!~2s211! (
ms1

(
ms2

(
ms3

(
ms4

uM FI u2, ~1!

with As5E11E25E31E4 the total available energy in th
center-of-mass system andpW I and pW F the relative momenta
of the particles in the initial and final states, respectively.
a plane wave Born approximation~PWBA! the weak transi-
tion matrix elements read

MFI5^pW 3ms3
t3 ,pW 4ms4

t4uVwupW 1ms1
t1 ,pW 2ms2

t2& , ~2!

where the overline stands for the antisymmetric combina
of the two particle states$1% and $2% andVw is the nonrel-
ativistic weak transition potential.

Accounting for the locality of the weak potential, the d
rect term of the previous matrix elements can be written
the distorted wave Born approximation~DWBA! as

MFI5 (
SFMSF

(
SI MSI

(
TMT

K 1

2
ms3

1

2
ms4

USFMSFL
3K 1

2
t3

1

2
t4UTMTL K 1

2
ms1

1

2
ms2

USIMSI L
3K 1

2
t1

1

2
t2UTMTL E dVE r 2dr

3@CLN
~2 !~pW F ,rW !#* x†

MT

T Vw~rW ! CNN
~1 !~pW I ,rW !xMT

T ,

~3!

whereVw(rW) contains the radial, angular, and isospin dep
dence of the weak transition potential andCLN

(2) (CNN
(1))

stands for the distortedLN (NN) wave function.
In Sec. III it is shown how the weak potential can b

decomposed as

Vw~rW !5(
i

(
a

Va
~ i !~rW !5(

i
(
a

Va
~ i !~r !Va

~ i !~ r̂ ! Î a
~ i ! , ~4!

FIG. 1. Feynman diagram for thenp→Lp reaction.
n

n

-

where the indexi sums over mesons anda over the different
spin channels. The radial part of the potential is denoted
Va

( i )(r ), the piece containing the angular and spin dep

dence byVa
( i )( r̂ ), and Î a

( i ) denotes the appropriate isosp
operator for each meson.

Using the partial wave decomposition for the distort
waves, working in the coupled basis formalism,LS(J), and
assumingp̂I parallel to thez axis, the modulus squared of th
weak matrix elements for thepn→pL reaction finally reads

uM FI u25 (
SFMSF

(
SI MSI

(
T

K 1

2
t1

1

2
t2UT0L 2

3 K T0U12 t3

1

2
t4L 2U2

p(
i

(
a

^T0uI a
~ i !uT0&

3(
J

(
LF8SF8

(
LF

(
LI

(
LI8

i ~LI82LF8 !

3^LFMLF
SFMSF

uJM& YLFMLF
~ p̂F!

3^LIMLI
SIMSI

uJMSI
&A2LI11

4p

3E r 2dr @cLN
~2 !* #L

F8S
F8 ,LFSF

J
~kF ,r ! Va

~ i !

3~r ! @cNN
~1 !#L

I8SI ,LISI

J
~kI ,r !E dV J †

L
F8S

F8
JM

~ r̂ ! Va
~ i !

3~ r̂ ! J L
I8S

I8
JM

~ r̂ ! S 12~21!LI81SI1T

A2
D 2

. ~5!

The distorted radial wave functions in the above equat
are generated from aT matrix which is constructed using th
nucleon-nucleon (NN) and hyperon-nucleon (YN) strong
potentials. We make use of the Nijmegen 93@8# and Bonn B
@9# NN potentials and the Nijmegen soft-core@10# and Ju¨lich
@11# YN potentials. Comparison between the results obtai
using the different interaction models is made in Sec. IV

III. THE WEAK POTENTIAL

In Ref. @4# a one-boson-exchange model is developed
describe theLN→NN transition, where the pseudoscal
p,h,K and vectorr,v, K* mesons mediate the interactio
We use this model in order to describe the present inve
reaction. In this study we have refrained from consider
the transitionpn→NS→pL, since it was found to be an
order of magnitude smaller than that for the directL produc-
tion @7#.

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

Vps
w ~qW !52GFmp

2 g

2MN
S Â1

B̂

2M̄
sW 1qW D sW 2qW

qW 21m2
, ~6!
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whereGFmp
2 52.2131027 is the Fermi coupling constant,qW

is the momentum carried by the meson~M! directed towards
the strong vertex,g5gNNM the strong coupling constant fo
the NNM vertex,m the meson mass,MN the nucleon mass
andM̄ the average between the nucleon andL masses. The
operatorsÂ andB̂ contain, in addition to the weak couplin
constants, the particular isospin structure correspondin
the exchanged meson.

In the case of vector meson exchange the weak pote
takes the form

Vv
w~qW !5GFmp

2 S F1â2
~ â1b̂ !~F11F2!

4MNM̄
~sW 13qW !~sW 23qW !

2 i
«̂~F11F2!

2MN
~sW 13sW 2!qW D 1

qW 21m2
, ~7!

with F15gNNM
V , F25gNNM

T the strong coupling constant

andâ, b̂, and«̂ the weak coupling constants that also co
tain the appropriate isospin operator of the particular mes

Performing a Fourier transform of Eqs.~6! and ~7!, and
using the relation (sW 13qW )(sW 23qW )5(sW 1sW 2)qW 2

2(sW 1qW )(sW 2qW ) in Eq. ~7!, one obtains the weak transitio
potential in coordinate space, which can be cast into the f

Vw~rW !5(
i

(
a

Va
~ i !~rW !5(

i
(
a

Va
~ i !~r !Va

~ i !~ r̂ ! Î a
~ i !

5(
i

„VC
~ i !~r ! Î C

~ i !1VSS
~ i !~r !sW 1sW 2Î SS

~ i !1VT
~ i !~r !S12~ r̂ ! Î T

~ i !

1$nisW 2• r̂ 1~12ni !@sW 13 isW 2#• r̂ %VPV
~ i ! ~r ! Î PV

~ i !
…, ~8!

where the indexi runs over the different mesons exchang
( i 51, . . . ,6 representsp,h,K,r,v,K* ) anda over the dif-
ferent spin operators denoted byC ~central spin indepen
dent!, SS~central spin dependent!, T ~tensor! andPV ~parity
violating!. In the above expression,ni51(0) refers to the
pseudoscalar~vector! mesons. In the case of isovector m
sons (p,r) the isospin factor istW1tW2 and for isoscalar me
sons (h,v) this factor is just 1ˆ for all spin structure pieces o
the potential. In the case of isodoublet mesons (K,K* ) there
are contributions proportional to 1ˆ and totW1tW2 that depend
on the coupling constants and, therefore, on the spin st
ture piece of the potential denoted bya. For K exchange we
have

Î C
~3!50,

Î SS
~3!5 Î T

~3!5
CK

PC

2
1DK

PC1
CK

PC

2
tW1tW2 ,

Î PV
~3!5

CK
PV

2
1DK

PV1
CK

PV

2
tW1tW2 , ~9!

and forK* exchange
to

ial

-
n.

m

c-

Î C
~6!5

CK*
PC,V

2
1DK*

PC,V
1

CK*
PC,V

2
tW1tW2 ,

Î SS
~6!5 Î T

~6!5
~CK*

PC,V
1CK*

PC,T
!

2
1~DK*

PC,V
1DK*

PC,T
!

1
~CK*

PC,V
1CK*

PC,T
!

2
tW1tW2 ,

Î PV
~6!5

CK*
PV

2
1DK*

PV
1

CK*
PV

2
tW1tW2 . ~10!

The different piecesVa
( i )(r ), with a5C,SS,T,PV, are

given by

VC
~ i !~r !5KC

~ i !
e2m i r

4pr
[KC

~ i ! VC~r ,m i !, ~11!

VSS
~ i !~r !5KSS

~ i !
1

3 Fm i
2 e2m i r

4pr
2d~rW !G[KSS

~ i !VSS~r ,m i !,

~12!

VT
~ i !~r !5KT

~ i !
1

3
m i

2 e2m i r

4pr S 11
3

m i r
1

3

~m i r !2D
[KT

~ i !VT~r ,m i !, ~13!

VPV
~ i ! ~r !5KPV

~ i ! m i

e2m i r

4pr S 11
1

m i r
D[KPV

~ i ! VPV~r ,m i !,

~14!

wherem i denotes the mass of the different mesons. The
pressions forKa

( i ) , which contain factors and coupling con
stants, are given in Table I. The explicit values of the co
pling constants can be found in Table III of Ref.@4#.

A monopole form factorFi(qW
2)5(L i

22m i
2)/(L i

21qW 2) is
used at each vertex, where the value of the cutoffL i depends
on the meson. These values are the same ones as those
strong Ju¨lich YN interaction@11#, since the Nijmegen mode
distinguishes form factors only in terms of the transiti
channel. The resulting expressions for the regularized po
tials, which were given already in Ref.@4#, will be repeated
here in order to correct for some misprints. The effect
form factors is included by making the following replac
ments in Eqs.~11!–~14!

VC~r ;m i !→VC~r ;m i !2VC~r ;L i !2
L i

22m i
2

2 L i

e2L i r

4p
,

~15!

VSS~r ;m i !→VSS~r ;m i !2VSS~r ;L i !

2L i

L i
22m i

2

6

e2L i r

4p S 12
2

L i r
D , ~16!

VT~r ;m i !→VT~r ;m i !2VT~r ;L i !

2L i

L i
22m i

2

6

e2L i r

4p S 11
1

L i r
D , ~17!
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TABLE I. Constants appearing in weak transition potential for the different mesons.

m i KC
( i ) KSS

( i ) KT
( i ) KPV

( i )

p 0 Bp

2M̄

gNNp

2M

Bp

2M̄

gNNp

2M
Ap

gNNp

2M

h 0 Bh

2M̄

gNNh

2M

Bh

2M̄

gNNh

2M
Ah

gNNh

2M

K 0 1
2M

gLNK

2M̄

1
2M

gLNK

2M̄

gLNK

2M

r gNNr
V ar

2
ar1br

2M̄

gNNr
V 1gNNr

T

2M
2

ar1br

2M̄

gNNr
V 1gNNr

T

2M
2«r

gNNr
V 1gNNr

T

2M

v gNNv
V av

2
av1bv

2M̄

gNNv
V 1gNNv

T

2M
2

av1bv

2M̄
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V 1gNNv

T
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2«v

gNNv
V 1gNNv

T
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V

2
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V
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T

2M̄
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T
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VPV~r ;m i !→VPV~r ;m i !2VPV~r ;L i !2
L i

22m i
2

2

e2L i r

4p
.

~18!

IV. RESULTS

The total cross section for thepn→pL reaction including
only one-pion-exchange in the weak transition potentia
shown in Fig. 2 as a function of the proton lab momentu
starting at thepL threshold. As expected for a weak proce
the cross section is of the order of 10212 mb. The dashed line
corresponds to the ‘‘free’’ calculation where form factors a
omitted at the vertices and the incomingpn and outgoing
pL states propagate as plane waves. The thin solid line
cludes form factors and strong initialpn distorted waves
obtained from the Nijmegen 93NN interaction@8#. The ef-
fect of theNN interaction is to reduce the cross section by
factor of about 2. The reduction is a result of the fact that
pn pair moves with large relative momentum~from 415 to
525 MeV/c) in the range of proton lab momenta explor
and feels the effect of the strong repulsive short range pa
theNN interaction. As a consequence, thepn wave function
is much reduced at small distances where the weak trans
potential contributes most to the cross section and hence
cross section becomes smaller. The thick solid line shows
cross section when thepL distortions, obtained from theYN
Nijmegen soft core potential@10#, are also included. When
compared to the thin line, one observes a substantial
hancement of the cross section in the low momentum reg
which turns into a moderate reduction at high lab moment
values. This is due to the fact that, close to threshold, thepL
pair moves with small relative momentum, feeling the attr
tive component of theYN potential. As a result the wav
function gets pushed in to smaller distances and the c
section is enhanced. As the proton lab momentum increa
so does the relativepL momentum and, eventually, the re
pulsive core of theYN interaction becomes responsible f
s
,
,

n-

e

of

on
he
he

n-
n

-

ss
es,

reducing the wave function at short distances, giving rise
smaller cross sections. The opening of theSN channel,
coupled to theLN one through the strong interaction, show
up as a step in the cross section at a proton lab momen
around 1140 MeV/c.

The effect of including the different mesons in the we
transition potential is shown in Fig. 3. Figure 3~a! shows the
cross sections calculated using the Nijmegen potentials
getting theNN andLN distorted waves and Fig. 3~b! shows

FIG. 2. Total cross sections for the reactionpn→pL as a func-
tion of the proton lab momentum using the weak one-pio
exchange potential. Dashed line: calculation omitting form fact
and strong correlations; thin solid line: including form factors a
NN initial correlations; thick solid line: including form factors an
both NN andLN distortions.
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those using the Bonn BNN and Ju¨lich A LN potentials. In
Fig. 3~a! we see that adding ther meson to one-pion-
exchange considerably reduces the cross section in the
matic region studied here. Including the remaining mes
does not change the cross section much, which ends up b
about a factor 2 smaller than that for one-pion only. T
effect appears to be surprisingly different from the moder
reduction of 15% found for the decay rate of hypernuc
when the effect of adding heavier mesons to the one-p
exchange mechanism was studied@4#. However, we point
out that theLN correlations in the weak hypernuclear dec
case were obtained from aG-matrix calculation which takes
into account the Pauli principle acting on the intermedi
nucleon. This blocks the low relative momentum transitio
between the initialLN and intermediateYN states, and,
therefore, the effect of the attractive part of the interaction
the correlatedLN wave function is much reduced compar
to those of the distortedpL wave function in free space
Thus, theLN wave function in the hypernucleus is strong
suppressed at small distances, making the contribution o
heavier mesons less important.

As can be seen in Fig. 3~b!, the use of the Bonn BNN and
Jülich A LN potentials give rise to different effects in th
cross section as compared to those calculated using
Nijmegen ones. Although not shown in the figures, we ha
checked that, in the absence ofpL distortions, the cross
section calculated with the distortedpn waves, obtained
from either the Nijmegen 93 or the Bonn B potentials, yie
nearly identical results. Therefore, the differences betw
the results in Figs. 3~a! and 3~b! come almost completely
from the different models used to distort thepL final state.
Already at the level of only pion-exchange@dashed line in
Fig. 3~b!#, the Jülich A model shows a clear enhanceme
close to thepS threshold. Adding ther meson furthermore
yields a strong reduction of the cross section. On the o
hand, the addition of the remaining mesons produces a
stantial enhancement which gives rise to a final cross sec
not very different from the pion-only result. We note he
that the pion-only cross section shown in Fig. 3 is close
the results obtained in Ref.@7# with one-pion-exchange, bu

FIG. 3. Total cross sections for the reactionpn→pL as a func-
tion of the proton lab momentum. The strong distortions are ge
ated with theNN Nijmegen 93 andYN Nijmegen soft core models
~a! or by the NN Bonn B andYN Jülich A ~b!. Dashed line:p
exchange only; thin solid line:p1r; thick solid line: full set of
mesons.
e-
s
ing
s
e
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e
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he
e

n

t
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we do not find the tremendous enhancement of a factor
in the cross section when ther meson is included. This is
most likely due to the different models for the weakrNL
vertices used in ther exchange mechanism. Their weak co
pling constants are larger than the ones used here by a fa
of more than 2 for the parity conserving ones (ar and br)
and a factor 3.5 for the parity violating one («r).

Let us now explore the origin of the peak in the cro
section around theS threshold. Nuclear matter calculation
already showed some time ago@12–14# that, while theL
binding energy in nuclear matter turned out to be ab
225 to 230 MeV for the Nijmegen and Ju¨lich interactions,
the distribution of this strength between the various par
waves was very different. The most important contributi
for the Jülich interactions came from the coupled3S1-3D1
channel, the1S0 contribution being negligible. However, th
Nijmegen interactions obtained almost equal contributio
from both theJ50 andJ51 channels. In Fig. 4 we analyz
the contribution to thepn→pL cross section from3S1-3D1
partial waves obtained from the Nijmegen@Fig. 4~a!# and
Jülich A @Fig. 4~b!# LN interactions. The thick solid lines
~full ! are the calculated cross sections with one-pio
exchange for the weak transitionpn→pL and including dis-
torted waves for thepn and pL systems. The short dashe
lines represent cross sections obtained by removing the3S1
→3S1 component of the distortedpL wave function and the
long-dashed lines those obtained when the3D1→3D1 com-
ponent is removed. The thin solid line shows the small cr
sections obtained when all theS-wave components
(1S0 , 3S1- 3D1) of the distortedpL wave function are omit-
ted. We note, however, that suppressing the1S0 partial
waves barely affects the cross section and cannot be se
Figs. 4~a! and 4~b!. In spite of the fact that the NijmegenYN
interaction has a sizable1S0 component, its contribution to
the cross section gets eliminated due to the weak one-p
exchange transition potential which has negligible stren
for the 1S0→1S0 transition. The results of Fig. 4 therefor
confirm that the3S1-3D1 components of thepL wave func-
tion are the most important ones for thepn→pL reaction, as
already noted in Ref.@7#. The stronger3S1-3D1 channel of
the Jülich interaction, relative to the Nijmegen one, is th

r-

FIG. 4. Different partial wave contributions to the cross sect
for the pn→pL reaction. Only the pion is considered in the we
transition potential. TheNN andLN distorted waves are generate
with the Nijmegen models~a! and the Bonn B and Ju¨lich A models
~b!, respectively.
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reason for the much more enhanced cross section at theNS
threshold.

In Fig. 5 we show the differential cross sections for t
proton lab momentum of 1137 MeV/c which corresponds to
the position of the peak in Fig. 3, where the strongNN and
LN correlations have been generated with the Bonn B
Jülich A interactions, respectively. The dashed line is t
result for the pion-only calculation, the thin solid line show
the effect of including ther meson, and the thick solid line
incorporates the full set of six mesons. The effect of add
ther to the pion is a reduction of a factor slightly more th
2 while adding all mesons brings the results closer to
one-pion ones, as observed earlier for the total cross sec

A measure of the amount of parity violation in the we
L production is given by the asymmetryA defined as

A5
s12s2

s11s2
, ~19!

wheres1 (s2) is the cross section for positive~negative!
helicity of the incoming proton. In Fig. 6 we consider th
one-pion-exchange mechanism in the weakpn→pL transi-
tion and illustrate the effect of the strong distortions on
asymmteryA using the Nijmegen models for theNN and
LN interactions. The dashed line shows the asymme
when neither the form factors at the vertices nor the str
distortions are included. The inclusion of theNN interac-
tions, as shown by the thin solid line, decrease the valu
the asymmetry up to a beam momentum of 1130 MeVc
beyond which it increases compared to the dashed line.
addition of theLN final state interaction gives rise to th
particular cusp structure due to the opening of theSN chan-
nel around 1140 MeV/c.

FIG. 5. Differential cross sections in the center of mass for
reaction pn→pL at proton lab momentum of 1137 MeV/c.
Dashed line:p exchange only; thin solid line:p1r; thick solid
line: full set of mesons. TheNN andLN wave functions are gen
erated using Bonn B and Ju¨lich A models, respectively.
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The effect of the different meson exchanges in the we
transition potential is shown in Fig. 7 where theNN andLN
distorted waves have been generated with the Bonn B
Jülich A models, respectively. We observe that while ther
meson increases the asymmetry with respect to the pion-

e FIG. 6. Total asymmetryA for the reactionpn→pL as a func-
tion of the proton lab momentum using the weak one-pio
exchange potential. Dashed line: calculation omitting form fact
and strong correlations; thin solid line: including form factors a
NN distortions; thick solid line: including form factors and bo
NN andLN distortions.

FIG. 7. Total asymmetry for the reactionpn→pL as a function
of the proton lab momentum. TheNN andLN distortions are gen-
erated with the Bonn B and Ju¨lich A potentials, respectively.
Dashed line:p-exchange only; thin solid line:p1r; thick solid
line: full set of mesons.
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result, the inclusion of all the six mesons produces an as
metry which is considerably smaller. Similar qualitative fe
tures are found when the Nijmegen potential models are u
in constructing the distortedNN andLN waves.

Finally, we present in Figs. 8~a! and 8~b! the pn→pL
cross sections and asymmetries, respectively, obtained
the full meson-exchange weak transition potential for th
different strong interaction models. The dashed lines use
NN Nijmegen 93 andYN Nijmegen soft core models, th
thin solid lines use theNN Bonn B andYN Jülich B models,
and the thick solid lines use theNN Bonn B and theYN
Jülich A models. As mentioned before, the differences b
tween the curves are mainly due to the differences in theYN
potentials employed.

It is clear that these strongYN potentials are not suffi-
ciently constrained by the small amount of total cross sec
data onYN scattering. Hence the differentYN models which
produce the total cross sections forYN scattering equally
well, give rise to very different predictions when applied
other reactions that are sensitive to theYN interaction, such
as hypernuclear structure calculations, studies of nuc
matter with strangeness, or the weak transitionpn→pL
studied here. More data onYN scattering, especially on dif
ferential cross sections and polarization observables
highly desirable in order to constraint theYN interactions
sufficiently well so that thepn→pL reaction can be used t
learn about the weak four fermion interaction. In particul
the two-steppn→NS→pL transition, not considered in th
present work, could be studied after having a better kno
edge of theYN interaction.

FIG. 8. Total cross section~a! and asymmetry~b! for the reac-
tion pn→pL as a function of the proton lab momentum using t
full meson-exchange weak transition potential with various stro
potential models. Dashed line:NN Nijmegen 93 andYN Nijmegen
soft-core; thin solid line:NN Bonn B andYN Jülich B; thick solid
line: NN Bonn B andYN Jülich A.
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V. SUMMARY

We have studied the weak strangeness production r
tion pn→pL in a distorted wave Born approximation fo
malism using the one-meson-exchange model for the w
transition consisting of six mesons viz. thep, r, h, v, K,
andK* . The distorted wave functions are written in terms
partial wave expansions and are generated using the diffe
available potentials for nucleon-nucleon and hypero
nucleon interactions.

The total cross sections for thepn→pL reaction are of
the order of 10212 mb and are at the borderline of feasibilit
for the existing experimental facilities. These cross secti
are sensitive to the model ingredients of the weak transi
operator. Including ther meson decreases the pion-on
cross sections by a factor of 2 or more. The effect of
remaining mesons depends on the strong potentials
ployed to distort thepL states, giving rise to cross section
that can be either very close or a factor 2 smaller than
pion-only results.

The kinematical region explored by the freepn→pL re-
action is much larger than that by the inverse reaction,
nonmesonic decayLN→NN taking place inside hypernu
clei. The heavier mesons contribute very differently and
more important in the free reaction compared to the nonm
sonic decay due to the different behavior of theLN wave
function inside a hypernucleus compared to that in f
space.

The total cross section computed with the NijmegenLN
wave functions show a steplike behavior arou
1140 MeV/c beam momentum, where the strongLN
→SN transition opens up. The Ju¨lich LN results show a
dramatic peak in this region. However, the peak in our
sults is not as pronounced as the one found in earlier w
@7#. The major contribution to these cross sections com
from theLN partial waves in the3S1-3D1 coupled channels

We find thepn→pL reaction to be very sensitive to th
type of model used for the strong hyperon-nucleon inter
tion. Hence, more data onYN scattering for observable
other than the total cross sections are needed to constrai
YN interaction models and use thepn→Lp reaction to ex-
tract the weak four fermion interaction.
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